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PREFACE

THIS book is intended for pupils preparing for the School
Certificate Examination. It waswritten at the request, and with
the co-operation, of a number of teachers of Geography.

The book describes how Man is conditioned by his environ-
ment and how he, in his turn, responds to this environment.
Thus the emphasis is on the human side of Geography and the
main object is to show the nature of the world as the physical
home of Man. For should not Geography give, in the words
of the Spens Report: 'a conception of the world and of its
diverse environments and peoples, which should enable boys
and girlsto sse socia and political problemsin atruer perspec-
tive, and give them sympathetic understanding of other peoples ?

The maps and diagrams have been specially drawn for this
book. They are designed to bring out sdient facts and are
intended to supplement, but not to replace, the maps in a good
atlas.

The political changes in Europe since the beginning of 1938
necesstated frequent aterations both in the text and in the
maps during the book's progress through the press. It deds
with the various European countries as established immediately
before the German invasion of Poland on September 1<, 1939.

| should like to express my thanks for reading the proofs and
for their valuable criticismsto Messrs. G. H. Ely, G. H. Fairs,
J. Myers, and to my former colleague on the Board of Education
Geography Panel, Mr. J. W. Page; and dso to Mr. A. L. P.
Norrington of the Oxford University Press,

Sections of the proofs have dso been sent all over the world
for scrutiny by experts on the spot, as well as to many readers
inthe British Isles. Among others, | am indebted to the follow-
ing, who kindly read and revised the sections mentioned in
brackets after their names. Mr. W. FitzGerald, Department
of Geography, University of Manchester, and Mr. W. D.
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Johnston, Johannesburg (Africa); Mr. G. E. D. Lewis, Penang
(Malaya and the East Indies); Dr. E. Innes, Department of
Economics, University of Toronto (Canada); Mr. Joseph Hallett
Burlingame, Department of Geography, Milton Academy, Mass.
(United States); and Mons. C. M. E. Billecoco (France). | dso
received much help from the officials of the Information Depart
ments of the High Commissioners for Canada, Australia, and
New Zealand in London; and aso from those of the Depart
ment of Mines and Resources, Ottawa, who gave me every
facility for obtaining information during my recent visit to
Canada.
JH.S
OXFORD, September 1939

NOTE TO FOURTH IMPRESSION

| sHouLD like to say how grateful | am for the appreciations, criti
cisms, and suggestions | have received since this book was published
alittle over two years ago. Particularly am | glad to learn that both
teechers and pupils find the index so useful. The Section on the
U.S.S.R. has been revised. Teachers and pupils may find An Atlas
of the U.SSR. (Oxford Pamphlets on World Affairs) useful: it
contains the latest maps, with comment, on Russa

February 1942 J. H. S
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PART |
GENERAL GEOGRAPHY

CHAPTER |
MATHEMATICAL GEOGRAPHY

The Solar System. The Earth is a member of the Solar System.
It is one of eight mgor planets revolving round the Sun, the centre
of this system. The planets radiate no light of their own, but shine
with that reflected from the Sun. Chief among them are Mercury
and Venus, which are nearer,

and Mars, Jupiter, Saturn, ————m— . APo-.

Uranus, and Neptune, which $un’s //’ gt \‘\\

are farther avay from the Sun ., N
than the Earth. Rays ¢

The Sun has a diameter ___,
of 864000 miles. Though ¢ v Hpe® L

‘390- .

%MO
93,0?]0,000 miles frﬂm Lhe \ /
Earth, so great is its heat that . . N K
its rays reach our planet with N /

L
——— "“": O

considerable warming power.
The Sars, unlike the planets, Fic. 1,
are self-luminous bodies. They
appear small because they are so far away: the nearest star, Proxima
Centauri, is 200,000 times more distant than the Sun. The stars
do not revolve round the Sun, but move in circular paths across the
sky while maintaining their relative positions. With the exception of
the Pole Star, which is practically overhead at the North Pole, the
gars on any given night appear to be changing their positions, but
these apparent movements are really due to the rotation of the Earth.
The Moon is a dead planet. It is about 240,000 miles from the
Earth and, as it is thus some 370 times nearer to us than the Sun, it
appears amost as big as the latter body. The Moon revolves round
the Earth taking approximately twenty-nine das? to complete its
circuit. The phases of the Moon are the result of its position in re-
lation to the Earth and the Sun (see Fig. 1). At new moon, when
4119.1 B
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the Moon is between the Earth and the Sun, all three bodies are prac
tically in a straight line. At full moon they are again almost in a
straight line, but now the Moon is on the opposite side of the Earth
from the Sun. When the Moon isin its first and third quarters its
direction from the Earth is at right angles to that of the Sun. The
Moon's orbit is elliptical and inclined at an angle of 5° to the plane
of the Earth's orbit. This explains why we do not have a total eclipse
of the Sun every time there is a new moon.

The Shape of the Earth. At one time men thought the Earth was
flat but now we know it is a globe. Magellan deserves the title of
the 'first circumnavigator'; for though he himself died in the Philip
pines, the crew of his ship, the Victoria, arrived in Spain in 1522,
having sailed round the world during their three years' voyage.
When a ship goes out to sea, as it draws farther and farther from
the land, first the hull and then the funnels appear to sink gradually
into the water just as if the vessel were steaming downhill. Now
seamen tell us that the same thing occurs all over the world: a ship
in the far distance appears to be either sinking or rising according
as it is sailing from or to the observer. It is therefore concluded
that the surface of the Earth is curved, and curved equally, like the
circumference of a ball. This conclusion is confirmed by the careful
measurements and calculations of men of science. And it is aso
certain that the Earth is a globe, or sphere—not a perfect sphere,
but one very slightly flattened at the top and bottom. The equatorial
diameter is 7,926 miles and the polar diameter 7,900 miles.

There are many other proofs that the Earth is a globe. Here is
one. When there is an eclipse of the Moon the shadow cast by the
Earth on its surface is always curved.

The Size of the Earth. About 2,000 years ago, Eratosthenes, a
Greek living in Egypt, calculated the size of the Earth. On Mid
summer Day, at noon, he found that the Sun at Aswan was in the
zenith, that is at a point in the heavens directly overhead. He also
found that at the same time, on the same day, the Sun at Alexandria
was 7° from the vertical. He knew that the distance from Aswan to
Alexandria was 5,000 stadia (10 stadia = 1 English mile), and that
the circumference of the Earth was divided into 360 degrees. Thus,
by a simple calculation, he obtained his result.
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InFig. 2BisAswan, with the Sun directly overhead at the zenith
(9. The line drawn from Sto B goes straight to the centre of the
Earth (C). AisAlexandria, Tthe zenith of Alexandria, RA theline
of the Sun's rays. L TAR (7°), showing the distance of the Sun's
rays from the vertical, is equal to LACB at the Earth's centre,
which is therefore equal to 7°.

If 7° are represented by 5,000 stadia,

then 360° are represented by (5,000X360)4-7= 1,800,000-7-7
= 257,000 stadia, or 25,700 English miles.

This was a remarkable result when we
remember that the measuring instruments
used by Eratosthenes were not nearly so
accurate as those of to-day. The circum-
ference of the Earth is 24,902 miles, or
approximately 25,000 miles.

The Rotation of the Earth. Though
the Earth appears to us stationary, it is,
in fact, spinning round on its axis. The
axis is, of course, an imaginary line the
ends of which we call the North and
South Poles. The Earth rotates on its axis
once in every 24 hours. It spins from
west to east and, as it rotates, any par-
ticular part gradually passes under, and
then turns away from the Sun, until at
last the latter is no longer visible. Thus FIG.Z.

the Earth's movement on its axis gives

us the phenomena of day and night: any spot on the surface
has day when it faces the Sun, and night when it is turned away
from it.

The Revolution of the Earth. Besides spinning on its axis, the
Earth, as we know, changes its position in the firmament, and
moves round the Sun. The path of the Earth round the Sun,
called its orhit, is not a circle, but an oval or ellipse; and the plane
in which the Earth moves is said to be the Plane of the Ecliptic.
The time taken to complete one revolution round the Sun is one
year, or approximately 365% days. For convenience sake, one year
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is taken as 365 days, except during a Leap Year when one day is
added.
66‘||;he Earth's axis is inclined to the plane of its orbit at an angle of
As the axis always points in the same direction, therefore the
northern half of the Earth (the Northern Hemisphere) is tilted
towards the Sun for half the year, and the Southern Hemisphere
during the other half of the year. When the Northern Hemisphere

North . «
PO-“
‘e

Sun’s

Earth-Sun Line

Rags

)
0(,(_ ;
6’%k

FIG. 3.

is tilted towards the Sun, the North Pole has continuous daylight,
but the South Pole is in darkness (see Fig. 3). When the Southern
Hemisphere is tilted towards the Sun these conditions are reversed
(see Fig. 4). The seasons are due to the changes of the Earth s position
in the course of its revolution about the Sun, and to the inclination of
itsaxis (see Fig. 6).

The Path of the Sun* The Equator is an imaginary line drawn
round the Earth midway between the Poles. Certainimaginary lines
north and south of the Equator are called tropics, the northern being
the Tropic of Cancer (23 N.), and the southern the Tropic of

! The actual time to complete one revolution round the Sun is 365 days
5 hours 48 minutes 46 seconds. Leap year occurs every fourth year except
at centuries. A century is a leap year when the first two figures are divisible
by 4.
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Capricorn (23/2 S) (se Fig. 5). The word tropic means 'turning
place. At one time men imagined that the Sun turned south on

Sun’s

Earth-Sun Line

Rags

86R*N

sl raatih

NORTH TEMPERATE ZONE
Sun Never Overhead

"opic ot ta

Sun Overhead at N(wn onZI"-March &23rd52pt
Eqdu attNo r

rhead a B0 on 7ond;
gn O\relc > Can‘JcZZ Dee.
Trof 0,
SQUTH TEMPERATE ZONE
Sun Never Overhead
Mtarct;c C’."C"e

66%°S

FiG. 5.

June 21¢ and north on December 22nd. Because the Sun stopsits
apparent northward movement on June 21 this date is known as
the Summer Solgtice (from a Latin word solstitiutn, meaning the
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ganding still of the Sun); while for asmilar reason December 22nd
iscalled the Winter Solstice.

The inclination of the Earth's axis, together with its revolution
round the Sun, is the cause of the varying length of day and night
in different parts of the world. At the Vernal Equinox (aequus =
equal; nox ==night), March 21¢, and the Autumnal Equinox,
September 23rd, the Sun is overhead at the Equator (Fig. 6). On

86%3 —
PN VA ~Is
o Autumnalsﬁquinox TS
rd Sept. AN
A Y
LY
A
66%°tY
Winter Solstice Su Summer Solstice 5N
2™ Dec. Z%Jdune \ _NJ
f, (.)
J
Vernal Equinox g
~ 215t March L
\"n. “ ”’
\*“E"‘--__E‘s_’i: ------- "”’*’
A
S
Fi16, 6.

these dates, except at the Poles, (a) days and nights are equal all
over the world; and (b) the Sun rises exactly due eas and sgts
exactly due wes at all places on the Earth's surface.

At the Equator itsdf days and nights are equal throughout the
year. The Sun rises about 6 am. and sgs about 6 p.m. Thereisno
twilight. It is amog as if a drop curtain were suddenly let down
over the Sun. Throughout the tropics very smilar conditions pre-
vail: thelength of the days varieslittle and it getsdark rapidly about
6p.m.

Between March 21¢ and September 23 rd, when the North Pole
istilted towardsthe Sun, the daysarelonger than the nightsthrough-
out the Northern Hemisphere. From March 21¢ till June 214
(when the Sun is overhead at the Tropic of Cancer) the length of the
day increases from the Equator towards the North Pole. Each day



CH. | MATHEMATICAL GEOGRAPHY 7

the Sun (a) rises alittle earlier, and a little more towards the north
of east; (b) reaches a greater height at midday; and (c) sets a little
later, and slightly more towards the north of west. From June 21st
until September 23rd the changes are in the opposite direction, but
the days are still longer than the nights. On September 23rd the
Sun's path is, of course, the same as on March 21st.

Between September 23 rd and March 21st, when the Southern
Hemisphere is tilted towards the Sun, conditions are reversed. In
the Southern Hemisphere the days are longer than the nights, while
in the Northern Hemisphere the nights are now longer than the days.

At the North Pole there is continuous daylight from March 21st
to September 23rd. The Sun does not rise or set, but circles round
and round in the sky. On March 21st it circles round just on the
horizon, and each day it circles somewhat higher until June 21st
when it moves round at a height of 23 %4° above the horizon. Then
gradually its path becomes lower until, on September 23rd, it again
circles round just on the horizon, after which it disappears for six
months. There are some weeks twilight before March 21st and after
September 23rd. The length of the day decreases from six months
at the North Pole towards the Arctic Circle (23\° N.) where thereis
only continuous daylight for 24 hours on June 21st.

Similar conditions are experienced in the corresponding Antarctic
region from September 23 rd to March 21st.

Latitude and Longitude. The position of a place on the Earth's
surface can be fixed when we know its latitude and longitude.

Latitude is distance, measured in degrees, north or south of the Equator.

The circumference of the Earth (25,000 miles), being acircle, is
divided into 360°. Therefore 1° == 25,000—360 = 69J, or approxi-
mately 70 miles. Thisfigureis useful in determining the scale of a
map.

One of the easiest ways of finding the latitude of a place north of
the Equator is to find the altitude (the distance angular above the
horizon) of the Pole Star, which is the zenith of the North Pole,
or the point in the heavens directly above the North Pole. Take a
telescope and look at the Pole Star through it. The angle made by
the telescope with a horizontal line, found by means of a spirit level,
will give the altitude of the Pole Star. This altitude is equal to the
latitude of the place. As the star is overhead at the North Pole, the
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angle through which the telescope would move there would be 90°,
which is the latitude of the North Pole. At the Equator the Pole
Star is on the horizon, and therefore the angle is 0°, which is the
latitude of the Equator.

At s a sextant is used by mariners to determine their latitude.
By means of this instrument the altitude of the Sun, and of other
heavenly bodies, can be measured. If this angle be substracted from

90°, then the Sun's zenith

Z” distance (that is, its distance

d A from the vertical) is obtained.

; ¢ Suppose, for example, that

4 the altitude of the Sun, on a

certain day, in the Northern

3 0 Hemisphere, is found to be 60°.

D Then the zenith distance is
90°-60° = 30°.

ny Each day a noon, ship's

\ officers find, by means of the

C sextant, the altitude of the Sun.

FIG. 7. After this has been ascertained,

the exact latitude of the vessd

is worked out by reference to the Nautical Almanac. This gives

the declination of the Sun (that is, its distance north or south of the

Equator) for every day in the year. In the Northern Hemisphere,

on June 21, the Sun has a north declination of 23 \° more than

it had on March 21st when it is overhead at the Equator. In the

Northern Hemisphere, on December 22nd, the Sun has a south

declination of 231°, and thus its height at noon is 23"° less than it

was when the Sun was overhead at the Equator on September 23rd,

In Fig. 7 the circle ABCD represents the Earth; BD the Equator;
AC the axis; E the position of an observer.

Arc HFGZ represents a portion of the celestial sphere; Z the
zenith of the observer; H the position of the Sun on December 21st;
F its position at the Equinoxes; and G its position on June 21st.

(@) It is clear that Z. EOB, which is the latitude of Eg is equal
to L ZOF, i.e. the zenith distance of the Sun at noon on March
21¢ and September 23rd.

(b) Thus, when the Sun is at g, on June 214, the latitude equals
L FOG+A GOZ, i.e. declination+zenith distance.
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(c) When the Sun is overhead at H, on December 21st, the latitude
equals L HOZ—. FOH, i.e. zenith distance—declination.

How to find the latitude of places in ihe Northern Hemisphere by
means of the Sun at noon.

(1) At the equinoxes latitude = 90°—Sun's altitude.

Suppose the date to be March 21st.

The Sun's altitude at noon is found to be 37°.

Then the latitude is 90°—37° = 53° N.

(2) Between March 21st and September 23rd the Sun's declination
must be added to the zenith distance.

Suppose the date be June 1st.

The Sun's altitude is found to be 60|\

. 90°—60 ¥%° = 29%° (zenith distance).

On June 1st (according to the Nautical Almanac) the Sun has a
north declination of 22°,

The place is 29" from 22° N.

the latitude is 29|°+22° = 51"° N.

(3) Between September 22nd and March 21st the Sun's declination
must be subtracted from the zenith distance.

Suppose the date be January 1st.

The Sun's altitude at noon is found to be 12°.

90°-12° = 78° (zenith distance).

On January 1st the Sun has a south declination of 23°.

*_ the latitude of the place is 78°—23° = 55° N.

In the Southern Hemisphere the latitude of a place is found in a
similar way, except that the zenith distance is subtracted if the Sun
has north declination, and is added if the Sun has a south declination.

Determination of Longitude. Just as in finding latitude we measured
from a fixed line, the Equator, so too we must have a fixed line,
running due north and south, for measuring longitude. Such a
line is called a meridian. Longitude is distance, measured in degrees,
east or west of any fixed meridian.

The Equator is divided into 360 degrees, and on the map, or the
globe, lines are drawn through some of these points, at regular
intervals, to the Poles. These meridians are all equal circles which
cut each other at the Poles. The meridian passing through Greenwich
is usually taken as the one from which measurements are calculated.
This meridian is numbered 0°. On a globe the meridians are num-
bered from 0° to 180° west or east. At the Equator the degrees are
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approximately 69 miles apart. But obviously the space between
any two diminishes as they approach each other towards the Poles,
where they cut. Therefore lines of longitude cannot be used to
estimate the scale of a map.

As the Earth takes 24 hours to make a complete turn on its axis,
the 360 meridians of longitude take 24 hours to pass under the Sun.

i
Stj"::?arﬂ'e
Fic. 8.

Therefore 15 degrees pass under the Sun each hour, and 1 degreein
4 minutes. it isnoon at aplace when the meridian of longitude of that
place passes directly under the Sun. Thus all places on the same
meridian have their noon at the sametime. Asthe Earth spinsfrom
west to east, places east of the meridian 0° pass under the Sun
before places west of this meridian. When it isnoon at Greenwich,
at a place i° E. it is 4 minutes past noon; i.e. 12.4 p.m.; while at a
place i° W. it is 4 minutes before noon, i.e. 11.56 a.m. Fig. 8 shows
part of the Northern Hemisphere as we should s¢ it, at the equi-
noxes, looking down on it from a point above the North Pole. As
the Earth rotates from west to east, dawn isjust breaking at Green-
wich and the Sun ison the horizon.
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When sailors wish to find their longitude, then the time when
the Sun crosses the meridian (i.e. when the Sun is at its highest) is
noted. Suppose this time is 3 p.m., as shown by the ship's chrono-
meter which registers Greenwich time. This means that local noon
is 3 hours after Greenwich noon. Therefore the longitude is west.
The Earth has turned on its axis, since Greenwich noon, through an
angle of (3 x 60)-r4 = 45°. The longitude of the vesH is, therefore,

Fio. 9. Time-betsof North America

45°W. Nowadays, though Greenwich Mean Time (G.M.T.) can
be obtained by wireless, ships still carry chronometers. In actual
practice, however, the calculation is not quite so simple.

Sandard Time. All places in the same aea use what is called
standard time. Thus clocks in the British Isles are set to Greenwich
standard time, for it would be very inconvenient if they followed
local time. |f, for example, clocks at Fishguard (5° W.) were set by
local time, a man travelling from London to Fishguard would find
that his watch, showing Greenwich time, was 20 minutes fast when
he arrived. Western Europe usess Greenwich time, but Central
Europe takes its time from the local time along the meridian 15° E.,
and Eastern Europe from the meridian 30" E. In Canada there
are five time-belts (Fig. 9). In the Atlantic belt the time is taken
from the meridian 60° W. In this belt the clocks are 4 hours
dow by Greenwich time. The other time-belts of Canada ae
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Eastern (75° W.), Central (90° W.), Mountain (105° W.), and Pacific
(120°W.). There are only four time-belts in the United States.

The International Date Line. If we travelled westward to a place
X, almost on longitude 180° W., we should find the time there was
nearly 12 hours behind Greenwich time. If we journeyed eastward
to a place F, almost on longitude 180° E., the time there would be
about 12 hours ahead of Greenwich time. Suppose, for example, it is
8 am. at Greenwich, on Monday July 16th. Then at X, nearly on
longitude i80°W., it is amost 8 p.m. on Sunday, July 15th, but at
F, almost on longitude 180° E., it is nearly 8 p.m. on Monday, July
16th. Thus X and F, both almost on 180°, have approximately the
same time, but differ in date by a day. Similarly ships travelling
westward round the world (i.e. through 360° lose a day, while those
going eastward gain a day. To overcome the confusion that would
otherwise arise, the International Date Line has been established. It
runs along 180° E. or W. (for these meridians are, of course, the
same) and westward-bound vessels crossing it drop a day from the
calendar, while those going eastward add a day, by giving the same
dateto two consecutive days. Themeridian 180° was chosen because
it passes through the mid-Pacific where, owing to the small amount
of land, the change of date causes the least inconvenience. Actually,
the line deviates in places from 180° so as to avoid cutting through
groups of islands, like the Fiji Islands, where it swings east to include
the whole group.

Great and Small Circles. On aflat surface the straight linejoin-
ing any two points is the shortest distance between them, but on a
globe all lines are curved. Such curves, when produced in either
direction, form circles. If we cut a globe right through its centre, it
will be divided into two equal portions, and the mark made by the
cutting line will be the largest possible circle that can be drawn upon
the surface. Such acircle is called a Great Circle. All great circles
on the globe are the same size. Lesser circles, called Small Circles,
whose planes do not pass through the centre of the globe, can also
be drawn upon its surface. The Equator is that great circle, drawn
midway between the Poles, which divides the Earth into two equal
parts called Hemispheres. Al other parallels of latitude are small
circles. If we examine a globe we shall see, however, that all meridians
of longitude are half great circles. The shortest distance between any
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two places is the route following the arc of the great circle passing
through them. Steamers, where possible, follow the arc of a great
circle, that is of acircle of which the centre of the Earth is the centre.
Similarly, aircraft flying across oceans, such as the Atlantic and
Pacific, follow great circle routes. Compare the relative positions of
Moscow and San Francisco on a map and on a globe. The globe
shows that the most direct way to travel between these two places is
by the great circle route, passing through the polar regions, which
was, except for certain deviations, followed by Soviet airmen in their
epic flight across the Pole in 1937.

The Magnetic North. Helmsmen steer by a mariner's compass.
This is a very delicate instrument, but in essentials it consists of a
magnetized needle, mounted horizontally on a pivot which allows
it to swing freely. When the needle comes to rest one end points to
the North Magnetic Pole and the other to the South Magnetic Pole.
But these poles do not correspond exactly with the geographical
poles. Neitheristheir position constant. In 1937 the position of the
Magnetic North Pole, according to Admiralty charts, was latitude
70° 40' N., longitude 95° 5' W. The angle between the magnetic
north and the geographical north is called the magnetic declination,
and in calculating the true (geographical) north allowance must be
made for this difference. This is given on maps which show the
variation in all parts of theworld. In England, in 1913, the compass
pointed to a direction some 16° to the west of north, and therefore
there was a magnetic declination of 16° W., but in 1931 the magnetic
declination was only 13° W.

In Arctic and Antarctic regions the influence of the Magnetic
Poles affects compasses considerably, causing them to lose directional
force. To offset this, mariners, airmen, and explorers in these
regions use compasses fitted with dip needles, which have an up-
and-down as well as a roundabout action.

EXERCISES

i. Give three reasons for supposing that the Earth is a ball.

2. Why isit that at the Equator the duration of daylight is almost constant
throughout the year, while in the Arctic Circle it varies from 24 hours to
zero?

3. State how daylight varies in Britain (a) with the summer and winter
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saons (b) with latitude in summer. In each case draw fully labedled dia-
gramsto show the causes of thefactsyou gate.

4. Define (a) latitude and (b) longitude. Why are degrees of latitude of
egual length and degress of longitude of unequal length, as measured on the
Earth's surface? What is meant by local time? Given that Africa measures
2,400 miles along the Equator, what time is it on the eas coagt when it is
noon on thewest coadt ?

5. What do you mean by: the Zenith Disance of the Sun; the Declination
of the Sun; the International Date Line; Magnetic Variation; Great Circle
Sailing?

6. (a) When it is noon at Greenwich, what is the time at Leningrad
(30°E.), New Orleans (90°W.), Mebourne (145°E.), and Calcutta
(88° E.)? (b) Memphis (U.S.A.) is exactly north of New Orleans. What is
the distance between these towns, the latitudes of which are 35° N. and
30° N. respectively? (c) On a map of Canada the distance between parallds
of latitude 50°N. and 60°N. is I*/ inches What is the sale of the
map?

7. (8) In what time-belts are (i) Montreal, and (ii) Vancouver Stuated?
(b) What is the time at Vancouver when it is noon at Montreal ? (c) When
it isnoon at Vancouver what isthetimeat Montreal ? (d) At what timewould
the broadcag commentary on an icehockey match at Winnipeg, com-
mencing at 8 p.m., be heard at (i) Minneapalis, (ii) Vancouver, (iii) Halifax,
N.S.?
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CHAPTERII
THELITHOSPHERE

Materials of the Earth's Crust. The lithosphere, or outer crust
of the earth which is not more than ten miles thick, is made up of a
great variety of rocks. The term rock is applied by geologists to all
materials of which the earth's crust is composed, whether they be
hard like granite and slate, or soft like sands, clays, muds, and chalk.
These rocks affect the type of scenery, the fertility of the soil, the
water supply, the kinds of buildings, and the occupations of the
people. Rocks are made up of substances called minerals. Many
of the minerals of which rocks are composed are the raw materials
fromwhich metals are obtained. When rocks contain compounds of
metals in quantities sufficient to work commercially such compounds
are termed ores. Ores are often found in mountainous districts
where folding or fracturing has brought ore-bearing rocks to the
surface. Ores often occur in veins, or seams, that may vary from a
few inches to many feet in thickness. Thusaseam may be compared
to a sandwich between layers of ‘country rock’, asthe ordinary rock
foundin alocality istermed.

The rock structure can be seen in railway and road cuttings, in
quarries and other excavations, in mines, wells, and borings.

(i) Most sedimentary rocks were originally deposited in layers on
the beds of lakes, seas, and rivers: they are easily quarried and
worked. Such rock9 include sand and sandstone; clay and shale;
limestone and chalk, and others, known as carbonaceous rocks, such
as lignite, coal, and anthracite. Since most of these rocks have been
formed in seas and lakes, they often contain fossils—the hard remains
of animals—which are especially abundant in limestones, chalks, and
clays, and are frequently found in sandstones. Sedimentary rocks
contain metals, and in some districts alluvial deposits of gold or tin
are obtained by placer mining and similar methods. Petroleum is
found in certain sedimentary rocks.

(2) Igneous rocks are those which have solidified from the molten
condition.

() When such rocks are poured out on the surface, either through
volcanoes or great fissuresin the earth's crust, they cool rapidly and
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the resultant rocks, which are usually fine grained, are known as
volcanic. Among the best-known examples is basalt. Sometimes
very rapid cooling—as in the formation of obsidian and pitchstone
—qives the rocks a glassy appearance (rather like dark bottle glass).

(b) Plutonic rocks are formed when the molten material solidifies
at considerable depths and consequently under great pressure.
Rocks, like granite, which are formed in this manner are usually
coarsely crystalline. When cooling takes place at a somewhat |esser
depth the rocks, such as dolerite, are somewhat finer grained.
Denudation, or earth movements, may bring plutonic rocks to the
surface, in which case they often form infertile areas like Dartmoor
or parts of the Scottish Highlands.

Valuable minerals do not, as a rule, occur in igneous rocks, but
they are often found in adjacent areas w'here they were probably
formed by the deposit of mineral matter, due to the cooling of hot
solutions and gases, associated with the formation of such rocks.
Fossils, coal, and petroleum are never found in igneous rocks.

(3) Metamorphic, i.e. altered rocks, are the result of long-continued
pressure, heat, and other chemical or physical changes. Rocks like
slate have been only slightly modified. But the original characters
have been completely changed in some metamorphic rocks. As a
rule metamorphic rocks, like gneiss and schist—two of the com-
monest—are hard and resist weathering. They form areas of rugged
scenery and scanty infertile soils which, like Scandinavia, Finland,
and the Canadian Shield, are thinly peopled. On the other hand,
the presence in such regions of valuable minerals, like gold and
silver, causes the concentration of a relatively large mining popula-
tionin asmall district.

Soils. The upper layers of rocks weather to form the soil. In most
food plants about one per cent, of their total weight is derived from
the soil; the rest comes from air and water and depends on climate.
A poor soil in a hot, wet climate bears richer vegetation than a good
soil inacoldclimate. Y etapoorsoil will yield good cropsif properly
fertilized, and a naturally good soil will deteriorate if neglected.
The value of a soil depends on its depth, levelness, and on whether
it can be easily broken to allow the roots of plants to spread.

In addition to rock waste good soils contain decayed vegetable
matter called humus. In the natural state all plants decay where they
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® F16. 10. Geological Section from south of QOkeover Hsii (Drerbyshire-Swflordshire border) to north of Seavon.
and older houses are built of

Note that (1) on the New Red Sandstone trees are abundant, hedges separate the pastures, and the churches h '
boundaries, trees are few, and as the water sinks easily through

ocal mone ; (z) on the Carboniferous Limestone stone walls replace hedges as

‘he porous rock paved ponda ere used to retain moisture for the animals; (3) the Gritstone moors, from 1,000 to 1,200 feet above sea-level, are
sovered with poor pasture and water collects in hollows in the hard rock forming marshea and bogs. The higher siopes are covered with heathes
and devoid of trees, and the large moarland fields are enclosed by black Gritstone w,
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grow and thus return to the soil all they have taken from it, as well
as valuable products, such as nitrogen, obtained from the air. For
this reason virgin lands (such as parts of the Canadian prairies
recently brought under the plough) usually yield good crops for a
number of years. Sooner or later, however, as the crops do not
return to the soil but are carried away for man's use, fertilizers must
be used. The rotation of crops has long been practised; lime and
anima) manures are used to enrich the soil; but in recent years an
increased use has been made of fertilizers such as nitrates, potash,
and phosphates. Nitrates are obtained from the Atacama Desert of
Chile and aso by chemical processes; Germany possesses valuable
deposits of potash salts; many oceanic islands frequented by wild birds
yieldguano, anatural fertilizerrich in phosphates. Modernfarmingis
a science, and the demand for fertilizers is an increasing one.

For agricultural purposes soils are usually classed as sands, loams,
and clays. As clay soils are impervious, they retain water near the
surface, but make good farming land; as do loams, a mixture of
sand and clay. Sandy soils are light and porous, and when irrigated
are very fertile. The loess plains of Northern China are composed
of fine sand several thousand feet thick, probably brought by the
wind from the Gobi Desert. Such wind-borne soils, having been
derived from different districts, are well mixed, and so contain a
variety of those mineral foods necessary for the successful cultiva-
tion of crops. In regions like the Canadian Shield the Ice Sheet
scraped away the soil; but in many glaciated areas—given favourable
climate and relief—the mixed deposits of rock debris cause the soil
to yield abundantly. Some soils on the margins of glaciated regions,
likethoseforming the Black Earth Lands of Southern Russia, are often
deep and level, and, when enriched by humus, their fertility is great.

The Relative Age of Rocks. Geologists have discovered that
rocks differ in age. They have therefore classified them according
to their relative age. The table (p. 19) is given for reference only.

EXERCISES

1. Describe how Sedimentary, lgneous, and Metamorphic rocks have
been formed. Give examples from the British Isles of each type.

2. Nametwo regionsin the British Isles where each of the following rocks
are used locally for building purposes: sandstones, limestones, granite,
dates, and clavs.
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Chief Rocks (with examples

(1) Land Forms and

Era Rock Groups | from the British Isles) (2) Life
QUATERNARY. Recent. Alluvium (Fenlands), (1) Period of the great
gravels, and sands. Ice Age.
Pleistocene. (2) M an and present-
day animals appear.
TERTIARY OR Pliocene. Sands and gravels (East | (1) Great Earth
CAINOZOIC. Anglia). Movements—
Miocene. Absent from Britain. AlpineMountain-
Oligocene. Chiefly clays and sands building.
(Hampshire Basin).
Eocene. Sands, gravels, and clays
(London Basin).
SECONDARY OR | Cretaceous. Chalk (Downs), sand- | (2) Birds and mam-
MESOZOIC. stones, and clays. mals appear.
Jurassic. Limestones (Portland),
sandstones, and
shales.
Triassic. New Red Sandstones
(Midlands) and marls.
PRIMARY OR Permian. Red Sandstones, M ag- | (1) Armorican Earth
PALAEOZOIC. nesian Limestone. Movements at end

Carboniferous.

Coal Measures, Mill-
stone  Grit (Pen-
nines), Carboniferous
Limestone
(Mendips).

of  Carboniferous
times. Caledonian
Mountain-building
Movements in
Siluro-Devonian

Devonian. Devonian and Old Red times.
Sandstone (Cheviots), | (2)Reptilesand fishes
shales, dlates, and appear. Inverte-
limestones. brate animals pre-

Silurian. Sandstones, shales, and sent in Cambrian
limestones. Era.

Ordovician. Sandstones and slates
(Central Wales).

Cambrian. Slates and sandstones
(North Wales).

PRE-CAMBRIAN (no definite | Sandstones, dates, vol- | (1) Several periods of

classification).

canic rocks, granites,
schists, and gneisses
(NW . Scotland).

Earth Movements.

Note—The Mountain-building Movements were assocated with much volcanic

activity.
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CHAPTERI I
THE CHANGING FACE OF NATURE

T H E surface of the earth is undergoing constant change. Sometimes,
as in the case of earthquakes and volcanic eruptions, such changes
take place with dramatic suddenness, but usually they are so gradual
as to be almost imperceptible. The mountains of to-day may
become the plains of to-morrow, but so far as Nature is concerned
both 'to-day* and 'to-morrow' cover a period of hundreds of thou-
sands, or possibly of more than a million years. Great mountain-
building movements result in the formation of mighty ranges; but
ice, running water, and other forces of denudation are continually
wearing away the land.

TYPESOFMOUNTAINS

(i) Fold Mountains (see Fig. n). In past geological ages dis-
turbances in the Earth's interior have caused crumpling and cracking
of the crust. But even now the Earth's crust is in a most unstable
condition, especially in certain areas. The great upfolds (anticlines)
form fold-mountains, and the downfolds (synclines) longitudinal
valleys. Geologically speaking, such mountain systems as the Alps
and the Rockies are young fold-mountains, whose scenery is rugged
and magjestic owing to the fact that asyet they have suffered relatively
little denudation.

(2) Residual Mountains (Fig. 12). In the course of ages ancient
mountains, like the Highlands of Scotland and Scandinavia, have
become worn down by prolonged denudation, which has removed
the softer rocks, leaving the harder and more resistant ones standing
as peaks and plateaus. Mountain regions formed in this way are
known as Residual Mountains, or Dissected Plateaus. Still further
denudation results in the formation of peneplains (pene = almost),
such as the Hudson Bay Lowlands.

(3) Crust-block Mountains and Rift Valleys (Fig. 13). We
have already seen that in addition to forming upfolds the crust of the
earth also cracks under the strain of accommodating itself to the de-
creasing size of the interior. Often where such cracks occur the
acrtions on eithEr side slip against each other; one part rising up and
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the other slipping down. This slipping movement is known as
faulting. Cross Fell Edge, overlooking the Eden valley, was formed
in this way.

Sometimes two parallel faults occur. The portion between them

FI1G. las An early stage in the denudation of fold mountains.

~

————
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block mountains
FIG.13.

may (a) either be left standing above the surrounding country while
the land on either side subsides, or (b) may be uplifted bodily above
the adjacent country Elevated mountain masses formed in this way
are known as Crust-block Mountains or horsts. The Central Plateau
of France and the Meseta of Spain are examples of this type.

In other cases the strata between two parallel faults subside to
form a Rift Valley, which thus lies between two parallel setsof crust-
block mountains. In this way was formed the Rhine Rift Valley
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between the Vosges and the Black Forest. The greatest rift valley in
the world is that stretching from the Jordan-Dead Sea trough,
through the Red Sea to Lake Nyasa, in East Africa.

Somewhat similar to crust-block mountains are the great plateaux
lying between fold-mountains. Many are of vast extent and lie at
high altitudes. Among them may be mentioned the Plateau of Tibet
between the fold ranges of the Himalayas and those of the Kunlun;
and the Plateau of Bolivia, enclosed by ranges of the Andes.

FIG. 14. Sectionof avolcano.

*

(4) Volcanoes (Fig. 14). A volcano is an opening in the earth's
surface through which are erupted steam, gases, molten rock, dust,
ashes, and other liquid and solid matter. The accumulation of
material around the vent gives to the volcano its typical cone-like
shape. The neck, through which materials are ejected, may be com-
pared to the stem of a funnel leading to the bowl forming the crater.

Some volcanoes are built up amost entirely of cooled lava;
others mainly of solidified ash, called tuff, and other fragmentary
matter thrown out during an eruption. But the majority of cones
consist of alternate layers of lava and tuff. Subsidiary cones are
often formed at the sides of the volcano. Sometimes the crater
becomes blocked up with solidified lava and ultimately the enormous
pressure inside blows a portion of the mountain away. This hap-
pened in the case of Vesuvius, which is merely the remains of a much
greater volcano, known as Somma, a large part of which was blown
away in the historic eruption of A.D. 79, when Herculaneum and
Pompeii were both buried beneath clouds of volcanic ash.

Distribution of Volcanoes. Most of the world's volcanoes are found
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in regions of young fold-mountains whose crests especially have been
weakened as a result of earth-movements. Such volcanoes act as
safety valves for subterranean energy. Of the 415 active volcanoes
in the world no fewer than 337 are found in the fold-mountains
margining the Pacific, or on islands in that ocean. Among them may
be mentioned those two majestic cones in the Hawaiian Islands,
IVfeuna Loa and Mauna Kea, both of which rise about 14,000 feet
above the surface of the ocean. An extension of the Pacific 'Ring of
Fire* is found in the volcanoes of Java, Sumatra, and other islandsin
the East Indies.

Lava-flows, During some geological periods lava has welled up
through enormousfissuresin the earth's surface. Lava-flows of this
type, some 6,000 feet thick, cover an area of about 200,000 sguare
miles in the north-west part of the Deccan Plateau of India, and also
form the Idaho Plateau of the North-West United States.

EARTHQUAKES

Volcanic eruptions are often associated with earthquakes, though
it is probable that both phenomena have their common origin in
deep-seated earth movements. Such movements, due to folding or
faulting, may in themselves be slight, but the vibrations they set up
are often very great.

The fold-mountain belt around the Pacific is a scene not only of
many volcanic eruptions, but also of frequent earthquakes, like that
which razed Y okohama to the ground in 1923, and the one in the
Hawke's Bay District of New Zealand in 1931. On the other hand,
some of the most disastrous earthquakes of recent times, such as the
earthquake which utterly destroyed Quettain 1935, have occurred in
regions which, though now free from volcanic activity, lie on the
margins of fold-mountain aress.

PLAINS

Plains are due to a variety of causes. Some, like peneplains, have
been formed by prolonged erosion. Others have been built up by
deposits brought down by rivers. The alluvial plain of the lower
Mississippi is composed of silt spread by the river over the surround-
ing land during floods. Very similar are deltaic plains, like that of
the Ganges-Brahmaputra, which have been formed of sediment
deposited at the mouthsof riversto form adeta. In some cases, asfor
example that of the Po, the Tigris-Euphrates lowland, and the Plain
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of Hungary, a shallow sea has been filled with river-borne deposits
which have converted it into a plain. Many coastal plains, like that
of the Eastern United States, have been caused by the uplift of the
continental shelf.

DENUDATION

The process known as denudation, or the wearing away of the
land, is continually going on. (i) Changes of temperature; (2) frost;
(3) winds; (4) water, including rivers; (5) ice; and (6) the action of the
sea are the chief causes of such erosion.

(1) Changes of Temperature. Heat. Hot desert regions, such
as the Sahara, are subject to considerable daily and seasonal ranges
of temperature. This is due mainly to lack of protective covering,
which causes the bare ground to heat rapidly, when it is exposed to
thefiercerays of the sun shining down from a cloudless sky, and aso
to become quickly chilled after sunset by radiation. The high
temperatures cause the rocks to expand rapidly, for they are not good
conductors of heat, and the various minerals they contain have
different rates of expansion. At night very rapid cooling results in
contraction at varying rates. Thus the alternate expansion and
contraction causes the surface layers of the rocks to split and break
off. The broken portions arescattered in all directions, smaller pieces
are carried by the wind and ground down into grains of sand.

(2) Frost. Water, penetrating into the cracks of rocks, expands on
freezing and tends to split the rock, causing pieces to break off. In
mountainous districts, such fragments tumble down the slopes and
collect together to form a pile of loose rock known as screes. In the
English Lake District, Wastwater is famous for its screes.

(3) Wind is an agent of denudation. When laden with sand it
scours away the softer portions of cliff faces and other exposed rock
surfaces. In certain dry areas in North America, wind erosion has
caused much damage. For instance, in the 'dust-bowl’, the name
given to that part of the High Plains suffering from dust-storms, the
soil has been stripped away by wind and the land rendered desolate.

Windisasoabuilder-up of theland. In desertregions, or alongthe
coast, it heaps the sand into wave-like dunes. The loess plains of
Northern China are composed of wind-borne material (see p. 18).

(4) Water, intheform of rain or rivers, plays a predominant part
in wearing away the earth's surface.

Rain. The action of rain can be seen on any road after a shower
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by observing the muddy water in the gutters; but obvioudly its
effect is greatest in mountainous districts with a heavy rainfall.
Rain-water contains carbon-dioxide, which is a powerful eroding
agent of limestone. The water dissolves this soluble rock at the
joints (cracks), causing it to weather into peaks and pinnacles of
fantastic form. In limestone districts rivers often cut deep gorges,
likethe magnificent Tarn Gorgein South-West France, or Dovedale,
a noted beauty spot in Derbyshire. Streams often disappear through
sink-holes in the rock, flow underground for some distance, and

A

Springs “allows water o1
Pnh §re accur ok s ke

_ﬂ%
= — ,_—'_',’——{’g_____-—-—
- ImpefviousTrack-that does———
ﬂotm sink rd'ﬁ:_______gmt'ﬁ -
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gush out at lower levels. As such streams cut their way deeper and
deeper through the limestone they form caves, of which Mammoth
Cavein Kentucky, U.S.A., the Grottoes of Hahn in South Belgium,
and the Cheddar Caves in the Mendips are noted examples. Pen-
dants of stone, called stalactites, hanging from the roof, and corre-
sponding pillars, called stalagmites, rising from thefloor are beautiful
and sparkling features of such caves. In some limestone districts
rivers dissolve the limestone and expand into shallow lakes, known
assolution lakes, such as L oughs Conn, Mask, and Corrib in Western
Ireland. The name karst type, applied to limestone regions, is
derived from the Karst district of Dalmatia (Yugoslavia) celebrated
for this type of scenery.

Rocks like clay, shale, granite, and dates are impervious to water,
but others such aslimestone, chalk, and sandstone are porous. Rain,
after sinking through porous rocks, often reaches an impermeable
bed, along which it flows, emerging on a hill-side as a spring at the
junction of the two types of rock (Fig. 15 a).

Springs also occur along lines of faulting (Fig. 15 b). In such casss
the water descends through the porous strata until it reaches im-
permeablerock, over which it runsuntil it reaches a fault, whereit is
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checked. At thispoint it formsan underground reservoir. Pressure
of the head of water in the strata above may force it to find its way
tothesurfaceasaspring. On theother hand, thewater may remain
imprisoned until tapped for a well. In certain parts of the world
artesian wells are bored to obtain water lying in underground reser-
voirs at great depth below the surface.
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Rivers. Running water is one of the greatest agents both of
denudation and deposition. When rain falls, some evapor ates, some
sinksintotheground, and somerunsover thesurfacein littlerivulets
which gradually unite to form a collecting basin whence a stream,
draining the basin, issues to form a river. Such collecting basins
may be seen in many districts.

In its mountain track a river flows extremely swiftly, cutting
deeper and deeper into its valley, and carrying with it not only
much sediment, but also rolling along its bed rocksand even boulders
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of considerable size. As the rock fragments pound against each
other they become smaller and smaller, while at the same time they
help both to deepen and to widen the bed of the stream. In its
middle course the gradient is usually less and the current conse-
quently less swift. Thus the rocks and pebbles move along more
slowly and together with sediment tend to be deposited on the bed.

As the river flows over still flatter land in its lower course, its
erosive power is lessened and much sediment is dropped upon its
bed, which is being continually raised. In cases like the lower
Mississippi or the Po, the
stream actually flows at a
higher level than the sur-
rounding country, which is
protected from inundations by
embankments. Infloodtimes,
alluvium is spread over the
lowlands, so helping to build
up a fertile flood plain.

In the lower part of its
course, owing to the slowness FIG.17.
of the current, the stream
winds round obstacles instead of cutting through them, and mean-
ders (see Fig. 16) over the plain, forming great curves and bends.
The current eats into the outer, or concave, side, cutting away a
steep bank or bluff. On the opposite, or convex, bank the current
is much slower, the sediment is deposited, and the bank built up.
In course of time the bends which the river has formed approach
each other, and during floods the waters cut across the land between
such bends, and by forming fresh channels shorten the river's
course. A part of the former river bed is often left as a lake, which,
on account of its shape, is called an ox-bow lake (Fig. 16, iii).

If the mouth of ariver istidal (i.e. an estuary), the currents scour
its bed. In thisway they carry the sediment away and, by depositing
it over a considerable area, help to keep the channel free for shipping.
When the river flows into a lake or a sea, like the Mediterranean,
wherethe tidal range is small, its current is checked, and sediment is
steadily deposited at the mouth, thus gradually building up an island
which, owingto its resemblance to the Greek letter A, iscalled adelta
(see Fig. 17). Despite the fact that their mouths are tidal great
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rivers, like the Amazon, form deltas owing to the load of sediment
they carry. In addition to the sediment brought down by a river,
masses of floating vegetation, and drift carried by currents, also aid
in building up the delta, across which in the course of time the river
cuts distributaries to allow its waters to reach the sea

How a River Valley is broadened. The typical river valley is V-
shaped (see Fig. 18). It is being continually broadened by denuda-
tion, but the rate at which this takes place, compared with that at
which the river erodes its bed, differs greatly in the various sections
of the valley. In its mountain course the cutting-down force of the
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FI1G.18.How ariver valley is broadened.

river is much greater than the effect of wind, rain, and frost on the
sdes of its valley, which are usually steep. In the middle course
the erosive effect of the river is lessened, and is more nearly equal to
the lateral cutting of the sdes of the valley which is consequently
somewhat broader. But in its lower course the lateral erosion of the
valley is relatively much greater than the vertical cutting down of the
river, which indeed now deposits rather than removes material.
Thus, while the river builds up the lowlands, the sides of its valley
are steadily broadened and their gradient lessened by weathering.

In arid districts, however, there is little or no rain to wear away
the valley sides, and the principal erosion is that due to the river
cutting its way deeper and deeper through the underlying strata. In
such areas deep gorges, called canyons, are formed, of which the
classc example is that of the Colorado river, in North America,
which has helped to cut a canyon bordered by almost vertical cliffs,
some 200 miles long, over a mile deep, and from 4 to 12 miles wide.
In part, the formation of the Grand Canyon of the Colorado is due
to the uplift of the surrounding plateau.

River Capture (Fig. 19). In their upper courses rivers not only
deepen their valleys, but cut them back, thus causing their sources
to move farther and farther from their mouths. As this retreating
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process continues one river may ultimately capture the headwaters
of another, causing the upper waters of the weaker stream to be
diverted into those of the stronger. In this way the Trent captured
the headwaters of a stream that once flowed into the Witham. In
South America, the Cassiquiare which flowsinto both the Orinoco
and the Rio Negro, atributary of the Amazon, provides an example
of middle-stage river capture.

(5) TheWork of Ice. Duringthe Great |ce Age (the Pleistocene
period) Northern Europe, including the British Isles as far south
as the Thames, the north of North America, and possibly other

Stage 1 Stage 2 Staged Stage 4

F1G.19. River capture.

regions were covered by an Ice Sheet which spread over both low-
lands and mountains, leaving only the highest pesks rising like
islands above its glassy surface.

There were several Ice Ages. When the last |ce Sheet began to
melt and disappear, it left behind masses of debris, or drift, which
was sometimes heaped into low rounded ridges, and sometimes
formed great sheets of boulder clay, like that covering a considerable
portion of the British Isles, where it has weathered to form fertile
agricultural land. In some areas the drift dammed up the normal
outlets of valleys, causing the streams flowing into them to expand
into lakes, known as morainic dammed |akes.

The Ice Sheet aso transported great boulders and blocks of rock
for considerable distances, and when it melted deposited them in
regions quite different from their original homes. Boulders of this
type, called erratics (or 'wanderers'), are found in many places once
covered by the Ice Sheet. At the present time permanent ice and
snow are found only in mountainous areas, or in high latitudes such
as Greenland and the continent of Antarctica.

Glaciers. In the higher parts of mountain regions are numerous
mow-fields, formed of accumulations of granular snow known as neve
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or firn. The lower layers are changed by pressure, condensation, and
freezing into solid ice which moves very slowly down the valley as
a glacier. In the Alps the average rate of progress of such glaciers
isnot morethan a foot a year. Asthe glacier moves it collects along
its flanks rocks, stones, and other material known as moraines.
When two glaciers unite, the moraine formed down the middle of
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FI1 G.20. Section of a U-shaped valley. Dotted lineA, A' shows pre-glacial
valley before it was over-deepened by the passage of a glacier. BC, B'C are
the mountain dopes which rose above the glacier; AB, A'B' the shelves now
covered with glacial debris forming pastures—the alps. Streams fall over
A and A' into the main valley. P is the probable site of a power-station.

the united glacier is called a medial moraine. When a glacier reaches
the snow-line it melts and the rock waste is deposited as a terminal
moraine, which usually stretches right across the valley. From the
snout, or end, of the glacier streams descend to the valley beyond:
the Rhine and the Rhone both flow out of the glaciers of the
St. Gothard group.

U-shaped valleys (Fig. 20). Whereas the typical river valley is
V-shaped, onein a recently glaciated region is usually U-shaped, for
it has been over-deepened by the passage of a glacier. Such a valley
has a flat floor and steep sides above which stretch the gentler dopes
of tributary valleys. As the latter are said to hang over the main
valley, they are known as hanging valleys. From these side valleys
numer ous streams descend into the main valley by waterfalls which



I. THE WORK OF ICE

The photograph (above) shows the origin
of a glacier from a sheet of inland ice
barely seen in the background. The lateral
moraines can be seen at the sides of the
two glaciers, and the medial moraine
(bottom right) where they unite. (Below)
Erratics on the Canadian prairies. These
isolated rocks were transported for
several hundreds of miles by the Ice
Sheet which once covered the north of
North America (see pp. 29 and 389).
Photograph by the author.




2. THE CHANGING FACE OF NATURE
ove) Cliffs along the Persian Gulf showing the effect of wind erosion (see p. 24). (Below)

lifts at Newport, Pembrokeshire, showing an anticline (upfold) and a syncline (downfold).
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are often used to generate hydro-electric power (Fig. 20 P). At the
head of many U-shaped valleys there are amphitheatre-like openings,
known as cirques, or (in Scotland) corries, which were once filled by
glaciers.

(6) The Action of the Sea. Most of us have watched the sea
crashing with mighty force against the cliffs. So great is the power
of the storm breakers that they smash off big blocks of rock, as
well as countless lesser fragments, pounding all into smaller and
smaller pieces. Air in cracks and caves is imprisoned and driven
inwards by such breakers. On the recoil, the compressed air rushes
out and the resulting suction tends to loosen the rock. In this way
cracks and caves are being continually enlarged, causing masses of
rock to break away from the cliffs. Coastal erosion is mainly due to
the action of the breakers. With each high tide the surf hurls pebbles
and sand against the foot of the cliffs until their base crumbles away.

The exposed surfaces of the cliffs are subject to weathering, which
helps to eat back their faces. In cases where cliffs are formed of
porous rock, like chalk or sandstone, resting upon an impermeable
rock like clay, rain-water soaks through to the underlying strata and,
running along them towards the face of the cliff, undermines the
whole structure, with the result that a landslide often occurs.

The more resistant rocks stand out as headlands and promontories
whose ends are being constantly worn away. Sometimes masses of rock,
cut off from the mainland by erosion, are |eft standing as rock stacks,
such as the Needles, off the most westerly point of the Isle of Wight.

Pebbles, gravel, and sand are carried by currents and deposited
on the beaches, especially in the bays. In thisway the sea straightens
out the coast-line; so its action is not merely destructive, but also
constructive, for it helps to build up the land. In relatively shallow
sess, currents often deposit, along the coast, sand, shingle, and silt in
the form of banks or islands. In the English Channel, eastward
flowing currents, aided by breakers rolling in from the south-west,
have caused a drift of beach shingle along the coasts of Southern
England. The Chesil Bank, which connects Portland Island with
the mainland, formerly a submarine ridge, is now covered with
pebbles piled to a height of some 50 feet.

Along the east coast of England the southward drift of the
currents’has caused the mouths of a number of rivers to become
blocked with sand, forcing them to seek fresh outlets. Thus the
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original mouth of the Aide has been closed by a shingle bank, and
the river now flows south for 10 miles, parallel to the coast, before
entering the North Sea

Somewhat similar cases occur along the Baltic coast of Germany
where shallow openings, called haffs, like the Frisches Haff, have
been almost enclosed by sand spits, known as nehrungs, built up partly
of debris carried eastward by currents, and partly of blown sand.

Along some low-lying tropical coasts, such as the east coast of
Malaya, mangroves not only protect the land from erosion but assist
in building it up. These curious trees spread by dropping their
branches into the ground to form fresh roots. Silt brought down by
rivers, or carried along by currents, as well as decayed vegetation
trapped in the mass of branches and roots, helps to build up alluvial
plains. Such plains are, however, usually unhealthy and retard the
development of those coastal areas where they occur.

Coral formations also serve to protect the coast. As the coral polyp
builds only in calm, clear, warm shallow salt water this type of
formation is confined to tropical or sub-tropical sess.

TYPES OF COAST-LINES

Coast-lines are relatively unstable. When the feature lines of the
land run parallel to the coast, the latter is said to be concordant.
When the coast cuts across the grain of the land, it is termed dis-
cordant. For example, the north coast of Spain, running parallel to
the ranges of the Cantabrians, is a concordant coast. The south-east
coast of England, which cuts across the grain of the North and
South Downs and minor ridges, is a discordant coast. In cases
where the grain of the land cannot be definitely related to the
direction of the coast-line, the coast is described as neutral.

Some coasts are rising: others are sinking. The presence of raised
sea-beaches shows that elevation has taken place. As a general rule
straight coasts are rising. Sometimes, as along the west coast of the
United States, they are bordered by fold-mountains; but in regions
where the continental shelf is broad they are low and flat, and in
either case they have few good openings. Sinking coasts, on the
other hand, are much indented, for the sea floods the lower ends of
the valleys, often turning them into excellent harbours.

In places where mountainous discordant coasts have subsided, the
ends of the valleys, which have been 'drowned* by the sea, form
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rias, like those found in south-west Ireland and south-west Spain.
Such Has grow shallower and narrower towards their heads.

Fiords are long, narrow, branching openings, bordered by steep
walls, which often extend far inland. There is some dispute as to
their origin, but as they are found in recently glaciated regions it
seems probable that river valleys, following lines of faulting, were
subsequently deepened by glacial action during the Ice Age. Most
fiords have a submerged bar across their mouths which is, however,
too deep to be an impediment to shipping. They are of considerable
depth, and, unlike rias, become deeper as one proceeds towards their
heads. Fiord coasts are found in Norway, British Columbia, South-
West Chile, South-West New Zealand, where they are called Sounds;
and in North-West Scotland, where they are known as sea-lochs.

The type of coast-line has a considerable effect on the progress of
a region. A discordant coast with its many bays and estuaries
favours development. Such a coast is often a nursery of a seafaring
people, like the Norwegians, many of whom turned from a rather
inhospitable land to seek their livelihood on the ocean.

TYPES OF LAKES

Lakes are due to a variety of causes. In some cases their origin is
relatively simple: in othersit is complex. Among the chief types of
lakes are the following:

(1) Mountain Ribbon Lakes are long, narrow, and usually very deep.
Their formation is probably due partly to the work of rivers and
partly to glacial action. Examples are Loch Tay and most of the
larger lakes in the Scottish Highlands; Lake Geneva and other
Alpine lakes. Smaller lakes of this type, of which many are found
in Scotland, are known as Rock Tarns.

(2) Solution Lakes, such as Lough Allen, on the Shannon, have
been formed by the dissolution of limestone (see p. 25).

(3) Rift Valley Lakes, lying in the bed of arift valley, include such
as Lakes Tanganyika and Nyasa in Central Africa (see p. 22).

(4) Morainic Dammed Lakes. Loch Leven, in Fifeshire, and the
Lower Lakeof Killarney, in South-West Ireland, are examples of this
type (see p. 29).

(5) Crater Lakes, as their name implies, occupy the craters of
extinct volcanoes. Well-known examples include Lake Avernus,
near Naples, and Crater Lake in Oregon, U.S.A.

4119.1 D
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(6) Raft Lakes are formed by the temporary damming up of the
normal outlet of ariver. Tributaries of the upper Nile are often
dammed up by floating vegetation, called sudd, which convertsthem
intolakes. Such lakes are short-lived for owing to the high tempera-
ture they are exposed to great evaporation, while at the same time
theriver eventually finds an outlet through the sudd. In other cases
the temporary barrier to the normal drainage may be caused by
blown sand, ice, or lavaflows.

(7) Ox-bow Lakes (see p. 27).

Lakes are, of necessity, temporary festures of a region, for rivers
(a) tend to fill them up by depositing sediment on their beds, and
(b) by cutting down their outlet, lower their level.

The uses of lakes are many and varied. They tend to check floods
and so indirectly help to prevent great loss of life and material
damage. Lake Congtance checks the floods of the Rhine; Lake
Geneva those of the Rhone; while in China, Lake Poyang reduces
thefloodson the Han, a tributary of the Yangtze river. By causing
them to deposit their sediment, lakes act as filters for rivers. The
Rhine enters Lake Constance as a turgid river, but issues from it as
a clear stream. Vast sheets of water, like the Great Lakes, provide
valuable means of transport. The fisheries of such lakes ae of
considerable economic importance. In many countries natural and
artificial lakes are used as reservoirs. Lakes dso supply water for
irrigation. In some cases they are tapped for hydro-electric power.
If lakes are of considerable size, like the Great Lakes, they increase
the rainfall and moderate the temperature of surrounding aress.

EXERCISES

1. What do you understand by the terms (a) rock, and (b) mineral? Name
the three main groups of rocks. Describe briefly how each has been formed
and give examples of each.

2. What are the chief causes of the formation of lake basins? Illustrate
your answer by examples.

3. How are fold mountains formed ? Give examples. Why are such areas
often associated with volcanic activity?

4. Write short notes on (a) canyons, and (b) U-shaped valleys. In each
case draw a contour map of the valley. Illustrate your answer by examples.
5. What do you mean by river capture} Give examples and diagrams.

6. Describe two very different types of coast-line, and say to what causes
seach isdue.
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CHAPTER IV
THE ATMOSPHERE

General Characteristics of the Atmosphere. The air is com-
posed mainly of nitrogen (78 per cent.) and oxygen (21 per cent.),
with small proportions of carbon dioxide, water gas (water vapour),
and rarer gases like argon, and neon, made familiar
to us by its use for neon signs. The nitrogen serves
to dilute the oxygen which is essential for living
organisms. Plants absorb carbon dioxide, extract
the carbon, and return the oxygen to the air. The
water vapour present in the air is of great importance,
especially as regards its relation to weather and
climate.

The belt of air which envelops the earth forms
the atmosphere. It is estimated that the atmosphere
is 100 or possibly 200 miles thick, but nine-tenths
of theair composingitisfoundwithin 12 miles, and
half within 3\ miles of the earth's surface. We are
concerned only with the lower layer, or troposphere,
which extends for some 6 miles. The upper layer,
or stratosphere, is, so far asweknow, of littlepractical
importance, though it affects radio reception.

The air nearest the earth is compressed by the
weight of the remainder of the atmosphere resting
upon it. So great is the pressure that at sea-level it
is equal, on an average, to 14-7 pounds to the square
inch, but as this pressure is exerted equally in all
directions we do not feel it. Such pressure, expressed
as a height, is measured by a barometer. One of the simplest kinds
isshownin Fig. 21. The long branch of the tubeisclosed to theair.
The short branch is open and the pressure of the air at P supports a
column of mercury. At sealevel the pressure of the atmosphere
will support a column of mercury 299 inches (or 760 mm.) high.
It should, however, be clearly understood that, even at sea-level,
pressure varies. |If the pressure be low, the height of the barometer
may stand at only 28 inches; if the pressure be high the barometer
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may show areading of 31 inches. Pressure decreases with increasing
elevation, for the air naturally becomes less compressed as the weight
of the atmosphere resting upon it decreases. At ordinary elevations
the mercury in the barometer falls 1 inch for every 900 feet of ascent,
but at greater heightsthe pressure does not diminish nearly so rapidly.
At an elevation of 3% miles the pressure is half that at sea-level. This
decreasing pressure, due to rarefied air with a corresponding decrease
in the proportion of oxygen, is a cause of great discomfort to moun-
taineers, resulting in dizziness, headaches, sickness, and nose-bleeding.
Climbers, like some of those who have attempted to conquer Everest,
and scientists, like Professor Picard, who ascend to study the strato-
sphere, are furnished with special supplies of oxygen.

Pressure and Winds. Wind is air in motion. The chief cause of
wind is difference in atmospheric pressure. When air is heated it
expands, becomes lighter, and rises. When air is cooled it contracts,
becomes heavier, and falls. One of the main reasons for differencesin
pressure is unequal heating of the air. Pressure varies greatly over
different parts of the earth's surface, and aso from day to day in
any particular district. But there are certain permanent belts of
high and low pressure over the earth's surface. From the high
pressure belts the air, of course, flows outward to the regions of low
pressure.

(1) Around the Equator there is aregion of low pressure with rising
currents of warm moisture-laden air. Such ascending air currents,
over hot regions, are called convection currents.

(2) Low pressure areas also occur about latitudes 60° N. and
60° S., that of the North Atlantic being known as the Icelandic Low.

(3) About latitudes 30°N. and 30°S. there are permanent belts of
high pressure from which the air flows towards the low-pressure belts
(a) round the equator, and (b) those round 60° N. and 60° S.

Both the high-pressure and low-pressure belts are regions of
calms. The calms about 30°N. and 30° S. are known as the Horse
Latitudes. Those round the equator are called the Doldrums. The
calms around the Poles are termed the Polar Calms.

TheWind Belts. Owing to the rotation of the earth, the winds
do not blow due north and south from the belts of high pressure to
those of low pressure, but are deflected. In this deflexion they obey
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Ferrel'sL aw which statesthat Any moving body on the earth's surface,
including a current of air, tends to be deflected, the deflexion being to
the right in the northern hemisphere, and to the left in the southern
hemisphere. [Thislaw should belearnt by heart.]

Therearefour well-marked wind belts. (1) Thewesterly variables,
and (2) the brave west winds, which blow from the high-pressure
belts round about latitudes 30°N. and 30°S. respectively, to the
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low-pressurebeltsin thepolar regions. (3) The north-east trades, and
(4) the south-east trades which blow from the high-pressure belts
round about 30° N. and 30° S. respectively towards the Equatorial
Belt.

Thediagram (Fig. 22) shows the position of these belts when the
sun is overhead at the equator. The wind belts move north and
south with the apparent movements of the sun. But though the
position of the noon overhead sun varies from 23%2° N. on June 21st
to 23 %° S. on December 23rd, the belts of winds and calms move in
the same direction only approximately 5°.

Theunequal distribution of land and water affects, to some extent,
the arrangement of the wind belts. Large bodies of water are not
subject to such great changes of temperature as massss of land. Thus
in the Southern Hemisphere, where a much larger expanse of the
earth's surface (especially south of 30° S.) iscovered with water than
in the Northern Hemisphere, the winds are more constant. The
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brave west winds are stronger and more regular than the corre-
sponding westerly variables of the Northern Hemisphere.

The presence in summer of low-pressure regions in the interiors
of continents like North America and Asia, is due to their greater
heet relative to the surrounding oceans. This affects the direction
of thewinds. In winter the interior of these continents are regions
of great cold and high pressure, and this too aters the direction of

Sea breeze-day Land breeze-night
FIG. 23.

the winds by causing them to blow outwards from the land towards
the oceans.

Land and Sea Breezes. These local winds, due to the unequal
heating of land and water, and consequently of the air above their
surfaces, well illustrate the relation between pressure and winds.
During the day the land becomes very much hotter than the seq,
with the result that there is marked low pressure over the land.
Thus the heavier and denser air over the sea flows towards the land
(Fig. 23). At night these conditions are reversed. The land rapidly
loses its heat and becomes an area of high pressure. During the day
the sea has gradually been growing warmer, and as it does not lose
its heat nearly so quickly asthe land, it remains warm for a longer
time, and the air over it, being relatively warm and light, forms an
area of low pressure. Thus at night, heavy cool air blows from the
land to take the place of warm air rising over the sea. Land and sea
breezes are most frequent during fairly settled weather.



CH. rv THE ATMOSPHERE 39

The Monsootiy or seasond winds, of south-east Asia, which are
especidly well marked in India, may be regarded as land and sa
breezes on a large scae, in which the period is a year instead of a
day (se p. 262).

EXERCISES

1. What do you mean by an area of high pressure? Show, by means of a
diagram, the position of the chief high- and low-pressure belts over the
earth*9 surface.

2. Illustrating your answer by a diagram, give a general account of the
chief planetary winds.

3. Write short notes on the doldrums, horse latitudes, Ferrers L aw, and
the troposphere.

4. Describe, giving your reasons, the course of a sailing ship travelling
from Australia to England. Give a map to illustrate your answer, and on it
show the direction of the prevailing winds.

5. Trading dhows (sailing boats) make regular journeys between the
Persian Gulf and Zanzibar. State, giving your reasons, at what season you
think such boats would sail from the Persian Gulf to Zanzibar, and at what
season you think they would make the return journey.
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CHAPTER V
THE OCEANS

IF we look at a globe we shall see that a great proportion of the
earth's surface is covered with water which forms a connected ex-
panse divided into oceans; and that, of the land area, by far the larger
part lies in the Northern Hemisphere. It is estimated that 72 per
cent, of the surface of the globe is covered with water, which fills
the deep hollows in the earth's
crust and separates the conti-
nental masses.

The edges of the continents
are covered with shallow waters,
not mor e than 100 fathoms deep,
= 1 beneath which lies the Conti-

_ nental Shelf. The dope of the
FIG.24. A. Broad Continental shelf.

B. Narrow Continental shelf. Coast shelf is usually gentle, but be-

bordered by stesp mountain range. ~ yond the 100-fathom line it
descends steeply to the bed of

the ocean. Thisline, called the Continental Edge, marks the original
coast-line. The steep dope beyond is known as the Continental
Slope (Fig. 24).

In most areas where the coag of a continent is bordered by
mountain ranges the continental shelf is narrow, its edge lies close
to the shore-line, and its dope continues the line of the mountains.
But where the land dopes gently to the shore-line the gradual
gradient is continued beneath the sea, and the shelf is broad. Much
of the waste of the land, brought down by rivers, is spread over the
continental shelf, where, directly or indirectly, it provides food for
marinelife. Thisis one of the reasons why the world's chief fishing-
grounds, such asthe Grand Banks of Newfoundland and the North
Sea, are found where shallow waters cover a wide continental shelf.

THE OCEANS

Antarctica is surrounded by the Southern, or Antarctic Ocean,
which beyond latitude 60° S. merges into the Pacific, Atlantic, and
Indian Oceans.
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The Pacific, greatest of all oceans, covers a third of the earth's
surface, its total area being greater than that of all the dry land.
Its basin contains some of the greatest known depths. So deep are
some portions that if Mount Everest were sunk therein the summit
would not only be submerged, but would lie 3,000 feet below the
surface. The waters of the Pacific wash the western coasts of the
Americas and the eastern coasts of Asia and Australia. But though
open to the Southern Ocean on the south, it is almost closed on the
north, where the narrow Bering Strait, separating North America
from Asia, links it with the Arctic Ocean.

The Pacific is bordered by fold-mountains whose weakened crests
contain numerous active and extinct volcanoes. Thismountaingirdle
includes the Rockies and Andes of the Americas, and the island-
fringe of Asia which represents the higher portions of a partially
submerged fold-mountain range.

The countless islands strewn over the south-west Pacific can be
divided into High volcanic islands, such as the Hawaiian Islands,
Tahiti, and Samoa; and Low coral islands, like the Marshall and
Gilbert Islands. These islands yield avariety of tropical products
and some are important as naval and air bases and as cable and
wireless stations.

The Indian Ocean is bounded by Africa on the west, by India and
Indo-China on the north, and Australia and the East Indies on the
east. Ceylon and Madagascar are continental islands which are
probably the remains of an ancient continent.

Though the Atlantic is slightly less than half the size of the Pacific,
yet so many great rivers flow into it that it receives half the drainage
of the world. On the west it washes the shores of the Americas, on
the east those of Europe and Africa separated by the narrow Strait
of Gibraltar leading to the Mediterranean. From the Southern
Ocean the Atlantic narrows somewhat towards the Equator, where
the western wing of Africais separated from the most easterly point
of South America by a passage, some 1,500 miles wide, crossed by
the air route from Western Europe to South America. Of all oceans
the Atlantic isthe most important. Round its coasts and those of its
subsidiary sess, such as the North, the Baltic, and the Mediterranean
in the east, and the Gulf of Mexico in the west, stand most of the
world's great ports, linked by trade routes more frequented than
those of any other ocean.
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The Arctic lies to the north of North America and Eurasia. It is
connected with the Atlantic by a wide passage, in the midst of which
stands I celand; and which is defined by Greenland on the west and
Scandinavia on the east. Northward the Arctic extends across the
frozen seas surrounding the North Pole to the Pacific, with which it
islinked by the Bering Strait.

THE BED OF THE OCEAN

The average depth of the ocean is 12,500 feet compared with the
average height of the land which is about 2,500 feet. Protected from
erosive forces, which play so great a part in moulding the surface of
the land, the greater part of the degp-sea plain is stated to be nearly
level, a feature of some practical importance, for it has facilitated the
laying of submarine cables. In places, however, earth movements
have caused the formation of submarine ridges and vast hollows,
called deeps, of which the greatest yet known is that found in the
Atlantic, 80 milesto the north of Porto Rico where, in 1933, a depth
of 44,000 feet was recorded. Many such deeps are found in the
Pacific, especially near the edges of the ocean. Among them are the
Albatross Deep, south of the Aleutian Islands; the Tuscarora Deep,
south-east of the Kurile Islands; the Nero Deep, east of Guam; the
Penguin Deep, east of the Kermadec Islands; the Mindanao Deep,
east of the Philippines; and the Atacama Deep, off the south-west
coast of South America.

Among the best known ridges is an S-shaped ridge running from
north to south through the mid-Atlantic. In the North Atlantic it
is known as the Dolphin Ridge, and in the South Atlantic as the
Challenger Ridge.

SALINITY OF THE OCEANS

Though sea-water is always salt the percentage in it varies. In
the great oceans every 1,000 parts of sea-water contains on an average
35 parts of dissolved salts, but in some areas this proportion is as
high as 37 and in others as low as 30 parts per thousand. When sea-
water is evaporated the greater part of the solid matter left behind
conggts of common salt. In certain warm countries, like India, salt
is obtained by allowing sea-water to evaporate in shallow lagoons.

Rain-water is free from salt. In regions where the rainfall is
exceptionally heavy, the surface salinity of the ocean is less than in
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areas of lower rainfall. |ce contains relatively little salt, and so the
water from icebergs reduce the salinity of the seas in areas, such as
the North Atlantic, where they melt.

Thesurface salinity of the ocean in the Equatorial Belt isrelatively
low (35 to 34 per thousand) owing to the addition of fresh water
through heavy rains. Inthe high-pressure belts around the Tropics of
Cancer and Capricorn, the surface waters of the ocean are very salt
(36 parts per thousand) on account of the great heat and consequent
evaporation, and the comparatively low rainfall. In higher cooler
latitudes the surface waters are comparatively fresh, as there is less
evaporation and more rain than in the region around the Tropics.
In the North and South Atlantic, for example, the surface salinity
varies from 35 to 32 per thousand. It is lowest (32 per thousand) in
the seas between Labrador and Baffin Land on the west and Green-
land on the east, where water from melting icebergs increases the
freshness of the sea-water. For the same reason the surface salinity
in the Polar Seas is only about 30 per thousand.

Very high salinities are found in enclosed or partially enclosed
seas subject to great evaporation. In the Red Sea and the M editer -
ranean the surface salinity is 40 per thousand, while the waters of the
Dead Sea actually contain 225 parts of dissolved salts per 1,000.

On the other hand, in seas like the Baltic, fed by vast quantities of
river-water, and not subject to great evaporation, the salinity is very
low. In the south it is about 8 per thousand, while in the Gulf of
Bothnia it is as low as 2 per thousand. This freshness of the water
partly explains why the Baltic freezes morereadily than the M editer -
ranean, which hasrelatively few large rivers entering it, and which,
on account of its lower latitude, is subject to greater evaporation.

TEMPERATURE

T he surface temperature of the ocean diminishes from the equator
to the poles. In equatorial regionsit is about 80° F. In partially en-
closed tropical and sub-tropical seas like the Gulf of Mexico, the
waters are somewhat warmer than those of the open ocean in similar
latitudes, but in seasin higher latitudes, like the Baltic, temperatures
are lessthan in corresponding latitudesin the open ocean. Tempera-
tures decrease with increasing depth below the surface. This fall is
usually rapid at first, but diminishes with greater depth, and below
6,000 feet temperatures are fairly constant at about 35°F.
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OCEAN CURRENTS

Currents of the Atlantic. The North-East and South-East
Trade Winds drive two currents, known as the North Equatorial and
the South Equatorial, across the Atlantic from the shores of Africa
towards the Americas. The North Equatorial divides into two por-
tions on approaching the West Indies: one branch running north of
these islands, the other through the Caribbean Sea into the Gulf of
Mexico. The South Equatorial Current divides on reaching the
projecting coast of South America: one branch runs south as the
warm Brazil Current along the coast of Brazil, but on reaching
the latitude of the westerly winds it is driven east to the shores of
Africa. It then turns north and, as the cool Benguela Current, flows
north along the west coast of Africa and rejoins the South Equatorial
Current. The northern branch of the South Equatorial Current
flows along the north coast of South America, through the Caribbean
Sea (where it reinforces the North Equatorial Current), and into the
Gulf of Mexico. The piling up of waters off the north coast of South
America by the equatorial currents causes a counter current, known
as the Guinea Current, to run eastwards into the Gulf of Guinea,
around which itflowsuntil it rejoins the South Equatorial Current.

The heaping up of waters in the Gulf of Mexico causes the Gulf
Sream to flow out through the Florida Strait. This warm current
moves at a speed of some 4 miles an hour along the east coast of the
United States until it reaches Cape Hatteras, where it spreads out
and merges into the North Atlantic Drift which, under the influence
of the westerly variables, flows north-eastward towards the shores
of North-West Europe. Some of the waters of the North Atlantic
Drift are deflected south off the coast of the Iberian Peninsula and
flow along the north-west coast of Africaasthe cool Canaries Current,
which ultimately merges into the North Equatorial Current.

The waters passing into the Arctic Ocean from the North-West
Atlantic cannot go on accumulating there indefinitely, and cold
currents flow along both sides of Greenland southward into the
Atlantic. That known as the Labrador Current, which flows between
Greenland and Baffin Land, is partly responsible for the severe
winters of the St. Lawrence Region and the freezing up of the
approaches to that estuary. As the Labrador Current flows south-
ward its cold, dense waters sink beneath those of the Gulf Stream.
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The mixing of warm moist air over the Gulf Stream with the cold
ar over the Labrador Current is responsible for the frequent fogs in
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the neighbourhood of the Grand Banks of Newfoundland and at the
mouth of the St. Lawrence. The icebergs brought down by the
Labrador Current are a menace to shipping. In the south-west of
the North Atlantic a great area of comparatively calm water, sur-
rounded by swirling currents and drifts, forms the Sargasso Sea,
where vast quantities of floating seaweed are continually collecting.
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Currents of the Pacific. In the Pacific, under the influence of
the trade winds, the North Equatorial and a South Equatorial Cur-
rent flow westward from the shores of the Americas towards Asia
and Australia. Between them, a counter current, the Equatorial
Counter Current, due to the piling up of waters in the west, flows
eastward towards the Americas. The North Equatorial Current, on
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FIG. 26. Currents of the Pacific.

reaching the East Indies, turns north and flows along the east coast
of Asia as the warm Kuro Swo, or Japan Current. Off the east coast
of Japan, it is driven by the westerly winds eastward towards North
America, where the greater part turns south, passing aong the west
coast of the continent as the cool Californian Current, which finally
merges into the North Equatorial Current. The South Equatorial
Current, on reaching Australia, dividesinto two. Themore northerly
branch flows north-west to join the North Equatorial Current. The
southerly branch passes along the east of Australia and Tasmania as
the warm East Australian Current whence, under the influence of
the brave west winds, it flows east and circulates on both sides of
New Zealand. The brave west winds drive the West Wind Drift
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eastward across the Southern Pacific. A portion of this drift turns
north on reaching the west coast of South America, and runs along
the coast of Chile as the cold Humboldt Current, which off the coast
of Peru {Peru Current) merges into the South Equatorial Current.
Currents of the Indian Ocean. In the south of the Indian
Ocean the circulation resembles that of the South Pacific. A South
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Equatorial Current turns south off Madagascar and, as the Agulhas
Current, passes along the south-east coast of South Africa. It then
flows east and merges into the West Wind Drift. Part of this current,
the cold West Australia Current, on reaching Australia, turns north.

In the north of the Indian Ocean the currents depend on the
direction of the monsoon winds. In summer the south-west mon-
soon winds drive the waters of the Monsoon Drift in a clockwise
direction around the Arabian Sea and the Bay of Bengal, whence
they pass through the Strait of Malacca into the Pacific, reinforcing
the Kuro Swo. In winter, under the influence of the North-East
Monsoon, the currents are reversed. They now flow in a counter-
clockwise direction around the Bay of Bengal and the Arabian Sea,
where the Monsoon Drift, on reaching the west coast of Africa,
flows south, joins the Mozambique Current passing between Mada-
gascar and the mainland, and then merges into the Agulhas Current.
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TI DES

Every one who visits the sea is familiar with the tides. Twice a
day the water rises: twice a day it recedes. Thus there is a space of
some 12 hours (actually, on an average, 12 hours 25 minutes) between
each high, or flood tide, and the same interval between each low, or
ebb tide.

Tides are caused by the gravitational attraction—the 'pull'—of
the moon on the earth, sometimes assisted by, and sometimes
hindered by the sun. But, owing to the fact .that the moon is so
much nearer to the earth than the sun, its tide-raising effect is more
than twice as great (the ratio is about 9 : 4) as that of the sun.

The liquid covering of the earth is much more affected than the
solid portion. The water on the side of the earth nearest the moon
is heaped up into a great wave, with a corresponding wave on the
opposite side. Thus on each side of the earth there is heaped up a
tidal wave, while midway between these waves are troughs of low
water. Since the earth rotates from west to east, these bulges, or
tidal waves, travel round the earth from east to west.

At new and full moon, when the sun, moon, and earth are practi-
cally in a straight line (Fig. 28 A), the attractive force of the sun
increases that of the moon, thus causing tides that are higher and
lower than the average. Such tides are called spring tides, and they
occur, of course, twice in a lunar month.

When the moon is in its first and third quarters, the attractive
force of the moon is exerted at right-angles to that of the sun and,
as the two bodies are now opposed to each other, the tide-raising
effect of the moon islessened (Fig. 28B). When this happens the high
tides are not so high; the low tides do not recede so far, and thereis
less difference between high and low water. Such lesser tides are
called neap tides. (How often do they occur ?) The actual conditions
described above are, of course, modified to some extent by the uneven
distribution of land and water on the earth's surface.

In the open ocean the tides are not a striking phenomenon. From
trough to trough the tidal wave measures several thousand miles,
but from trough to crest the height is only a few feet. The water
moves up and down, but the rise or fall islimited to 2 or 3 feet.

Very different are the conditions when the tidal wave approaches
the continental shelf. For example, when the Atlantic tidal wave
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approaches the British Isles, it passes suddenly into the shallow
waters covering the continental shelf, and its advance is checked.
The crest of the wave, travelling over slightly deeper water, moves
at a somewhat greater rate, and tends to overtake the preceding
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FI1G. 28. A. Springtides at new moon. B. Neap tides.

trough. Thus the height of the wave is increased and its shape is
changed. From the above it will be seen that in shallow seas, open
to the effects of the ocean, there is a much greater difference between
high and low tide than in the open ocean.

The tidal wave approaches the British Isles from the south-west.
One branch on reaching the west coast of Ireland divides into two
portions. One flows round the north of the island and enters the
Irish Sea through the North Channel, the other flows round the
south of Ireland and flows into the Irish Sea through St. George's
Channel. Another branch rounds the north coast of Scotland, and

41191 B
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a part, passng through the Pentland Firth, flows south along the
ead coad of Britain. It brings high water later and later to each
succeeding port, and reaches the mouth of the Thames about
twelve hours from the Pentland Firth. A third branch flowsup the

F1 G. 29. Movement of the Atlantic tidal waveround the shores of Britain.

English Channel, entering the North Sea through the Straits of
Dover. Fig. 29 makes it dear that Dover and Liverpool have high
water about the same time.

Southampton has the advantage of having four ingead of only two
tidesa day. Thetidal wave coming up the English Channd divides
when it reachesthe Ide of Wight. One branch passes up the Solent,
the other travels round the south of the idand and enters Spithead

ome two hours later.
In funnd-shaped eduaries, such as the Severn or the Bay of
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Fundy, the tidal wave passing up a rapidly narrowing opening has
to accommodate itself to a smaller and smaller area, with the result
that its amplitude steadily increases. In the Bay of Fundy the tidal
range, or the difference between high and low water is, during
spring tides, sometimes as much as 70 feet, while in the Severn
estuary it reaches some 40 feet. 'l n some instances this action is so
marked as to produce a crest-fronted wave, known as the bore on the
Severn and as the eagre on the Trent." These waves attain a height
of 3 or 4 feet, but the bore on the Yangtze-Kiang is as great as
12 feet high. In bottle-shaped estuaries, such as the Mersey, Ports-
mouth Harbour, and the Tagus, conditions are reversed, the tidal
rangeis less than in funnel-shaped estuaries, and the strong currents
passing through the narrow neck tend to scour the channel and keep
it deep. Theflood tide, by deepening estuaries, is advantageous to
shipping for (a) it makes it possible for vessels to travel farther up
the estuary than woul d otherwise be the case, and (6) strong currents,
by helping to keep channels free from silt, prevent deltas being built
up, or sediment deposited.

In almost enclosed sees, like the Mediterranean, the tidal rangeis
not more than 2 or 3 feet. Hence there are few strong currents to
keep the mouth of the rivers free from silt, and, as we have seen,
deltas are formed. Thusin the Mediterranean no important ports are
actually situated ontherivers, thoughanumber, likeMarseilles, stand
at the entrance to valleys which form channels of communication.

EXERCISES

1. Thesurface salinity of the ocean in the Equatorial Belt is 34 per thousand,
around the Tropics of Cancer and Capricorn 36 per thousand, off Labrador
32 per thousand; while in the Baltic it is as low as 8 per thousand, and in
the Dead Sea as high as 225 per thousand. Account for these differences.

2. Describe briefly the cause of tides. |llustrate your answer by diagrams.

3. What are the chief causes of ocean currents? Draw a sketch-map show-
ing the chief currents of the Pacific Ocean.

4. Describe the general direction of the principal currents of the N. and
S. Atlantic Ocean, showing therelation of the currentsto the prevailing winds.

5. (a) Illustrating your answer from the North Atlantic, state how the
height of tides in the open ocean differs from their height on the continental
shelf, (b) lllustrating your answer by sketch-maps, explain the exceptional
nature of the tides of (i) either the Severn or the Bay of Fundy, (ii) Southamp-
ton Water, (c) How may tides and tidal currents affect human activities?

6. What is the continental shelf} Discuss its practical importance illus-
trating your answer from the ssa* round the British Idles.
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CHAPTER VI
WEATHER AND CLIMATE

Weather may be defined as the condition of the atmosphere at
any place at a particular time. The average weather conditions
determine the climate. Humidity, temperature, elevation, distance
from the sea, ocean currents, atmospheric pressure, and prevailing
winds combine to affect the climate of a region.

HUMIDITY

Evaporation is the means by which water is drawn off, as in-
visible water vapour, from oceans, seas lakes, rivers, and other ex-
posed moist surfaces. Warm air can contain more moisture than
cool air. Humidity, the term used to express the dampness of the
atmosphere, is due to the presence of water vapour. When the air
contains as much water vapour asit can hold it is said to be saturated.
When saturated air is cooled condensation takes place, and some of
the water vapour becomes visible as clouds, & c. The proportion of
water vapour in the air, compared with the maximum it can hold
at the same temperature, is known as the Relative Humidity. In
equatorial regions it is not so much the high temperature which
causes discomfort to white people as the high relative humidity.

Formation of Dew and Hoar Frost. Dew is caused by the
condensation of water vapour on the cold ground during the night.
Some of this moisture is obtained from the air itself, but the greater
part rises into the air through blades of grass and from the roots of
plants. The temperature at which such condensation takes place is
called the Dew Point. When this occurs below freezing-point, then
hoar frost is formed instead of dew.

Clouds, Fog, Mist, and Snow. The air contains tiny particles
of dust around which thewater vapour condenses as minute drops of
liquid water. When condensation takes place at some distance from
the ground, clouds are formed. If it takes place near the surface the
result is usually mist or fog. The layer-like clouds often seen on
the horizon at sunrise and sunset are called stratus clouds. The light
wispy cirrus clouds, formed high in the sky, are due to low tempera-
tures which cause condensation to take place in the form of ice
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crystals. The heaped up clouds, looking rather like masses of cotton
wool, called cumulus, are caused by currents of rising air. The black
rain clouds are known as nimbus. When water vapour is condensed
at a temperature below freezing point it forms snow.

Rain. As the minute drops of water which form the clouds grow

FIG.30. Relief rains.
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larger they fall to the earth asrain. Rainfall is caused by the cooling
of saturated air.

(1) When winds blow from warmer to cooler latitudes they tend to
cause rain.

(2) When moisture-laden winds are forced up to a higher level by
mountains they rise into regions of less pressure, and on expanding
lose much of their heat. As a result of this cooling the moisture in
them is condensed, falling on the windward side of the mountains as
rain. Such rains are known as Relief Rains (Fig. 30). On descending
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the opposite side of the mountains, the winds, which have lost
much of their moisture, tend to become still drier, for, asthey con-
tract and are warmed in their descent, they absorb rather than
deposit moisture. The leeward side of such mountainsis said to lie
in their Rain Shadow.

(3) In equatorial regions, ascending air currents, rising into cooler
regions, cause Convectional Rains (see p. 447) (Fig. 31).

(4) Heavy rains accompany cyclones (see p. 59).

Rainfall is measured by arain gauge which records the amount in
inches. When we say an inch of rain has fallen, we mean that if
none had been lost, and if the ground were quite flat, the latter
would be covered with water to a depth of 1 inch.® To obtain a
rainfall record, the monthly or yearly amounts are noted over a
period of years, and the results added together and divided by the
number of months or years during which records have been taken.
Note that 1 foot of snow isequivalent to 1 inch of rain. The annual
rainfall varies, of course, in different regions. Itsvalueto plant life
depends on latitude, but even more important than the total amount
isitsseasonal distribution.

TEMPERATURE

Of all climatic factors temperature is the most important. Defi-
cient rainfall can, under favourable circumstances, be remedied by
irrigation. Except on a small scale, the effect of great extremes of
heat and cold cannot be overcome. Temperature affects man's food,
crops, dress, and thetype of dwelling he builds.

Temperature is measured by a thermometer. There are various
kinds, but the one usually used in the British Isles is that with the
Fahrenheit scale. In this scale, the freezing-point of water is 32°
and boiling-point is 212°. To keep atemperature record, the maxi-
mum and minimum temperatures are added together, and the total
divided by 2: thefiguresthus obtained give the mean temperature.
If the mean temperatures for every day in the month are added
together, and the result divided by the number of daysin the month,
the mean monthly temperature is obtained.

How the earth's surface is heated. When the surface of the
earth is warmed, the air nearest the ground is heated by contact, and
this heat is passed on to the layers above, partly by conduction and

1 1 inch of rain =» 100 tons of water (approximately) per acre.
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partly by convection. In a similar way, when theground iscold, the
effect passes from the lower layers of the air upwards. Pure dry air
allows the sun's rays to pass through it with little loss of heat; but
the presence of clouds, water vapour, dust, and carbon-dioxide
causss loss of heat during their passage through the atmosphere.
The earth's surface is warmed by the rays of the sun. The more
directly the sun's rays shine down upon the surface, the less portion
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FIG. 32.

of this surface have they to heat, and the greater their warming
power. When the rays are slanting they spread out over a greater
portion of the surface: thus each part receives less heat than if it
were under the direct vertical rays. The sun is always more or less
overhead in the zone that lies around the Equator, upon which its
rays always shine down moreor lessdirectly. Thefarther onetravels
towards the polar regions, the less direct are the solar rays, and the
less powerful is the heat they give. In higher latitudes, too, the rays
have to pass through a thicker layer of the atmosphere, thus losing
more heat than they do when travelling through thinner layersin
lower latitudes. Fig. 32 shows two equal bundles of solar rays.
Note that they have a smaller portion of the earth's surface to heat
at CD, aregion in the trpories at AB, nearer the poles, where
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their heat is less concentrated because spread over a larger area
The temperature of a place depends mainly on latitude, but partly
on elevation.

Influence of Altitude on Temperature. Temperature de-
creases | degree for every 300 feet above sea-level. This decrease is
largely due to the fact that the rarefied air, found in elevated regions,
absorbs less heat than the denser air at lower levels.

An interesting phenomenon, known as inversion of temperature,
is sometimes experienced in mountain regions, where at times the
temperature is less in the valleys than at greater heights. In winter
when the weather is clear and calm, the cold heavy air, on account
of its weight, flows down the mountain sides to the bottoms of
narrow valleys, which thus become increasingly cold. At night the
effect is increased, for owing to radiation, the layers of air near the
ground become colder and so the air does not rise and mingle with
the lighter layers above. But as soon as calm is succeeded by windy
weather, the different layers of air mix and normal temperature
conditions follow. This inversion of temperature accounts, in part,
for the fact that in mountain regions villages are usually situated on
the slopes of the hills, especially those slopes facing south (in the
Northern Hemisphere), rather than on the valley floors.

The Influence of the Ocean on Temperature. Land heats
more quickly than water, and also loses heat much more rapidly.
Consequently, though the waters of the ocean take longer to heat than
the land, they do not lose their heat nearly so quickly and are not
subject to such rapid changes of temperature. In summer the
winds from the ocean are cool, but in winter they are relatively warm.
Hence in the temperate zones, the interiors of continents, lying as
they do far from the sea, have hot summers and very cold winters.
Such a type of climate is known as a Continental Climate. On the
other hand, islands and continental margins where the prevailing
winds blow on-shore, have a Maritime or Insular Climate. In summer
cool winds blowing from the sea temper the heat, in winter warm
winds from the ocean moderate the cold.

The effect of Ocean Currents on Temperature. Ocean cur-
rents, by warming or cooling the winds blowing over them, affect
the temperatures of adjacent lands. The warm North Atlantic Drift
raises the winter temperatures of North-West Europe, especially those
of the British Isles and Norway, forming a winter Gulf of Warmth,
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Prevailing Winds. We have already seen (a) that the chief cause
of wind is difference in atmospheric pressure; (b) that winds blow
from regions of high pressure to those of low pressure; and (c) that
there are well-marked prevailing winds in different regions of the
world. Suchwinds have acloserelation to both rainfall and tempera-
ture. In the British Isles, for example, the prevailing south-west
winds, blowing from the Atlantic Ocean, (a) cause heavy rain in the
mountainous west, and (b) render the temperature more equable by
(i) reducing it in summer, and (ii) raising it in winter. In Northern
Chile, the prevailing south-east trade winds blow off-shore, or
parallel to the coast, throughout the year, with the result that this
part of the country forms the rainless Atacama Desert.

ISOTHERMS

Isotherms (Greek tsos = equal, thermos = heat) are lines, drawn on
a map Joining places of equal temperature, such temperatures being first
of all reduced to sea-level. Such reduction is, of course, made for the
purpose of comparison. Isothermal maps are easy to memorize, but
it is necessary to remember that, except in the case of a place situated
at sea-level, they do not show the actual temperature. The latter
is obtained by subtracting from the temperature, as shown by the
isotherm passing through the place, 1 degree for every 300 feet of
height.

Example. On an isothermal map of Canada, Calgary (3,389 feet)
lies almost on the July isotherm 70° F.

July temperature at Calgary (to nearest degree)
3,389
== 70-—-%-
= 70—II
= 59° F.

In most atlases the isothermal maps show the January and July
temperatures, because these months are usually those with the
greatest extremes of temperature and, moreover, may be taken as
typical of the winter and summer conditions.

On some maps actual temperatures are shown by appropriate
colouring or shading.

Temperature Maps of the World. A number of outstanding
facts about the January and July Temperature Maps of the world
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should be noted. We must remember, however, that while January
isawinter month in the Northern Hemisphere, it is a summer one

F1G. 33. Notethe northward bend
of the January isotherm 32° F. In the
southern hemisphere the 70° F. (sum-
mer) isotherm bends polewards over
the land, but towards the Equator over
the sea.

F1 G.34. Notehow theJulyisotherm,
60° F., in the northern hemisphere
bends towards the 'North Pole. In
the southern hemisphere, where it is
winter, this isotherm bends north over
the sea, but south over the land.

in the Southern Hemisphere
(Figs. 33 and 34).

(1) In winter, the isotherms
bend towards the Equator over
the land and towards the Poles
over the sea. Why? Because
the land is cooler than the sea
in the same latitudes.

(2) In summer, the isotherms
bend towards the Equator over
the sea and towards the Poles
over the land. Thisis because
the land heats much more
rapidly than the sea in similar
latitudes. At this season the
interiors of the continents are
warmer than the coastal regions.

(3) Note the effect of ocean
currents on temperatures. The
North Atlantic drift, as we
have seen, raises the tempera-
ture of North-West Europe.
Thecold Peru current, flowing
northward along the west coast
of Chile and Southern Peru,
reduces the temperatures of
these regions.

ISOBARS, CYCLONES,
AND ANTICYCLONES

Just as isotherms are drawn
on mapsjoining places of equal
temperature, so isobars (baros =

weight, pressure) are drawn joining places of equal atmospheric pressure.
When the pressure gradient between two sets of isobars is steep,
i.e. where the isobars are close together, then the winds blow with
great force from the direction of the higher to the lower isobar.
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In addition to the permanent and semi-per manent world pressure
systems, there are less permanent and smaller low- and high-pressure
syssems. These are known as cyclones and anticyclones. Such
systems have a great effect on British weather, as we know from
reading the Daily Weather Reportsin the papers, or from hearing
them broadcast.

A cyclone (depression) is a portion of the atmosphere in which the
pressure is lowest in the centre. The winds blow inwards in the
opposite direction to the hands
of a clock. As will be seen by N
Fig. 35 thewinds blow from the --—-.h_z&
south or south-west in the front ,r

of the cyclone, and from the f

north or north-east in its rear. ! X

When a cyclone is approaching ll Low x*
the barometer falls because of \ »—x

the low pressure, but the ther- Po *ﬁ'ﬁ
mometer rises on account of the “‘-s-""

war m south or south-west winds
ir_] _the f”?”t of the syst_em. The F1 G. 35. Direction of windsin a
rising moisture-laden air of such cyclone (Northern Hemisphere).

a cyclone causes rain which is

especially heavy in the centre of the depression. If, after a day or
night of storm and rain, the barometer rises and the thermometer
falls, we know that the cyclone is passing, for (a) the pressure is
now increasing, and (b) the cold north or north-east winds in the
back of the depression cause the temperature to become lower.

[I'n the Southern Hemisphere cyclonic winds blow in a clockwise
direction in accordancewith Ferrel'sL aw.]

A Secondary often occurs on the edge of a big depression, moving
round it in an anti-clockwise direction. Such secondaries are also
low-pressure areas. They are much smaller in extent than cyclones,
but like them are usually accompanied by stormy weather.

A cyclone in temperate regions is generally several hundreds or
even thousands of miles across. But in tropical regions there are
small depressions (usually called Tropical Cyclones) which may
measure only 50 or 100 miles across. As the pressure gradients are
steep, the winds are exceptionally strong, and the resulting storms
often do great damage. In the West Indies such storms are called
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hurricanes, in the South-East United States they are called tornadoes,
and in the West Pacific and China Seas typhoons, while the whirling
dust-laden storms of the Sahara, of similar type, are termed simooms.
An anticyclone is a portion of the atmosphere in which the pressure
is highest in the centre. The winds, which are usually light, blow
spirally outwards (in the Northern Hemisphere) in the same direc-
tion as the hands of a clock (see Fig. 36). Astheair iswarmed in
descending it tends to gather moisture rather than deposit it, and
so the weather associated with

* N anticyclones is usually fine and
'f“""“ z dry. Asanticyclones tend to re-

’," ?""'TET main stationary, until displaced
/ A by cyclones, the fine weather

Wi HIGH '. " experienced during such.periods
' a\ ; u_sually lasts for a considerable
“e / time. In summer the days are
N, T /7 warm and the skies clear with

P 4 ""27/3——12!' little cloud. In the British Isles,
s during winter, the days during

FI1G. 36. Directionsof windsinan a spell of anticyclonic weather

anticyclone (Northern Hemisphere), are cold and bright, the nights

frosty and starlit. In low-lying

regions, however, the cold heavy air becomes laden with moisture

from the damp ground and thus fogs tend to form which, owing to
the absence of strong winds, often last for several days.

LOCAL WINDS

In different parts of the world local winds, due to a variety of
causes, often have a considerable effect on climatic conditions,
notably on temperature. One of the best known of such windsis the
John of the Alps, awarm dry wind which blows chiefly in the valleys
to the north of the main chains, especially in those of the upper
Rhine, the Reuss, and the upper Aar. As currents of air ascend the
mountains they pass into an area of lower pressure with the result
that they expand, and being cooled deposit most of their moisture
as rain or snow on the windward side of the ranges. The dry air
passes over the mountain crests and on descending the leeward side
is heated by compression: temperatures rise quickly and the snow
melts with great rapidity. In spring thtfohn sweeps the snow from
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the alpine pastures, making them available for cattle and goats sooner
than would otherwise be the case; in summer it hastens the ripening
of the grain, and in autumn of the grapes. The chinook, a similar
hot drying wind, descends from the Rockies to the valleys and plains
lying to the east. It turns the standing grass into hay, and in winter,
by keeping the grazing grounds near the foothills relatively free from
snow, enables stock to be grazed out of doors, whereas farther east
the animals must be housed at this season, for the prairies are covered
with snow.

The harmattan is a very dry and dust-laden east or north-east
wind which, especially from October to February, blows from the
Sahara to the Sudan. Sometimes in January and February its effect
is felt along the coast of the Gulf of Guinea where, owing to its
dryness, it provides welcome relief from the usual steamy heat and
isknown as 'the doctor. The sirocco, a hot dry south wind blowing
from the Sahara to the Mediterranean, is most unpleasant. Men and
animals both suffer, and often its scorching breath does great injury
to vegetation and crops. In Egypt this wind is called the khamsin.
The mistral and the bora are cold north winter winds. The former
sweeps down the Rhone valley and across the Mediterranean coast
from the mouth of the Ebro to Genoa. In the lower Rhone valley
the peasants protect their gardens from this violent wind by planting
thick cypress hedges, and build their houses so that the windows and
doors face south-east. The Dalmatian coast of the Adriatic suffers
in a similar way from the bora, which is drawn southward towards
the low-pressure area over the sea

CLIMATIC TYPES
A. TROPICAL LANDS.

I. The Equatorial Type has heavy rain throughout the year, and
uniformly high temperatures.

2. The Summer Rain Type is found on both sides of the Equatorial

*  Wet Belt. It has marked wet ('Summer') and dry seasons, and
temperatures are high.

3. The Monsoon Type is similar to the Summer Rain Type.
Heavy rains fall during the summer monsoon, but the cool
season, and the hot season preceding the monsoon rains, are
dry.

4. TheHigh Plateau Typeis a modification of the Equatorial Type
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duetoaltitude. Temperatures, though lower, are uniform, and
the rainfall is less than in the lowlands.

. The Hot Desert Type as its name implies, receiveslittlerain.

It isfound in the High Pressure Belts around the Tropics of
Cancer and Capricorn, wherethe Trade Winds bl owing towards
the Low Pressure Region about the Equator tend to absorb
rather than deposit moisture.

B. WARM TEMPERATE LANDS.
1. The Warm Eastern Margins of the continents have hot rainy

2.

summers and dry cold winters.

The Mediterranean Type is found on the western margins of
the continents, between latitudes 30° and 40°. The summers
are hot, dry, and sunny, the winters mild and showery.

The Interior Lowlands have a continental climate, with hot
summers, cool winters, and low rainfall.

The Plateau Type of climate resembles that of the Interior
Lowlands (B. 3), except that the summers are not quite so hot
and the winters somewhat cooler.

C. COOL TEMPERATE LANDS.
1. The Eastern Margins of the Cool Temperate Lands have warm

summers, cold winters, and rain throughout the year, but most
in summer.

The Interior Lowlands have a continental climatewith hot sum-
mers, cold winters, and a light rainfall with a spring maximum.
The Western Margins of the continents have an insular climate.
The summers are cool, the winters mild, and rain fals at all
Seasons.

The Mountain Type. Temperatures are reduced through
elevation. Thewindward dopes have a heavy rainfall, but the
sheltered valleys and intermont plateaus are dry. There is a
marked Rain Shadow on the leeward dopes of the mountains.

D. COLD LANDS.
1. The Tundra have an extreme climate. The winters are very

2.

cold, the summers are cool (slightly under 50°F.), and the
rainfall scanty (under 8 inches). The ground is permanently
frozen a few feet below the surface.

The Cold Deserts are always covered with ice and snow.
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EXERCISES

1. Describe how the earth's surface is heated. Give a diagram.

2. Writenoteson relief rains, the formation of dew, rain shadow, isobars,
andrelativehumidity.

3. Whatisanisotherm? Traceand account for the course of oneisotherm
round the world.

4. Under the headings given, summarize the characteristic features of
(a) a cyclone, and (b) an anticyclone. (1) Pressure, (ii) State of barometer,
(Hi) Direction of winds, (iv) Typical weather.

5. Describe and account for the weather sequence which you would ex-
pect in Central Scotland after it had been broadcast that a deep depression
off western Ireland was moving rapidly eastward.

6. The centre of a cyclone moves over Donegal, Glasgow, and |nverness.
(@) Draw a map to show the weather conditions when the centre is over
Donegal, (b) Describe the direction of the winds and the kind of weather
you would expect when the depression istravelling over (i) Glasgow, and (ii)
Inverness. (Note. Make a tracing of your map (a) above, on transparent
paper. Before answering (b) placeyour tracing so that the centre of the depression
is(i) over Glasgow, and (ii) over | nverness.)

7. What arethe characteristic features and local importance of the follow-
ing winds: (a) F6hn, (b) Mistral, (c) Harmattan, (d) Simooms, and (€
Typhoons?

8. How do you account for the following: (a) in mountainous regions the
temperature is sometimes lower in the valleys than at greater heights; (b) in
the British Isles in winter there is sometimes thick fog for several days
in the valleys, while during the daytime the hills are frequently bathed in
sunlight?
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CHAPTER VI

MAJOR NATURAL REGIONS OF THE WORLD

WE may divide the world into a number of major natural regions
whose physical features, rock structure, soils, climate, and resultant
products and human activities are similar over large areas. Of all the
factors affecting the natural vegetation in such regions, climate is
the chief, and of the climatic factors, temperature and rainfall are
the most important. The vegetation depends not only on the total
annual rainfall, but on its relation to temperature, and on its distri-
bution. In short, evaporation and the seasonal distribution of the
rainfall are the real test. In high latitudes evaporation is less than
in low latitudes, and hence less rainfall is needed to keep the subsoil
moist than in tropical regions.

As arule no sharp contrast can be drawn between adjacent natural
regions: the transition from one to the other is gradual. Plant and
animal life is adapted to its surroundings. Man, too, has adjusted
himself to his environment, though in many cases the appearance
and habits of people living in similar natural regions differ greatly.
In some, Man counts for little more than the animals: in others,
such as Europe and China, he has profoundly altered the surface
features. Natural regions would, of course, exist whether Man
were there or not, but no study of them can be considered com-
plete without some knowledge of the activities of their human
inhabitants.

An examination of the effect of climate on human life shows that
very high and very low temperatures both prevent the fullest attain-
ment of mental and physical powers, and even in less extreme
regions uniformity of temperature exercises an adverse effect on
development. High humidity, combined with high temperature,
produces an enervating climate. Man's progress has been greatest
in cool temperate lands wherethe climateis cool enoughtoinvigorate,
but not cold enough at any season to retard economic life.

We may divide the major Natural Regions of the world into three
groups. The following regions in each group are numbered to
correspond with the coloured map at the end of this book.
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A. TROPICALLANDS.
. Equatorial Type.

Summer Rain or Savanna Type.
Tropical Monsoon Type.

High Plateau Type.

Hot Desert or Sahara Type.

TN e

B. WARM TEMPERATE LANDS.
. Warm Eastern Margins or China Type.
Mediterranean Type.

Interior Lowlands (Warm) Type.

Iran Plateau Type.

High Plateau Type.

AW e

C. COOL TEMPERATE LANDS.
Eastern Margins of Cool Temperate Lands.
Interior Lowlands. Cool Forest Type.
Interior Lowlands. Cool Grassland Type.
Western Margins of Cool Temperate Lands.
. Mountain Type.

RN

D. COLD LANDS.

1. Tundra Type.
2. Cold Desert Type.

THE TROPICAL LANDS

A. 1. The Equatorial Type. In the equatorial belt the sun's
altitude is never less than 66%°; its rays shine down more or less
directly throughout the year; and temperatures are uniformly high.
There are convectional rains at all seasons, but they are especially
heavy at the equinoxes (Fig. 37). Most rain fals in thunder showers
that occur every afternoon, i.e. in the hottest part of the day. The
greater part of the Amazon and Congo basins is clad with trrpical
forest. From a dense undergrowth trees spring up in tiers. The
struggle is not for moisture, but for light and air, and so close
together are the forest giants that they are unbranched except at the
top. Trees include logwood, mahogany, coco-nut and oil palms.

Malaya and the East Indies form a subdivision of this region,

41191 p
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Natural Regions of the World. Monthly temperatures and rainfall.




3. HIGH PLATEAU AND COLD DESERT
(Above) A Tibetan plateau (see p. 71), isolated between the great fold mountain ranges. TI
Is rough pasture for yaks and sheep. The building is constructed of sun-dried bricks and sto
But many parts of Tibet are scarcely less hospitable than the Antarctic region (below) where
be seen icebergs given off by a glacier, with pancake ice in the foreground (see pp. 29 and




4. SAVANNAS AND TROPICAL FORESTS

the savannas (above) the trees grow singly or in clumps. The uniform colouring of the lion

ids equally well with the brown grasses and the rocks and sands of the desert into which

savannas merge. (Photograph by M. L Lippens.) The tropical monsoon forests of South-

Asia (btlow) are more open than the equatorial forests. Dyaks, the aboriginal inhabitants

iorneo, whose villages lie close to the rivers, may be seen crossing a stream on a bridge
made of plaited lianas.
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though *wing to their maritime position, their forests are less dense
thar se of the Amazon.

In more open tropical forests animalslike thetigers of the mon-
soon lands and the leopards and the elephants of Asia and Africa are
found. In the denser areas, owing to difficulty of movement, many
animals, such as the gorillas of West Africa, are tree-dwellers; while
others, like the crocodiles and rhinoceroses of the Old World, livein
or by the rivers.

A. 2. The Summer Rain or Savanna Type. The tropical
grasslands, or savannas, are found on both sides of the equatorial
forests. Temperatures are uniformly high, rain fals during the
summer months, but the cool season is dry (Fig. 38). Soon after the
rains begin the grass commences to grow rapidly, springing up in
clumps, usually from 6 to 12 feet high. Trees, whichstandsingly orin
groups, are of the drought-resisting variety, such as acacias, baobabs,
and eucalypts (Australia), for they must be able to withstand the dry
season. In Africa the northern savannas are known as the Sudan.
The savannas of the Orinoco basin are termed llanos, and those of
the Brazilian Highlands, campos. Savannas are aso found in the
drier parts of India, in the higher regions of the East Indies, and in
the north and east of Australia. Among the chief crops are cotton,
sugar-cane, maize, coffee (Brazil), and, in drier areas, millet and
ground-nuts.

The African savannas are the home of such ungulates, or hoofed
animals, as antelopes, giraffes, buffaloes, zebras, and elephants; and
carnivores likelions, hyenas, and leopards. Theostrich, too, isfound
in thisregion, while in Australia the emu is a savanna bird. Stock-
rearing is important.

A.3. TheTropical Monsoon Typeisespecially well marked in
India, and it is aso found in Indo-China, Southern China, and
Northern Australia. The monsoons are due to the development of
low-pressure areas over the land during summer, when inflowing
winds bring heavy rains; and to high-pressure areas over it in
winter, whichisadry season,aswindsblow fromlandto sea(Fig. 39).
In areas where the rainfall is over 80 inches the dense forests are
somewhat similar to those of equatorial regions. The typical, and
more open, monsoon forest, with teak, baobabs, and other deciduous
trees which shed their leaves in the dry season, is found in regions
where the annual rainfall is between 40 and 80 inches. 'Such forests
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are perhaps less rich in natural resources than the hot raie forests,
but they are healthier and more easily cultivated and more h curable
to human settlement."t In the wetter regions the crops include rice,
tea, and jute. In areas where the rainy season lasts from six to seven
months cotton and sugar-cane can be cultivated. In drier districts
millet is the chief cereal crop.

Among the monsoon animals are elephants, lions, tigers, leopards,
and various types of monkeys.

A.4. The High Plateau Type. In this modification of the
equatorial type, heat is tempered by altitude. Temperatures are
remarkably uniform though much lower than those of the lowlands.
The rainfall is less than in the lowland areas and tends to be seasona
(Fig. 40). The best example of thistype is found on the Plateaus of
Ecuador and Colombia, in South America, where the climate has been
described, somewhat optimistically, as 'perpetual spring*. Crops such
as barley and wheat, grown for local needs, ripen with difficulty.
Stock-rearingisthe chief occupation. On the East African Plateau—a
tropical plateau of moderate elevation—savannas are found at lower
elevations, while temperate crops can be grown in higher areas.

A. 5. The Hot Desert or Sahara Type. From the high-
pressure belts, about 30° N. and 30° S,, the trade winds blow towards
the low-pressure belt round the Equator. As they are flowing from
cooler to warmer regions they become warmer as they proceed, and
tend to absorb rather than deposit moisture. Thus they are dry
winds (Fig. 41). For this reason, a desert belt is found around the
tropics, on the western sides of the continents. InNorth Africa, owing
to the presence of a great land mass to the east, the Sahara extends
right across the continent, and the desert belt of which it forms a part
is continued into Arabia, and thence across Central Asia. In the west
of the United States the desert and arid area about the Tropic of
Cancer includes the Colorado, Mohave, and Gila Deserts. The chief
deserts of the Southern Hemisphere are the Atacama of South
America, the Kalahari of South Africa, and the Great Australian
Desert.

Desert soil only requires irrigation to make it fertile. Sometimes
the water is obtained from underground supplies, as in the typical
oasis. In other casesit is got from rivers like the Nile, the Indus, or
the Colorado. The presence of minerals has induced man to settle

Y AJunior Plant Geography, M. E. Hardy (Clarendon Press).
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in such regions as (i) Western Australia, e.g. Kalgoorlie, for gold;
(ii) the Western Mountain States of the United States, for various
minerals; and (iii) the Atacama Desert, to obtain nitrates and copper.
In spite of the building of railways across, or to the margins of desert
areas, and of motor transport, the camel is still an important beast
of burden, for it can carry heavy loads. Its padded feet, specially
adapted to traversing sandy areas, prevent it from sinking into the
sand; its hump enables it to store up reserve supplies of food, and
the cellular apparatus in its stomach, of water, while it can close its
nostrils during sand-storms. In Africa the lands bordering the
desert and the savannas are the home of the lion, whose tawny
coat enables it to blend with the sands and the parched savanna
scrub and grasses.

WARM TEMPERATE LANDS

B. 1. The Warm Eastern Margins or China Type. The
chief climatic characteristics of this region are hot rainy summers and
dry cold winters (Fig. 42). Central and Northern China are typical
areas, but others belonging to it are Japan and the South-East United
States in the Northern Hemisphere; Natal and the east of the Cape
Province in South Africa; New South Wales, Southern Queensland,
and South-East Brazil in the Southern Hemisphere. It should,
however, be noted that (a) Japan and North and Central China
receive monsoon rains, and (b) the eastern marginal lands of the
Southern Hemisphere have a milder climate than their northern
counterparts. High summer temperatures and heavy rains favour
evergreen forests, with walnut trees and shrubs like laurel and
camellia. Cultivated plantsinclude rice, cane sugar, cotton, tobacco,
coffee, and tea. The Sino-Japanese—the Temperate Monsoon—
Region is one of the most densely peopled aress in the world.

B. 2. The Mediterranean Type reaches its greatest extension
around the Mediterranean Sea. Outside this region it is limited to
west coast lands between latitudes 35° and 38°, such as Central
California, Central Chile, the south-west of South Africa, and
South-West Australia. During winter the Mediterranean lands lie
in the path of the on-shore, rain-bringing Westerlies; in summer
they are in the track of the trades, which blow off shore, or parallel
to the coast (Fig. 43). The vegetation is adapted to withstand the
summer drought, and both trees and shrubs are mainly evergreens.
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Deciduous trees are found only in better-watered areas, and there is
an absence of pasture for cattle. Cereals, such aswheat and barley;
the olive and the vine; and warm temperate and citrus fruits (oranges,
lemons, and grapefruits), are widely cultivated.

B. 3. The Interior Lowlands (Warm) Type. Thisregionis
also known as the Turan Type as it reaches its greatest extension in
the lowland of Turan, which stretches from the Caspian eastward
towards the Pamirs, and from the northern edge of the Plateau of
Iran northward, beyond the Sea of Aral, to the Kirghiz steppes.
The climate is continental, with hot summers, cool winters, and alow
rainfall (Fig. 44). In the southern part of the United States the area
extends from the Rockies eastward to 100° W. In South America the
west of the pampas, and in Australia much of the Murray basin, may
be included in this region.

The natural vegetation is grassland as, except in favoured districts,
there is insufficient rainfall for trees. In Turan nomadic herdsmen
pasture their flocks on the steppes in spring, but migrate to the
lower slopes of the mountains in summer. Stock-rearing isimportant,
especially in the 'newer' countries. Where the annual rainfall ex-
ceeds 12 inches, wheat and other cereals can be grown: specially
favoured areas in this respect are the pampas and the Murray basin.
Fruit is cultivated on irrigated lands, like the Riverina district in the
Murray basin, and that round Mendoza and other centres lying
amidst the Andean foothills. Much fruit is aso grown in Turan,
where cotton, too, is an important crop.

B. 4. The lran Plateau Type. Plateaus of moderate elevation,
like the Plateaus of Iran and Asia Minor, and the Tarim Basin, have
a climate resembling that of the Interior Lowlands, except that the
summers are not quite so hot, and the winters are cooler. Outside
Asia we may include in this type the plateaus lying between the main
chain of the Rockies and the Sierra Nevada; parts of the Mexican
Plateau, and the Veld of South Africa. The natural vegetation is
grassland. Stock-rearing is the chief occupat ion.

B. 5. The High Plateau or Tibet Type. Owing to its great
elevation (12,000 to 14,000 feet), and to the isolating effect of moun-
tain barriers, Tibet has an extreme climate with very cold winters.
Some agriculture is carried on in sheltered valleys, but the people
are mainly pastoral, breeding sheep, goats, and yaks for food, wool,
and transport purposes. The Plateau of Bolivia, as it lies nearer the
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Equator and not so far from the ocean as Tibet, has a less extreme
climate (Fig. 45). Hardy cereds and potatoes are the chief crops.
The dwarf camels, known as apacas, vicunas, and [lamas, are raised
for meat and wool. The sure-footed llama, which can carry loads of
100 pounds, and can go for four or five days with little food and no
water, isthe chief transport animal.

THE COOL TEMPERATE LANDS

C. 1. The Eastern Margins of the Cool Temperate Lands
have a more extreme climate than the western ones. In the Northern
Hemisphere they include Eastern Canada, Manchukuo (Manchuria),
Northern China, Northern Japan, and Chosen (Korea). In the
Southern Hemisphere we may include Patagoniain thisregion. The
prevailing winds are off-shore. Thus they have a moderate to light
rainfall and are hot in summer and cold inwinter (Fig. 46). Though
cyclonic storms bring rain, the annual amount is less than in the
western marginal lands. In winter rivers are frozen, and the more
northerly ports ice-bound for some months. The natural vegetation
congists mainly of coniferous and deciduous forests. In cleared aress
mixed, dairy, and fruit farming are important.

The Cool TemperateInterior Lowlands are found in Canada
and Siberia, whence they extend into European Russa. They have
a continental climate. The rainfall varies from moderate to light,
diminishing towards the west in Siberia and the esst in Canada
Most rainfalsin summer (Fig. 47). Inwinter the snow helpsto pro-
tect the ground, and in spring it softens it and adds to its moisture
content. We may divide these Interior Lowlands into the Cool
Forests and the Cool Temperate Grasslands.

C.2.TheCool Forestsformawooded girdleround theland mass
of the Northern Hemisphere. Though the rainfall islow, yet, thanks
to the small evaporation, it is sufficient to keep the subsoil moist
enough for pines and similar evergreen trees. Forests cannot grow
where the summer temperature is less than 50°F., and thus the
dividing line between the woodland belt and the tundrato the north
is determined by summer temperature. Lumbering, mining, and
trapping are important. In Russa, despite great strides that have
been made in recent years, the felling of timber has not yet attained
an importance comparable with that of Canada and Sweden.

C.3. TheCool Temperate Grasslands. Though in the steppes



H vii WORLD: NATURAL REG ONS 73

of Russia and the prairies of Canada the moisture is insufficient for
trees, it is amplefor grasses. Thedrier parts are stock-rearing aress,
but the regions with a somewhat greater rainfall are devoted 