




















49. COTTONWOODS OF EASTERN NEBRASKA, KILLED BY THE HEAT AND DROUTH OF 1934





50. GIANT CACTUSES AND IRONWOOD IN THE DESERT NORTH OF YUMA, ARIZONA
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THE WORK OF THE WEATHER

cottonwood trees, grim reminders of the work of

the sun of the year before. This cottonwood is a

native of the Middle West, hardened to the con-

ditions of that land of extremes. But the summer

of 1934 brought weather that these trees, nearly

half a century old, could not endure. One may

assume, that if cottonwoods died, all other

trees suffered even more. Rapidly the farmers

have cut their prize wood lots into firewood.

The heat was intense, but intense heat is

closely related to lack of water, so drouth and

heat are twins. The heat could not have been so

destructive if rain had fallen normally, but in-

tense heat does not occur when the ground is

wet. The story is not complete, then, without

noting the rainfall for the drouth months. Corn,

the great crop of the Middle West, is never irri-

gated and requires for proper growth an average

of about one inch of rain weekly. Here is the

rain record for Omaha, Nebraska, in a great

corn region. During April less than one-half inch

fell in the entire month. The month of May had

less. June was slightly better favored, for more

than two inches fell. This June rain made possible

a fair wheat crop. The entire month of July, un-

fortunately, was a repetition of April with about

half an inch. The weather maps listed occasion-

ally the fateful letter "T," meaning a trace of

rain, less than one-hundredth of an inch. One

who has not experienced it cannot know the ex-

asperation and dismay that is felt with rain that

is listed only as "T" when a real downpour is

needed. July is the month that corn demands

rain. Rain did not come, only blistering heat.

As a result, the corn farmer said, at July's end,

"it's just fodder, and poor fodder at that!" That

is the most belittling term that can be used for

corn. August, after July, was not greatly differ-

ent with regard to rainfall. "T's" occurred several

times on the Omaha weather reports, and a

total of slightly over one inch of rain fell in addi-

tion. This slight rain could not help after the

heat and drouth that had preceded, even

though cooler weather began on August 16. Not

until September was well advanced, did rains of

any consequence fall.

Nebraska has merely served as an example of

the work of sun without rain; the same or

worse conditions existed throughout a vast re-

gion. The Dakotas, Nebraska, Kansas, Okla-

homa, northern Texas, Missouri, Iowa, Minne-

sota, Illinois, and even regions farther east, all

felt the effects of this summer, the most ab-

normal in man's memory.

The desert sun without water (Illustration 50).

Ages of sun, with scanty rain, have made the

deserts of the Southwest. Unlike the Middle

West where a yearly rainfall of about thirty

inches is normal, the deserts may expect five

inches of rain or less yearly, with a sun that sends

the mercury of thermometers to heights that are

almost unbelievable. As a consequence, one does

not expect to raise crops in the deserts without

irrigation. The sun, the heat, and the drouth,

therefore, cannot cause the calamity that oc-

curred in the Middle West in 1934. It is inter-

esting, however, to list some desert conditions

of 1934 to compare with those as given for

Omaha for the same period.

Illustration 50, with its barren plains and

mountains, with its hardy plants of Desert Iron-

wood and Giant Cactus, is taken in the Sonoran

Desert in Arizona, about thirty miles north of

Yuma. The first day, with 100 degrees Fahren-

heit at Yuma, occurred on April 27, 1934. Tem-
peratures of 100 or above occurred daily from

May 7th to 16th inclusive, with two days at no.

With the exception of about two weeks of

"cool" weather during the last of May and early

June, and an occasional day here and there, the

remainder of the summer and up to the 20th

of September, had daily temperature above 100,

with the highest at 116 on July n. During this

long period the weather maps twice listed "T,"

a trace of rain!

The desert country, this region of sun without

rain, does not have, in spite of its temperature,

weather as uncomfortable as that experienced in
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the Middle West in 1934. The reasons are two:

the dryer air evaporates perspiration more freely

than the more humid air of the Middle West;

and the nights are no hotter.

The sun with water (Illustration 51). All plant

life is dependent upon the sun. But the sun alone

makes a desert. So for plant life to be most lux-

uriant the sun and water are necessary together.

One of the most impressive examples of the re-

sult of the sun's work, with the aid of water, is

shown in a Redwood forest. Redwoods grow

along the coast of California from the southwest

corner of Oregon, south for about 400 miles. In

this long but narrow belt, they receive from

forty to sixty inches of winter rain. More im-

portant than the rainfall to the Redwoods is the

frequent fog, that drifts over them during the

spring, summer, and fall, from the nearby

Pacific Ocean (see Illustration 34).

The weather that fosters the Redwood is one

of famous mildness, never very hot, never very

cold, and consistently wet. The cottonwoods of

the Middle West may have attained an age of

fifty years before an abnormally hot and dry

summer killed them, but some of the Redwoods
of Illustration 51 are perhaps more than a

thousand years old. If the past will serve as an

indicator of the future, then suitable weather

may continue to promote the Redwoods for

thousands of years yet.

Of all of the work of the weather in winds

and water, in the sun without water, and the sun

with water, the most appealing is an age-old

forest.
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CHAPTER V

WHAT MAN DOES ABOUT THE WEATHER

"Everybody complains about the weather, but

nobody does anything about it"

Mark Twain.

TJLw.wain really was wrong, for man has at-

tempted to do something about the weather for

the past several thousand years. Rain making, for

instance, is one of the most ancient of practices.

Rain doctors were, and are, present in all savage

tribes. Rain makers still ply their trade today

among more civilized people. Their materials

range from prayers, through incantations, to

smoke, pyrotechnics, and cannon. They have a

vast following, especially where much is de-

pendent upon the weather. The savage rain doc-

tor was considered the magician of his tribe.

The modern rain maker is a present-day magi-

cian, however false he may seem to most, for

though modern science to date has shown that

little or nothing can be accomplished by the rain

maker's methods, still it always does rain sooner

or later and the rain maker says, "look at me."

The rain maker worked, and it rained. What
better proof is needed ? Only the inexperienced

rain maker sets a certain date in which it will

rain, or specifies the amount of rain. In any case,

man has done something about the weather!

Also from time immemorial, man has pre-

dicted the weather. Magicians naturally prer

dieted weather as well as made it. Even today,

though they do not claim to be magicians, there

are many people who predict the weather. These

amateur forecasters vary from those who pre-

dict the weather by the state of their rheuma-

tism, to those intelligent observers who have

learned the meaning of clouds, air pressure, and

winds.

RECORDING AND PREDICTING
THE WEATHER

Folklore weather prediction. The folklore that

has grown up about weather and its prediction

is extensive and amazing. Only a few words

can be said about it here. As one would expect,

weather folklore will be most pronounced

among those people who are most concerned

with weather. These are, first of all, the sailors,

especially those of the sailing-vessel days, and

secondly, the farmers.

The folklore that predicted the weather was,

and still is, based on many things observable

in the out-of-doors: naturally, the appearance of

the sky; temperature, wind direction; and con-

dition of the atmosphere. Perhaps the common-
est weather prediction still heard is "it feels like

rain"; or "it loohj like rain." A person making
such a remark, and there are millions of them,

is an amateur weather forecaster. And it is well

known that it truly may "look like rain," or that

our feelings do express the weather, though the

average person does not know why. Many
proverbs have grown up in the field of folklore
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weather prediction based on the appearance of

the sky. Thus, when clouds present a "mackerel

sky," a high wind from the northwest is prob-

able, hence "mackerel scales and mares' tails

make tall ships carry low sails."

Folklore weather prediction does not stop

with appearance of the sky, temperature, wind

direction, condition of the atmosphere, or per-

sonal feelings. Some of the most persistent are

those beliefs in the relation of phases of the

moon to weather. So ancient and so firmly

established are these beliefs that many planters

today will not sow unless the moon is at the

proper stage, for fear that otherwise rains and

growing temperatures will not follow. Of course

there has never been any scientific evidence that

the moon has any tangible effect upon the

weather of the earth.

The appearance of the moon and of the sun

has for ages been a basis for weather prediction,

and in many respects it is a logical basis for

prediction. If halos or coronas surround sun or

moon, one may feel fairly confident that rain or

snow will follow in less than twenty-four hours.

Halos indicate cirro-stratus clouds and coronas

indicate alto-stratus clouds, and both are fore-

runners of an approaching storm area or "low,"

though occasionally they may follow a storm.

One phase of folklore weather prediction that

is still confidently adhered to is that, on the basis

of the weather of one season, one may predict

the weather of the season to follow. Thus "a

February spring is worth nothing," or "March

damp and warm does farmer much harm." In

many respects such a belief in seasonal weather

prediction is well-founded; not because a damp

and warm March foretells what April will be,

but because in such a March many crops will

start prematurely only to be damaged in the

usual frosts of April.

Rural people have come to attach a weather

forecast significance to the action and appear-

ance of many things besides sky, sun and moon,

or seasons. Farmers of the Middle West are
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confident that stock flies are more annoying and

cling tighter just before a rain than at other

times. The actions of horses, cattle, and dogs

are presumed to have a relationship to impend-

ing weather. It is not at all improbable that they

do. In fact a large proportion of weather folk-

lore, though perhaps unreasoning, has come
about from many years of observations of the re-

lationship between conditions and the presumed

causes. We, as a people, still foster the notion that

if the ground hog sees his shadow on February

2nd, six weeks of bad weather will follow.

The finest of all summaries of folklore

weather prediction is given in the following

couplets.

SIGNS OF RAIN

The hollow winds begin to blow;

The clouds look black, the glass is low,

The soot jails down, the spaniels sleep,

And spiders from their cobwebs peep.

Last night the sun went pale to bed,

The moon in halos hid her head;

The boding shepherd heaves a sigh;

For see, a rainbow spans the s\yl

The walls are damp, the ditches smell,

Closed is the pin /{-eyed pimpernel.

Hark how the chairs and tables crack]

Old Betty's nerves are on the rack;

Loud quackj the duck, the peacock? cry,

The distant hills are seeming nigh.

How restless are the snorting swine!

The busy flies disturb the kjne,

Low o'er the grass the swallow wings,

The cricket, too, how sharp he sings!

Puss on the hearth, with velvet paws,

Sits wiping o'er her whiskered jaws;

Through the clear streams the fishes rise,

And nimbly catch incautious flies.

The glow-worms, numerous and light,

Illumed the dewy dell last night;

At dusk tne squalid toad was seen,

Hopping and crawling o'er the green;

The whirling dust the wind obeys,
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And in the rapid eddy plays;

The frog has changed his yellow vest,

And in a russet coat is dressed.

Though June, the air is cold and still,

The mellow blackbird's voice is shrill;

My dog, so altered is his taste,

Quits mutton-bones on grass to feast;

And see yon roohj, how odd their flight!

They imitate the gliding kite,

And seem precipitate to fall,

As if they felt the piercing ball.

'Twill surely rain; I see with sorrow,

Our jaunt must be put off tomorrow.

Dr. Edward Jenner

Rules for amateur weather prediction. Anyone

who has learned the merest rudiments of weather

can be an amateur weather forecaster with fair suc-

cess. Here are a few simple rules that will assist.

i. A falling barometer indicates an approach-

ing "low" with a storm.

2. A rising barometer indicates the passing of

the "low," the approach of a "high," and

fair weather.

3. The passing of the "low," in summer, will

be followed by warmer weather.

4. The passing of the "low," in winter, will be

followed by colder weather, perhaps with

a "cold front" blowing from the Far North,

and with blizzards in regions east of the

Far West.

5. Winds from the south or southeast fore-

tell of a "low" coming from the west with

its center to the north of the observer, and

with rain to come within twenty-four hours

or sooner.

6. Winds from the east or northeast foretell

of a "low" coming from the west with its

center to the west or to the south of the

observer, usually with heavy, chilly rain,

and subsequent cold weather, within a few

hours.

7. Winds swinging from the southeast to the

southwest indicate that the center of the

"low" is to the east of the observer, and

that fair weather will follow shortly.

8. Winds swinging from the east or northeast

to the northwest also indicate that the cen-

ter of the "low" has passed to the east of

the observer, and that fair and colder

weather will soon follow.

9. Cirrus and cirro-stratus clouds, coming

from the west with a gray sky, indicate the

approach of a "low," with accompanying

storm.

10. A bright blue sky with cirrus wisps and

with wind in the west or northwest will be

followed by fair weather for twenty-four

to forty-eight hours, or longer.

11. A bright blue sky with numerous cumulus

clouds may be followed by strato-cumulus

and rain or snow flurries during the middle

of the day and early afternoon, but by fair

weather at sundown.

12. Calm, humid, warm to hot days during

spring and summer throughout the United

States (excepting the lowlands of the Far

West), may be expected to produce thun-

derstorms; the thunderstorms will be most

violent, usually, in the Middle West.

13. Conditions of strong convection currents

that produce thunderstorms may be ex-

pected to produce hail also.

14. Thunderstorms in the Far West may occur

occasionally in the lowlands in winter, but

in summer are restricted to the high moun-
tains.

15. If the lightning of an approaching thunder-

storm appears to the north, east, or south,

the thunderstorm will not reach the ob-

server.

16. If lightning of a thunderstorm appears to

the northwest, west, or southwest, the

thunderstorm will come nearer the ob-

server, and perhaps pass overhead.

17. One can calculate the distance of the light-

ning flash, that produces the thunder, by

counting seconds between flash and the
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19.

20.

21,

22.

23'

24.

26
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accompanying thunder and allowing five

seconds for each mile the sound travels.

The thunderstorm travels on the average

about twenty-five miles per hour; if the

cloud is in the southwest, west, or north-

west, one may estimate when the storm

will strike by calculating the distance it is

away (see number 17).

The cold northwest winds of fall and win-

ter will produce snow squalls on the east-

ern and southern shores of large bodies of

inland waters, such as the Great Lakes.

Extremely cold northwest winds over the

Great Lakes will produce the fog known as

"frost smoke."

Fogs will occur in all depressions, and over

streams and lakes, following periods of

rain in spring, late summer, and fall

throughout the United States. These are

radiation fogs.

Since rains in the Far West are largely re-

stricted to winter, radiation fogs follow

winter rains in that region. Westerners call

these the "tule" fogs.

Advection, coast, or sea fogs may be ex-

pected along the northeastern shoreline of

the United States during the summer when-

ever a "low" approaches that region, with

winds blowing into it from the Atlantic.

Advection, coast, or sea fogs may be ex-

pected along the shoreline and in coast

range valleys of California during the after-

noon, night, and early morning following

every day that is warm in the interior val-

leys, from April to November. Westerners

call these "sea fogs," or "high fogs."

If in fall or spring the temperature falls at

the end of a clear, calm day to 40 or 45 de-

grees Fahrenheit, one may expect frost in

all low places by morning.

Frost will not form under the conditions

of Number 25 if clouds cover the sky be-

fore morning, or if a wind of any sort

blows during the night.

27. Dew will form every night (except under

extremely dry conditions), if there is no

wind and the sky is clear so that ground

heat may be radiated to space.

The wor\ of the U. S. Weather Bureau in

weather prediction. A vast amount of work is

done by the U. S. Weather Bureau in connection

with weather, but its best known activity is

weather forecasting. In obtaining the records

necessary for weather prediction, each regular

observing station is equipped with a number of

weather-recording instruments. These are: ba-

rometers to record the pressure of the air; ther-

mometers to record the temperature of the air;

anemometers to record the velocity of the wind

;

rain and snow gauges to record the precipitation;

wind vanes to record the direction of the wind;

hygrometers to record the relative humidity of

the air in many stations, and sunshine recorders.

In the hands of the U. S. Weather Bureau these

instruments have been highly developed, so

much so that nearly all of them now write out

a continuous record of temperature, pressure,

wind velocity, wind direction, relative humidity,

and amount of sunshine, on strips of paper on

circular drums. Indeed, though the actual in-

struments may be on a roof far above the

Weather Bureau room, the records will be con-

stantly made and constantly visible on drums in

the weather man's office. Some of these instru-

ments may be observed at work in the kiosk that

most regular Weather Bureau Stations will have

on the ground near the office. With the records

produced by these instruments, the daily fore-

casts and the daily weather maps are made (see

Drawings 7, 8, 9, and 10, and material on

"seasons," in Chapter II).

One cannot, in a few words, explain the many

details of forecasting or predicting the weather

(see Chapter I on Wor\ of the United States

Weather Bureau, and Chapter II on Weather

Maps). In the first place, the United States

Weather Bureau never attempts to forecast for

more than a week in advance and gives specific
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weather outlook for only the next 36 hours. Many

researches have been undertaken to determine if

long-range weather prediction is possible, but, to

date, the conclusion of most scientists is that

there is no adequate basis upon which to predict

weather for more than a few days at most.

The forecaster, then, looks upon his map. He
knows that winds blow into a "low" and out of

a "high." He knows that high pressure areas,

with their cold fronts, move toward the south-

east; and that low pressure areas with their warm
fronts, toward the northeast. He knows also

that these cyclones and anticyclones travel from

west to east at a certain rate of speed; a rate that

varies with certain conditions of which he also

is aware. He knows, also, that rains usually occur

in the southeast quadrant of a "low" and that

whenever there is radical pressure change there

will be high winds.

Recently a new phase of the science of weather

forecasting has come into existence, and since it is

introducing several new words into the field, it

will be mentioned here. It has long been known
that the great air eddies called "cyclones" or

"lows," are accompanied by warm moist air that

enters their south and east sides, and that colder,

dryer air flows into their north and west sides.

The interaction of these two streams of air is the

cause of the weather conditions that accompany

the cyclone, as has been noted. In connection with

these conditions, there was first developed in Nor-

way, through the work of Professor V. Jerknes

and his associates, the "polar front" theory.

In the "polar front" idea it was contended that

the cold air on the western face of a "low," or

in a "high," might arise in polar regions. The
air flowing northward on the eastern margin of

a "low" might be tropical in origin. This work,

begun by the Norwegians, has been investigated

by the Massachusetts Institute of Technology, by

the California Institute of Technology, and in-

tensively by the U. S. Weather Bureau. This new
feature of forecasting is called "air mass analy-

sis." Such new terms as "polar Pacific" and

"tropical Gulf," have thus come into common
usage among weather men.

With his instruments and his expert knowl-

edge, the weather man is now able to predict

accurately all phases of the weather. His predic-

tions are correct from 85 to 90 per cent of the

time.

CONTROL OF THE WORK OF WEATHER

Man does countless things to control the

weather. Think of the main reason for clothing

and houses, for instance. Then there are electric

fans, windmills, refrigerators, surfaced roads, en-

closed automobiles, snow sheds, snow fences,

lightning rods, windbreaks, air conditioning, and

irrigation. Man is doing something about the

weather with each of these methods in the con-

trol of the work of rain, wind, sun, and tempera-

ture. Two or three large projects in the control

of the work of weather will be considered in

some detail here.

The control of winds and floods. New terms

connected with weather have crept into the

newspapers during the past two or three years.

These are terms of destruction, if not of doom.

The terms are "dust bowl," and "black blizzard."

Stranger than the terms is the fact that man has

made possible the conditions of weather that

have brought forward these dramatic words.

The white man, in conquering the West, has

gone too far, as always. His cattle were first

spread over the lush prairies, but the plow in

turn pushed the cattle farther west. From
prairies to bunch grass the range man was

pushed ; until his far ranging steers were foraging

on the plains of western Kansas, Panhandle of

Texas, western portions of Oklahoma, Kansas,

Nebraska, the Dakotas, and eastern Colorado.

The bunch grass of these regions was grazed too

closely; but the grazing did not cause all the

trouble, for after the cattle and sheep there have

followed the tractor, the combine, and the truck.

Now vast areas in these regions have been con-

verted to the growing of wheat. Wheat, in this
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region, is winter wheat. That is, the land is pre-

pared in the late summer, and sowed before cold

weather. The small new wheat passes the winter

in a dormant condition and the ground where it

has been sowed is still largely bare by March

and April of the following spring. In connection

with this winter wheat growing it is necessary

to summer fallow the ground every third or

fourth year. Summer fallowing consists in keep-

ing the ground bare and finely pulverized in the

conservation of the scanty rainfall of this portion

of the wheat belt. Thus it comes about that the

lusty winds of April and May have great areas

of bare ground from which to blow the surface.

And blow it they do! During the spring of 1935,

for instance, the April winds lifted countless

millions of tons of the soil as they blew "black

blizzards" out of the "dust bowl" that is the Pan-

handle of Texas, western Oklahoma, western

Kansas, western Nebraska, and eastern Colorado.

That soil of great value darkened the sun to the

Atlantic seaboard and left behind it a land fast

becoming a desert.

Floods and "black blizzards" do not at first

thought seem to be related, but, strange to say,

their relationship is close. In June of 1935, fol-

lowing the terrible winds of April that ruined

millions of acres of wheat as they blew away top

soil to depths of inches, there occurred the dis-

astrous flood on the Republican River. The Re-

publican River is normally a docile, meandering,

smallish stream that heads in eastern Colorado,

swings along the southern margin of Nebraska,

and then turns into Kansas, finally to join the

Kansas River, and so into the Missouri River.

The farmers along the Republican had never

known it to flood so seriously as to be a menace.

Because of this they could not consider seriously

the warnings of the impending flood. So they

stayed at home while the yellow waters spread,

overran the lands, and drowned them by scores.

Day after day, during this tragic flood, the news-

papers carried lists of the drowned, lists that

seemed like war-time casualty records.

This great tragedy on the Republican came be-

cause man raises wheat where grass once grew.

The grass retarded the run-off of the torrential

rains that fall in that region, and the rivers did

not rise in flood as they do now since the grass

has gone. Winds lay bare the man-planted soil

and little or nothing remains to check the run-off

of water. "Black blizzards" may be expected to

be followed by yellow floods.

Winds do not lift the soil of the East and

carry it to the sea as do the winds of the great

"dust bowl," but the destruction of the forests

on the hills and on the mountains of the eastern

seaboard has allowed the rain to erode away the

old surface that once retained much of the rain

that fell. Now, without an adequate check, the

water of rain rushes into the streams of the East

and makes floods for that region unlike any ever

known before. Such a flood was that of March,

1936. This flood was the result of a peculiar set

of circumstances, to be sure, for "lows" came up

in succession from the southeast to provide rain

that melted a heavy mantle of snow, but the

floods would not have been so disastrous if man
had not made them possible by his own folly. As

it was, a second Johnstown flood raged on March

17 and 18 (the first flood resulted from the

breaking of a dam, but not the second). The
"lows" that caused this part of the Pennsylvania

flood continued north and east until thirteen

states had been visited with disaster, 200,000 peo-

ple left homeless, and hundreds of millions of

dollars of damage done. Paul Sears, who wrote

the famous book Deserts on the March, says

man made this flood more severe by his destruc-

tion of the old spongy top layers of soil through-

out the region of the disaster.

Man has certainly done something about the

weather in this case. With his shortsightedness

he makes possible "black blizzards" and adds to

the terrors and destructiveness of floods. This

isn't what he had intended, in doing something

about the weather; quite the reverse. The ques-

tion still remains: Can man do something about
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the weather in the proper way? Authorities say

he can. He can restore the forests to the eastern

hills and mountains. New York State, for in-

stance, has been developing a great program in

this connection for several years, but has experi-

enced difficulty because the good soil has gone

and much of the virtue has been leached out of

the remainder. The "dust bowl" can lose its black

horrors if it is returned to the condition of grass

and cattle. These are two of the most frequently

heard suggestions whereby man can do some-

thing constructive about the weather. The pro-

gram is difficult and the way is long. But who
can tell? Maybe new sod and preserved water

will even do something about summers too hot

and too dry. Perhaps new .sod will stop floods,

the rains of which now carry down from the

skies in mud the dust of the "black blizzards."

Control of normal erosion. New forests to hold

the soil, new grass roots to stop the blowing,

represent gigantic projects that will require years

for their development. But many lesser projects

have been employed where soil must be tilled in

the raising of foods. Cultivation around a hill,

rather than up and down, brush staked in form-

ing gulleys, and pastures established on slopes

that erode badly are just a few of age-old meth-

ods used to hold the soil. One relatively new
method of erosion control, developed by the

United States Government, will be considered.

Illustration 52 displays in a disheartening

fashion the havoc brought by normal erosion on

a slope from which the old grass cover has been

removed by cultivation. The soil of the picture

is very sandy and erodes easily as a consequence,

but since it lies in the region of cool coastal

weather (Arroyo Grande, California), and can

raise an excellent crop of peas without irrigation,

it is also very valuable. The surface that Illustra-

tion 52 shows has been ruined by the guttering

of rains. This could have been prevented.

Illustration 53 shows an erosion control project

established not far from the region of Illustra-

tion 52. The erosion of this sandy but productive

soil has been prevented as follows : shallow ditches

are dug around the slope in great circles at inter-

vals of two or three hundred feet (five of these

concentric ditches can be counted in Illustration

53). The soil removed in digging these ditches

is heaped along their lower edges. Run-off rain

spills into these ditches before it has gathered

much force and before it has eroded much soil.

These circular ditches lead the water gently to

the side of the field. At the side of the field a

ditch, dug up and down the slope, leads the

water to the bottom. This collecting ditch has

dams at intervals, such as the one in the lower

part of Illustration 53, and these dams check the

water and prevent it from gaining the speed that

causes bad washing. With a series of circular

ditches on the slope and with vertical or lead-off

ditches with dams on the margin of the field, it

is possible to prevent the washing of the soil.

The small amount of soil that is carried into

the ditches is trapped and may be plowed out

again and put back onto the ground. Several

kinds of grasses and other deep-rooted plants are

established along the rims of the ditches to as-

sist in the erosion control.

Control of frost. Aside from the covering of

new plants with paper bags, which is practised

widely as a protection against frost, the greatest

frost control occurs in California. In this State

several crops require occasional protection against

frost damage. Several winter-grown vegetables are

capped with paper bags, but the most extensive

control is practised in the orchards. The fruits

most frequently protected are the citrous (lemons,

oranges, and grapefruit), and such early blossom-

ing fruits as the apricot and English walnut.

Citrous trees are evergreen, hold their fruits for

very long periods, bloom throughout the year and

most profusely in late winter. Frost at any time is

damaging to them, but because they are raised

where such frosts occur, if at all, only in the cold-

est months of the year, such as December and

early January, they will need protection against

frost only in these months. Apricots and English
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walnuts, on the other hand, have no leaves during

the winter and may be grown in regions where

winters are colder than those in which citrous

fruits can be grown. Only after blossoming in

early March and with the young fruits started do

apricots and English walnuts need protection

against frost. Protection is needed only in March

and early April, for after the middle of April

frost danger almost never occurs.

There is no protection against extreme cold,

wherein winds below freezing may blow. In this

region such conditions are very rare, however.

The light frost is another thing, and against it

the fruit grower has means of control. The most

extensive method is orchard heating. The heat-

ing is done by burning a low grade oil in smudge

pots. The smudge pots may be nothing but dis-

carded oil cans, such as those of Illustration 54,

or they may be elaborate devices with chimneys.

In orchard heating, the fruit grower's actions

are somewhat as follows. If he lives in an impor-

tant fruit area, he will be advised of possible

dangerous temperatures by a fruit expert of the

United States Weather Bureau. More than likely,

however, he will have established his own
warning device. This consists of a thermometer

attached to a loud gong. When possible danger

of frost has been forecast by the United States

Weather Bureau, he will have filled his pots and

placed them between the rows of orchard trees,

about one pot per tree. He will then have gone

to bed with hopes for the best. If the tempera-

ture drops to 35 degrees Fahrenheit, the gong

will ring. If it rings before 5 a.m. he gets up and

lights the pots. If the gong does not ring before

5 a.m. he does not fear, because the sun will be

up and warming the orchard before the tem-

perature has dropped to 32 degrees Fahrenheit,

the damaging point.

It was formerly thought that the frost was

prevented by two things in the lighting of the

smudge pots: the burning oil provided heat, and

the heavy pall of smoke was presumed to act as

a cloud and blanket the orchards and so prevent

the radiation of the heat to space. As a conse-

quence, heavy smudging made a blanket of

smoke over large areas, filled the air, drifted

into the cities, damaged furnishings, and caused

everyone to awake with a headache and blowing

soot from his nostrils. Recently it has been

demonstrated that the heat is the important

phase of the protection and the smoke is not of

great value. Because of this smokeless burners

are gradually replacing the old smudge pots; but

in many regions every night of frost during the

frost damaging period will still be followed by

a morning sky black with smoke.

Light frosts, such as these which occur in the

fruit valleys of California, are nearly all due to

temperature inversions (see Chapter IV, The

Wor\ of the Weather, under Frost), that is, the

cold air of higher points has settled to the lowest

points and has lifted the warmer air. Thus a

region in California a few hundred feet above

the lowest points of a valley may never experience

frost, while the low regions will have frequent

damaging frosts. This factor of temperature

inversions makes interesting variations in the or-

chards raised even though the difference in eleva-

tions may be so slight as to be imperceptible. In

Illustration 54, for instance, smudge pots are in

the apricot orchard, but the cherries in blossom

just beyond are not easily injured by frost and so

they have no pots. In Santa Clara Valley, Cali-

fornia, to avoid the expense of smudging, orch-

ardists raise pears at the lowest points, cherries

and prunes at the next elevation, and apricots

and English walnuts at the highest or on the

hills, though the range of elevation is not more
than a few hundred feet.

Recently a new system has been promoted to

avoid the expense and discomfort of smudging.

This is the use of motors and airplane propellers

to stir up the air, to bring forward the warmer
air of slightly higher elevations and to destroy

the effect of temperature inversion. This is per-

haps man's newest method in doing something

about the weather.
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CHAPTER VI

LEARNING THE WEATHER

wEAeather can become the most exciting of

all studies. Many of its phases can be studied at

school or at home. Weather is with us always,

wherever we live and wherever we go. It be-

comes good fun to be able to note, and to be

able to talk about it with intelligence. Here are

a few projects to consider in its study.

HOW THE YOUNGER STUDENT
LEARNS THE WEATHER

Learning the wor\ of the sun. The sun is the

most important factor in weather. Its work is

best learned with a thermometer. There really is

a lot of excitement in using a thermometer; let's

experiment with one. First, read it as it hangs in

the school or home. Place it outdoors next. If

it is winter, how does the temperature outdoors

compare with the temperature indoors? Lower

or higher? The temperature, remember, is a

record of the heat of the air, and the heat of the

air comes from the sun. Why is the temperature

outdoors lower in winter and higher in summer ?

Chapter II of this book will explain.

Now take the temperature outdoors early in

the morning. Write down that reading. Take it

next at noon. Write that down also. Take the

temperature in the late afternoon, just before

the sun sets. Which is the highest temperature?

Which the lowest? The sun is the cause of the

heat of the air, but can you explain why the

temperatures are different?

Take the temperature in the shade. Next let

the sun shine directly on the bulb. How do these

two readings compare? In the shade the ther-

mometer records only the temperature of the air.

In the sun the bulb absorbs heat directly from

the rays of the sun.

Generally, a thermometer is used to record the

heat of the air. The air is heated, for the most

part, by absorbing the heat from the ground. To
understand why air is not heated directly, re-

member that heat comes from the sun's rays,

and the rays pass through the air as they pass

through clear glass (a window pane may be cool

with the sun shining on it). When the rays reach

the ground, or water, they are absorbed and so

give up their heat. The ground in turn heats

the air that lies above it. In summer, put the bulb

of the thermometer on a rock that is in the sun,

or on the surface of dry soil in the sun. Compare
these temperatures with the temperature of the

air, without allowing the sun to shine on the

bulb. Do you see why the air is heated from the

ground and not directly from the sun?

If snow is on the ground, take the temperature

at the surface of the snow, and then several

inches beneath the surface. Is it colder at the

surface of the snow than several inches below
the surface? Can you explain why? These are
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just a few suggestions for the use of a thermom-

eter in learning the work of the sun.

Learning about the air. When air is warmed,

it becomes thinner and lighter, and is forced up

by heavier, colder air. Blow soap bubbles to

prove this. Why do they float, or even rise ? Why
do they soon begin to fall? Blow them toward

a stove or heat register. Why do they rise when

they come near the stove or register ? If they are

strong bubbles they will rise to the ceiling over

the stove or register, float along the ceiling and

begin to fall when they reach the wall farth-

est from the source of heat. With the thermome-

ter, take the temperature near the floor. Take the

temperature near the ceiling. Where is the air

colder? Can you make a diagram now to show

the circulation of the air of the room ? Show the

temperatures of the air at each point on the

diagram.

Air expands when it is heated and contracts

or shrinks when it is cooled. This can be shown

by the following simple experiment. Turn a

milk bottle upside down in a pan with a little

water. Heat the bottle by wrapping a hot towel

around it. Note that some of the air bubbles out

around the end of the bottle in the water. The

warmed air is expanding. When the bottle be-

comes cold again, note that water has been

drawn into the neck for a short distance. The

air has shrunken.

Air has weight and its weight exerts pressure.

The following experiments prove it. Suck water

or lemonade through a straw. You really aren't

drawing the water or lemonade up, but the

pressure of the air on the liquid is forcing it into

your mouth. You see, by sucking on the straw,

you remove part of the air from within the

straw. The air all around tries to replace it and

pushes the lemonade or water into your mouth

as it does so.

Fill a glass with water. Place a sheet of smooth

stiff paper (such as the smooth side of an en-

velope) over it and turn it upside down with

your hand on the paper. The hand may then be
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removed from the paper and the water will

remain in the glass. You will discover that the

slightest touch on the paper over the end of the

upside-down-glass will cause the water to pour

out. The water stays in the upside-down-glass,

with only a sheet of paper to hold it in, because

air has weight pressure. The pressure cannot be

felt on the water except at the open end of the

glass, and since a sheet of paper covers this, all

of the pressure comes against the paper and

holds it tightly. If you let a little air in by touch-

ing the paper, then the outside pressure no

longer works evenly and the water spills. This

is one of the simplest and most surprising of all

weather experiments.

Here is another clever little experiment to

show that air exerts pressure. Hard boil a large

egg. Remove the shell carefully. Try to put it

into a milk bottle. Usually, if it is a large egg, it

cannot be put into the bottle without breaking

it. You can use air pressure, though, and get it in.

Drop a piece of burning paper into the milk

bottle and while the paper burns put the egg

into the mouth of the bottle. To your surprise,

the egg will soon slide into the bottle as if it

were being sucked in. This is the reason. The
burning paper heats the air in the bottle and some

of the warmed and expanded air pushes out past

the egg. Very quickly, as the fire dies out and the

air in the bottle cools, surrounding air forces

down upon the egg to replace the thinner air

in the bottle. The egg does not allow the air to

slip by it into the bottle because it makes a stop-

per; so the egg is pushed in by the greater pres-

sure of the outside air.

If you try to shake the egg out, you will find

that it will not come. However, if you hold the

bottle upside down and blow into the bottle

with your mouth over the opening, the egg will

pop into your mouth. You have compressed the

air in the bottle and this air pushes the egg out.

Hold the bottle upside down and run hot water

over it and you accomplish the same result.
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Air, when it moves, forms winds. To know the

direction from which the wind blows, make a

weather vane. Drawing 55 shows a simple

weather vane. Only one or two words are neces-

sary for its making. The vane can be made most

easily from a shingle. The hole through the

shingle, as shown in the figure, can be made by

heating the nail, or a piece of wire, red hot, and

using this to burn the hole through. To allow

the vane to turn easily, place a bead on the nail

between the shingle and the broom handle to

serve as a washer. Put the vane in a position

where the winds reach it, and also, if possible,

where it can be seen from your window.

You can estimate the speed of the wind by

the following table:

Smoke rises straight up

.

Smoke drifts

Leaves rustle, wind felt

.

on face

Flags extend, leaves

.

and twigs move con-

stantly

Dust is raised, small

branches move
Large branches move .

.

Whole trees in motion.

Twigs and branches

.

broken, walking is

difficult

no wind

3 miles per hour or less

slight breeze, about 5

miles per hour

gentle breeze, about

10 miles per hour

moderate breeze, about

15 miles per hour

strong breeze, 25-30

miles per hour

high wind, about 35

miles per hour

gale, from 40-60 miles

per hour

55. Plans for a Wind or Weather Vane
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Air can hold water in invisible form. Steam

from a teakettle is water, and it disappears into

the air. Put a pan of water in the sun and note

that the water soon evaporates into the air.

Clothes become dry because the air takes up

their water. Frost forms on the inside of window
panes because the air of the room holds invisible

water that condenses when it strikes the cold

pane.

Learning the signs of the weather. Clouds,

especially cumulus clouds and related forms, are

among the most beautiful objects in nature. In

their learning, one may use many of the lessons

of art. Crayon and water color posters of the

clouds of the day, with landscapes worked in,

make beautiful and instructive projects. Lacking

suitable clouds in nature, copy the clouds of

Weather (such as pictures i, 4, 11, 12, 13, 15, to

30). Give the proper cloud name to each picture.

White clouds may be torn from white paper and

pasted on blue backgrounds; or dark clouds

from dark paper and pasted on blue. Cloud

silhouettes may be cut from paper and pasted

on the suitable background.

Learning the wor\ of the weather. To learn of

winds, and the work of winds, collect and post

pictures. Illustrations 28 to 31, 33, and 34 of

Weather provide a start. Newspapers every

year have pictures of destruction caused by

tornadoes, of snow piled by winter blizzards, of

dust piles and dust-laden air, the result of "black

blizzards."

The work of water can also be learned by col-

lecting and posting pictures. Start with Illustra-

tions 35 to 48 of Weather. Then find other

pictures of snow, rivers, mountains with snow,

hail, sleet, and ice storms. When it snows, col-

lect some of the flakes on black paper or on

black velvet to see their beautiful forms. If it

hails, collect some of the stones and count the

rings of snow and ice in each; then read about

hail in Chapter IV, The Wor\ of the Weather.

Such work of water and temperature as dew

and frost can be demonstrated at home or at
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DEW POINT
APPARATUS

56. Materials for Determining the Dew Point

school with very simple methods. Use a small

aluminum pitcher and pour ice water into it

slowly (see Drawing 56). Stir the water with

your thermometer. When the first film of water

forms on the outer surface of the pitcher, the

thermometer will give the dew point, or tem-

perature at which dew will form under the con-

ditions of the air at that time. Replace the water

of the pitcher with ice. Over the ice place a

handful of salt. Dew will form on the pitcher

first, and later will freeze. Most frost is frozen

dew and this experiment shows how frost is

usually formed in nature.

The work of the sun is always shown when
you fail to water the flowers. Illustrations 49 to

51 of Weather also show the sun's work. Can
you collect other pictures of deserts, forests, and

jungles to give more proof of the work of the

sun?

In learning what man does about the weather,

read the weather report and forecast in the daily

newspaper. Collect pictures of irrigation proj-
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ects, erosion control projects (such as Illustra-

tions 52 and 53 of Weather), windbreaks, and

snowsheds. Ask if any of your friends or class-

mates have lived where smudging is done in

frost control (see Illustration 54).

No weather observation or experiment is com-

plete until it is reported. To report it, lay out a

sheet of paper with the following heads along

the left-hand margin: "Date," "What experiment

is to prove," "Materials used" (with drawings

of materials), "How experiment was per-

formed," "Results," "Why these results were ob-

tained." Then write below each head the an-

swers. Also, keep weather charts. The first chart

may be of temperatures only, but later charts

will include, in addition to "Temperature,"

"Wind velocity," "Wind direction" (as shown

by the wind vane), "Condition of the sky" (clear,

cloudy, or partly cloudy), and "Condition of the

weather" (rain, snow, sleet, hail, dew, frost, fog).

These charts are very simply made. Each stu-

dent may make his own by ruling a sheet length-

wise into the number of records that are to be

kept (for instance, "Date," "Temperature,"

"Wind direction," "Wind velocity," "Condition

of sky," "Condition of weather"), and by using

each cross line for a day. Of course, the weather

chart may be an elaborate blackboard diagram

or big sheet of cardboard. If blackboard and

cardboard charts are used, then committees

should be appointed at weekly intervals to ob-

tain the information for the chart.

HOW THE OLDER STUDENT LEARNS
THE WEATHER

Learning the wor\ of the sun. Seasons are the

most pronounced of weather's characteristics.

The position of the sun with respect to the

earth produces the seasons. To demonstrate the

seasons, secure two apples and a pencil. Put one

apple on the center of a table and call it the

"sun." Call the stem end of the other apple the

"north pole," and the blossom end the "south

pole." Thrust the pencil through this apple

from north pole to south pole. Now with Draw-

ing 2 before you, hold the apple by means of

the pencil at the proper angle with respect to the

table (which is the plane of the ecliptic), and

move the apple around the sun. All seasons are

illustrated as the apple travels around the sun.

To carry out the proper number of days, the

apple would be whirled 365 times in the circuit

of the sun.

Of course you have a thermometer and have

taken all the temperature readings that have

been suggested earlier in this chapter. Now you

will want to experiment with a thermometer

you yourself have made. Construct the air ther-

mometer in Drawing 57. The materials for

this thermometer may be available in the science

department of your school, or can be purchased

inexpensively from a scientific apparatus com-
pany. Enough water is placed in the bulb nearly

to fill the long neck when the bulb is turned

over and the end thrust into the water of the

bottle. Now, as the temperature of the room
changes, the water of the tube will rise or fall.

It will work in a fashion the reverse of the

regular thermometer, for the water in the tube

will fall as the temperature rises, and rise in the

tube as the temperature drops. In any case, it

will prove that the air of the bulb expands with

heat and pushes the water out, and contracts

with cold and allows more water to flow in. Your
hand, your breath on the bulb, or a piece of ice

against the bulb, will cause the level of the

water in the tube to change.

An interesting experiment in connection with

the work of the sun consists in obtaining the

temperature on a warm day of a pan of dry soil,

and of a pan of water, after both have stood for an
hour or more in the sun. The soil will be much
warmer than the water. Water warms much
more slowly than soil, you will thus learn, and
the water also evaporates under the heat of the

sun and uses this heat in evaporating. Try the

same experiment on a very cold day and you
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will get just the reverse results with the soil

colder than the water. Several factors of weather

are illustrated here. For instance, the reason

for the more equable climate along a sea coast

as compared with the interior of a large conti-

nent. Also, why evaporating water cools (as

we cool with evaporating perspiration). Can

you name other weather factors illustrated by

this experiment?

Learning about the air. One of the most im-

portant characteristics of the air is that it has

weight pressure. In the first of this chapter two

or three simple experiments were described to

prove it. Here is another. Secure a gallon oil can

with a screw top. Remove the top, put a little

water in the can, place the top on the can

loosely, and heat the can over a stove, or over any

burner. Steam will come from the can around

the edges of the loose cover. While the can is

still steaming, screw the cap down tightly and

remove the can from the fire. The can will soon

collapse if you do nothing more, but if you put it

under a stream of cold water it will collapse

promptly. The heated air of the can expanded,

you see, and part of it was forced out. When the

air in the can cooled it contracted, exerted less

pressure on the inner walls of the can than the

air outside, so the outside air collapsed the can

because of its greater weight pressure.

A barometer is the most widely used and most

instructive device to illustrate the weight pres-

sure of air. Any older student with a few sim-

ple materials and about a pound of mercury can

make it. All of the materials can be secured from

a scientific supply house. The science department

of any school will have catalogues of such

houses. In addition to the mercury, you will need

a glass tube of about 3/16 inch inside diameter

and 31 inches long, a yard stick, a small dish, and

a strip of metal, as shown in Drawing 57, for

a support for the dish. Close one end of the glass

tube by heating it over a, burner (a laboratory

burner, or the flame of a gas stove), and smooth

the other end by heating it slightly.

164

The support for the mercury dish should be

made next. This support consists of a sheet of

light metal 4V2 inches long and 3 inches wide.

The metal is cut as shown in Drawing 57 and

then the top flap is fastened to the back of the

meter stick, the side flaps are bent around to

embrace the mercury dish, and the bottom flap

supports the dish below. Light metal strips to

hold the tube after it is filled with mercury are

thrust through slits in the yard stick ready to be

fastened to the back of the stick with light

screws. The upper of these strips should have a

window so that the mercury may be seen at its

level.

Now we are ready to fill the glass tube with

mercury. Do this with the aid of a small funnel,

and over a large metal pan, for the mercury is

easily spilled. When the tube is filled, hold a

finger tightly over the open end and turn it up-

side down into the small dish which contains

the remainder of the mercury. Fasten the tube

in place and the barometer is complete.

At sea level the weight pressure of the air will

support about 30 inches of mercury in a tube

closed at the upper end because of its pressure

on the exposed mercury in the dish at the base

of the tube. Water would make a barometer as

well as mercury, except for the inconvenience,

since more than thirty feet of water would be

necessary. The weight pressure of the air varies

with the weather, and so the level of the mercury

in the barometer rises and falls with the change

of weather. The weight pressure is less in a

"low," for the air is rising; the weight pressure

is greater in a "high," for the air is falling. Thus

a falling barometer indicates the approach of a

"low," with its attendant storm; the rising ba-

rometer indicates the approach of a "high,"

with fair weather. The barometer, therefore, is

the most valuable of all instruments in forecast-

ing the weather.

Incidentally, the weight pressure of the air is

greater at sea level and there it maintains about

30 inches of mercury, as has been noted. At
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elevations above sea level the air supports less

than 30 inches of mercury, so the barometer can

be used to determine the elevation at any place.

Since the weight pressure of the air lessens at the

rate of about one inch of mercury for each 1000

feet, what is the elevation where you live as

shown by the barometer ?

Air heats when it is compressed and cools as

it expands. These two facts are related to

weather in several ways. First, the cooling by ex-

pansion is one of the two reasons for colder con-

ditions at high elevations, such as mountain

tops. The other reason for colder air at such

places is, as we have learned, because air is
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heated from its contact with earth and once away

from the earth the air has no source of heat. Air

heating by compression is demonstrated in part

by the extremely hot conditions of low deserts,

such as the Colorado Desert or Death Valley.

Also the warm winds called "chinook" or

"foehn," that result in late winter from the blow-

ing of air down a mountain slope, are largely

warmed by the heat of compression. Here is a

simple experiment to demonstrate that air heats

when compressed. Work a bicycle or automobile
tire pump vigorously in inflating a tire. Notice
how warm the pump becomes at the base where
the air compression is greatest. After the tire is
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tightly inflated, and is the same temperature as

the room, take out the valve core and allow the

air to escape rapidly. As the air flows out hold a

thermometer at the valve. What about the tem-

perature ?

Air, when it moves, forms winds. You will

have made a wind or weather vane as shown in

Drawing 55, and know the table of approxi-

mate wind velocities as given earlier in this

chapter. The ambitious student will want to

make the device shown in Drawing 58 to se-

cure more accurate readings of wind velocity. A
glass tube, bent in the shape shown in Draw-

ing 58 is the most important of the materials,

the remainder can be left to the ingenuity of

any older student. The following additional in-

structions in its making will be helpful. The top

bearing of the wind gauge is made of light sheet

metal of the dimensions shown in Drawing

58. The ends of this piece of metal are bent

around the tube, as shown in the main drawing,

and fastened with small bolts through the holes.

The two middle flaps are bent back and the

outer end of the top one of these is doubled

back upon itself so that a nail, which is passed

through the two holes, is held in place by this

piece. The lower bearing is cut as shown in the

illustration. This strip of metal is bent around

the glass tubing, the small strips are bolted

around the glass, and the shaft is passed through

the large holes.

To get the proper readings for the wind

gauge, hold it far out of the window of an auto-

mobile that is driven on a very smooth pavement

(to avoid jolting of the water in the tube).

Check car speedometer with level of the water

in the tube beside the scale and the gauge will be

fairly well calibrated. It is not recommended that

you ride atop the car to be in the air currents

that are not modified by the car body, though

one weather student did this. After the wind
gauge is calibrated, it should be set in the open

where the air has a clean sweep.

Learning the signs of the weather. The lover

of the weather will have his head up and his

eyes frequently on the sky. To learn the clouds

he sees there, he should compare them with

the illustrations of this book. If a separate set

of pictures is available, then each day the pic-

ture or pictures showing the clouds of the sky

should be posted on a bulletin board.

To show that the study of weather can also

employ arithmetic, here are a few of the prob-

lems presented by clouds. First, an easy one. The
mountain beneath the cumulo-nimbus cloud of

Illustration 24 is about 2000 feet high. What is

the elevation at the top of the cumulo-nimbus

cloud ? Here is one a bit harder. It has rained

during the night and the morning shows a bright

blue sky. You know, however, that cumulus

clouds will form during the day because the sun

will start air to rise in convection currents. The
temperature of the air is 50 degrees Fahrenheit.

You want to know how high it must rise to form

clouds. You use the materials shown in Draw-

ing 56, and the methods described near by, and

find that the dewpoint is 40 degrees Fahrenheit.

Dewpoint is also the temperature at which a

cloud would form if enough air is involved. The
difference between the two temperatures is 10

degrees. Air cools at the rate of about 1.6 de-

grees Fahrenheit for each 300 feet as it rises, but it

expands also and the amount of water vapor it

carries does not increase. The expansion of the

air as it rises drops the dewpoint, or cloud

point back .33 degree for each 300 feet. The
rate, therefore, at which air will reach the dew-
point, or cloud point, is 1.6 less .33, or 1.27 for

each 300 feet. Our problem is to divide 10 de-

grees (the amount the surface air must drop in

temperature before it will form a cloud) by

1.27 and multiply by 300. At what height will

clouds form? Work this problem on several

days.

Learning the wor\ of the weather. The dew-
point and frost apparatus you have used; next
let us make a rain gauge as shown in Drawing
59. The following materials are needed. The
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RAIN GAUGE

59- Plans for a Rain Gauge

outer can of the gauge can be of any cheap ma-

terial, such as galvanized iron, but the inner

should be of brass or glass. In order to make

careful measurements of slight rainfall, it is

customary to increase it tenfold in the gauge.

This is done with a collecting surface ten times

that of the surface of the inner can. To collect

heavy rains, the gauge should be not less than

20 inches deep, for as you see, 2 inches of rain

will fill it. Drawing 59 shows a sample set of

proportions. If the measuring stick is divided to

tenths of an inch, then the reading will be in

hundredths, as the U. S. Weather Bureau does it.

Learning what man does about the weather.

You, as older students, will keep exact records

of all experiments and observations as do the

younger students, but you will do them more

carefully. You will consider the same phases of

the experiment ("Date," "What experiment is to

prove," "Materials used," "How experiment was

performed," "Results," and "Why these results

were obtained"), and with your new instruments

168

you will have data for a more complete weather

chart.

Your chart will be divided into the following

columns across the top: "Date," "Time of day,"

"Temperature," "Air pressure," "Rainfall,"

"Wind direction," "Wind velocity," "Condition

of the sky" (clear, cloudy, or partly cloudy), and

condition of the weather (rain, snow, sleet, hail,

dew, frost, fog). Committees will be appointed

to secure these different items and to keep the

weather chart active.

You are ready now to learn to predict the

weather. Refer to the Rules for Amateur

Weather Prediction, in Chapter V, and see how
accurate you can be. Make it a game. Several

of you, having studied the conditions, make
predictions for the next twenty-four hours, and,

the following day, find who has come nearest the

actual results.

Subscribe for a month's issue of daily weather

maps. Under Further Helps in Learning the

Weather, at the end of this chapter you will

learn how to do so. These maps look compli-

cated and uninteresting at first glance, but they

can be as exciting as the best feature of a daily

newspaper. For instance, see if the Weather Man
agrees with you in his forecast for your region.

Having studied the map, try to forecast the

weather yourself for your own and for other

regions. Put the maps in a row, day after day,

and watch the movements of the "lows" and

the "highs" from west to east. How far do they

move each day, on the average? Follow the ac-

counts of great storms, as the newspapers report

them, and examine the weather maps of the same

dates to see for yourself what the weather con-

ditions were.

If there are irrigation, erosion control, or other

projects near, visit them to see what man is do-

ing about the weather. Lastly, make arrange-

ments with the office of the U. S. Weather

Bureau, if there is one near (a telephone direc-

tory will tell), and visit a regulation Weather

Man at work among his remarkable instruments.



FURTHER HELPS IN LEARNING THE WEATHER

WHAT MAKES THE WEATHER

Brooks, Charles Franklin. Why the Weather.

New York, Harcourt, Brace and Co., 1935.

295 pp., 52 figures. (An exceedingly interest-

ing collection of weather notes and anec-

dotes.)

Hazeltine, K. S. and others. "Weather." Science

Guide for Elementary Schools. Sacramento,

California, State Department of Education,

Vol. 1, Number 5, December, 1934. 34 pp., 12

figures. (A bulletin of weather material for

California.)

Humphreys, W. J. and Talman, C. F. 'Weather."

Merit Badge series 3816 of Boy Scouts of

America. New York, 1928.

Humphreys, W. J. Physics of the Air. New York,

McGraw-Hill Book Company, 1929 (second

edition). 654 pp., 226 figures. (The most com-

prehensive and exacting study of weather

phenomena.)

Milham, W. I. Meteorology. New York, The
Macmillan Company, 1921. 549 pp., 157 figures

and 50 charts. (One of the best general books

devoted to weather.)

Palmer, E. Lawrence. "The Earth and Its

Weather." Cornell Rural School Leaflets. Ith-

aca, New York, State College of Agriculture.

Vol. XV, Number 3, January, 1922. 53 pp., 33

figures.

Palmer, E. Lawrence. "Heat." Cornell Rural

School Leaflets. Ithaca, New York, State Col-

lege of Agriculture. Vol. XXVIII, Number 3,

January, 1935. 30 pp., 21 figures.

Talman, Charles Fitzhugh. A Bool{ About the

Weather. New York, Blue Ribbon Books,

Inc., 1935. (Previously published as The Realm

of the Air, 1931.)

U. S. Weather Bureau. Daily Weather Map. (Is-

sued daily except Sunday and holidays.) 20

cents per month, $2.40 per year. Apply near-

est forecast center (Washington, D. C, Chi-

cago, New Orleans, Denver, and San Francisco)

and pay by money order drawn to the Su-

perintendent of Documents.

U. S. Weather Bureau. The Weather Bureau.

Washington,^. O, July, 1931. 34 pp., 11 fig-

ures. (Work of the Weather Bureau described.

5 cents.)

U. S. Weather Bureau. Daily Weather Map with

Explanations. Washington, D. C. 8 pp. 5 cents.

SIGNS OF THE WEATHER

Humphreys, W. J. Weather Proverbs and Para-

doxes. Baltimore, Williams and Wilkins Co.,

1923. 125 pp. (Several illustrations from photo-

graphs. A remarkable collection of weather

folklore.)

Humphreys, W. J. Fogs and Clouds. Baltimore,

Williams and Wilkins Co., 1926. 104 pp., 92

figures. (An extensive collection of cloud pic-

tures, with explanations.)

McFall, Kerbey. "Toilers of the Sky." National

Geographic Magazine, Vol. XLVIII, Number
2, pp. 163-189. August, 1935. (Many cloud

pictures.)

U. S. Weather Bureau. Cloud Forms According

to the International System of Classification.

Washington, D. C, 1928. 22 pp., 32 illus. 20

cents.

WORK OF THE WEATHER

Borah, Leo A. "Utah, Carved by Wind and

Water." National Geographic Magazine, Vol.

LXIX, Number 5, pp. 577-623. May, 1936.

Palmer, E. Lawrence. "Save the Soil." Cornell

Rural School Leaflets. Ithaca, New York, State

College of Agriculture, Vol. 24, Number 3,

January, 1931. 36 pp., 28 figures.
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Salisbury, Rollin D. Physiography. New York,

Henry Holt and Company, 1924, 676 pp., 608

figures. (Much of land forms is the result of

weather as this famous book shows.)

WHAT MAN DOES ABOUT
THE WEATHER

Humphreys, W. J. Rain Maying and Other

Weather Vagaries. Baltimore, Williams and

Wilkins Co., 1926. 157 pp. (Popular myths

and superstitions of weather laid to rest.)

Palmer, E. Lawrence. "Save the Soil." Cornell

Rural School Leaflets. Ithaca, New York, State

College of Agriculture. Vol. 29, Number 4,

March, 1936. 32 pp., 20 figures.

Sears, Paul B. Deserts on the March. Norman,
Oklahoma, University of Oklahoma Press,

1935. 231 pp. (A recent book that discusses

the work and the control of the work of the

weather.)

Stevens, Captain Albert W., U. S. A. "Man's

Farthest Aloft." National Geographic Maga-

zine, Vol. LXIX, Number 1, pp. 59-94. Janu-

ary, 1936.

Stevens, Captain Albert W., U. S. A. "The Scien-

tific Results of the World-Record Stratosphere

Flight." National Geographic Magazine, Vol.

LXIX, Number 5, pp. 693-712. May, 1936. (Ex-

citing reports of a great stratospheric ascent.)

Young, Floyd D. Frost and Prevention of Frost

Damage. Washington, D. C, U. S. Department

of Agriculture, 1929, Farmers Bulletin 1588.
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