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Chapter 1 The Earth and the Universe

Exploring the Universe

On & fine bright night when you look up at the sky,
it seems to be studded with stars. Little do you
realise that each of the stars is far bigger than the
earth on which we live. Some of the larger ones
have been estimated to be many millions of times the
size of the earth. These stars are not scattered
regularly in space; they occur in clusters, better
described as galaxies or nebulas. Each galaxy may
contain as many as 100 million stars. It is believed
that the earth’s own galaxy (the Milky Way) alone
contains as many as 100,000 nsillion stars.

The stars appear small to us even through a
telescope because they are so far away. The light
from the nearest star travelling at the speed of light
(ie. 186,000 mules per second) takes something like
four years to reach us. A ray of Iight from the sun
takes about eight minutes to reach the earth. Light
takes only a second to reach us from the moon.

The Solar System

The solar system comprises_the Sun and its_nipe
lanets (Fig. I.) which_are believed to have been
developed from the condensation of gases and other

Tesser bodies. All the planets revolve round the Sun
m ellipnical orbits. Like the earth, they shine only
by the reflected light of the sun The Sun has a
surface temperature of 6,000°C. (10,800°F.) and
increases to 20 million°C. (36 million°F.) in the
interior. All over its surface are fiery gases that

leap up in whirls of glowing flames Like a volcane
in eruption. In size, the Sun is almost unimaginable.
It is about 300,000 times as big as the earth!

Amongst the nine planets, Mercury is the smallest
and closest to the sun, only 36 million miles away.
It thus completes its orbit in a much shorter space
of time than does Earth. A year m Mercury 1s
only 88 days. Venus, twice the distance away from
the sun, is the next closest planet. It is often con-
sidered as ‘Earth’s twin' because of ther close
proximity in size, mass (weight) and density. Butno
other planet is in any way comparable to Earth which
has life and all the living things we see around us.
Like many other planets, the Earth has a natural
satellite, the Moon, 238,900 miles away, that revolves
eastward around the Earth once in every 27 days

The fourth planet from the sun is Mars which
has dark patches on its surface and is believed by
most professional astronomers to be the next planet
after Earth to have the possibility of some plant
life. Much attention has been focused on Mars 1o
explore the possibilities of extending man’s influence
to it. Next comes Jupiter, the largest planet in the
solar system. Its surface is made up of many gases
Itke hydrogen, belium, and methane. It is dis-
tinguished from other planets by its circular light
and dark bands, and the twelve satellites that circle
round it. As it is more than 485 million miles from
the Sun, its surface ts very cold, probably about
-200°F. (-130°C.).
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Another unique planet is Saturn which has three
rings and nine satelhites around it. In size, 1t is the
second largest after Jupiter. It is so far from the
Sun that 1t takes 29} years to complete its orbit.
The seventh planet, Uranus, was not known to
astronomers until the late eighteenth century when
1t was first seen as a faint bluish-green disc through
a very powerful telescope. It is another giant planet,
50 times larger than Earth and 15 times as heavy.
Unlike other planets, Uranus orbits around the sun
1n a clockwise direction from east to west with five
satellites revolving round it.

The two outermost planets in the solar system,
Neptune and Pluto are just visible with telescopes.
Therr discoveries were the result of mathematical
calculations on their irregular gravitational effects
on neighbouring planetary bodies. Neptune closely
resembles Uranus, except that it has only two known
satellites and is probably much colder. Pluto is
smaller than Earth. As the orbits of the planets are
not circular but elliptical, the distance of Pluto from
the Sun during perihelion (i.e. when it is closest to
the Sun) is 2,766 mullion miles, and at aphelion
(1 ¢. when it 15 farthest from the Sun) 1s 4,566 million
miles. A year in Pluto 1s no less than 247 years on
earth! Due to their very recent discovery and their
extreme remoteness from the earth, very little
15 so far known about these last two planets.

The Shape of the Earth

In the olden days, sailors feared to venture far into
the distant ocean because they thought the earth
was as flat as a table. They thought that when they
reached the edge of the earth, they would slip down
and perish in the bottomless ocean. This is, of
course, not true. From years of accumulated know-
ledge, experience and observations tn different parts
ot the world, we know that the earth is round. Its
sphencal shape is an established fact, proved, and
accepted by all. There has been so much research
done on earth science that its various dimensions
have been accurately found. It has an equatorial
circumference of 24,897 miles and its polar cir-
cumference is less by 83 miles. Its equatorial
diameter is 7,926 miles and 1ts polar diameter is
shorter by 26 miles. This simply shows that the
earth is not a perfect sphere. It 1s a little flattened

at bot ds like an orange. It cam, 1n fact. be
call (earth-shaped’). The spherical shape
of t also masked by the intervening high-
1a R ns on its surface,

Evidence of the Earth’s Sphericity
Ihere are many ways to prove that the earth is
spherical. The following are some of them.

1. Circum-navigation of the earth, The first voyage
around the world by Ferdinand Magellan and his
crew, from 1519 to 1522 proved beyond doubt that
the earth is spherical. No traveller going round the
world by land or sea has ever encountered an abrupt
edge, over which he would fall. Modem air rou.tcs
and ocean navigation are based on the assumption
that the earth is round (Fig. 2).
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Fig. 2 (a) Circumnavigation of the eartfi
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{b) Abrupt drop at the edge of a table-fike

earth
2. The circular horizon. The
viewed from the deck of a ship at sea, in shapt:
on land is always and everywhere circular fitude
“This circular horizon widens with im':reasms a g
and could only be seen on a spherical pody.
is illustrated in Fig. 3. X the
3. Ship's visibility. When a ship .appcaf; "(";:raﬁ
distant horizon, the top of the mast is se€? g
the hull In the same way, when it Teav! e
its disappearance over the curved surface

distant hﬂfizlc’"
or fromac



vawromr
¥,

~_enen -

Fig.3 (a} Increasing altitude widens the circular hori-
zon, Viewed from Y the horizon would be
AB but from a higher viewpolnt (X} a wider
horizon {C, D} would be seen
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{b) Visible horizon remains the same regardless
of altitude. If the earth were flat the
horizon seen from either Y or X would be
the same

gradual, If the earth were flat, the entire ship would
be seen or obscured all at once. This is apparent

from Fig. 4.
A CURVED EARTH
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Fig 4 (a) The mast of a ship is seen before the hull
oh curved honizon

A FLAT EARTH hine of sight
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Fig. 4 {b) A flat earth, the entire ship is seen at once
on a flat surface

4, Sunrise and sunset. The sun nses and sets at
different times in different places. As the earth
rotates from west to east, places in the east see the
sun earlier than those in the west. If the earth were
flat, the whole world would have sunrise and sunset
at the same time. But we know this is not so
Fig. 5 illustrates this.

Fig. 5 (a) Sun rises and sun sets at drfferent times
for different places
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(b) The whole world will have sun rise of sun
set at the same time



5. The lunar eclipse. The shadow cast by the
earth on the moon during the lunar eclipsc is always
circular. It takes the outline of an arc of a circle.
Only a sphere can_cast such a circular shadow.

6. Planetary bodics arc spherical. All obscrvations
from telescopes reveal that the planetary bodies,
the Sun, Moon, satellites and stars have circular
outlines from whichever angle you see them. They
are strictly spheres. Earth, by analogy, cannot be
the only exception.

7. Driving poles on level ground on a curved carth.
Engineers when driving poles of equal length at
regular intervals on the ground have found that they
do not give a perfect horizontal level. The centre
pole normally projects slightly above the poles at
either end because of the curvature of the earth, as
illustrated in Fig. 6. Surveyors and field engineers
therefore have to make certain corrections for this
mevitable curvature, i.e. 8 inches to the mile.

oot pote proyects sboun s1bart

Fiy. 6 (a) The centre pole projects well above the
poles at either end on a curved surface

roLEs

{b) All the three poles have identcat heights
on & flat surface

8. Aerial photupraphs. Pictures taken from high
altitudes * *  and satellites show clearly the
curvtfil o= earth. This is perhaps the most
conw'l) * most up-to-date proof of the
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The Earth’s Movement

Man is always conscious of the ‘apparent
of the sun’ and little realizes that the arth ©
he stands is constantly 1n motion When

mmvgmenl
n which
the sun

hen it
disappears, he says that the sun se!sl'{%.'cm;'s ‘x:ot e
emerges, he says that the sun rises. § eeorset

he sumn, in fact, does no!
least aware that the ) o earth oves

1t is ‘we who nise and we who set’ g

1n space in two distinct ways: 1t rotates on  ns
axis from west to east once in every 24 hours. Cain an
day and night; 1t also revolves round the sunmm’u
orbit once in every 365} days. causing the ¥

and the year.

Day and Night ) .
When the earth rorates on its own‘:uus;hc >
portion of the earth’s surface comes into

only on¢
ys of



The earth viewed
from the moon.
The picture was
taken on the Apollo
8 mission of 1968
which prepared the
way for the moon
landing

Camera Press

the sun and experiences daylight. The other portion
which is away from the sun’s rays will be in darkness,
As the earth rotates from west to east, every part of
the earth’s surtace wili be brought under the sun
at some tume or other. A part of the earth’s surface
that emerges from darkness into the sun’s rays
experiences sunrise. Later, when it is gradually
obscured from the sun's beams it experiences sunset,
The sun is, in fact, stationary and it is the earth which
rotates, The illusion is exactly the same as when we
travel m a fast-moving train. The trees and houses
around us appear to move and we feel that the
train is stationary, Fig. 7 explains the earth’s
rotation and the causes of day and night.

The Earth’s Revolution

When the earth revolves round the sun, 1t spins on

an elliptical orbit at a speed of 18.5 miles per second

Fig. 7 () Kuala Lumpur emerges from darkness
into daylight at sun rise when the earth
rotates into the sun's rays

(b) The sun is dwectly overhead at Kuala
Lumpur or midday

{¢) Kuala Lumpur passes from daylight into
darkness at sunset when the earth rotates
away from the sun

(d) Kuala Lumpur s directly away from the
sun at mid-night

or 66,600 m.p.h., One complete revolution takes
365} days or a year. As it is not possible to show
a quarter of a day in the calendar, a normal year is
taken to be 365 days, and an extra day is added
every tour years as a Leap Year.

1. Varying Lengths of Day and Night

The axis of the earth is inelined to the plane of the
ecliptic (the plane in which the earth orbits round
the sun) at an angle of 664°, giving rise to different
seasons and varying lengths of day and night (Fig. 8).
If the axis were perpendicular to this plane, all parts
of the globe would have equal days and mghts at
all times of the year, but we know this is not so.
In the northern hemisphere in winter (December}
as we go northwards, the hours of darkness steadily
increase. At the Arctic Circle (661°N.), the sun
never ‘rises' and there is darkness for the whole day
in mid-winter on 22 December. Beyond the Arctic
Circle the number of days with complete darkness
increases, until we reach the North Pole (90°N.)
when half the year will have darkness, In the summer
(June) conditions are exactly reversed. Daylight
increases as we go polewards. At the Arctic Circle,
tb&‘s‘.“\ o ¥ e A —am (1 "lvn‘n\ and
there is . ‘e v o
daylight e .
Circless: | - . )
months of continuous daylight, Fiz. 8(a) illustrates
the revolution of the earth and its mclination to the
plane of the ecliptic which cause the variation in
the length of day and night at different times of
the year.

5
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Fig.8 (a} The revolution of the earth and its effects on
seasons and the variations of lengths of day
and night

Summaer Sotstics

Luow 295t} Teopic of Cancer

ook of Caprieom
Winter Saitios
Dec 220d)

{b) Asimplified diagram showing the annua!
movement of the sun and the causes
of the seasons

Jn_the__southern_hemisphere, the-same—process—
takes place, except_that the conditions are. d.

“WHEnR {{is summer in the northern hemisphere, the
squmemm Mid-
summer at the North Pole-v_v%m-‘winter at the
South Pole.

2. The Altitude of the Midday Sun
In the course of a Year, the earth’s revolution round

the sun with its axis inclined at 663° to the plane of .

the ecliptic changes the apparent altitude of the

midday s The sun is vertically overhead at the
equato days each year. These are usually
2t M September though the date changes
beca § not exactly 365 days. These two

6

days are termed equinoxes meaning ‘equal nights’
because on these two days all parts of the world
have equal days and nights, After the March
equinox the sun appears to move north and is ver-
tically overhead at the Tropic of Cancer (231°N.) on
about 21 June. This is known as the June or summer
solstice, when the northern hemisphere will have
its longest day and shortest night. By about 22
December, the sun will be overhead at the Tropic
of Capricorn (23§°S.). This is the Win{" solstice
when the southern hemisphere will have its Tongest
day and shortest night. The Tropics thus mark the
limits of the overhead sun, for beyond these, the sun
is never overhead at any time of the Yeafé.ﬂw
regions are marked by distinct seasonal changes—
%prmg. summer, autumn and winter. ch«and.lhc
Atelic Circle (661N and The Antarctic Circle
(661°S.) where darkness lasts for 6 months agd
daylight is continuous for the remaining half of the
year, it is always cold; for even during (!w.shorl
summer the sun is never high in the sky. Within the
tropics, as the midday sun varies very little from its
vertical position at noon daily, the foul_' seasons ar]c
almost indistinguishable. Days and nights are 2~
most equal all the year round Fig. 8(b). .
3. Seasonal Changesand their Effectson Tempmt'“d
Summer is usually associated with much heat “:;;
brightness and winter with cold and dark.nt‘-SS; e {n
should this be s0? In summer, the sun is hig ead
the sky than in winter. When the sun 1s 0;’1“ pove
its rays fall almost vertically on the earth, e
centrating jts heat on a small area; lcmpmrm
therefore rises and summers are always Wa gh
In winter the oblique raysof the sun, come ‘h;(:;eir
the atmosphere less directly and havg x'nuch g et
heat absorbed by atmospheric impurities an S over
vapour, The sun’s rays fall faintlyand SP"“d e
a great area. There is thus little heat, an
eratures remain Jow. 3
P In addition, days are longer than nightsin S“"“'";r,
and more heat is received over the longer 40) I")i y
duration. Nights are shorter and less heat :;"m‘
There is a net gainin total heat received ag tonger
perature rises i summer. Shorter days 3ﬂ_ﬂ s
nights in winter account for the reverse eflects-

Dawn and Twilight -
The brief period between sunrise and full d:’h’ﬂ‘c
iscalled dawnand that between sunset and COb pthe
darkness is termed twilight. This is caused »i);rghl'
fact that during the periods of dawn an;! ;::from
the earth receives diffused or refracted Iig




the sun whilst it is still below the horizon. Since the
sun rises and sets in u vertical path at the equator
the period during which refracted light is received
is short. But in temperate latitudes, the sun rises
and sets in an oblique path and the period of refracted
light is longer, It is much longer still at the poles,
so that the winter darkness is really only twilight
most of the time, (Fig. 9).
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Fig 9 Dawn and Twilight
(a) at the equator

{b) intemperate latitude

ry
At the equator the sun nses and sets almost vertically
s0 the time it takes to pass through the ‘twilight zone’
(A, B) will be shorter than for temperate {atitudes where
the sun nses and sets obliquely. Here the time taken
to pass through the twihight zone (C, D) is longer

Mathematical Location of Places

on the Globe .
The'earth’s surface is so vast that unless a mathe-
matical method can be used, it is impossible to
locate any place on it. For this reason, imaginary

lines have been drawn on the globe. Oneset r-

east and west, parallel to the equator, are called ** ..
of latitude. Thc other set runs north and .
passing through the poles and are called lines ot
longitude (Fig. 10). The intersection of latitude

114 ) NP ]

sP P
Fig 10 (a) Parallels of lantude
{b) Mendians of longrtude

and longitude pin-points any place on the earth’s
surface, (Fig. 1lc.). For example Delhi is 28°37°
N. and 77°10° E.; London is 51°30" N, and
0°5'W, and Sydney is 33°55S. and 151°12E. We
shall examine more closely how latitude and longitude
are determined and the role they play in mathematical
geography.

Latitude

Latitude is the angular distance of 2 point on the
earth's surface, measured in degrees from the centre
of the earth as shown in Fig. 10(a). It is parallel to a
line, the equator, which lies mdway between the
poles. These lines are therefore called paraliels of
latitude, and on a globe are actually circles, becoming
smaller polewards. The equator represents 0° and
the North and South Poles are 90°N. and 90°S.
Between these points lines of latitude are drawn at
intervals of 1° For precise location on a map,
each degree is sub-divided into 60 minutes and each
minute into 60 seconds. The most intportant lines
of latitude are the equator, the Tropic of Cancer
(234°N.), the Tropic of Capricorn (233°5.), the Arctic
Curcle (663°N.) and the Antarctic Circle (661°S.).
As the earth is slightly flattened at the poles, the
linear distance of a degree of latitude at the pole is
a little longer than that at the equator. For example
at the equator (0°) it is 68.704 miles, at 45° it is
69.054 miles and at the poles it is 69.407 miles.

The average is taken as 69 miles. This is a useful

figure and can be used for calculating distances to

any place. Bombay is 18-55° N; it is therefore 18:55x

69 or 1280 miles from the equator. With the aid of
your atlas find the approximate distance of the follow-

7



ing places from the equator: Singapore, Calcutta,
Paris, New York, Buenos Aires, and Auckland,

g
Fig. 11 (a) The lautude of 38°N. is the ongular
distance of a point on the earth’s surface north of the
centre of the earth -

3>
(b The longritude of 135'W. is the angular

distance west of the Prime Meridian
we

N
(L)

(c) The precise location of

place X is latitude 52'N

and longitude 27°W, where
> they intersect

Longtitude -

Longitude is an angular distance, measured in
degrees along the equator east or west of the Prime
€or First) Meridiar, a5 indicated in Fig. 11(b). On
the globe longitude is shown as a series of semi-circles
that run from pole to pole passing through the
equator. Such lines are also called meridians, Un-
like the equator which js centrally placed between

the pol  ny meridian could have been taken to
beggn bering of longitude, It was finally
d;ca 4, by international agreement, to
cho |

€10 meridian the one which passes

8

through the Royal Astronomical Observatory at
Greemwich, near London.  This is the Prime Meridian
(0°) from which all other meridians radiate eastwards
and westwards up 1o 180°,  Since the carthis spherical
and has a citeumference caleulated at 25,000 miles, in
linear distance each of the 360 degrees of longitude
is 25,000:360 or 69-1 miles. As the paraliels of
latitude become shorter polewards, so the meridians
of longitude, which converge at the poles, enclose 2
narrower space. The degree of longitude therefore
decreases in length. It is longest at the equator
where it measures 69.172 miles, At 25° it is 6273

miles, at 45° it is 49 miles, at 75° 18 miles and at

the poles 0 mile. There is so much dxffcmlct‘ in

the length of degrees of fongitude outside the tropics,

that they are not used for calculating distances as

in the case of latitude. But they have one very

important function, they determine local time in

relation to G.M.T. or Greenwich Mean Time, which

is sometimes referred to as World Time.

Longitude and Time

Local Time. Since the earth makes one complete
revolution of 360° in onc day or 24 hours, it passes
through 15° in onc hour or 1° in 4 minutes. The
earth rotates from west fo east, so every 157 we g0
eastwards, local time is advanced by | hour. E;:i
versely, if we po westiwards, local time is ret "
by I hour, We may thus conclude that places F‘e
of Greenwich sce the sun earher and gam !ll":er
whereas places west of Greenwich see the sut :Ca i
and lose time. If we know G.M.T,, to ﬁyd ‘ncc
time, we merely have to add or subtract the differe ;
in the number of hours from the given .longm:h{‘v
as illustrated below. A simple memory ::1d RZ, o
will be Easr-Gain-Add (E.G.A.) and He:l—h "
Subtract (W.L.8.). Youcould coinyour ownThyme

YA it i n, (0
for the abbreviations. Hence when it is no: for

. o { tim
London (Longitude 0°5W.), the local tes ahead
Madras (80°E.) will be 5 hours 20 m‘n;;cal time

ondon or 520 p.m. But the 3
?gr kew York (74°W.} will be 4 hours'5.6 mmtuh!::
behind London or 7.042.m. Wecan put \i:} an“s"wm
way, when Londoners are having lunch, Indial s
have dinner and New Yorkers will have bffs p
(Fig. 12). This is dfficult to believe, but it o
The rotation of the earth round the sun med rience
at any point in time different places will expe!
a different time of day. . -ude
There are many ways of determining the 1°:f’c": .
of a place. The simplest way is to comg i
tocal time with G.M.T. by listening to BB C.
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D'NNER Fig. 12 Longitude and time —

when it is noon tn London,
itis 5,20 p.m. in Madras

(80° E.) and 7.04 a,m, in New
York (74° W.).

For example: the captain of a ship i the midst of
the ocean wants to find out in which longitude his
ship lies. If G.M.T. is 8.00 a.m. and it is noon in
the local region, it means that he is four hours
ahead of Greenwich, and must be east of Greenwich.
His longitude is 4 x 15° or 60°E.

Standard Time and Time Zones
If each town Wwere to keep the time of its own meridian,
there would be much difference in local time between
one town and the other. 10 a.m. in Georgetown,
Penang would be 10.10in Kota Bharu (a difference of
24° in longitude). In larger countries such as Canad.,
U.S.A., China, India and U.S.S.R. the confusion
ansmg from the differences alone would drive the
people mad. Travellers going from one end of the
country to the other would have to keep changing
their watches if they wanted to keep their appoint-
ments  This is impracticable and very inconvenient.
To avoid all these difficulties, a system of standard
fime is observed by all countries. Most countries
adopt their standard time from the central meridian
of tgelr countries. The Indian Government has accep-
ted the meridian of 82:5° east for the standard time
whichisShrs.30mins.ahead of Greenwich Mean Time.
The whole world has i fact been divided into 24
Standard Time Zones, each of which differs from
the next by 15° in longitude or one hour in time.
Most countrits #idhere 6 (s division but due to
the pecuhar shapes and locations of some countries,
reasonable deviations from the Standard Time Zones
cannot be avoided (Fig. 13).

Larger countries fike U.S.A., "Canada and

U.S.S.R. which have a great east-west stretch have

-to adopt several time zones for practical purposes.
U.S S.R. the largest country, which extends throngh
almost 165° of longitude is divided into eleven time
zones. When it 15 10,00 pm. on 2 Monday night
in Leningrad, it will be almost 7 00 a.n. the following
Tuesday morning mn Vladwvostock. Travellers along
the Trans-Siberian Railway have to adjust their
watches almost a dozen times before they reach
their destination. Both Canada and U.S.A. have
five time zones—the Atlantic, Eastern, Central,
Mountain and Pacific Time Zones. The difference
between the local time of the Atlantic and Pacific
coasts is nearly five hours (Fig. 13).

Fig. 13 The five time zones of North America




The International Date Line

A traveller going eastwards gains time from Green-
wich until he reaches the meridian 180°E. when he
will be 12 hours ahead of G.M.T Similarly in
going westwards, he loses 12 hours when he reaches
180°W. There is thus a total difference of 24 hours
or a whole day between the two sides of the 180°
meridian. This is the International Date Line where
the date changes by exactly one day when it 1s crossed.
A traveller crossing the date line from east to west
loses a day (because of the loss in time he has made);
and while crossing the dateline from west o east he
gans a day (because of the gain in time he encoun-
tered), Thus when it 15 midnight, Friday on the
Asiatic side, by crossing the line eastwards, he gains
a day; it will be midnight Thursday on the American
side, i.e. he experiences the same calendar date twice!
When Magellan's ship eventually arrived home in
Spain in 1522 after circumnavigating the world
from the Atlantic Ocean to the Pacific Ocean and
westwards across the International Date Line, the
crew knew nothing about adding a day for the one

Fig. 14 The International Date L‘I:;

they had missed. They thought they had arrived
on the Sth of September. They were shocked to
be told that the date was 6th September. A modern
aircraft leaving Wellington at 5.00 p.m. on Friday
reaches Hawaii 4,100 miles away at 2.00 p m. the
same Friday, The same aircraft on its return jour-
ney from Hawaii leaves at 6.00 pm. on Friday but

artives at Wellington at 11,00
you - oreung a.m. on Sunday. Can
! . ‘onal Date Line in the mid-Pacific

cyl * hormal 180° meridian at the Bering

Strait, Fiji, Tonga and other islands to prevent
confusion of day and date in some of the island
groups that are cut through by the meridian. Some
of them keep Asiatic or New Zealand standard time,
others "follow the American date and time. The
International Date Line is shown in Fig. 14.

QUESTIONS AND EXERCISES

1. With the aid of annotated diagrams, at‘tcmp(
to prove that the earth is spherical. Give as
many reasons as you can.

2. Explain with the aid of fairly accurate d{a-
grams, how the tilt of the earth’s axis on its
orbital plane around the sun causes:
(a) the seasons .
(b) the variations in the length of day an
night
(c) thealtitude of the midday sun to change
at different times of the year.

3. Explain the differences between any three of
the following: 4 aobel
(a) perihelion and aphelion .
(b) parallels of fatitude and meridians of
longitude .
() the earth’s rotation and the earth’s 1€
volution .
(d) solstice and equinox .
(¢) Standard Time and Greenwi
Time

ch Mean

4. Explain any three of the following "“:‘:;
connected with the earth and its plane!
relations:
i. galaxy \
ii. Pime Meridia
jii. elliptical orbit i
iv. International Date Line

he
5. Enther: Guve an explanatory account of ¢
following. N
(a) Daylightincreasesas wego polewasdsi

summer in the northem h'misgft\:i\':- o
(b) The period of twilight in Bril
longer than in Malaysia.
i i Interna
(c) A ship crossing the
Line at midnight on th.dn
wards finds that it is midnight,

on the American side.

tional Date
esday €asts
Tuesdays






Chapter 2 The Earth’s Crust

The Structure of the Earth

In order to understand the geography of the external
landforms of the earth, it is essential that we have
some idea of what lies within the earth’s crust. It is
not possible to know exactly how the earth was
formed about 4,500 million years ago, but from the
evidence of volcanic eruptions, earthquake waves,
deep-mine operations and crustal borings the follow-
ing facts are quite clear,

—— atmosphere

earth’s crust
{lithosphere)

Fig 156 A section showing the structure and
composition of the earth

The earth is made up of several concentric layers
(Fig. 15). The outer layer is the earth's crust—the

lithosphere—which comprises two distinct parts.
The upper part consists of gramtic rocks and forms
the continents, Its main mineral constituents are
silica and #famina so it is collectively referred to as

the sial. It has an average density of 2.7. The lower
part is a continuous zone of denser basaltic rocks

forming the ocean floors, comprising mainly silica,
iron and magnesium. 1t 1s therefore called sima and
has an average density of 3.0. The sial and the sima
together form the earth’s crust which varies in
thickness from only 3—4 miles beneath the oceans to
as much as 30 miles under some parts of the con-
tinents, Since the sial is lighter than the sima, the

continents can be said to be ‘floating’ on a sea of

denser sima  This is illustrated in Fig 16.
Immediately beneath the crust or lithosphere is
the mantle (o mesosphere) about 1,800 miles thick,
€ompo  mainly of very dense rocks rich in olivine.
The layer is the core, (or barysphere) 2,160
me 5. 2nd is made up mainly of iron (Fe)
Rel and 5 called nife. The temperature

\
- oceans {hydrosphere)
-

Fig. 16 A section showing how the continent (SIAL)
floats on the denser SIMA

here is estimated to be as high as 3,500°F., and the
core is subject to extremely high pressure. quer
such conditions, the core could be expected to be lﬂk’
liquid state. But recent studies through e:mhﬂl““he
waves have suggested that the inncrgwst part of the
core is probably a crystalline or solid mass.

Parts of the earth’s crust are immersed by 0ceans
and seas. These form the hydrosphere._ Extcndmg
skywards for over fifteen miles, the earth is envel!o];:&
by a mass of gases which make up the atmosp

The Classification of Rocks "
The earth’s crust 1s made up of various types of l;t:f“ e:
differing from one another in texture, s:jr:egm
colour, permeability, mode of occurrence an by
of resistance to denudation, A knowledge ologis!!,
rocks is of paramount importance to geomryo
who study the composition and physical his e
the earth, but the geographer, too, needs : it
knowledge of the most common rocks afnm1 ke
relationship with landforms. Rocks also (:hctYP‘
basis for soil, and determine to some extent e
of natural vegetation and land use, soWe n‘lus

a fair acquaintance with the rocks around ‘;assiﬁ o

Generally speaking, all rocks may ‘be C' o

into three major groups—igneous, .rt’l.fll."”' lxzxd o
metamorphic, according to their origin &
pearance.

Igneous Rocks formed by the €60
1 us rocks are formed by
ﬁgc::?on of molten rock (magma) from bme]i?c in
earth’s crust. They are normally C"Ysm(“ym)
structure. They do not occur in 5'“’(; may
nor do they contain fossils. Igneous roc s ositie?
sub-divided on the basis of mmFrnl con'll[’a‘ ;
When they contain a high proportion of sili

ling and solﬂ:



are said to be actd. Acid igneous rocks, such as
granite, are Iess dense and are lighter in colour
than basicrocks.  These contain a greater proportion

Sedimentary rocks may be classificd under three
major categories in accordance with their origin and
composition,

of basic oxides, e.g. of iron, iumor

and are thus denser and darker in colour.

In terms of origin there are fwo main classes of
igneous rocks.

1. Plutonic rocks. These are igneous rocks, formed
a1 some depth in the carth’s crust. They have cooled
and solidified slowly so that far hrgcy_g_sxl“f“‘y-rcm ghized
cnystals_have been_able to-form. These intrusive
racks, such as granite, diorite and gabbro, are
exposed at the sufface by the processes of denudation
and erosion.

2. Voleanic rocks. These are molten rocks poured
ont of volcanoes as fias. They soﬁljy__rggidll' on
the eanth's surface and the.cry stals are small.

It is & common voleanic or extrusive rock
and forms lava flows, Tava sheeis and [ava plalcaux,
e.g. thos€'of Antrim in Northern Ireland, the Deccan
Plateau in India and the.Columbia-Snake Plateau in
US.A. Some kinds of basalt solidify in a very
peculiar manner to form long polyyonal columns.
A well-known example is the columnar basalt of the
Giant's Causeway in Antrim. Some of the molten
lava may push its way to the surface through clefts
and passages, solidifying as vertical dykes or hori-
zomal sills  Their origin and occurrence will be
discussed in greater detail in Chapter 3.

Most igneous rocks are extremely hard and
resistant, For this reason, they are quarried for
road-making and polished as and grave-
stones.

Sedimentary Rocks

Sedimentary rocks are formed from sediment_ac-
cumulated over long periods, usually under water.
They are distinguished from the other rock types
in their charactetistic layer formation and are
termed stratified rocks The strata may vary in
thickness frof @ few ifiches to many feet, The rocks
may be coarse or fine-grained, soft or hard, The
materials that form sedimentary rocks may be
brought by streams, glaciers, winds or even animals.

They are non-crystaliine and often contain fosstls
br animals, plants and other micro-organisms,—Sedi-

meéntaty-rocks—arc-thusthe most varied in their
formation of all rocks. Sedimentary rocks are
classified according to their ape and different kinds
of rocks formed during the same period are grouped
together. Itismoreuseful to know the charactertstics
of the various kinds of rocks.

1. Mechanically formed sed y rocks. These
rocks have been formed from the accumulation of
materials derived from other rocks which have
been cemented together. Sandstones are probably
the most familiar sedimefitary Tocks. They are
made from sand grains, often quartz fragments
derived from granites. Their texture, composition
and colour vary tremendously. Many types of
sandstones have been quarried for building purposes
or for making grindstoncs. A coarser type of sand-
stone is known as grit, When larger pebbles are
firmly cemented to form a rock it is called conglome-
rate when the pebbles are rounded, or breecia when
the fragments are angular. The finer scdimentary
materials form clay, widely used for brick-making,
shale or muadstone  Sand and gravel may occur in
uncemented form.

2. Orpanlcally formed sedi y rocks, These
rocks are formed from the remains of iving organisms
such as corals or shellfish, whose fleshy parts have

been decomposed, Jeaving behind the hard shells.

‘The most common rocks formed in this way are of

the calearcaus type, They include hmestones and

chalk,

*—The carbonaceous rocks are also organically

formed Hut from vegetative matter—swamps and

forests. The pressure of overlying sediments has

compressed the plant remains into compact masses

of carban which eventually become peat. igiite or

coal, all of which bear great economic value.

3. Chemically formed scdimentary rocks. Such
tocks are precipitated chemically from solutions of
one kind or another. Roch salts are derived from
strata which once formed the beds of seas or lakes.
Gypsum or calcium sulphate is obtained from the
c_\%x%&zlmu“lakes"’/, such as the Dead Sea,
which have a very high salinity. In similar ways,
potask and nitrates may be formed

Metamorphic Rocks
LAIL_rocks_ whether igneous or sedimentary may
become metamorphic or changed rocks under great
heat and pressure. Their ofiginal character and
appearance may be greatly altered by such forces,
particulacly during intense earth movements In this
manner, glay may be metamorphosed into_slate,
limestone into marble, sandstone into _gg:g;u_;
gra into gneiss,shale into schist and coal_into
Tgraphite T




this hill with the limestone feat
Jabatan Penerangan

ures shown in Chapter 7

The Influence of Rock Types

on Landscape

The appearance and characteristic features of land-
forms are greatly influenced by the underlying rock
type Softer rocks like clay and shale are worn down
much faster than harder rocks like granite.

Within West Malaysia the resistant granites form
the high ground of the Main Range and the Eastern
Range, where several peaks rise to over 2,000 feet.
The landscape is one of smooth slopes and rounded
hill-tops. The highest peak in West Malaysia,
Gunong Tahan (7.186 feet) is composed of even more
resistant quartzite. Shales, schists and sandstones,
being less resistant, form the much lower, rounded
hills. Recent river seduments form flat plains. The
i i of their permeabulity,

form prominent steep-sided hills such as those near
Ipoh and in Perlis.

Earth Movements

an o Landforms
Thc;‘ carth is constantly being reshaped
by } Sf denudation —rtunning water, rain,

frost, sun, wind, glaciers and waves, so that our
present landforms are very varied and diverse. But
these agents only modify the pattern of mountaios,
plateaux and plains which have been modelled by
movements of the earth’s crust.

Since the dawn of geological time, no less than
nine orogenic or mountain building movemcnts
have taken place, folding and fracturing the ean'hs
crust. Some of them occurred in_Pre-Cambrian
times between 600-~3,500 million years ago. Ihe
three_more recent orogenics arcedthg ga_lbcﬂ!;_lsﬁ:é
Hercynian and Alpine. The Caledonian about 32
million years ag6 raised the moufTains of Scandinavia
and Scotland, and is represented in North Americ2.
These ancient mountains have been worn down aod
no longer exhibit the striking forms that they must
once have had. In a later period, dufmg the EE"
cynian earth movements about 240 million years 280,
“were formed such ranges as the Ural M'ouflli";%
the Pennines and Welsh Highlands in Britain, the
Harz Mountains in Germany, the Appalz}chl?ns 13
America as well as the high plateaux of Slbmcae;f}
China, These mountains have z;lso been reduced It
size by the various sculpturing forces.

ch are now living in an era very close 1o thecaﬁt
of the major orogenic movements of the P
the Alpine, about 30 million years ago. YO““% o
mountain ranges were buckled up and ovcrlhr;lsmcd
gigantic scale. Being the most recently OAn e
these ranges, such as the Alps, Himalayas, 2
and Rockies (shown in Fig. 17) are the lafueimﬁ
the most imposing. Their peaks ate sor:l i
several miles high. But the time wx'll cnmse bt
these lofty ranges will be lowered like tho! b,
existed before them. From the crodc'd mal p
new rocks will be formed, later to be uplifted to
the next generation of mountains

Types of Mountains

Mountains make up a large prop
earth’s surface. Based on their mode of
four main types of mountams can be di o the
1. Fold mountains. These mountains are bY ant
most widespread and also the mols‘t[:;‘f;mm
They are caused by large-scale cart' " suck
when stresses are set up in the earth’s Cf“‘si'or e
stresses may be due to the increased lg: ot
overlying rocks, flow movements 10 lcxpansm"
magmatic intrusions into the crust, or the o et
or contraction of some part of the eart! pect o
such stresses are mutiated, the rocks are ns:ﬁ:ng o
to compressive forces that produce Wit

ortion of 1
t formatiof:
stinguish
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/ Young Alpine Folds
Hercynian Folds

Caldonisn Folds A Y

Pre-Cambrian Ancient Shields

Fig 17 Structural divisions of the earth

folding along the lines of weakness. As illustrated
in Fig, 18(2) and (b) folding effectively shortens the
earth’s crust, creating from the original level surface
a sertes of ‘waves’. The upfolded waves are called
anticlines and the troughs or downfolds are synclines,
The formation of up- and downfolds closely resembles
that of the wrinkles of a table-cloth when it is pushed
from either one or both sides of the table.

In the great fold mountains of the world such as

anvctine

Fig. 18 (a) The horizontal strata of the earth’s crust
before folding
{b) Compression shontens the crust forming
told mountains

the Himalayas, Rockies, Andes and Alps, due
to the complexity of the compressional forces, the
folds developed much more complicated {orms.
_When the crest of a fold is pushed too far, anoverfold

is formed (Fig. 19). I it 1s pushed still further, it
becomes a recumbent fold (Fig. 19). In extreme
cases, fractures may occur in the crust, so' that the
upper part of the recumbent fold shdes forward
over the lower part along a thrust plane, forming an
overthrust fold. The over-riding portion of the
thrust fold 1s termed a nappe (Fig. 19). Since the
rack strata have been elevated to great .heights.
sometimes measurable in miles, fold mountains may

recumbent fold
nappe

antcline
simple fold

synciine

asymmetnc fold

thrustplane aute hne)

Fig. 19 Types of folding

be called mountains of elevation. The fold moun-
tafns are also closely associated with volcan.xc activity.
They contain many active volcanoes, especially in the
Circum-Pacific fold mountain system. They also
contain rich mineral tesources such as tin. coppes,
oold and netrolenm
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Fig. 20 Normal, reverse and transcurrent faults

2. Block mountains. When the earth’s crust bends
folding occurs, but when it cracks, faulting takes
place (Fig 20). Faulting may be caused by tension
or compression, forces which lengthen or shorten
the earth’s crust, causing a section of it to subside
or to rise above the surrounding level. Fjgs. 21(a)
and (b) explain how faulting causes horsts or block
mountamns and their counterparts graben or rnift
valleys

2o
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M nlof in sedimentary rocks of the Kenny Hill
Ser 1 fautts have distorted the strata

G.

In Fig. 21(a) earth movements generate tensional
forces that tend to pull the crust apart, and faults are
developed. If the block enclosed by the faults
remains as it is or rises, and the land on either side
subsides, the upstanding block becomes the horst
or block mountain, The faulted edges are very
steep, with scarp slopes and the summit is almost
level, e.g. the Hunsruck Mountains, the Vosges and
Black Forest of the Rhineland. Tensif)n may also

1 g
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Fig 21 (a) Block mountain (horst) formed b
when faults develop
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(b) Rift valley formed by compression

faults develop
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(c) Later stage when overhanging sides

worn back




cause the central portion to be let down between
two adjacent fault blocks forming a graben or rilt
valley, which will have steep walls. The East
African Rift Valley system is 3,000 miles long,
stretching from East Africa through the Red Sea
to Syria.

Compressional forces ¢t up by earth movements
may produce 2 thrust or reserse Tault and shorten
the crust. A block may be raised or lowered in
relation to surrounding areas. Fig. 21(b) illustrates
a rift valley formed in this way. In general large-
scale block mountains and rift valleys are duc to
tension rather than compression. The faults may
occur in scries and be further compliched by tilting
and other irregularities. Denudation through the
ages modifies faulted landforms.

3. Volcanlemountains. Theseare, infact, volcanoes
which are built up from material ejected from
fissures in the earth’s crust. The materials include
molten lava, volcanic bombs, cinders, ashes, dust
and liquid mud. They fall around the vent in suc-
cessive layers, building up a characteristic voleanic
cone (Fig. 22). Volcanic mountains are often called
mountains of ion. They are ¢ in

the Circum-Pacific belt and include such voleanic
peaks as Mt. Fuji (Japan) Mt. Mayon (Philippines),
Mt. Merapi (Sumatra), Mt. Agung (Bali) and Mt.
Catopaxi (Ecuador). Further details are given in
Chapter 3.

Fig 22 A volcano or ‘mountain of accumulation’ with
successive layers of lava

4. Residual These are evolv-

onpurst gy
Vot plateou mafacy
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Fig 23 Residua! mountains or mountains of
denudation,

down-cutting streams have eroded the uplands into
mountains of denudation, are the Highlands of
Scotland, Scandinavia and the Deccan Plateau,

Types of Plateaux
Plateaux are elevated uplands with extensive level
surfaocs‘ and usually descend steeply to the surround-
ing lowland. They are sometimes referred to as
tablelinds. Likeail highlands, pi; are subj
to crosional processes. As a result, their original
characteristics may be greatly altered. According to
their mode of formation and their physical appear-
ance, plateaux may be grouped into the following
types
1. Tectonic plateaux. These are formed by earth
maovements which cause uplift, and are normally of
a considerable size, and fairly uniform altitude.
They include continental blocks like the Deccan
Plateau in India. Some of the tectonic plateaux may
be rilted like the Meseta of central Iberia, or faulted
like the Harz of Germany,

When pl are enclosed by fold
they are known as intermont platcaux. Examples
are the Tibetan Plateau between the Himalayas and
the Kunlun, and the Bolivian Plateau between two
ranges of the Andes. Intermont plateaux are some
of the highest and the most extensive plateaux in the
world,
2. Voleanic plateaux. Molten lava may issue from
the earth’s crust and spread over its surface to form
ive sheets of basaltic lava. These soldify to

ed by denudation. Where the general leve] of the

form a lava platear. Some of the better known

land has been lowered by the agents of denudation
some very resistant areas may remain and these
form residual c.g. Mt. Manodnock in
US.A. Residual mountains may also evolve from
plateaux which have been dissected by rivers into
hills and valleys like the ones illustrated 1n Fig. 23,
Here the ridges and peaks are all very similar in
height. Examples of dissected plateaux, where the

1 are the Antrim Plateau of Northern
Treland and the north-western part of the Deccan
Plateau. The most remarkable plateau built by Java
is the Columbia-Snake Plateau which covers an area
almost twice as big as Malaysia. Each layer of the
lava flow is over 100 feet thick and the entire depth
of successive lava layers is estimated to be almost
2 mile,

17



Chapter 3 Vulcanism and Earthquakes

Landforms Associated
with Vulcanic Activities
Vulcanic activities have a profound influence on the
earth’s landforms. Solid, liquid or gaseous materials
may find their way to the surface from some deep-
seated reservoir beneath. Molten magmais mobile
rock that forces its way into the planes of weakness
of the crust to escape quietly or explosively to the
surface. The resultant landforms depend on the
strength and fluidity of the magma, the types of cracks,
faults and joints that it penetrates, and the manner in
which it escapes to the surface. Magma while
thrusting its way up to the surface may cool and
solidify within the crust as plutonic rocks resulting
n intrustve landforms, Magmas that reach the sur-
face and solidify, form extrusive landforms. Rocks
formed by either plutonic or volcanic activity are
called igneous rocks

Landforms of Igneous Intrusions
Perhaps the commonest intrusive landforms are sills
and dykes. When an intrusion of molten magma is
made honizontally along the bedding planes of
d y rocks, the 1 intrusion is called a
sill. Denudation of the overlying sedimentary strata
will expose the intrusion which will resemble a lava
flow, or form a bold escarpment like the Great Whin
Sill of N.E. England. Similar intrusions when in-
jected vertically as narrow walls of igneous rocks
within the sedimentary layers are termed as dykes

silt forming a
bold escarpment  9vke mare resistant
than surrounding rocks

dyke less resistant.

paresitic _ 4
than surrounding S
cock

volcano

Because of their narrowness, dykes seldom dominate
the landscape. When exposed to denudation they
may appear as upstanding walls or shallow trcn'chcs,
depending on whether they are more or less resistant
than the rocks in which they are emplaced. Examples
of dykes are the Cleveland Dyke of Yorkshire,
England and hundreds of others in the Isles of Mull
and Arran in Scotland. A large, very resistant dyke
of quartzite forms a long ridge to the north of Kuala
Lumpur. .
Igneous intrusions on a larger scale are the'vanous
types of ‘-liths’: laccoliths, lopoliths, phacoliths aﬂf{
batholiths (Fig. 26). The names may soum:l dlfﬁ‘f“]tv
they are, in fact, all variations of igneous mlnf;l?ﬂs
placed differently in the earth’s crust, and soldifying
within the upper layers of the crust. A laccohthis :
large bhister or igneous mound with a dome:shﬂllflie
upper surface and a level base fed by a pipe-lt
conduit from below. It arches up the .oveﬂlymhg
strata of sedimentary rocks, e.g. the laccoliths of t
Henry Mountains, in Utah US.A. o
A lopolithis another variety of igneous intrtt
with a saucer shape. A shallow basin 1S fol'mld
in the midst of the country rocks. The Bushve
lopoliths of Transvaal, South Africa are £0
examples. - .
Apphacolnh is a lens-shaped mass of JZT;‘““:
rocks occupying the crest of an anticline ©
overlylng
rocks arched up
by laccolith

Iava platesu built up
by successive flows

0 26 | ive landf
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bottom of a syncline and being fed by a conduit from
beneath. An example of a phacolith is Corndon Hill
in Shropshire, England.

A batholith is a huge mass of igneous rocks,
usually granite, which after removal of the overlying
rocks forms a massive and resistant upland region
such as the Wicklow Mountains of Ireland, the
uplands of Britanny, France and the Main Rangeof
West Malaysia. Their precise mode of origin is
still a matter of controversy. It is generally belteved
that large masses of magma rising upwards mefamor-
phosed the country rocks with which they came into
contact. These metamorphosed rocks together with
the solidified magma give rise to extensive batholiths,
sometimes hundreds of miles in extent. They are
the most spectacular of the intrusive landforms.

The Origin of Volcanoes
The ancient Greeks believed that voleanic eruptions

occurred when Vulcan, the God of the Underworld,
stoked his subterranean furnace beneath Vulcano, a
small volcanic island off Sicily, from which the present
word volcano is derived. Of course, we no longer
believe this is true. Geologists and vulcanologists
have ascertained that volcanic activity is closely
connected with -crustal disturbances, particularly
where there are zones of weakness due to deep fault-
ing or mountain folding As temperature increases
with increasing depth below the earth’s crust, at an
average rate of about 1°F, for every 65 feet of descent,
the interior of the earth can be expected to be n a
semi-molten state, comprising solid, ligud and
gaseous materials, collectively termed magma.

The magma is heavily charged with gases such as

carbon dioxide, sulphurated hydrogen, and small
proportions of nitrogen, chlorine and other volatile
substances. The gases and vapour increase the
mobility and explosiveness of the /avas which are
emitted through the orifice or vent of a volcano
during a volcanic eruption. There are two main
types of /avas.
1. Basic lavas. These are the hottest lavas, abont
1,000°C. (1,830°F.) and are highly flud  They are
dark coloured like basalt, rich in iron and magnesium
but poor in silica. As they are poured out of the
volcano, they flow quietly and are not very explosive.
Due to their high fluidity, they flow readily with a
speed of 10 to 30 miles per hour. They affect extensive
areas, spreading out as thin sheets over great distances
before they solidify. The resultant volcano is gently
sloping with a wide diameter and forms a flattened
shield or dome (Fig. 27).

crater
extenswve lava sheets '

ighly flud lava

CH
Mt. Mayon, Philippines, in eruption

Fig. 27 Lava dome or shield volcano

crater

sticky viscous lava
which cannot
flow far

steeply sloping sides

Fig 28 Acid lava cone
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2. Acid lavas, These lavas are highly viscous with
a high melting point They are light-coloured, of
low density, and have a high percentage of silica.
They flow slowly and seldom travel far before
solidifying. The resultant cone is theefore steep-
sided. The rapid congealing of fava in the vent
obstructs the flow of the out-pouting lava, resulting
mn loud explosions, throwing out many oleanic
bombs or pyraclasts (Fig. 28)  Sometimes the lavas
are so viscous that they form a spinc or plug ay the
crater ke that of Mt. Pelee in Martinique (Fig. 29).
Some spines arc very resistant and while most of the
matenial of very old volcanoes is removed by crosion
the spine may remain, c.g. Puy de Dome, France.

Materlal temoved by troson

lml-mnoly-um-onu \

Fig 29 A volcanic plug or spine after protonged
exposure to erosion. The plug is more
resistant and remains after most of the
volcanic matenals have been worn away,

Types of Volcanoes

There are three types of volcanoes: active, dormant
and extinct. Volcanoes are said to be active when
they frequently erupt or at least when they have
erupted within recent time. Those that have been
known to erupt and show signs of possible eruption
m the future are described as dormant. Volcanoes
that have not erupted at all in historic times but retain
the features of volcanoes are termed extinct.  All
volcanoes pass through active, dormant and extinct
stages but we can never be thoroughly sure when they
are extinet, Mt. Vesuvius and Mt. Krakatau were

once thought by Ppeople to be extinct and yet both
erupted most violently,

Extrusive Landforms

Extmsu{? Orms are determined by the nature and
composi ¢ lava and other ejected materials
that r face of the carth. The flyid basic
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lava, flowing for long distances produces extensive
Tgva phiins and basalf platcans such as the great Iava
plIS8T the Snake Basin, USA. The basilt
platcaux are found in many continents, ¢ g. the north-
western part of the Decean Plateaw and in leeland.

Valeanic concs are most typical of the extrusive
features. The highly fluid lasas build up lava domss
or shicld volcanoss with gently riving slofes aad
broad, “flattened tops  The volcanoes of Hawaii
hase the best developed fava domes. The spectacufar
Mauna Loa and Kilauea are so accessible that they
have been closely studicd. Kilavea has a !tz
steepowalled caldera_jnto which the active vent pou
red ‘;m lmmmrf‘g the kna-pit of Halemaumay.
Thousands of lava fountains rise and fall in the
dazrzling pit. .

The less fluid lavas that explode more violently
form ashand eindee cones with large central craters
andsteepslapes.  They are typical of small v..'olmn;:d
occurring in groups and seldom exceeding 1 #
fect in height, such as Mt. Nuovo, near Naples an
Mt Paricutin in Mevico. The lava flows are 0
viscous that they solidify after a short dlml:t:;
When they are confined in valleys, they form
tongues and lasa-dammed lokes when they d:’_mb:
river valley. Othcr minor features that mi‘?d o
associated with lava obstructions include lava bridg
and lava tunncls. i .

A voleamic tegion may be strewn with :otlllg
materials that were hurled from the vent ‘;mnic
volcano. The very finc particles are the whnt i
dust which may be shot so high into the sky U i
teavels round the world several times b:ﬁ;:as
cventually comes to rest. The dust or ash fa e
*black snow® and can bury houses and I}COPI‘* I
coarser fragmental rocks are collectively ‘:’ig’
pyroclasts and include cinders or lapdli, St
pumice and volcanic bombs. pave

The highest and most common wolmnoesmm'
cqmposite cones  They are often called s i
vo ¢ cones are built up by several cfom
tions of lava, ashes and other volcanic materials :af
the main conduit which leads down a rcscfvi‘s o
magma. Each new eruption adds mew hyewhich
ashes or lava to the sides of the volcano, it
grows steadily in height. From the main m:‘acc "
subsidiary dykes or pipes may reach the S‘thmugh
fecders to parasitic cones. Lava escapes (; 4
them to the sides of the main cones (Fig. 3 )éoncs
Etna in Sicily has hundreds of such parasitic

i i . Strom-
Another interesting composite volcano is Mt iy
boli whose frequent erptions hal fake e
e e e
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Fig. 30 A composite cone

glow have eamed for it the name “Lighthouse of.the
Mediterranean’. Other well known composite vol-

canoes include Mt. Vesavius; MICFitji, Mt. Popacata-
petl and Mt, Chimborazn.—

During an eruption material from the top of the
cone is blown off or collapses into the vent widening
the orifice into a large crater. Some volcanoes may
have greatly enlarged depressions called calderas,
which may be several miles across. These are the
result of violent eruptions accompanied by the
subsidence of much of the volcano into the magma
beneath (Fig. 31). Water may collect in the crater
or the caldera forming crater or caldera lakes, e.g.
Lake Toba in Sumatra————

~

=

mf’,‘,',’,:ee,o ! original crater
volcano -~ Caldera
- /\

Fig 31 A caldera A violent eruption weakens the
structure of the volcano and after eruption
has ceased much of the valcano subsides mto
the magma reservoir beneath. The depression
may later be filled with water to form a fake,

Some Volcanic Eruptions

In the hustory of mankind perhaps the most disastrous
eruptions were those of Mt. Vesuvius, Mt. Krakatau
and Mt. Pelee.

Mt. Vesuvius

Mt. Vesuvius, standing 4,000 feet above the Bay of
Naples, erupted violently on 24 August ap. 79
taking the people who lived around it by complete
surprise. White-hot lava flowed from parasitic cones,
In the midst of a thundering explosion, the highly
gaseous magma escaped as gigantic lummous clouds
in caulifiower form and shot up to great heights
before it fell to earth as pyroclasts and ashes. The
city of Pompeii, located to the south-west, was
buried beneath twenty feet of volcanic ashes which
were later cemented by the torrential downpours of
heavy rain that accompanied the violent eruption.
In a similar way, the city of Herculaneum on the
west was completely overwhelmed by a mudfiow of
ashes and cinders almost 50 feet thick, washed down
by torrential ram from the slopes of Vesuvius.
Almost the entire population of the two cities was
buried alive.

After this, minor eruptions occurred from time to
time but the fertility of the sdlidified Volcanic ashes
tempted many farmers to begin anew on the slopes
of Vesuvius Then came the catastrophic eruption
of December 1631 when an avalanche comprising
red hot volcamic debris, pasty lava and highly
energized gases ruined fifteen towns and killed
4,000 inhabitants. The ashes that descended on
Naples were estimated to be a foot thick.

Mt. Krakatau

The greatest volcanic explosion known to men is
perhaps that of Mt. Krakatau in August 1883,
Krakatau is a smafll volcanic island in the Sunda
Straits, midway between Java and Sumatra. Dense
black clouds of ashes shot 20 to 50 miles high, and
were brought down as mud by the torrential rain
which fell over the adjacent islands. So much magma
was ejected from the underlying reservoir that two-
thirds of the island collapsed and disappeared forming
a huge submarine caldera. The explosion could be
heard in Australia, almost 3,000 miles away, The
fine dust that was thrown into the upper part of the
atmosphere travelled several times around the world,
causing bnlliant sunsets and glowing sky in many
parts of the globe. Though Krakatau jtself was not
inhabited and nobody was killed by the lava flows,
the vibration set up enormous waves over 100 feet
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high which drowned 36,000 people in the coastal
districts of Indonesia.

After remaining dormant for almost half a
century, an cruption tn 1927 pushed up a cinder
cone from the submarine floor, culminating in a
summit of 220 fect above sca level by 1952, This
new volcanic island was named Anak Krakatau,
meaning ‘the child of Mt. Krakatau".

Mt. Pelee

The eruption of Mt. Pelee of the West Indies in
May 1902 was thc most catastrophic of modern
times. The volcano erupted white-hot lava and
super-heated steam which swept down the slope
at an amazing speed as a nuee ardente (glowing
avalanche). St. Pierre, the capital of Martinique,
lying on the path of the lava, was completely destroyed
within minutes. Its entire population of 30,000,
except two of them, was killed almost instantly.
Even the sea was boiling and all the ships in the
harbour were wrecked.

The ejection of volcanic materials continued for
several months until a vertical spine rose from the
crater, almost a thousand feet high by the middle of
1903, The spine was formed by the pasty lava,
partially solidified in the neck of the volcano. Part
of the spine, however, crumbled under continual
weathering as well as internal forces.

The Distribution of Volcanoes
in the World
Volcanoes arc located in a fairly clearly-define
pattern around the world, closely related to region
that have been miensely folded or faulted. Ther
are well over 500 active volcanocs and thousands 0
dormant and extinct ones. They occur along coast:
mountain ranges, as off-shore islands and in th
midst of oceans, but there are fow in the interiors 0
continents. The greatest concentration is probabl;
that in the Circum-Puacific region, popularly termec
the ‘Pacific Ring of Fire’, which has been estimatec
to _incl two-thi ¢ world's volcanoe:
(Fig. 32). The chain of volcanoes extends for almos
2,000 miles from the Alcutian Islands into Kam
chatka, Japan, the Philippines, and Indonesia (Jav:
and Sumatra in particular), southwards into the
Pacific islands of Solomon, New Hebrides, Tong?
and North Island, New Zealand. On the othes side
of the Pacific, the chain continues from the Andes
to Central America (particularly Guatemala, Costa
Rica and Nicaragua), Mexico and right upto Alaska.
It is said that therc are almost 100 nc!jvc volcanOC;
in the Philippines, 40 in the Andes, 35 in Japan, an
more than 70 in Indonesia. el
In contrast, the Atlantic coasts have comparative )t’
few active volcanoes but many dormant of egnf
volcanoes, e.g. Madeira, Ascension, St. Helena, Cape

Mt. Mayon seen from the town of Legaspi, southern Luzon. Philippine Tourist and Travel Association
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Verde Islands and Canary Islands, but those of Iceland
and the Azores are active. Volcanoes of the Mediter-
ranean region are mainly associated with the Alpine
folds, e.g. Vesuvius, Etna, Stromboli, Vulcano and
those of the Aegean islands. A few continue into
Asia Minor (Mt. Ararat, Mt. Elbruz). The Hima-
layas have, surprisingly, no active volcano at all.
In Africa some volcanoes are found along the
East African Rift Valley, e.g. Mt. Kilimanjaro and
Mt. Kenya, both probably extinct, The only active
vo:irig_tl\v}’e_suk_ijca is Mt. Cameroon. There
are“Some volcamc cones Tn Madagascar, but active
eruption has not been known so far. The West
Indian islands have experienced some violent ex-
plosions in recent times, e.g. Mt. Pelee in Martinique,
and in St. Vincent further south. The Lesser Antilles
are made up mainly of volcanic islands and some of
them still bear signs of voleanic liveliness. Elsewhere
in the interiors of continents—Asia, North America,
Europe and Australia, active volcanoes are rare.

Geysers and Hot Springs

Geysers are {ountains of hot water and superheated

steam that may spout up to a height of 150 feet
+

the water below is being heated beyond boiling-point
(100°C. or 212°F.). The jet of water is usually
emitted with an explosion, and is often triggered off
by gases seeping out of the heated rocks- (Fig. 33).
Almost all the world’s geysers are confined to three
major areas: Iceland, the Rotorua district of North
Jsland, New Zealand and Yellowstone Park of

containing water
water heated at dept

cises gently to surface © with rocks at depth

from the earth beneath. The are asso-
ciated with a thermal or volcanic region in which

Fig. 33 Mot springs and geysers



US.A. The world’s best known geyser is perhaps
‘Old Faithful’ in Yellowstone National Park, Wyo-
ming which erupts at regular intervals—every 63
minutes on the average.

Hot springs or thermal springs are morc common,
and may be found in any part of the earth where
water sinks deep enough beneath the surface to be
heated by the interior forces. The water rises to
the surface without any explosion. Such springs
contain dissolved minerals which may be of some
medical value. Iceland has thousands of hot springs.
Some of them have been hamessed to heat houses,
swimming pools and for other domestic purposes.
Hot springs and geysers have become tourist
attractions e.g. in Japan and Hawaii.

Earthquakes

The earth is never free from earthquakes for long
and more than 50,000 of them are recorded annually,
Minor earth tremors caused by gentle waves of
vibration within the earth’s crust occur every few
minutes Major earthquakes, usually caused by
movement along faults, can be very disastrous
particularly in densely populated areas Earthquakes
themselves may cause only restricted damage in
the regions of occurrence, but their after-effects can
be very catastrophic. They produce gigantic tidal
waves, called tsunamis by the Japanese, which flood
towns and drown thousands of people. Fires break
out beyond control as gas mains are shattered and
buildings collapse. In severe earthquakes, fissures
gape open, and the ground writhes and undulates
in the passage of the ‘surface waves’. A wave height
of a quarter of an inch in the upheaval is sufficient to
bring down most ordinary buildings. Roads, rail-
ways and bridges are buckled and twisted; tele-
communications are cut when the cables are snapped.
Hills are so shaken that landslides are widespread.
As the vibration thins out at the edges, like the series
of waves set up by a stone thrown into the water,
damage is greatly reduced. Only the highly sensitive
seismograph can record the movements of earth-
quake waves,

Some Major Earthquakes

One of the greatest earthquakes ever known was the
Great Lisbon Earthquake on 1 November 1755. It
originated 1 an abrupt subsidence of the ocean floor
in the Atlantic west of Lisbon. Tidal waves as high

as 35 R Te set up which swept across the coastat
dls} bon, drowning thousands, Most of the
bu ipsed !

pletely and it was esti d

that 60,000 inhabitants dicd. The eflects of the
carthquake werc felt within a 400 miles radius of
Lisbon, in North Africa and Europe.

The earthquake on 1 September 1923 that shook
Tokyo and Yokohama was cqually shocking. A
fracturc that occurred in the earth's crust off the
coast of Japan caused the carthquake. The fragile
buildings of the densely populated twin cities were
mostly ruined; more than half a milh‘on' houses
collapsed. Widespread fires from factorics, gas
mains, oil installations and kitchens killcd_a.quarlcr
of a million people and many more were injured-

Other disastrous carthquakes include that of Son
Francisco in 1906 which ruined the greater p.:m of
the heart of San Francisco. In the locss region of
Kansu in China, the 1920 earthquake claimed
200,000 lives, and again in 1927 when 100,000 cave-
dwellers were buried alive. In 1960, the cmhqua.kc
at Agadir, Motocco sealed the fate of 10,000 in-
habitants, besides causing untold damage, and in
1968 there was a disastrous earthquake in casterm
Iran, with its epicentre at Kakh.

The Distribution of Earthquakes s
The world's distribution of carthquakes cgmcl <
very closely with that of volcanoes. chlou‘s”i o
greatest scismicity are Circum-Pacific arazs,em:cs
the gpicentres and the most frequent 0;;“3‘1“ "
along the “Pacific Ring of Fie". It is sat e
many as 70 _per cent of ea kes ccurr o
Circum-Pacific beit. An nt 0

quakes take-place in the I‘ledile.rrzmean-llm:i ):’s'
beli including Asia Minor, the Himalayas 2%

ST a7e, The earth’s C;'::‘
EteTatvely stabic and i Arthqua
iSTelatively stable and is less prone 10 mr:ht?) o lh'
though nowhere can be said to be immun
tremors.

QUESTIONS AND EXERCISES

B te
1. With the aid of annotated dmg‘raﬂ“,u‘]”t‘;‘g
a comparative account of ]ax.ldforms r?vi!ics-
from intrusive and extrusive igneous act!

2. Distinguish the difference in app.c-’mmc.‘{ :";‘:.
origin of any three of the ﬁ'al'lowmg pat
terms associated with vulcanicity.

(a) sills and dykes

(b) cinder cones and lava domes

(c) geysers and hot springs

(d) crater and caldera

(e) laccolith and lopolith
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3. Describe, with appropriate skeiches, the
major types of landforms originating from acid
and basic lavas.

4, On a map of the world, locate the chief
voleanic and earthquake areas. Write a des-
criptive account of any one major volcanic
eruption or earthquake that has occurred in
historical times. Youshould include the causes,

effects and consequences of such a named

occurrence.

5. The following tgrms are in one way or
another connected with volcanoes and earth-
quakes. Choose one term from each of the
sections A, B and C and write what you know
about them:

Section A

Section B Section C
magma basalt plateau Vulcano
lava lava plain Tsunami
pyroclasts parasitic cones “‘Old Faithful’
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Chapter 4 Weathering, Mass Movement
and Groundwater .

The earth’s erust is constantly undergoing geological  layers of exposed rocks. Such reactions may weaken
changes caused by internal forces, which create new o entirely dissolve certain constituents of the rock,
relief features. Orogenesis build new mountain thus loosening the other crystals and weakening the
ranges, uplift or depression of particular areas is  whole surface. For example, in Malaysia, the surface
caused by folding or faulting, and volcanic distur-  of granite which has been exposed to the weather is
bances also modify the landscape. Meanwhile exter-  found to be pitted and rough, This is because the gra-
nal forces are working vigorously to wear away the  nite is made of three main minerals: quartz, felspar
surface, and the interaction of these constructive and  and mica, The felspar is more quickly weathered than
destructive forces gives rise to the great diversity of  the quartz and thus the felspar crystals are wom
present-day landforms. The process of wearing away ~ away. The quartz crystals are eventually loosened in
the earth causes a general lowering and levelling out  this way and form a coarse sandy residue.
of the surface. It is known ag\nm%dz@g__@nd is car- When the surface of a rock is weathered somc.of
ried out in four phases, the material which is loosened is removed by erosive
i, Weathering. the gradual disintegration of  agents such as wind or running water thus exposing 2
rocks by atmospheric or weather forces; fresh surface to weathering, but much of the weath-
Erosion: the active wearing away of the earth’s  ered material or regolith (remains of t!le wck)‘ma}’
surface by moving agents like running water, stay in position forming the basis of soil. Regolith is
wind, ice and waves; simply the mineral remains of decomposed rocks, b";
Transportation: the removal of the eroded  soil contains organic materials, such as the roots o
debris to new positions; plants, fallen leaves, small animals such as worms.l,
iv. Deposition: the dumping of the debris in  bacteria and so on. It is the organic content of soi
certain parts of the earth, where it may whichmakesit fertile and allows crops to be grown ;
accumtlate to form new rocks. When a soil cover exists, chamical weathering ?t
All four phases of the denudation process are tak- | the underlying rocks dogs not cease;on,‘.*lﬁ%
ing place simultaneously in different parts of the | is usually enhanced This is because the soll 8 n‘:d
world at different rates, much depending on the § rain-water and keeps the underlying rocks in co o
nature of the relief, the structure of the rocks, the | with this moisture. The rain-water absotbs °"5n o
local climate and interference byman acids from the soil and thus becomes 2 s“obgre
‘This chapter describes the work of weathering and | weathering agent than pure rain-water acting 0%
the features it produces, while Chapters 5 to 10 deal | rock. < nroces-
with erosion, transportation and deposition by water, There are three major chemical weathefing P!
~

.

wind, ice and waves. ses. :
(a) Solution, Many minerals are dlsf"”‘:l'::a:z
Weathering water, especially when, as with rain-water, it c: ol
L. . enough carbon dioxide to make it a weak ack .[imes'
The work of weathering in breaking up the rocks is of tion is the most potent weathering proces;sxralnd ol
ttacl N

two kinds, namely chemical, and physical or mecha-  yope regions because the rain-water a s

nical chlh.enng. but the processes involved in each solves the calcium carbonate of which the \'0°mij

are closely interrelated. chiefly formed. The dissolved calcium Cﬂﬂl’("n;n the
carried away by the water, joints and mcs ;mm
rock are quickly widened and whole systems @ -

es-

1+ Chemical weathering and passages are worn out (sec Chapter Sk);oLs'l‘;‘;m

tone, however, is by no means th;‘on:y(;":oluu.on »

H PN . from solution. All rocks are subjec! or that

Chemical weathering is the basic process by which some extent, though the process is much slo::sf‘;s&
a

;I::;ud:;:’on proceeds. It is the extremely slow and with limestone. The rate at which solution 12! the
and composition of rocksdue toexposure 1o air i affected not only by the mineral composition socks
whi ,‘:}?nd water contain chemical elements,  rock but also by its structure, 5°d'm°,"m.z',,;‘n
r ¥ may be in small quantities, are suf- often have pore-spaces between the grains ! ¥

up chemical reactions in the surface air and water can lodge and thus attack the rock.
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Pns‘slble original
pattern of joints '
Fig, 4.1 Otferential weathenng in a rock such as geanite where
unevenly spaced joints may give nse to corestanes and certain
blocks remain unweathered. In jointed rocks, temperature
change cracks up relcungular blocks,

density of joints or cracks in the rock is also crucial to
the speed of weathering. This factor is very clearly
seen in Malaysia in the weathering of granite. In trop-
ical countries. whert the heavy rainfall and warm cli-
mate both promote rapid chemical reactions, weath-
ering often proceeds very rapidly. This produces the
very deep regoliths or soils overlying the solid rocks,
Often these regoliths contain core-stones. These are
pieces of solid rock which have resisted weathering
while all the surrounding rock has been weathered.
They are more resistant because they have fewer
joints or cracks to harbour moisture and are thus
more slowly weathered by solution processes (Fig.
4.1and Plate 4.A).

Roatac af wpanehasing cuy 1 o o0
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Ly climates, however, provide good conditions for
physical or mechanical weathering...
mﬁmﬁw reaction of oxygen
in air or water with minerals in the rock. For example,
most rocks contain a certain amount of iron, which
when it comes in contact with air is changed to jrop
oxide, familiar brownish crust or rust. Iron oxide
crumbles easily and is fat more easily eroded than the
originaliron, 1tis thus removed, loosening the overat)
structure of the rocks and weakening them.

4.A A solid corestone embedded 1 weathered material which
has been exposed n 4 road cutting near Tampin, Negr: Sembi.
lan G.C. Morgan

(c) Decomposition by organic acids. Within the soil
which covers most rocks are bacteria wheh thrive on
decaying plant or animal material. These bacteria
produce acidswhich, when dissolved in water, helpto
speed up the weathering of the underlying rocks. In
some cases micro-organisms and plants like mosses or
kichens can live on bare rock, so fong as the surface is
damp. These absorb chemical elements from the
rocks as food and also produce organic acids They
are thus agents of both chemical and mechanical
weathering,

2. Physicaf or Mechanical weathering

Mechanical weathering is the physical disimegrariqn
of a rock by the actual prising apart of separate parti-
cles. This can happen even with completely fresh rock
but the processes of physical weathering are able to
work much more easily when the surface of the rock
has already been weakened by the action ofchcmic.al
weathering Mechanwcal weathering takes place in
several ways.

(a} Repeated temperature changes. In desents,
rocks are expased to the blazing sun during the day
and are intensely heated. The outer layers expand
much faster than the cooler interior of the rocks and
tend to pull away from the rest. At nightfall the temp-
crature drops rapidly and the outer fayers contract
moare rapidly than the interior, setting up internal
stresses. Such stresses. repeated every day for months
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4.8 When corestones are exposed 1o .tropical weather condi-
tions they are subject to repeated wetting and drying which
cause the outer Iayers to peel off, This sandstone boulder shows
several layers have sphit off in some areas, G.C. Morgan

and years, cause the rocks to crack and split. Well-
bedded and jointed rocks tend to split along the joints
or cracks, breaking up into rectangular blocks. Shales
and states may split up into platy fragments because
of their platy structure. In crystalline rocks such as
granite the crystals of the various minerals (quartz,
mica, felspar) will expand and contract at different
rates, enhancing the and ing the dis-
integration of the rocks. Fragments broken from
large rock outcrops fall by gravity to the foot of the
slope. They may form screes or may form a litter of
angular chips and small boulders on the flatter
ground.

Stresses and pressures will naturally be greatest

Fig. 4.2 Frost action s an egent of mechanical weathering

Water collects in rock crevices

e et

near the surface and where there are sharp angles in
the rocks. Rectangular blocks are thus gradually
rounded by the splitting away of sharp corners. When
the surface layers of rounded boulders gradually split
off the process is called onion peeling, because the
various layers look like the layers of an onion, peeled
off one after another. The technical term for this pro-
cess is exfoliation (Plate 4.B).

(b) Repeated wetting and drying. Exfoliation isnot
confined to desert areas. Similar stresses may be set
up in rocks by repeated wetting and drying of.thesux-
face layers. This takes place especially in tropical reg-
ions, like Malaysia, where short dowupours'satumtc
the rocks and then the hot sun quickly dries them
again, Repeated wetting and drying also occursat the
coast, where rocks may be rapidly dried by sun and
wind between tides. When rocks are wcttefi the oute;
layers absorb a certain amount of moisture and
expand. When they dry this moisture evaP°"3t°::d‘}
they quickly shrink. When this happens repea scs
the outer layers split off. It should also be smrsts .
that the wetting and drying of the rocks in :cieesin
probably just as important as temperature cha gwy
mechanical weathering. The rocks dry very q“‘ms
indeed after being wetted by brief de§en ram-S“: . a

(¢) Frost action. In temperate Iatxt\{des ﬁiss .
potent rock breaker. All rocks contain Cﬂ:vcam po
joints, or pore spaces, and after a shower rature
snow collects in such places. When t.he tempﬁmes'
drops at night or during the winter, this Wa“; its vo©-
‘When water freezes it expands by one-tent 140k
ume and exerts a bursting pressure of almost ! o).

uare 1
per square cm (2,000 Ib. to the sq o widen
Repeated freezing of this kind will deepen : the Tock
the original cracks and crevices and brea tainpeals
into angular fragments (Fig. 4.2). On m:“:gula rout-
this process creates sharp pinnacles and @

shattered
lines. Such peaks are described as frost shat

Water freezes and
expands in volume
prising rocks spart




i
9
:

Bedding plane

Roots force their way into
joints and bedding planes

|

Roots penetrate joints and
force rocks apart

Fig, 43

peaks. Angular fragments of rock are prised from
mountain-sides or cliff faces and fall to the foot of the
slope where they accumulate to form screes

(d) Blotic Tactors. Small fragments of rock

loosened by either chemical or

1
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Animals burrow Into rock
breaking up the surface

Plant roots as agants of mechanicat weathering

1. Soil Creep

“This is a slow, gradual but more or fess continuous

ing lodge in cracks and crevices in the rock and plants
may sprout in such crevices. As they grow their roots
penetrate the rocks below, usually along joints and
other lines of weakness, prising them apart, You have
often conte across large trees growing near roads or
the courtyards of houses that finally prise open the
concreté or paving stones above their roots, The pro-
cess is just the same on a smaller scale i a natural set-
ting (Fig. 4.3).

Men, in the course of mining, road construction
and farming, also contribute to mechanical weather-
ing by excavating the rocks and rendering them more
vulnerable to the agents of denudation.,

Mass Movement

{ Mass movement is the movement of weathered mate-

rials down a slope due to gravitational forces. The
movement may be gradual or sudden, depending on
the gradient of the slope, the weight of the weathered
debris and whether there is any lubricating moisture
supplied by rain-water. Several kinds of mass move-
§ ment are distinguished.
i

of soil down hillslopes. The movement is
not very noticeable, especially when the sk_)pe is fairly
gentle or.when the soil is well-covered with grass or
other vegetation. Soil creep is most common in damp

Fig. A4 Evidences of soll creep

posts tilt
from vertical

soil accumulates
behind walls




4.C A landslide after flood has damaged the road Jabata:
Penerangan Malaysia

soils where the water acts as a lubricant so thatindi-
vidual soil particles move over each other and over
the underlying rock It 1s afso found where continuous
trampling by animals grazing on the slopes sets up
vibrations which loosen the soil and cause it to move.
Though the movement is slow and cannot readily be
seen in action, the. gradual movement tilts trees,
fences, posts and so on which are rooted in the soil.
The soulis also seen to accumulate at the foot of slope
or behind obstacles such as walls, which may eventu-
ally be burst by the weight of soil above (Fig. 4.4).

2. Soil Flow (Solifluction)

When the soil is completely saturated with water the
individual particles are almost suspended in the water
and move easily over one another and over the under-
lying rock. The soil acts hike aliquid and a soil-flow or

mud-flow occurs. In arid regions a mantle of weath
ered debris may become saturated with rain~wat;
after a storm and flow downslope as a semi-liqui
mass. In temperate and tundra regions soil flow
occur when the surface layers of frozen ground thav
in spring. Soil and rock debris, lubricated by the mc!t‘
water, flow easily over the underlying frozen subsoil
In areas of peat soils, the peat absorbs much mois
ture. However if saturation point is reached the peaty
soil may flow downslope. In Ireland such flows are
known as ‘bog-bursts’.

3. Landslides (Slumping or Sliding)

These are very rapid kinds of movement and IZCC:I"
when a large mass of soil or rock falls sudden_ly. ﬂn_
slides usually occur onsteep slopes such asin mouu
tainous areas, on cliffs or where man has qmﬁu'a i’
steepened slopes, for example, in road or rail cultllslgsa
(Plate 4.C). Landslides may be caused br:ca'hat 4
steep slope isundercut by a river or the sf:f: S::’ ances
falls by gravity. Earthquakes or volcan.|c distut e
may loosen rocks and start off a landslide. lv:a e
steepening both undercuts the slope and SeB S : l") hen
rations which may loosen rocks or soil. Bu i
landslides are caused by thelubricatingaction o Janes
water. Water may collect in joints or bedd;:l% Pespf
in rocks so that one layer slides over anot reﬁ;'ulaﬂy
cially in areas of tilted strata. Slumping s pa Y Tayers
common where permeable debris or :,3:15 sink-
overlie impermeable strata such as clay. tted by the
ing through the permeable material is hi} ery Fur
clay, The damp clay provides a smooth s ll;l:i - (Fig
face over which the upper layers easily sl
4.5). olith
\)?Vater may collect at the base of lhcd ":fl o
because it sinks readily into the weathere

Fig.4.5 Landslide




4D An effective way of preventing landslide by building # con-
crete wall-Taiwan Goh Cheng Leong

but more slowly into the solid rock beneath. The
water may allow the regolith to slide away from the
undeslying rock.
Man often enhances the possibility of landslides by
clearing natural vegetation for agriculture or housing. -~
mﬁ\immlows more water to
penctrate the soil and rocks. In areas such as the
Cameron Highlands, where steep slopes have been
cleared, there is much evidence of minor slumps and
slides, the old scars showing up clearly in the tea gar-,
dens, Extensive landslides, whether natural or man-
induced, can have disastrous consequences, burying
villages, railway lines or people. Spectacular land-
slides have taken place in many parts of the world,
including 'South Wales, British Columbia, Hong
Kong and the' Cameron Highlands where the village
of Ringlet was partially buried in 1961 and several
houses wefe ruined.

Groundyvater

The whole process of the circulation of water between
the land, sea and atmosphere is known as the hyd-

rological cycle. The movement of the water in the
atmosphere and its effect on climate are dealt with in
Chapters 13 and 14. The seas and oceans are discus-
sed in Chapter 12. The effect of water on the land as
an agent of weathering, erosion, transport and depos-
ition is dealt with in this and the followmng chapters,
especially Chapter 5. .
When rain falls on the earth it is distributed in vari-
ous ways. Some is immediately evaporated and thus
returns to the atmosphere as water vapour. Some is
absorbed by plants and only gradually returned to the
atmosphere by transpiration from the leaves of
plants. Much of it flows directly off slopes to join
streams and rivers, eventually reaching the seas and
occeans. This is known as run-off A considerable
proportion of the water received from rain or snow,
however, percolates downwards into the soil and
rocks, filling up joints and pore-spaces and forming
what is known as goundwater Groundwater plays an
important part in weathering and mass_movement

and is also important as ameans of natural water stor-
age. It re-enters the hydrological cycle by way of
springs.

The amount of water available to form groundwa-
ter depends to some extent on climate Indry climates
much precipitation may be quickly evaporated into
the dry atmosphere and little moisture may percolate
into the ground. In very humid conditions, where the
surface of the ground may already be moist, much
water may be moved as run-off. In moderately humid*
areas water both runs off and sinks into the ground.
The proportion of the rainfall absotbed as groundwa-
ter may depend on the season of the year.

More important, however, is the nature of the

4E A severe flood in Kuala Kangsar (Malaysia) in 1967~the
main street of the town was under 4§ m (15-20 feet} of water
Jabatan Penerangan Malaysia




Joints and faults

Rainwater

r PERAMEABLE OR
PERVIOUS ROCK
{e.q. granite)

Fig. 4.6 Poroslty and permeability of rocks

{e.g. fimestone)

rocks and how easily they absorb and retain water.
Various rocks and soils differ greatly in their porosity
and permeability; the amount of groundwater pre-
sent and the depth at which it lies are governed by
these characteristics. Porous rocks are those, like
sandstone, which have many pore-spaces between
the grains. Water is easily absorbed by such rocks and
may be stored in the pore-spaces. Permeable or pervi-
ous rocks are those which allow water to pass through
them easily (Fig. 4.6). Thus most porous racks are,

Homgee bt

el rerrenhle vpT enmea rpoke nea neeneey

.

e aheashe a
rock, which is thus impermeable. On the other hand,
grani ich i i d-consequently

r&gn‘-pwr‘\ﬁwr\vmjuf;lts individual crystals
absorb little or no water but the rock may have

Fig. 47
curvature of the land

table and its to the

numerous jdints or cracks through which the water
can pass, rendering it pervious or permeable. Some
granites are, however, far more pervious thanothers.

The Water-Table

Water which seeps through the ground moves down-
ward under the force of gravity until it reaches an
impermeable layer of rock through which it cannot
pass. If there isno ready outlet for the groundwaterin
the form of a spring, the water accumulates aboveiht
impermeable layer and saturates the rqck. The
permeable rock in which the wateris stored s knowg
as the aquifer (Fig. 4.7). The surface of the saturate
avea is called the water-table. The depth of the water-
table varies greatly according toreltef and to thetype
of rocks. The water-table is far below the surface of
hill-tops but is close to the surface in valicys and f:lm
low-lying arcas where it may causc wnlerlagg";g 3150
swampy conditions. The depth ofthe water-tal; e 'anis
varies greatly with the scasons. When pl‘?ntyo ralm.
available to augment ground supplies the wa i
table may rise, but in dry periods, no new supplies &
available, and the water-table is lowe'rcd as grle{,ﬂ)
wateris lost through seepages and springs (Fig. 4.1

Fig. 4.8(a) Sprifig seeps from edge of pervious rock fytng bave
an inclined Impervious strata R

Rainwater

Zone of saturation
{permeable rocks)
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Fig. 48{b) Spring emerges from rocks with Joints

Springs and Wells
1. Springs

The groundwater stored in the rock is released onto
the surface at points where the water-table reaches
the surface. A spring is simply an outlet for such
water. The water may seep gradually out of the rock
or may gush out as a fountain. Springs are of several
kinds due to the nature of the rocks and the position
of the water-table. The main types are described
below.

() In areas of silted strata, where permeable and
impermeable rocks alternate, water emerges at the
base of the permeable layers (Fig.4.8a).-

() In well-jointed rocks water may percolate
downwards until it reaches a joint which emerges at
the surface. The water may come to the surface

Fig. 4.8{c) A dykespring

impervious rock

Surface streal
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Fig, 4.8(e} Vauclusian $pring in karst regions

through the joint (Fig. 4.8b). .

(c) Where a dyke or sill of impermeable rock is
intruded through permeable rocks, it causes the
water-table to reach the surface and the water issues
as a spring (Fig. 4.8¢c).

(d) In limestone or chalk escarpments, where the
permeable rock lies between impermeable strata,
water issues at the foot of the scarp as 2 :cqrp-fno[
'spring, oy near the foot of the dip-slope asa dip-slope
spring, as illustrated in Fig. 4.8d. )

(e) T karst regions rivers often disappear under-
ground. They then flow through passag;: l:vl?l’:lel;: ;;1:
rock by solution, and may re-emerge when Iime
gives glace to sonie impcrm:able rock, This kind of

4

2
%
%

- spring is sometimes called a vauclusian spring but is

better referred to as a resurgence (Fig. 4.8¢; see also

Chapter 8). . i
Some other types of springs, ¢-g. hot springs, min-

eral springs and geysers are described in Chaprcr3.35
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Fig. 49 Depth of wells and water-table mark

2, Wells

Springs are the natural emergence points of ground
water, but Man can make use of stored water below
ground by sinking wells. A hole is bored through the
carth until the water-table is reached. The well must
be sunk to the depth of the permanent water-table
(Fig. 4.9) if a constant supply of water is to be
obtained. If the well is only sunk to the wet-season
depth of the water-table, water will be unobtainable
when the level drops in the dry season. When a wellis
bored, the water usually has to be raised by hand or
by mechanical pumping. Wells are particularly
important in arid areas where there is little surface

water but where the underlying rocks contain ground-
water.

A particularly important type of well is the artesian _

Fig. 4,11 The distribution of artesian besins in Australis

well, which owing to the nature of its formation lf
quite distinctive. Where rock layers have been dc':v:s
folded into a basin shape, permeable strata suc "
chalk or limestone may be sandwiched be!v;t;’ele
impermeable layers, such as clay. The pem;nhe
rocks may only come to the surface at the edgels o
basin, but water falling on them will .gnjadualh}’:the
downwards by the force of gravity until it reac ee ot
Jowest part of the basin (Fig. 4.10). The lml?em;own—
layer below prevents the water from passing vents
wards while the impermeable layer on top P’: .
any possibility of the water escaping up\;ﬂ;m~
aquifer is thus saturated to the brim of' the ader. et

The water is thus trapped in the aquifer un suE& .
pressure and when a well is bored, the pfesls e
water downwards from all around the basin t a1t
cient to force the water up the bora.-holc s(:' S ime
gushes onto the surface like a fountain. Aftel

ks (Aquifer)

Artesian wells

. JIperviaus Tockst
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i}:'a:’::xéll sjaks

. of rocks
Formation of an arteslan batin where & pervious lsyer [aquifer) is between two Impervious strats



the pressure decreases and it is necessary to pump up
the water. :

The depth of artesian wells varies from place to
place, from a few feet to thousands of feet. The water
may be used to supply the needs of an entire village as
in the Great Plains of U.S.A. or for sheep farming as
in Queensland and other parts of Australia. Fig. 4.11
shows the distribution of artesian wells in Australia.
But the water is sometimes unsuitable for agricultural
or irrigation purposes as it may be hot or contain an
excessive amount of mineral salts,

QUESTIONS AND EXERCISES

1. (a) What do youunderstand by the term ‘weather-
ing'?

{b) Name 4 natural forces that play a role in weath-
ering.

(c) Differentiate mechanical weathering from
chemical weathering and give examples of
each,

2. (a) Describe how gravitational forces and rain-
water assist in the mass movement of weathe-
red materials on hill slopes.

(b) Distinguish soil creep from landslides, and
locate places where such occurrences have
taken place.

3. (a) Whatismeant by the following:

i. hydrological cycle
il, water-table
iit. acquifer.
{b) For any two of the above, discuss their relation-
ship with groundwater.

4. ‘While the earth’s crust is undergoing constructive
changes to create new relief, external forces of
nature are working vigorously to level this down."
Discuss.

5. Elaborate onany three of the following:

(a) Exfoliation is the result of temperature changes
indeserts.

(b) Screes accumulate at the foot of steep moun~
tains intemperate lands.

(c) There are many ways int which springs can be
formed.

(d) Artesian wells have adistinct formation.

6. (a) In what ways are chemical weathering diffe-

‘Artesian wells are most valuable to Man when they
can be used in desert areas, e.g. in parts of the Sahara
and in Australia. The aquifers receive water in areas
of higher rainfall, but the water accumulates in basins
underlying arid regions.

All wells bored by Man tend todeplete groundwa-

ter resources because the water is extracted faster
than under natural conditions and also much faster
than it can be replenished by rainfall. In many areas
groundwater supplies have been greatly reduced or
even exhausted by Man as a result of carelessness and
overexploitation.

rent from mechanical weatheting?

(b) Describe any three major processes of chemical
weathering.

(c) Inwhat type of physical landform is chemical
weathering by solution most dominant?

(d) Name a few well-known physical features
caused by solution in chemical weathering.

. (a) Why is mechanical weathering also known as

physical weathering?

(b) State four ways by which mechanical weather-
ing takes place.

(c) In what climatic regions is mechancal weather-
ing by frost action most potent?

., With reference to examples, carefully distinguish

betweeen:
(a) ‘weather’ and ‘crosion’
(b) ‘porousrocks’and ‘pervious rocks’
(c) ‘aspring’and‘awell’
(d) “screes’ and ‘pebbles’,

. Describe and explain the manner in which a fand

surface may be changed by
i. rain;
ii. frost;
iii. wind
Hlustrate your answer with annotated diagrams
and specific examples.

. (a) Explain what happens to precipitation when

it falls on the land surface.

(b) What factors determine the amount of water
entering the ground in a particular place?

(c) Whyisthe ‘underground scenery” better devel-
openinkarst regions?
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Chapter 5 Landforms Made by Running Water

The Development of a River System

When rain falls, part of it sinks into the ground,
some is evaporated back into the atmosphere and
the rest runs off as rivulets, brooks, streams and
tributaries of rivers that flow down to the sea.
This running water forms a potent agent for denuding
the earth’s surface, Denudation isthegenerallowering
of the earth’s surface. This takes place because such
agents of erosion as rivers, ice, wind and waves wear
away the rocks and transport the eroded debris to
lower land or right down to the sea. But erosion
cannot take place unless the rocks are first weakened
or shattered by exposure to the clements. Rain,
frost and wind weather the rocks so that they can be
eroded more easily. Unlike glaciers and snow, which
are confined to the cold and temperate latitudes;
waves which act only on coastlines; winds, which are
only ‘efficient’ in deserts; the effect of running water
is felt all over the globe wherever water is present.
Running water is thus the most important single agent
of denudation.
The source of a river may be a spring, a lake or
a marsh, but it is generally in an upland region,
where precipitation is heaviest and where there is a
slope down which the run.off can flow. The up-
lands therefore form the catchment areas of rivers.
The crest of the mountains is the divide or watershed
from which streams flow down the slopes on both
sides to begin their journey to the oceans. The
initial stream that exists as a consequence of the
slope is called the consequent stream. As the con-
sequent stream wears down the surface by deepening
its channel downwards, it is joined\by several tri-
butaries cither obliguely or at right angles depending
on the alignment and the degree of resistance of the
tocks.
If the rocks are composed of homogeneous beds
9!’ uniform resistance to erosion, the tributaries will
join the main valley obliquely as insequent streams.
The drainage pattern so evolved will be tree-like in
appearance, and is therefore described as dendritic
dranape, after a Greek word dendron  meaning
‘trec’ (Fig. 34). On the other hand, if the rocks
are made up of alternate layers of hard and soft

tocks, 1 tributarics tend to follow the pattern of
the ture, If the outcrops of the rocks

) ng.h: to the main valley, the tributaries
wi

right angles as subsequent streams.

pattern

K

f
developed on homogeneous rock of beds o
equal resistance

Fig. 34 Dendritic or tree-l

patterd

dvauna;zao' rardet

Fig. 35 Trelised or rectangv..nlar
tavalaped O o

and softer rocks

far
i Lam
The drainage pattern so developed »}nll bc(’Feicg ‘ 3«9’5’)‘.
in shape and is called trellised draindge

The Mechanism of Humid Erosion
Humid erosion covers the entire scape of STC; Ll
effects of running water from the action 0f R aod
to that of the rivers. Mass movements ol o alley
weathered materials on hill-slopes down C fwater
are mainly due to the Iubricating acnm:’ o it
which allows a mass of materials !:er': e dlopes
gravity. Thisis particutarly acute W e s e
are steep. The slow movement of smm et
slope is call soil-creep A more s e sy €8 st
due to the lubricating effect of F2in-¥&
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widespread landshdes. In mountainous districts
where the roads and railway tracks are cut through
steep-sided valleys landslides may obstruct railway
lines, cut off road communications and even bury
villages and people.

The Processes of River Action

When a river flows it carries with it eroded materials.
These comprise the river’sload, and may be divided
into three distinct types.

1. Materials in solution. These are minerals which
are dissolved in the water.

2. Materials in suspension. Sand, silt and mud are
carried along suspended in the water as the stream
flows.

3. Thetractionload. Thisincludescoarser materials
such as pebbles, stones, rocks and boulders, which
are rolled along the river bed.

It has been estimated that for every square mile
of the earth’s surface, morg than 200 tons of solid
materials in suspensiont -and more than 50 tons of
materials insolution are being carried off by running
water every year. The Mississippi River which
drains an area almost half the size of the United States
itself, removes more than two million tons of eroded
material into the Gulf of Mexico daily. Consequent-
Iy the river basins are being lowered, and in the case
of swift-flowing rivers like the Irrawaddy, its drainage
basin is being lowered by about a foot in every 400
years! During floods the amount of rock debris
swept off by rivers is very much greater. We can
see this from the mud that colours the river-water

1. Upper course 2. Middle course
rge interlocking spurs
rapids and vaaterfalls meanders
river capture nver cliffs
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during a heavy rain. The ability of a river to move
the various grades of materials depends greatly
upon thevolume of the water, thevelocity of the flow
and lastly the size, shape and weight of the load

It is said that by doubling the velocity of a river, its
transporting power is increased by more than 10
times! It is therefore not surprising to find huge
boulders that are ‘stranded’ in normal times, but
may be moved during seasonal floods. The move-
-ment of rivers is thus intermittent, acting vigorously
in certain parts of the year and remaining less active
at other times.

River Erosion and Transportation
In rivers, erosion and transportation go on smmul-
taneously, comprising the following inter-acting
processes. X
1. Corrasion or abrasion. This is the mechanical
grinding of the river’s traction load against the
banks and bed of the river. The rock fragments are
hurled against the sides of the river and also roll
along the bottom of the river, Corrasion takes place,
in two distinct ways.

(a) Lateral corrasion. This is the sideways ergsion
which widens the V-shaped valley.

(b) Vertical corrasion. This is the downward
action which deepens the river channel.
2. Corrosion or solution, This is the chemical or
solvent action of water on soluble or partly-soluble
rocks with which the river comes into contact. For
example calcium carbonate in limestones is easily
dissolved and removed in solution.

3. Lower course

flood plains
ox bow lakes
deltes

oy e

alluvism  deposttion

DS

Fig.36 The graded long profile and typrcal cross section of a river from source to mouth
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ing and sweeping away of materials by the river water
itself. Some of the water splashes against the river
banks and surges into cracks and crevices. This
helps to disintegrate the rocks. The water also
undermunes the softer rocks with which it comes
mto contact, It picks up the loose fragments from
1ts banks and bed and transports them away.

4, Attrition. This is the wear and tear of the
transported materials themselves when they roll and
collide into one another. The coarser boulders are
broken down nto smaller stones; the angular edées
are smoothed and rounded to form pebbles. The
finer materials are carried further down-stream to
be deposited.

The Course of a River

The course of a tiver may be divided into three distinct
parts (Fig. 36). 1. The upper or mountain course
(in the stage of youth), 2. The middle or valley course
(in the stage of maturity), 3. The lower or plain course
(in the stage of old age).

1. The Upper or Mountain Course

This begins at the source of the river near the water-
shed, which is probably the crest of a mountain
range. The river is very swift as it descends the
steep slopes, and the predominant action of the river
is vertical corrasion The valley developed is thus
deep, narrow and distinctively V-shaped. Down-
cutting takes place so rapidly that lateral corrasion
cannot keep pace. In some cases where the rocks
are very resistant, the valley is so narrow and the
sides are so steep that gorges are formed e.g. the
Indus Gorge in Kashmir. In arid regions, where
there is little rainfall to widen the valley sides, and
the river cuts deep into the valley-floor, precipitous
valleys called canyons are formed, e.g. the Bryce
Canyon, Utah, US.A.

Some of the more outstanding features that are
otten best developed in the upper course of a river
include the following.

(a) River capture. This is also known as river
piracy or river beheading. Its development is depen-
dant on the different rate of back-cutting (headward
erosion) into a divide. For instance, if one side of
the divide is of greater gradient or receives more
V\'Fclp'llalion than the other, stream A in Fig. 37
will cut back more rapidly than stream B. Its
greater erosive power will succeed in enlarging its
basin at the expense of the weaker stream. Stream
A may 7 break through the divide and

captu stream B. The bend at which
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! Pop,
A deep gorge In the Cuzco Department of Peru Paul Pop,

the piracy occured is termed as the elbow qf&‘m“f‘e
The beheaded stream (Z) is called the mis o may
valley below the elbow is the wind gap, @ s of
be valuable as a road and rad routé: B?guwns
river capture abound. In Burma, the Ulztl\’umberlzn 5
has been captured by the Irrawaddy; in Nor e
England, the Blyth and the Waansheck are

by the North Tyne.
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A~ prrating stream
B —pirated stream
X—e¢lbow of capture,

Y —wind ﬂadﬂ

2 —beheade:
8 A sweam or mistt u”
(8

Fig. 37 River capture
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(b) Rapids, cataracts and waterfalls. These are
liable to occur at any part of the river course, but they
are most numerous in the mountain course where
changes of gradient are more abrupt and also more
frequent. Due to the unequal resistance of hard and
soft rocks traversed by a river, the outcrop of a band
of hard rock may cause a river to ‘jump’ or ‘[all’ down-
stream. Rapidsare formed (Fig. 38). Similar falls of

bands of hard rocks

Fig. 38 Rapids, cataracts

greater dimensions are also referred to as cataracts, of
which there are five along the Nile that interrupt
smooth navigation. When rivers plunge down in a
sudden fall of some height, they are called waterfalls
(Fig. 39). Their great force usually wears out a
plunge-pool beneath, Waterfalls are formed in
several ways.

plateau like the River Congo which leaps for 900
feet through a series of more than 30 rapids as
Livingstone Falls.

iv. Glaciation produces hanging valleys where
tributary streams reach the main U-shaped vailey
below as waterfalls, eg. the Yosemite Falls of
California with a total descent of 2,560 feet.

2. The Middle or Valley Course

In the middle course, lateral corrasion tends to
replace vertical corrasion. Active erosion of the
banks widens the V-shaped valley. The volume of
water increases with the confluenceof many tributaries

" plunge poal

Fig 39 A waterfall with plunge pool

i.  When a bar of resistant rock lies transversely
across a river valley, e.g. the Niagara Falls, US.A.,
which is 167 feet high and the Kaieteur Falls in
Guyana, 825 feet high.

“it.  'When a fault-line scarp caused by faulung
lies across river, e.g. Victoria Falls on the River Zam-
bezi, plunging 360 feet,

1ii. When water plunges down the edge of a

Fig. 40 Interlocki

spurs

and this increases the river’s load. The .work of
the river is predominantly transportation with some
deposition. Downstream, the interlocking spurs
(Fig. 40) that project from both sides of the valley
are cut back into a line of bluffs. Rain-wash, soil
creep, landslides and gullying gradually widen the
valley, cutting back the sides. The river’s }reble task
of valley-cutting, bed-smoothing and debn_s-removal
are being carried out in a more tranquil manner
than in the mountain course though the velocity
does not decrease. Some of the load is dropped or
deposited. Again this depends on t}}e !:o/ume.af
Sflow, for n the event of flood, the river’s erosive
power and its capability for [t?ad—carrymg is gr'eatli'
increased. The more features
with the valley course are these. .
(a) Meanders. As water flowing under gn:avny
seldom flows straight for any long distan.c?, a winding
course soon develops. The irregularities of the
ground force the river to swing in logps,. fom}mg
meanders, a term derived from the winding River
41




Meanderez in Asia Minor. The mechanism of  atS.where theslip-off slope is very gentle. The outer

meander formation is illustrated in Fig. 41. bank is therefore the bank of continuous erosion
(b) River cliffs and slip-off slopes. When the  and the inner bank is the bank of continua! deposition.
flow of water PQ (in Fig. 41) enters the bend of the (c) Tnterlocking spurs. As the stream flows on,

river, it dashes straight into Q, eroding the outer  the meanders migrate progressively outwards with
bank into a steep river-clifl at Q. The'water piles  the interlocking spurs alternating with the undercut
up on the outside of the bend because of the centri-  slopes as shown in Fig 40. It must be pointed out
fugal force. A bottom current RSisset upinacork-  at this stage that meanders in the middle course are
screw motion and is hurled back into mid-stream  only the beginning of the d swing, for
and the inner bank. Shingle is thus deposited here  bends are restricted by the interlocking spurs. In
the lower course, the loops are enlarged across the
_ Eosion level plain and ders are fully developed
-

(2) The development of meanders

o
o -
Ps

3. The Lower or Plain Course

The river moving downstream across a broad, fevel
plain is heavy with debris brought down from the
upper course. Vertical corrasion has almost ceast
though lateral corrasion still goes on 10 crodc. s
banks further. The work of the river is maidly

d . buildi i and forming extensive
eposition, building up its bed Fy swelled

/.
~. P
e o

PQ=flow of water ==
Fepoteom e == flood plains. The volume of water is grea )
by the additional tzibutaries that join the main streart
Coarse materials arc dropped and the finer silt is
carried down towards the mouth of the river. Large
sheets of materials are deposited on the lcvcl.plﬂm
and may split the river into several comPhC%‘ed
channels, so that it can be described as @ brai

re ,(\:;aa'?g:'sdwelcpmem of meanders stream. Some of the major plain course features 3%

{b) Cross-section of a meander the following.

{b) Cross-section of a meander

7, ~

The Sg. Muera in Negrl Semblie™
The river swings from side to
in tight meanders. Note th'eﬂ
deposited 0N the stip-off slop®
G.C. Morgan
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(a) Flood plain. Rivers in their lower course
carty large quantities of sediments. During annual
or sporadic floods, these materials are spread over
the low-lying adjacent areas. A layer of sediment
is thus deposited during each flood, gradually building
up a fertile flood plain (Fig. 42). When thé river
flows normally its bed is raised through the accumu-
lation of deposits and material is also dropped on
the sides forming raised banks called levees It will
not be long before the water level flows dangerously
close to the top of the levees. In an attempt to

Fig. 42 Section of 8 flood plain (with levee and
artificial embankment)
minimise the risk of floods, artificial embankments
are erected on the natural levees, but this allows the
river to rise further,. When they can no longer wich-
stand the pressure of the flood water, the banks
burst, damaging property and drowning thousands.
Disastrous floods of this nature frequently occur in
the Yang-tze Kiang, Mississippi, Po and Ganges
plains. But the best known river for floods is the
Hwang-Ho, ‘China’s Sorrow®, where millions have
perished. For example, in 1852 the Hwang-Ho
breached its bank, killing a million people and did
untold damage to farms and properties. The river’s
course was diverted over 300 miles away, draining
into the Gulf of Pohai instead of the Yellow Sea.
Nowadays, huge dredgers help to deepen the channels
to avoid excessive sedimentation.

(b) Ox-bow lakes. These are also known as
cut-offs or bayous in the Mississippi basin. In the
lower course of a river, 2 meander becomes very much
more pronounced. The outside bend or concave
bank is so rapidly eroded that the river becomes
almost a complete circle. There will come a time
when the river cuts through the narrow neck of the
loop, abandoning an ox-bow lake or ‘mortlake
(meaning dead lake). The river then flows straight.
The ox-bow lake will later degenerate into a swamp
through subsequent floods that may silt up the lake.
| It becomes marshy, and eventually dries up (Fig. 43).
(¢} Delta. When a river reaches the sea, the fine
materials it has not yet dropped are deposited at its
“. mouth, forming a fan-shaped alluvial area called a

:
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Fig. 43 The formation of an ox-bow lake

delta, a word which originated from the Greek letter

which closely resembled the triangular deita of the
Nile (Fig. 44). Thisalluvial tract is, in fact, a scaward
extension of the flood-plain. Due to the obstruction
caused by the deposited alluvium, the river may
discharge its water through several channels called
distnibutarics  Some deltas are extremely large. For
instance, the Ganges delta is almost as big as the whole
of West Malaysia. Deltas extend sideways and sea-
wards at amamazing rate. The River Po extends its
delta by over forty feet a year. The town of Adria,
located nearly fifieen miles miland was a seaport in
the time of Christ!

Deltas differ much in their size, shape, growth
and importance. A number of factors such as the
rate of sedimentation, the depth of the river and the
sea-bed, and the character of the tides, currents and
waves greatly influence the eventual formation of

Litver ewuchorcoust and 1 v o dolta takes

010 g

butars 1 dichargemone.
e down:

seamems

fan
sdeways and

Soawats.

Fig. 44 The.formaton of deltas
(a) Stages in the formation of & delta
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deltas For this reason, several types of delta are
recognisible. The Mississippi has a bird's-foot delta,
with several main branches like the foot of a bird
extending into the Guif of Mexico. The Nile, Ganges
and Mekong have the fan-shaped arcuate deltas
with numerous distributaries. Some other rivers
such as the Amazon, Ob and Vistula have their deltas
partly submerged tn coastal waters to form estuarine
deltas. A few rwers likz the Ebro of Spain have
tooth-ike projections at their mouths. These are
known as cuspate deltas

The following summarises the conditions favour-
able for the formation of deltas.

i, Active vertical and lateral erosion in the upper
course of the river to provide exiensive sediments to
be eventually deposited as deltas.

ii. The coast should be sheltered preferably
tideless.

fii. The sea adjoining the delta should be shallow
or else the load will disappear in the deep waters.

iv. There should be no large lakes in the river
course to ‘filter off” the sediments.

v. There should be no strong current running
at right angles to the river mouth, washing away the
sediments.

River Rejuvenation

The earth’s crust is far from stable and it is not
surprising that, in the course of a river’s development,
parts may be uplifted or depressed, giving rise to
certain characteristic features associated with re-
juvenation, i.e. being young again.

A negative movement occurs when there is an
uplift of land or a fall in sea level. This will steepen
the slope so that active down-cutting is renewed.
A fallin sea level leaves the flood-plain at an increased
altitude above the sea level. The river with its re-
newed vigour cuts into the former flood-plain, leaving
behind terraces on both sides of the river. There is
also a break in the graded profile of the river, often
marked by a series of rapids. This point where the
old and rejuvenated profile meet is called the kmick
point or rejuvenated head (Fig, 45).

If rejuvenation occurs in the upper-course, the
river valleys are deepened and steep-sided gorges
are formed. I the middle and lower course vertical
corrasion replaces lateral corrasion and the existing

meanders are vertically eroded by the rejuvenated
stream. A distinct new inner trench is cut in the
old valley, and the river develops a deep valley with
o  or incised meanders. The best developed
> are thase of the River Colorado,
the uplift of 7,000 feet in the Tertiary

sea Jeve]

kooint
former sea level knickpol.

new sea Jevel

old flood plain

knickpoint

o
l!edrock
due to

new flood ptain

Fig 45 River terraces. and knickpownt
rejuvenation .
]The tejuvenated river cuts down r:::;
previausly deposited sediments 10 1urm:‘ the
valley Ieaving terraces at either side o
head of rejuvenation the river falls to its
valley at a knickpoint

- ic depth
period rencwed down-cuiting 1o 8 f"‘m:l‘xsendepd‘ H

In some parts of the Grand Canyon,
almost a Ix’nile. It is 10 miles wide at the ;\‘7{1");:"‘
300 mileslong. Other examplesare the River
in Germany, the River Wear at Dl.lfham:
and the Wye Valley, Monmouthshire pere s 8
A positive movement occurs when t 1:_h 4 wl
depression of land or a rise in sea Iev'e!am““, e
submerge the lands along the coast, o e river
valleys and weaken the erosive power o - sedi ent
The flow is checked and large quantmcshg ver T
will be dropped. The lower course of i " hion at¢
be partly in the sea and features of depo



tifted upwards to the middle course. The upper
surse js little affected when there is a rise in sea level.
1 many areas where the sea has risen this was
robably caused by the release of water locked up
1 the jce masses during the Quaternary Ice Ages.

"he Human Aspects of Rivers *

@ many countries, rivers form the chief highway of
ommerce and transport. The Yang-tze Kiang is
ravigable up to a thousand miles from its mouth,
'he Amazon, the world’s greatest river is navigable
,300 miles up-stream to the foot of the Andes,
hough it is less extensively used. Even 'the Nile
vith its cataracts is navigable for its first 960 miles
ip to the First Cataract at Aswan. Other major
ivers such as the Mississippi, St. Lawrence, Rhine,
Danube, Congo, Murray, Darling, Mekong and Irra-
vaddy all serve as important waterways for their
espective countries. Some of them are useful for
ransporting logs to the saw mills, others are used to
sxport bulky goods and import foodstufis and raw
materials.

But all rivers undertake three closely interrelated
activities erosion, rransportation and deposition.  Their
work has therefore both advantages and disad
ages from a human point of view. Rapids and water-
falls, interrupt the navigability of a river. By deposit-
ing large quantities of sediments in the lower course,
the river silts up ports preventing large steamers
from anchoring close to the shores. Deltas are thus
less satisfactory sites than estuaries for the siting of
large ports. Though this can be overcome by the
construction of artificial harbours or by dredging
this is expensive and, in some instances, impracti-
cable. Some rivers change their courses from time
to time, others are made difficult for navigation by
their seasonal variations in the amount of water
discharged, and others may suffer from ill-drained
marshes and stagnant waters, leading to ill bealth

and water-borne disease. Many rivers flood, burstin 2
levees and causing untold damage to crops. The
floods may add a layer of fertile silt to the flood plain,
but excessive flooding as in the Orinoco may dis-
courage peaple from cultivating crops at all.
! On the qther hand, the advantages of rivers
iuﬂm outweigh the destruction that they cause.
 In the upper course, rivers with steep gorges and
{ waterfalls, provide natural sites for the generation
of hydro-electric power, Jeading to the establishment
dof Jlurgical industries, ing and alumi
Jsmelting, which can be profitably run on cheap,
fabundant power. Dams constructed across rivers
Jhold back floodwater which if allowed to flow

i

downstream  unchecked may cause widespread dis-
astrous floods in the lower course, e.g. in the
Indus and Ganges plaing. In regions of insufficient
rainfall such as Egypt and the Chao Phraya basin
in Thailand irrigation canalsfed by the main stream
enable many crops to be successfully cultivated.
The upper streams develop fiver captures and the
resultant wind gaps may facilitate construction of
upland roads and railways. The river valleys provide
a convenient means of land communication.

The flood plains of large rivers with their thick
mantles of fine silt are some of the richest agricultural
areas of the world. They may support very dense
populations and a chain of Jarge cities may be strung
along their banks. Many delias are equally fertile,
e.g the Ganges delta accounts for almost all the
jute grown for world consumption, the Nile deita
produces superior quality cotton and several crops
of rice a year. The productive hinterlands are able
to support ports such as New Orleans for the Missis-
sippi basin, Rotterdam for the Rhineland and
Calcutta for the Indo-Gangetic Plain,

Fresh-water fishingis important along many rivers
and lakes. The organic matter brought down by
the river waters provides valuable food for fish and
for spawning purposes. Rivers supply water for
domestic consumption, sewerage and other industrial
purposes, In Lancashire, the soft-water from the
Miflstone Grit is used for washing, dyeing and
bleaching textiles. Rivers form the political bhoun-
darues between many countries. The Mekong se-
parates Laos from Thailand; and the Yalu forms a
well defined border between North Korea and the
eastern U.S.S.R.

QUESTIONS AND EXERCISES

1. What are the characteristic features you
would expect to find in a river valley at the
stage of youth, maturity and old age? Iliustrate
some of the more outstanding features with
diagrams and examples.

2. By refc 1o spectfic ples, describe
the major constructive and destructive pro-
cesses at work along the course of a river from
its source to its mouth.

3, With the aid of annotated diagrams, explain
the constrasting features of any three of the .
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following pairs of features of a river:

4,

(a) dendritic and trellised drainage pattern
(b) rapids and waterfails

(c) estuary and delta

(d) tributaries and distributaries

(e) river capture and river cliff

Explaw any three of the following statements

briefly:

(@) Mass movement of earth is mainly due
to the lubricating action of rain-water
and gravitional forces.

(b) Vertical corrasion is dominant in the

upper course of a river.

(¢) The work of the river in the lower course
is mainly depositional.

(d) Ports are better sited on estuaries than
on deltas.

(¢) Incised meanders are features of river
rejuvenation, .

S. Either: Describe and explain with relevant

sketches the various types of river
deltas

Or: Explain the ways in which river erosion

occurs,



Chapter 6 Landforms of glaciation

The lce Age and Types of lce Masses

During the Pleistocene period or the Ice Ages, about
30,000 years ago, great continental ice sheets covered
much of the temperate Jdatitudes. It is estimated
that more than 12 million square miles of the northern
hemisphere were buried by ice, half of which was in
North America and the rest in Europe, Greenland
and the high mountains of Eurasia (Fig. 46). The
warmer climate that followed caused the ice sheets
to retreat. Today only two major ice caps are still
present, in Greenland and Antarctica, The former
covers an area of 720,000 square miles while the
latter is'more than 5 million square miles. They are
made up of compact sheets of ice, hardened and
crystallised to a depth of over a mile, In Marie Byrd
Land, Antarctica, the ice cap was measured and found
to be more than 14,000 feet thick! Under such a
collosal weight, the land sinks gradually.

From the central dome of the ice cap the ice creeps
out in all directions to escape as glaciers The peaks
of the loftier mountains project above the surface
as nunataks. When the ice sheets reach right down
to the sea they often extend outwards jnto the ‘polar
waters and float as ice shelves. They terminate in
precipitous cliffls. When they break into individual
blocks, these are called icebergs. While afloat in
the sea, icebergs assume a tabular or irregular shape
and only one-ninth of the mass is visible above the

surface. They diminish in size when approaching
warmer waters and are eventually melted, dropping
the rock debris that was frozen inside them on the
sea bed,

Apart from Greenland and Antarctica, glaciation
is still evident on the highlands of many parts of the
world, which lie above the snowline, Thisvaries from
sea level in the polar regions to 9,000 feet in the Alps
and 17,000 fect at the equator, as on Mt. Kilimanjaro.
Per t /fields are ined by heavy winter
snowfall and ineffective summer melting and evapora-
tion. Where the slopes are gentle and the hollows
are sheltered from both direct sunlight and strong
winds, any snow that Falls is rapidly accumulated.
Part of the surface snow may melt during the day, but
by nightfall it is refrozen. This process is repeated
until it forms a hard, granular substance known as
névé (in French) or fim (in German). Owing to
gravitational forces, the neve of the upland snowfield
is drawn towards the valley below. This is the be-
ginning of the flow of the glacier—'river of ice’,
1t normally assumes a tongue-shape, broadest at the
source but becoming narrower downhill. Though
the glacier is not a liquid, under the continual pressure
from the accumulated snow above, it moves. The
rate of movement is greatest in the middlewhere there
is little obstruction. The sides and the bottom are

Fig. 46 The extent of continental ice sheets in the lce Ages

Maximum extent of the Ice sheets
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Fig 47 The different rate of glacial movement. A
glacier moves taster in the centre than the
sides

held back by friction with the valley side spurs and
the valley floor. If a row of stakes is planted across
a glacier in a straight line, they will eventually take a
curved shape down the valley, showing that the glacier
moves faster at the centre than the sides
(Fig. 47). In the Alps the average rate of flow is
about three feet a day; in Greenland it may be more
than fifty feet, but in Antarctica, where there is little
heat to melt the ice, glaciers move only a few inches
aday! TheAletsch Glacier in the Bernese Oberland
of Switzerland is 10 miles long, affording some specta-
cular sights to Alpine tourists. Though it is the
longest glacier in Europe, it is short compared with
those of Alaska and the Himalayas which measure
more than five times that length!

At the foot of mountain ranges, several glaciers
may converge to form an extensive ice-mass called a
piedmont glacier  The best known piedmont glacier
is the Malaspina Glacier of Alaska which is 65 miles
long and 25 miles wide, covering an area of more than
1,600 square miles. Combined glaciers of such
dimensions are now rare and in most continents
only valley or Alpine glaciers are seen.

Landforms of Highland Glaciation
Glaciation generally gives rise to erosional fe

and scours the valley floor with the debris frozen
into it. These fragments are powerful ‘tools’ of
denudation. Large angular fragr cut deep into
the underlying rocks so all glaciated floors b‘ar
cvidence ofstriation orscratching. The finer materials
smooth and polish the rock surfaces and pr.odur:c
finely ground rock flour, The rate of erosion is
determined by several factors such as the velocity of
flow, gradient of the slope, the weight of the glacicr,
the temperature of the ice and the geological structure
of the valley.

The characteristic features of a glaciated highland

are as follows. R Thed N—
. Corrie,cirque or cwm. e downslo]

lof a glar:i.:r fi r;qm its snow-covered valley-head, andthe
intensive shattering of the upland slopes, tend f‘?
produce a depression where the fim or névé accum
lates. The process of plucking operates on o
back-wall,steepening it and the movement of t.hcl :
abrades the floor, decpening the depression l_ﬂw'e
a steep, horse-shoe-shaped basin cal.lon.i a c’tr!‘i;
(in French), Itis also known as a corric I Seo .
and acwm in Wales (Fig. 48). Thereis a rocky i ﬁ;
at the exit of the corric and, when the ice eventia ,
melts, water collects behind this barrier, to form
corric lake or tarn

rugged mountain wall

bergschrund

+ in the highlands and depositional features on the
lowlands, though these Processes are not mutually
exclusive because a glacier plays a combined role of
erosion, transportation and deposition throughout its
course. A glacier erodes its valley by two processes

. fluc!cmg' and abrasion. By pluckimg the glacier
0 Jjoints and beds of the underlying rocks,
tea idual blocks and drags them away.

BI the glacier scratches, scrapes, polishes

F|g-. 48 Development of a corrie

. corries
2. Arétes and pyramidal peaks. th’: 1‘(‘;“’:’( o eded
cut back on opposite sides of a mountat T ord)
ridges are formed called arctes (2 l‘g’ﬂf e Surids
well known British example of an arete 1
Edge on Helvellyn in Westmorland. o ultimst
more cirques cut back together,

; or pyfd!
recession will form an angular horn O F.
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peak. The Matterhorn of Switzerland is a classic
example (Fig. 49).

3. Bergschrund. At the head of a glacier, where it
begins to leave the snowfield of a corrie, a deep vertical
.crack opens up called a bergschrund(in German) or
rimaye (in French). This happens in summer when,
although the ice continues to move out of the corrie,
there is no new snow to replace it.  In some cases not
one but several such cracks occur. The bergschrund
presents a major obstacle to climbers. Further down
where the glacier negotiates a bend or a precipitous
slope, mare crevassesor cracks are formed (Fig. 48).

Fig 49 Cuque, aréte and pyramidal peak



4. U-shaped glacial trough. The glacier on 1ts
downward journey, fed by ice from several corries
like tributaries that join a river, begins to wear
away the sides and floor of the valley down which
it moves. Tt scratches and grinds the bedrock,
remaoving any rock debnis and surface soil. It tends
to straighten any protruding spurs on 1its course.
The interlocking spurs are thus blunted to form
truncated spurs and the floor of the valley is deepened
(Fig. 50). A valley which has been glaciated takes
8 v v ewisic Usshape, with a wide, flat floor
. c-’ _vsides. After the disappearance of the
X .+ Sections of these long, narrow
=hs may be filled with water forming
s« such as Loch Ness and Lake Ullswater

A U-shaped va'lley in Switzerlamnt:
The valley sides are steep bu’: e
floor is flat, There is @ ribbol

in the valley bottom_ §
Swiss National Tourfst office

' . to &
i Britam. They are sometimes referred
trough lakes or finger lakes. "
. : -
5. Hanging valleys. The main valley is crtirtd:gnwim
more rapidly than the tnbutary vall.eys le:ss oed
a much larger glacier. After the‘ 10; : o ms?
tributary valley therefore ‘hamgs’ 2 OaVs .
valley so that its stream plunges down ot
(Fig 50) Such tributary valleys are ¢ o
valleys and may form 2 natural hea
generating hydro-electric power. it B:fd
e

6. Rock basins and rock steps- A.Ek‘c’ s
excavates the bed rock n an 'mctg: any sock
The unequal excavation gives nls: altey trovg
basins later filled by lakes In the

d of watef

waterfal .

!



Fig. 50 A glaciated upland

‘Where a tributary valiey joins a2 main valley, the
additional weight of ice in the main valley cuts deeper
into the valley floor at the point of convergence
forming a rock step. A series of such rock steps may
also be formed due to different degrees of resistance to
glacial erosion of the bedrocks.

7. _Monines, Moraines are made up of the pieces
T the PR

as ground moraine. The glacier eventually melts on
reaching the foot of the valley, and the pile of trans-
ported materials left behind at the snout is the
terminal moraine or end moraine (Fig. 51). The
deposition of the end moraines may be in several
succeeding waves, as the ice may melt back by stages
so that a series of recessional moraines are formed.

I the glacier flows right down to the sea it drops
its load of moraine in the sea. If sections break off
as icebergs, morainic material will only be dropped
when they melt (Fig. 52). Where the lower end of the
trough is drowned by the sea it forms a deep, steep-
sided inlet called a fiord, typical of the Norwegian
and south Chilean coasts.

i :imny that mes oL Thedded-
tdnt, - THose
. the . . . 7 screes,

. form lateral moraines. When two glaciers converge,

their inside fateral morames unite to formmedtat
. Tordifie, The fock Tragments Which are dragged
. along beneath the frozen ice are dropped when the
b glacier melts and spread across the floor of the valley

snout_ melts
#1 valley foqt

ermminat moraine

” Fig. 51 The glacial moraines
]

Fig. 52 A glacier ending at the sea

Landforms of Glaciated Lowlands
Landforms of glaciated lowlands are mainly
depositional in nature, brought about by both ralley
glaciers and continental ice sheets. The former leaves
behind the eroded materials in only restricted areas.
The imprint of ice sheets on the landscape is far more
widespread because they advanced throvgh la_rge
areas during the Ice Ages, scouring and removing
any surface soil and rock debris on their way. Asa
result, it has been estimated that almost a third‘ of
the total Iand surface of Europe and North Ametica
is littered with glacial and fluvio-glacial materials
of all descriptions—moraines, boulder clay, tills,
drifts, rock-flour, gravels and sands. Many of them
are being re-eroded, resorted and redeposited else-
where by present-day rivers. .
Most of the glaciated Jowlands have depositional
features, but where rock masses project above ‘the
fevel surface, they result in striking features of erosion,
such as the roche moutonnes and crag and tal!i
1. Roche M This is 2 u
rock hummock. The surface is striated by ice
. Its side is thed by abrasion
side is roughened by plucking,

P

and its d
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Fig. 53 Roche moutonnee

and is much steeper. The term roche moutonnce
is used to describe such a feature because it resembles
a sheepskin-wig once wom in France (Fig. 53).
Roches moutonnees are found in both hightand and
lowland glaciated regions,
2, Cragand Tail. The cragis a mass of hard rock
with a preciptous slope on the upstream  side,
which protects the softer leeward slope from being
completely wom down by the on-coming ice. It
therefore has a gentle tail, strewn with the eroded
rock debris. The classic example is the Castle Rock
of Edinburgh, Scotland. Edinburgh Castle is located
on the crag and the High Street on the tail, (Fig. 54).
The remaining glaciated lowland features are of
a depositional nature (Fig. 55). The following are
the typical ones.
3. Boulder clay or glacial till. This is an unsorted
glacial deposit comprising a range of eroded materials
—boulders, angutar stones, sticky clay and fine rock
flour. It is spread out in sheets, not mounds, and
forms gently undulating till or drift plains. The
landform is rather monotonous and featureless. The
degree of fertility of such glacial plains depends very
much on the composition of the depositional ma-
terials. Some of the boulder clay plains such as
East Anglia and the northern Mid-West of U.S.A.
form rich arable lands.
4. Erratics. These are boulders of varying sizes that
were transported by ice. They came with the
advancing glaciers or ice sheets but when the ice
melted, they were left ‘stranded’ in the regions of
deposition. They are called erratics because they are

composed of materials e; tirely different from those of
the tecinn in whiak ¢l o o PRl " R

g s
tound perched in precarious positions just as the
ice dropped them ang they are then termed perched
blocks, Examples of such blocks are commonly
encountered if’l both lowland and highland areas in
o Sllurl:an grits are found perched on the

» Limestone of the Pennines. Their
P)j ~ nhumbers is a hindrance to farming,

Fig. 54 Crag and tail

5. Drumlins. These are swarms of oval, elongat
‘whalc-back” hummocks composed wholly of bould
clay, with their clongation in the direction of 8
jce flow, that is on the downstream side. They ﬂi’
low hills varying from a few yards to 400 feet
height and may be a mile or two long. They ﬂpgﬁ:
a little steeper at the onset side and taper o Mt
the leeward end. They are arrangcd_ dl-’ig"“’k b
and so are commonly described as having a bma;
of eggs’ topography. Large numbers of lhtmd b
found in County Down in Northern Ircland an;( o
glaciated plain around the Great Lakes in
America, I
6, Eskers. Thesc are long, narrow, sinl
composed of sand and grave] which mark the fovn:;T
sites of sub-glacial melt-water streams. Thfyv_mI
froma few fect to 200 feet in height and may be Xﬂ e
miles long. In some parts of Maine, U.Sd.yc ;
outstanding eskers form a continuous nd%xaviﬂ
100 miles! They are very numerous in Scan lcskm
e.g. the Punkahatju Esker of Finland. és! e
are made up of highly porous san'd and Em;;é .
is rapidly drained off from their crests T
may not support many trees, though in o
they often form tree-covered ridges betweel

7. Terminal moraines. These are made Up

h
A drumlin field in northern England J.K. St. José?!
PRtk i R




coarse debric depotited at the aldee of the wesheat,
to form hummocky and hilly country such as the
Baltic Herghis of the North Evropean Plain (Fig, $5).
£ Outwady plalne. These are made vp of fwvio.
glacial depouts washed out from the termipal
moraines by the streams and channels of the stapnant
ice mass, The melt-waters sort and redepeat the
material in a variety of forms from the Jow hilly
heathlands, such as the Luneburg Heath of the North
European Flain, to undulatinp pliins, where terraces,
alluvial fans and deltaie deposits of the meli-water
streams make up the bindwape. Kamss, small
rounded hillocks of sand 2nd gravel may cover partof
the plain, Where the deposition takes the form of
alternating ridpes and depressions, the Latter may
contain beule ey and give rise to chamcteristic
Arodandkettle topography,

The Human Aspects of Glaciated Landforms
Though the fee Apes were at their height over
10,000 years ago, the effects of glaciation on both
andfonms and human activities have profound
nfluence in many parts of the world 1oday. Their
most striking impact is felt in the temperale regions
af Europe and North America which were once under
rontinental ice sheets. Further south and on the
high mountains all over the world, slow-moving
placiers are still shaping the landwape in the Alps.
Andes, Rockics and Himalayas. Glacial influences
on Man's economic activities are both favourable
und unfavourable, depending on the intensity of
glaciation, the relief of the region and whether the
effects are of an crosional or depositional natuce.

In hilly regions such as the mountain slopes of
Scandinavia, ice sheets and glaciers have removed
most of the top soil, leaving them quite bare of
vegetation, Soils thatdo existare so thin that they are
incapable of supporting effective agriculture.  Glacial
drifts in the valleys and benches or alps which were
not affected by glaciers have good pastures during
summer. Cattle are driven up to graze on the grass
and return to the vatley bottom in winter.  This form
of animal-migration type of farming is called
transhumance  Extensive boulder clay plains such as
those of East Anglia and the Mid-West of U.S.A.
are some of the most fentile agricultural plains known,
The locssplains of Europe and central U.S.A., with a
high proportion of humus are good farming land too.
On the other hand, the sandy or gravelly outwash
plamns e.g. the heath-covered geest of northern Ger-
many, the marshy boulder clay deposits of central
Ireland, the barren icc-scoured surfaces of the
Canadian and Baltic Shields are infertile. The
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Frg 65 Glacial depositrional features in the outwash
plain

presence of numerons erratics and perched blocks in
parts of Britain and in Alberta, Canada, many of
them of gigantic size obstruct farming and the use of
machines. Morsinic deposits may dam, or glaciers
may hollow out, kes which preatly inconvenience
large scale farming or land development.  But when
the lakes are eliminated, the old glacial fake beds
with their rich alluvium support heavy cropping.

Large lakes formed by former glaciation, e.g. the
Great Lakes of North Amenca. make cxcellent
waterways, They may also cut deep overflow chan-
nels while draining off, making natural routeways
actoss a mountainous terrain ¢.g. the Hudson-
Mohawk Gap that inks the interior with the Atlantic
seaboard of U.S,A. On the other hand in regions
where drumlins are dominant, the drainage is cither
poor or much confused.

Terminal and recesstonal moraines compn'fc
coarse materials of little use to man but ﬂu\'i?-glacxal
depasits are not without their economic significance.
fn the outwash plains, cskers and kames have been
excavated 18 provide sands and gravels for Aighway
and building construction. The purest sands are
extracted to make moulds for metal cas.tings. The
lake basins of glaciated mountains provide nn}urnl
rescrvoiss. In countrics like Scandinavia, Switzer:
Jand and Canada where there is ittle available ccfal,
streams and waterfalls that plunge down from hanging
valleys or other glaciated uplandsare being harnessed
to provide hydro-electric power. This has helped to
develop many of the chemical and metallurgical
industrics, With the magnificent scenery provided
by the glaciated mountains ¢.g. lhc.Frcnch, Italian
and Swiss Alps, largenumbers oftoul:nsts are a‘llractcd
to them annually. Skiing, mountain chmbxr}g and
sight-secing are all popular with Alpine tourists.
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QUESTIONS AND EXERCISES

1. Choose any three of the following glacial
features: corrie, atete, erratic, hanging valley,
kettle lake, nunatak. For each of them:

(a) Describe its physical appearance.

(b) Account for its mode of formation.

(c) Locate and name an area where an
example could be seen.

2. (a) Distinguish between valley glaciers and
continental ice sheets.

4. Briefiy explain any three of the following
(2) Glaciated valley sassumea characteristic
U-shaped. .
(b) The middie of a glacier moves faster
than the sides.
(¢) Inglaciated lowlands, eskers, kames gnd
other morainic deposits are extensively quarried.
(d) Glacialsoilsvary greatly in their fertility.
() Etratics and perched blocks are the best
indicators of the source and direction of Ic¢

(b} Explain why glaciation in the upland
produced erasional features while that of the
lowlands produced mainly depositional features.

3. The following lowland glacial features are
all, in fact, small ridges, but are quite different in
their process of formation:

(a) State which of them are of erosional or
depositional nature

(b} Pick out their distinctive differences in
both appearance and formation,
roche moutonnee, drumlin, esker, crag
and tail, kames.

mo

5. With the aid of diagrams, attempt to expl'am
the difference between any three of the following
pairs of terms connected with glaciation.

(2) Valley glacier and piedmont glacier

(b) Bergschrund and crevasses

(¢) Corric fake and ribbon lake

(d) Interlocking spurs and (runcgted spurs

(¢) Terminal moraine and recessional mo-
raine.



Chapter 7 Arid or Desert Landforms

Types of Deserts

About a fifth of the world’s land is made up of deserts,
some rocky, others stony and the rest sandy. Deserts
that are absolutely barren and where nothing grows
at all are rare and they are better known as ‘True
deserts’,

If you look at the world map carefully, you will
find that there is a certain definite pattern to the loca-
tion of the world’s deserts. You will realise that
almost all the deserts are confined within the 15%t0 30°
parallels of latitude north and south of the equator.
They lie in the trade wind belt on the westem parts of
the continents where Trade Winds are off-shore. They
are bathed by cold currents which produce a *desic-
cating effect’ so that moisture is not easily condensed

A sandy desert area {erg) in Death Valley, California U.S. Information Service

into precipitation. Drymess or aridityis the key note.
Such deserts are tropical hot deserts or “Trade Wind
deserts’. They include the great Sahara Desert;
Arabian, Iranian and Thar Deserts; Kalahari, Namib,
and Atacama Deserts; the Great Australian Desert
and the deserts of south-west US.A, and northern
Mexico. In the continental interiors of the mid-
latitudes, the deserts such as the Gobi and Turkestan
are characterised by extremes of temperatures.
The work of winds and water in eroding elevated
uplands, transporting the worn-off materials and
depositing them elsewhere, has given rise to five
distinet kinds of desert landscape.
1. Hamada or rocky desert, This consists of large
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stretches of bare rocks, swept clear of sand and dust
by the wind. The exposed rocks are thoroughly
smoothed and polished. The region is bare and
sterile. The best known rocky deserts are those of
the Sahara Desert e.g. the Hamada el Homra, in
Libya, which covers an area of almost 20,000 square
miles.

2. Reg or stony desert. This is composed of ex-
tensive sheets of angular pebbles and gravels which
the winds are not able to blow off. Such stony
deserts are much more accessible than the sandy
deserts, and large herds of camels are kept there. In
Libya and Egypt the term serir is used; elsewhere in
Africa, stony deserts are called reg
3. Erg or sandy desert. This is a sea of sand which
typifies the popular idea of desert scenery. Winds
deposit vast stretches of undulating sand-dunesin the
heart of the deserts. The intricate patterns of ripples
onthe dune surfaces indicate the direction of the winds.
The Calanscio Sand Sea in Libya is characteristic of
a sandy desert. In Turkestan, sandy deserts are also
known as koum.
4. Badlands. The term ‘badlands’ was first given to
an arid area in South Dakota, U.S.A., where the hills
were badly eroded by occasional rain-storms into
gullies and ravines. The extent of water action on
hill slopes and rock surfaces was so great that the
entire region was abandoned by the inhabitants.
Deserts with similar features are now referred to as
badlands, e g. the Painted Desert of Arizona, which
lies south-east of the Grand Canyon of the Colorado
River.
5. Mountain deserts, Some deserts are found on
highlands such as plateaux and mountain ranges.
Erosion has d d the desert highlands into harsh,
serrated outlines of chaotic peaks and craggy ranges.
Their steep slopes are cut by wadis (steep-sided, often
dry, valleys) and the action of frost has carved out
sharp, irregular edges. In the Sahara Desert, the
Ahaggar Mountains and the Tibesti M ins are

Weathering. This is the most potent factor in
reducing rocks to sand in arid regions. Even though
the amount of rain that falls in the desert is small
some manage to penctrate into the rocks and sett
upchemical reactions in the various minerals. !ntensc
heating during the day and rapid cooling at night by
radiation, set up stresses in the already weakened
rocks so that they eventually crack. As heat peat
trates rocks slowly when the outer surface of rocks i
being heated by the hot sun, the inner rocks remain
quite cool. The heating of the rocks causes the
outer surface to expand and so prise itself off from the
interior rocks, so that it peels off in successive Veryr
thin layers. Such an onion-peelmg Pprocess of
mechanical weathering is called exfolation. Angular
rock debris is found in abundance as screcs at the
foot of upstanding rocks. Similarly, when “:8:;'
gets into the cracks and joints of rocks and !rhe c’ng
perature at night suddenly drops to below redesnby
point, the water freezes and therefore .expa.n i
10 per cent of its volume, Successive freezing will Pecs
off fragments of rock which accumulat,e as 50;’0'
These rock fragments become the ‘teeth’ or /0
Wl:t:tg: s:f":vinds in desertsThe wind thOUEh_nma‘:‘
most effective agent of erosion, u:ansportq!lol?umi
deposition, is more efficient in and. than moist""
regions. Since there is little vegetation or ?cm o
to bind the loose surface maten‘als, the ¢l
wind erosion are almost unrestrained.

H i 5
Wind erosion 1s carried out in the following way

blowts.
Deflation. 15 - e
a s¢ materials from the ground »%

n
Tinconsolidated sands and pebbles may be car:zdtht
the air or rolled along the ground dependmgﬂmw o
grain size. The finer dust and szfn.ds mayb?d: el
miles away from their place of origin, and Ii-csu s
even outside the desert margins. Dcﬂal;oll_\m et
in the Jowermg of the land surface to 10 o
d ions called deflation hollows The

good examples of desert mountains.
The Mechanism of Arid Erosion
Arid landforms are the results of many combined
factors, one reacting upon the other. Insufficient
{ainfa!l (often less than 5 inches) coming at most
mcqgul:}r periods, coupled with very high temperatures
(87°F. is \.he average) and a rapid rate of evaporation,
are the .chxcl‘ causes of aridity. Sub-aerial denudation
une  the Processes of weathering (mechanicat and
ﬂ," nd action and the work of water have
co = desert landscape that is varied

eet
Derpression of the Sahara Desert lies almost 450 f
below sea level. . ¢ sufcs
2. Abrasion. The sand-blastin 'of rock et
by winds when they Forl sand particles aggmlilla'sliﬂ!
is called abrasion. The impact of suC  pedan
results in rock surfaces being scratch'cd. PC:) " e e
worn away. Abrasionis most effective a!_a h
base of rocks, where the amuunt.of malc.rls o
is able to carry is greatest. This ex:‘:al;n et
graph poles in the deserts are protected by :
of metal for a foot or two above the grou: 'abrasm“'
variety of desert features are produccd ¥
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Fig. 59 Mesa and butte

S. Inselberg. This is a German word meaning
‘islad-mountain’. They are isolated residual hills
rising abruptly from the level ground. They are
characterised by their very steep slopes and rather
rounded tops. They are often composed of granite
or gneiss, and are probably the relics of an original
plateau which has been almost entirely eroded away.
Inselbergs are typical of many desert and semi-arid
landscapes in old age e.g. those of northern Nigeria,
Western Australia and the Kalahari Desert (Fig. 60).
6. Ventifacts or dreikanter. These are pebbles
faceted by sand-blasting. They are shaped and

Ayers Rock, an inselberg in the Australian Desert Australian Tourist Commission

Fig 60 Round-topped, steep-sided inselbergs

thoroughly polished by wind abrasion to sh;%f;
resembling Brazil nuts. Rock fragments, me.chzm
weathered from mountains and upstanding roc

are moved by wind and smoothed on the mndtwlﬂ-fxf:
side. If wind direction changes another faccu”
developed. Such rocks have characteristic ﬁalﬂ:‘ y
with sharp edges. Amongst the ventifacts thos® o
three wind-faceted surfaces are called dreikan !
These wind-faceted pebbles form the desert pavemm
a smooth, mosaic-like region, closely covered by
numerous rock fragments and pebbles.

b
7. Deflation hollows. Winds lower the ground &




blowing away the unconsolidated materials, and
small depressions may form. * Similarly, minor fault-
ing can also initiate depressions'and the eddying
action of on-coming winds will wear off the weaker
rocks until the water table is reached. Water then’
seeps out forming oases or‘swamps, in the deflationi
hollows or depressions. The meum Depression i in
Egypt lies 130 feet below the sca level. -Large aread
in the western US.A,, slnppcd ‘of their natural
vegetation ‘for farming, were completely da:ﬂaled
when strong winds, moved materials as dust-storms
laying waste crops and creating what is now krigwn
as the Great Dust Bowl. In a dust-storm, winds
may lit dust hundreds of, feet high and. (:my it
lhousands ol' miles away. ., P T )
Landforms of Wind Deposirian in Desens .
Materials eroded and trunsported by winds must
come to rest somewhere. The finest dust travels
enormous distances in the air, and may be moved
completely out of the desert.” It has been estimated
that-some "dust grains travel as far as 2,300 miles
before they are finally deposited on land or sea. " The
dust from’the Sahara Desert-is sometimes blown
across the Mediterraniean to fall as Blood rains’ in
Italy or on'the glaciers of Switzerland. 'Dust that
settles in the Hwang-Ho basin from the Gobi Desert

! has accumulated ‘over past centuries to a' depth of
several hundred feet!''As wind-bome raterials are

i sifted according to their coirsenéss, it can be exp:c{cd
¢ that the coarser sands will be too heavy to be blown’
i out of the'desert limits. Theyfn:mam as dunes or'
+ other “depositional - landfonus within the deserts
« themselves." Since they are rarely static, their mig-
i rahon pattern ‘depends on a number ‘of factors: the”
ssnze of the- particles they ' carry, the direction and’
. velocity of the" winds, the location and rature of the:

| surfices ovet which the pamcles are transported and’
‘ the presence’or absénce of- water ‘and natural vegc-
«‘ tation. M ' v
+“The following™ard ‘some of thc major fcatures of

R wmd "deposition, =" ' - et e
j « Duites. Dunes are, in Fact hills aj’ sand formed-
by 'the aecumulatxon of sand and shaped’ by the
movcmcnt 'of winds.” They may be active ‘or Tive*
"utles; constantly on thé move, 'or inactivefixed dunes"
réoted with vegetation. Dunes’ arc most well repre’
.gsented in’ the erg desert where a‘sea of sand is bcmg
? inuousty moved, rest d and redepositéd into’a
‘variety of features Because of their great contrast
fin shape,’ size and alignment, thcy have been given a
{ long list of fancxful namcs such as atmched dune or
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head dune, tail dunc. advanced dune, lateral dune,
wake dune, star dune, pyraridal dune, sword dune,
parabolic blow-out dune, hairpin dune, smoking dune
and transverse dune. However, the following two
typés ‘of common’ dunes, barchans and seifs, will be
described in more detail. *
(2) Barchan. These " are ' crescentic or ° mdon-
shaped ‘dunes which ‘occur iridividually or in groups.
They are live dunes which 2dvance stcadxly before
wmdsthnlcomefroma p:xrncularprevalhngdlrecuon
Thcy are piost prevalent in the deserts of Turkestan
and in 'the Sahara,” Barchans are initiated probably
by a chiEitEaccumulation of sand at an obstacle, such
as a patch-of grass ora  heap of rocks. They occiur
transversely to the wind, so that their homs thin out
1 The Tower in the direction of the wind due to
the reduced frictional retardation’ of the* winds
around the edges. The windward side is convex and
genl{y—:/apmg while the leeward side, being sheltered,
is concavé and stéep (the shp—faoe) (Fig. 61)." The
Srost'6f thé sarid dune moves i‘orward as mote sand i is

“aocomulated by thé prevalling wind, The sind is

driven up the windward side and, on reaching the
crest, slips down the leeward side so that the dune
advances. The rate of advancement varies from
25 feet a year for the high dunes measnring up to

Flg 61 Crascennc sand dune—barchan T

100 fecl high, (0 50 feet 4 year) for the Iower dunes

Whlch ‘may be only # dozen feet hxgh‘
SZiinw ~f #ha hawrhane mavbe a threat to’

(
wmds ‘birchdns’ také 2 chaouc changmg pattern.’
Seveml barchans may coalcsce xmo a lm: of i lar




ridges, ev
Ergs or sandy deserts are thus most difficult to cross.

with the di of the winds.

(b) Seifs or Jongitudinal dumes. Saif is an Arabic

word meaning ‘sword’. ‘They are long, narrow ridges
of sand, often overa hundred miles long lying arallel
to the direction of the prevailing winds, T éc Tigh
serrated ridges may attam a height of over 200 feet.

The crestline of the seif rises and falls in alternate
peaks and saddles in regular successions like the
teethof a domi
straight along the corridor between the lines of dunes
so that they are swept clear of sand and remain
smooth. The eddies that are sct up blow towards the
sides of the corridor, and, having less power, drop
the sand to form the dunes. In this manner, the
prevailing winds increase the length of the dunes into
tapering linear ridges while the occasional ¢ross
winds tend to increase their height and width.
Extcnsivemsﬁi’umgﬂe__,‘m__——bum'msaham Desert.
southof wmsion;mcwmd

the West Australian Desert (Fig. 62).

saw. The t winds blow

Fig. 62 Longitudinal dunes—seifs

2. Loess. The fine dust blown beyond the desert
limits is deposited on neighbouring lands as loess.
1t is a yellow, friable material and is usually very
fertile. Loess is in fact, fine loam, rich in lime, very
coherent and extremely porous. Water sinks in
readily so that the surface is always dry. Streams
have cut deep valleys through the thick mantle of soft
loess and badland topography may develop. Ttisso

soft that roads constructed through a loess region |

soon sink and their walls rise steeply.
The most extensive deposit of loess is found in
ut Cb.ma m the locss plateau of the Hwang-
T+ is estimated to cover an arca of 250,000
[‘ -.and the deposits have accumulated to 2
10 500 feet! In China, such yellowish

wind-borne dust from the Gobi Desert is called
‘Hwangtu' — the yellow earth! But the original tem
Joess ectually comes from 8 village in Alsace, France,
bearing that name, where such deposits

Similar deposits also occur in some parts of Germaa,
France and Belgium, and are locally called fimon
They are also wind-borne but were blown fron
material deposited at the edge of ice-sheets duringthe
Ice Ages. Inpans of the Mid-West, U.S.A. loesswat
derived from the ice sheets which covered northert
North America and is termed adobe.

Landforms due to Water Action in Deserts
Few deserts in the world are entirely without mmO;
water. The annual precipitation M2y smalg“t
to 10 inches, and comes in i r sh_owm. o
thunderstorms do occur and the rain falts in torret "
downpours, producing devastating effects- A‘:l]:’;n!
rainstorm may bring several inches of rain wil
few hours, drowning people who camp in ol
streams and flooding mud-baked houses It lhcs::d .
As deserts have little vegetation to pro::! the rtﬁ
soil, large uantitics of rock wastes
in the s\%ddgn raging torrents, O flash-floods ml-:’:;‘
gravels, sand and fine dust arc swept .OWﬂfomin‘
sides. They, cut decp gullies and ravines wldﬂ
badland topography- Subsequent downpouts ol
and deepen the gullies when they wash down F
soft rocks from the surface. There 15 0 "
i flash floods that the flow b°°°s,u
liquid mud. ‘When the masses of d
at the foot of the hiil or the moutt t?f it
alluvial cone or fan of «dry delta’ 13 form®ss
which the temporary stream

i et
several channels, depositing more MALL
pasty alluvial deposits arc sub]ected to rapid gﬁg:
tion by the hot sun and downwar dryupm"ﬁ
water into the porous ground, and soon
mounds of debris. .l

Apartffrom gullies there a1 many r“;‘ o
channels or valleys. These ared ::ienpgcm o
corrasion by raging torrents 0 yfor®
cloudbursts. Thesearethcwadxsandare ry v

chebka.

In arid and semi-arid areas the: e
from the upland regions are on
mittent. They draininto the lower depresst
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ig. 63 intermont desert basin

Irzinage is almost cntirely internal. Sometimes
vater collcctcd ina depression or a d:scn basin does
10t pletely by evap or

india temporary fake § is formed. Such lakes contain
1 high percentage of salts, because of high evapora-
lion, and are glistening white when they dry up. The
lakes and the alluvial plains formed by them are
:alled playas, salinas or salars in the United States
and Mexico, and sholts in northern Africa (Fig. 63).
The floor of the depression is made up of two features,
the bajada and the pedimens, The bajada is a de-
positional feature made up of alluvial material Jaid
down by the intermittent streams. The pediment is
an erosional plain formed at the base of the surround-
ing mountain scarps.

e T . W

QUESTIONS AND EXERCISES

L. Draw annotated diagrams and explain very
brieflly any three of the following desert features.
(a) yardangs
{b) barchans
() pediments
(d) inselbergs
{¢) wadis

2, Attempt a simple classification of deserts.
Justify your basis of classification by bringing
out their distinct differences in appearance,
formation and outstanding features,

3, With the aid of diagrams, explain the major
differences between any three of the following
pairs of desert Iandforms.

(a) zeugen and yardangs

{b) mesas and inselbergs

© ic barchans and longitudinal

seifs
(d) bajadas and pediments
(¢) veatifacts and dreikanter

4. Explain isely the p of deflati
abrasion and deposition by winds. With the
aid of diagrams explain swe topographical
features formed by any two of the above pro-
cesses. ’

5. The following terms are closcly refated to
desert landforms. For any four of them, define
with reference to examples what the terins mean.

(a) erglandscape

(b) loess deposits

{c) badland topography

(d) rock pedestals

() Great Dust Bowl

(f) flash floods

o



Chapter 8 Limestone and Chalk Landform

Limestone and Chalk

Limestone and chalk are sedimentary rocks of organic
origin derived from the accumulation of corals and
shells in the sea. In its pure state, limestone is made
up of calcite or calcium carbonate, but where magne-
sium is also present it is termed dolomite. Chalk
1s a very pure form of limestone, white, and rather
soft. Limestone is soluble in rain-water, which, with
carbon dioxide from the air, forms a weak acid. A
region with a large stretch of limestone therefore
possesses a very distinct type of topography. It is
then termed a karst region, a name derived from
the Karst district of Yugoslavia where such topo-
graphy is particularly well developed.

Characteristic Features of a Karst Region
Generally speaking, karst regions have a bleak
landscape, occasionally broken by precipitous slopes.
There is a general absence of surface drainage as most
of the surface water has gone underground. Streams
nising on other rocks only flow over limestone for a
short distance and then disappear underground. For
the greater part of their course, they cut their way
along the joints and fissures of the rock wearing outa
system of underground channels. The surface valleys
are therefore dry. When the water penetrates to the
base of the limestone and meets non-porous rocks it
re-emerges onto the surface as a spring or resurgence.
Limestones are well jointed and it 1s through
these joints and cracks that rain-water finds its way
into the underlying rock. Progressive widening by

A limestone escarpment. Notice that the valley is cyltivatea but the limestone is bleak and t

Institute of Geological Science

;i ed with carbon dioxid
rainwater c?:,',‘:\s a diluto acid
]

]

X, p—
vertica!
" jamnts horizontal
‘bedading plan

rain-water or mild acid

Fig. 64 Limestone pavement

chits

reeless

idened by
grikes (joints wide/e .
chemical weatherig and erosion)

,,.m,...rw-:—""'" ;



& T T

solution enlarges these cracks into trenches and a most
intriguing feature called limestone pavement is
developed. The enlarged joints are called grikes and
the isolated, rectangular blocks are termed clints,
The limestone pavements may have been formed
beneath the soil and are now exposed by the removal
of the soil cover (Fig. 64).

On the surface of the limestone are numerous
swallow holes, which are small depressions carved out
by solution where rain-water sinks into the limestone
ata point of weakness. They are also known as sink
holes. Gaping Ghyll in Yorkshire is a fine example.
These holes grow in size through continuous solvent
action. ,

Once water has sunk into the limestone it etches out
caverns and passages along joints or bedding planes.
When the roof of an underground tunnel collapses, a
precipitous limestone gorge such as the Cheddar

Gorge is formed.  Where a number of swallow holes
coalesée a larger hollow is formed and is called a
doline {Fig. 65). Several dolina may merge as a
result of subsidence to form a larger depression called
anuvala. Some of them are a mile across, containing
much clayey soil from the limestones, weathered
after their subsidence.

In Yugoslavia, some very large'depressions called

Fig. 65 Limestone scenery

cave collapsed
forming a gorge

Swallaw holes or sink dry valley
holes where stream goes,

underground

-
A limestone pavement

polje may be as large as 2 hundred square miles l?ut
these are partly due to faulting During the rainy
season, parts of the floor which are at or near the water
table may become temporary lakes, but the drier
areas are fertile and may support large villages

Where subterranean streams descend thrmfgh
swallow holes to underground passages, the region
may be honeycombed with'caves and caverns, some
containing ponds and lakes. The most spectaculat
underground features that adorn the limestone caves
are stalactites, stalagmites and pillars. Stalactites

scree
scar;

alternating « scar and scres,
slopes developed on bands
of different resistance

anke
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are the sharp, slender, downward-growing pinnacles
that hang from the cave-roofs. The water carries
calcium in solution and when this lime-charged water
evaporates, it leaves behind ‘the solidified crystalline
calcium carbonate. As moisture drips from the roof
it trickles down the stalactite and drops to the floor
where calcium is deposited to Yorm stalagmites.
They ate shorter, fatter and more rounded. Overa
lTong period, the stalactite hanging from~the roof is
eventually joined to the stalagmite growing from the
fioor to form a pillar (Fig. 66). Such features are
commonly seen in any well-developed limestone
caves e.g. Batu Caves, Kuala Lumpur; Mammoth
Caves, Kentucky and Carlsbad Cave, New Mexico,
in US.A and Postojna Caves, Yugoslavia.

The Major Limestone Regions of the World
The most characteristic stretch of limestone occurs
in north-west Yugoslavia. Other regions include:
the Causses district of southern France, the Pennines
of Britain, Yorkshire and Derbyshire in particular,
the Kentucky region of the United States, the Yucatan
Peninsula of Mexico, the Cockpit Country of Jamacia,
and the limestone hills of Perlis.

Human Activities of Karst Regions

Karst regions are often barren and at best carry
a thin fayer of soil. The porosity of the rocks and the
absence of surface drainage make vegetative growth

Fig. 66 Limstone cave
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A dry valley in the chalk region of southern Engfand

difficult, so that limestone can usually support ool
poor grass and short turf; some sheep grazing 15 P‘”"“
ble. Limestone vegetation in tropical regions, h‘:;’:
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Chalk

The landforms of chalk are rather different from
those of other limestones. There s little or no surface
drainage and valleys which once contained rivers are
now dry, These are often called coombes. The
chalk forms low rounded hills in southern and south-
eastern England, where they are called downs and
in northern France. The chalk is covered with short
turf, and in places with woodland, and is used for
pasture and sometimes for arable farming. - Because
of the friable nature of the rock, swallow-holes and
underground cave networks do not generally develop.

QUESTIONS AND EXERCISES

1. Choose three outstanding features of a karst
region. With the aid of diagrams describe their
appearance and explain how they have been
formed. .

2. The" following features arc associated with
karst topography.

(a)~Clints and grikes

(b) Dofines and uvalas

(c) Stalactites and stalagmites

For any mwo of them, with the aid of
annotated diagrams, explain their origin and -
locate an actual example of each.

3. Explain why:
(a) Karst regions have very little surface
drainage.
(b) Subterranean streams produce a magni-
ficent underground scenery.
(¢} Limestone areas have little agriculture
and are sparsely peopled. -

4, With the aid of labelled diagrams, describe
and account for the development of physical
features which result from the action of waterin:

(a) limestone regions

(b) arid deserts

(c) granite uplands

5. Draw a large diagram of a karst region and
indicate the following: swallow holes, limestone
gorge, dry valleys, limestone pavement with
clints and grikes. Describe briefly how any
two of them have been formed.



Chapter 9 Lakes

General o

Lakes are amongst the most varied features of the
earth’s surface. They occupy the hollows of the land
surface in which water accumulates. They vary
tremendously in size, shape, depth and mode of
formation. The tiny ones are no bigger than ponds
or pools, but the large ones are so extensive that they
merit the name of seas, e.g. the Caspian Sea which is
760 miles long, as much as 3,215 feet deep, with a total
area of 143,550 square miles, and is bigger than the
whole of Malaysia!

Lakes may exist femporarily filling up the small
depressions of undulating ground after a heavy
shower. But those which are deep and carry more
water than could ever be evaporated remain per-
manent. Most of the lakes in the world are' fresh-
water lakes fed by rivers and with out-flowing streams
e.g. Lake Geneva, Lake Poyang and the Great Lakes
of North America. In regions of low precipitation
and intense evaporation where there are few rivers
strong enough to reach the sea, streams drain into
a lake forming a basin of inland drainage. Because
of the intense evaporation these lakes are saline.
For example the Dead Sea has a salinity (salt content)
of 250 parts per thousand, and the Great Salt Lake of
Utah, U.S.A. has a salinity of 220 parts per thousand.
But, the Black Sea, into which drain many large
rivers, has a salinity of less than 17 parts per thou-
sand! Playas or salt lakes, are a common feature
of deserts.

Tt must be pointed out that lakes are onlytemporary
features of the earth’s crust; they will eventually be
climinated by the double process of draining and
silting up. In regions of unreliable rainfall, lakes
dry up completely during the dry season. In the hot
deserts lakes disapp Hogether by the bined
processes of evaporation, percolation and outflow.
Though the process of lake elimination may not be
completed within our span of life, it takes place
relatively quickly in terms of geological time.

The Formation and Origin of Lakes

The following are the various ways in which
lakes can be formed. Each of them is placed in a
specific category, though in a few cases the lakes could
have  n formed by more than one single factor,

1 ormed by Earth Movement
3 onlclakes. Due to the warping, sagging,
| fracturing of the earth’s crust, tectonic

. "t
s . .

iy AT
depressions occur. ' Such’ depréssions give rise 0
lakes, of immense sizes and depths. They include
 Lake' Titicaca, occupying a huge depression’in the
* Titerimont plateau of the Andes, 12,500 feet abow
séa level the highest lake in, the world; and th
Caspi ea, 143,550 square miles, the largest fake,
Zlmost 5 times larger than its nearemrm‘
"‘Superior, ' . L @
(b)' Rift valley lakes. Due to faulting. ﬂm
valley is formed by the sinking of fand bet.wccn N
parallel faults, deep, narrow and. glox'xgatcd m'Chmn
ter. Water Golleéts in 'thiése troughs and their ﬂO':_
are often below sea level. The best known examp 5
the East African 'Rift Vallcy'which' rins lh{""ﬁ
Zambia! Malawi; Tanzania} 'Kenya ‘and Elhxo‘s‘n
and extends along'the Red 350“60'0 l§lracl allzldl :c‘}uda
ver a total distance of 3,000 miles.
:uch.lakcs as Lakes Tanganyika (4,700_feet deb

X alawi, Rudo]f, Ed¥
the world's deepest la:el):,):!;'ld i, ® sz%[cd i

Albert, as well & The | p
€an_sea_level, th:vgﬂg's_v,___) Towesl Take iva%

nit valley lakes

water collects i trough

Fig. 67 Earth movement

2. Lakes Formed by Glaciaﬂo[l: o
a) Cirque lakes or (8":15. A g s it
do(wa the valley leaves behind cln:ul:xruhﬂt::‘l;’t1 'y
heads of the valleys up = the mo! e
hollows are the arm-chair-shaped c:rq;xccj e
Their over-deepened floors may be fil el e ¢'
to become cirque lakes e.g. Red 'l;:r(ﬂmﬂ it
Lake District (Fig. 68). Thosc ! St
!mughsarelonganddecpm\d are termedri

¢ g Lake Ullswater, o
g‘(11) Kettle akes. These arc depress
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J.K. St, Joseph

Blea Water in Westn:lorland, England, a typical corsie 'iake

cirque fskes or tams ~

fig. €68 Glaciation
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outwash plain left by the melring of masses of stagnant
ice. They are irregular- because of the uncven
morainic surface and are never of any great size or
depth e.g. the meres of Shropshire in England, and

the kettle-lakes of Orkney in Scotland.

() Rock-hollow 1lakes. These are formed by
ice-scouring when valley glaciers or ice sheets scoop
out hollows on the surface. Such lakes of glacial
origin are abundant in Finland, indeed the Finns
call their country Suomi — the Land of Lakes. It
is said that there are over 35,000 glacial Jakes in
Finland! -

(@) Lakes due to morainic damming of valleys.
Valley glaciers often deposit morainic debris across &
valley so that lakes are formed when water accumu-
Jates behind the barrier. ' Both lateral and terminal
moraines are capable of damming valleys ¢ g Lake
Windermere of the Lake District, England.
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(e) Lakes due to the deposition of glacial drifts.
In glaciated lowlands with a predomi drumlin
landscape, where drainage is poor, there are intet-
vening depressions. These depressions are often
water-fogged, forming small lakes like those of
County Down in Northern Irefand.

3. Lakes Formed by Volcanic Activity

(2) Crater and caldera lakes. During a volcanic
explosion the top of the cone may be bfown off
leaving behind a natural hollow called a crater.
This may be enlarged by subsidence into a caldera.
These depressions are normally dry, bounded by
steep cliffs and roughly circular in shape. In dormant
or extinct volcanoes, rain falls straight into the crater
or caldera which has no superficial outlet and forms
a crater or caldera Iake. The outstanding ones are the
Crater Lake in Oregon, U.S.A. which in fact occupies
a caldera; Lake Toba in northern Sumatra and Lake
Avernus near Naples (Fig. 69).

Fig. 63 Volcanic ectivity

(b) Lava-blocked ftakes. In volcanic regions a
stream of lava may flow across a valley, become solidi-
fied and thus dam the river forming a lake, ¢.g. alava
flow blocks the Jordan valley forming the Sea of
Galilee which is an inland lake, rather elongated
in shape.

(c) Lakes due to subsidence of = volcanic land
surface.  Thecrust of a hallow lava flow may collapse
The subsidence feaves behind a wide and shallow
depression in which a lake may form, e.g. Myvatn
of lceland.

4. Lakes Formed by Erosion

{2) Kurstlakes. Thesolent action of rain-water
on lmestone carves aut solution hollows. When
these become clogged with debris lakes may form in
them. The collapse of fimestone foofs of under-
vems may result in the exposure of long,
€ that were once underground e.g. the

aillexon in the Jura Mountains,
2t depretsions called poliss,which normally

lemestone hilis wath no autface
dramags

polje fioor
W
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Fig. 70 A karst lake formed above the ground watts
table in a fimestone region.
n sk

do not have surface outlets, may confai s
During wet periods these may cover mos_t of deu}:ow
floor but they shrink during dx:y periods "
seepage (Fig. 70). An example is Lake Scutz
Yugoslavia. 5

éoluﬁou is important in other rocks such ﬁsn‘;:( .
salt. Local subsidence may occur when the ‘l;d .
lying beds of rock-salt are gradually ml; ;
solution. Many of the meres of Cheshir®, pg
were probably caused by this, and are also !

-mining operations. . .

o 2;( “?Vi;:ie::ted Inkes, The deflating action !
winds in deserts creates hollows. Thcsc !;‘msy !
ground water which secps out forming sma 'W"
lakes. Excessive evaporation causes these ,::ng M
salt fakes and playas. Thescare found in ! it
Depression in Egypt, and the Great Basis
US.A.
5. Lakes Formed by gcpos:;l;r‘x’d

a) Lakes due to river de; A
sho(n)en its course during  flood by cumnr;s o:‘;;z;d
meandering loops, leaving behind 8 hOrS‘;Z‘ et
channel as an ox-bow lake, €.8. thosc ISA. P
the flood-plains of Lower Mississippls ‘

io Grande, Mexico. ctios

: (1;3 Lakes due to Marine deposits: 1’;:; o)
winds and waves may isolate lagoons & o _‘:
building spits or bars. As these lagoo it 0
water are enclosed only by 2 nﬂrﬂ’“‘hd Y
comprising mud, sand and shingle, © o and o
away at low tide. They art comrfjm\“y‘d the Gm?
deltas of large rivers such as the Nile b e
In East Germany and Foland, lag! e of Myx
haffs. Strong on-shore winds ar€ caps!
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oastal sand dunes landwards, and these may enclose
narshy lagoons. This type of lagoon is well deve-
oped in the Landes of south-west France, .

{c) Lakes due to Jandslides, screes and avalanches.
.akes formed by these processes are also known as
barrier lakes.» Landslides or screes may block valleys
o that rivers are dammed. Such lakes are short-
fived, b the loose fr ts that pile across
he valleys will soon give way under the pressure of
vater. When they suddenly give way, the dammed-
water rushes down, causing floods, Examples of
akes of this type are, Lake Gormire in Yorkshire,
slocked by landslides; Ffynnon Frech on Snowdon
dlocked by screes (Fig. 71).

hill slope
stream

obstacles—scree, landslide
oF gual > che

Fig. 71 Deposition (a barrier lake formed by the

deposition ‘of an chstacle) *

Fig.- 72 Human activities {a lake made by constructing

a concrete dam across a river valley)

6. Lakes Formed by Human and Biological Activities

(a) Man-made lakes. Besides the natural lakes,
man has now created artificial lakes by erecting a
concrete dam across a river valley so that the river
water can be kept back to form resersoirs (Fig. 72).

Amongst such man-made lakes, the most imposing
is Lake Mead above the Hoover Dam on the Colorado
River, US.A.

(b) Lakes made by animals. Animals like beavers.
are particularly interesting. They live in communities
and construct dams across the rivers with timber.
Such beaver damsare quite permanent and are found
in North America, e.g. Beaver Lake in Yellowstone
National Park, U.S.A. -

(c) Othertypesoflakes. These inchﬁe ornamen-
tal Jakes,especially made to attract t5urists, e.g. Lake
Gardens, Kuala Lumpur, Taiping Lakes. Man's
mining activities, e.g. tin mining in West Malaysia,
have created numerous lakes. Inland fish culture has
necessitated the creation of many fishing-lakes.
Lakes and Man
A careful examination of the lakes of the world will
reveal their immense human significance. In countries
where they are found in abundance, such as Finland,
Canada, U.S.A., Sweden and the East African states,
lakes, together with other inland waterways, have
played a dominant role in the human, economic,
social and cultural life of the people. The pattern
of settl and ication is very
closely related to the distribution of the water features.

The following are the major uses of lakes and their
associated human activities.

1. Means of communication, Large lakes like the
Great Lakes of North America provide a cheap and
convenient form of transport for heavy and bulky
goods such as coal, iron, machinery, grains and
timber. The Great Lakes-St. Lawrence waterways
penetrate more than 1,700 miles into the interior.
They are thus used as the chief arteries of commerce.,
It is estimated that the annual tonnage passing
through the Sault-Ste. Marie Canal, or the Soo Canal,
between Lake Huron and Lake Superior is greater
than the combined annual tonnage of the Suez and
Panama Canals.
2. Ec di pment. Early settle-
ments and town sites were very much influenced by
the presence of lakes. Lakes are an even more
decisive factor when they are drained by large
rivers with outlets to the sea. The Great Lakes-St.
Lawrence waterways were responsible for the develop-
ment of the interior wheat farms and lakeside
industries. Raw materials, minerals and fuels were
ically handled and bled in the ‘HOMES’
district (Lakes Huron, Ontario, Michigan, Eric and
Superior), which has since become one of the greatest
industrial districts of the .world. Similarly, Lakes
Poyang, Tung Ting and other lakes of the central

1 ctrial d
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Some of the lakes of Finfand scoured out by ice action
Camera Press :

Yang-tze basin have greatly assisted in the commercial

and industrial development of Wuhan
Hanyang and Hankow).
3. Water storage. Lakes of either natural or ar-
tificial origin are vital sources of domestic water
supply to surrounding towns and industrial citjes.
For example in Britain Lake Thirlmere supplies water
to Manchester, Loch Katrine to Glasgow, Lake
Vymnwy (in Wales) to Liverpool, The Okhla
Reservoir supplies Delhi and the Vetarna, Vihar and
Tulsi [akes supply Bombay, ’
4. Hydro-electric power generation. Inmountainous
districts, lakes or man-made reservoirs are used to
furnish a good head of water to generate hydro-
electric power. Naturai jakes are preferred to arti-
ficial reservoirs because the volume of water that
flows from them varies very little throughout the
year. For instance, the Niagara River flowing from
Lake Erie to Lake Ontario has a very regular supply
of water for its power stations, whereas the Catawba
River in the Carolinas which does not flow from a
lake, has very little water during the dry season,
Cotton mills have been forced to clos¢ down during
the period of drought due to insufficient power
supplies 1o run the mijs, The Aswan Dam on the
Nile in Egypt and the Lioyd Barrage on the Indus at
Suk ffer from similar defeots, The Abu Bakar
g: cron Righfands supplies much hydro-
¢ central West Malaysia. !
Tpurposes, Asmentioned earlier most

( Wuchang,

lakes will eventually be eliminated, and when they
dry up, their former beds are covered with thick
layers of fertile alluvium, They make exoell;m
agricultural land like the fertile Vale of Pickering
in Yorkshire, or the rich Red River Valley of Camgiﬂ
which was in fact the former site of Lake Agas.su-
Modern multi-purpose dams, besides gmfta!]nz
hydro-electric power also supply watcr’for jrrigation
e.g. the Sennar Dam on the Blue Nile in Sudan, the
Burrinjuck Dam on the Murrumbidgee in Australia
and the Hirakud Dam (Madhya Pradesh)on tht
Mahanadi in India, )
6. Regulating river flows. A river with large lakesin
its basin seldom experiences serious floods or lgck
of water. By absorbing the excess water during
heavy rain, a lake reduces the effects of serious
flooding downstream. In the dry season, lt'xel?sts
itswatersothata steady flow of the river |s'mamtam y
Because lakes retain part of the sediment lglf:z .
rivers leaving lakes have clearer water. Lakes U
have such functions include the Poyangand TuﬂsT";g
on the Yang-tze Kiang, Tonle Sap on a tributary :
the Mekong, and Lake Constance on the uppcr‘Rh‘.“E
Where such lakes are not available, and ﬂoz«::nz s
serious problem, artificial reservoirs are co!
e.g. the {loover Dam on the River Colorade ﬂlidn;}‘:
Bhakra and Nangal Dams on the Sutlej in ks
7. Moderation of climate. Large and detp oy
‘which are heated more slowly than the land by'ghl.
and cooled more slowly than the land b): i
exercise an appreciable effect in modemh:i »
climate of a region in the same way as ooca[no s
adjoining land masses. Water in the lakes s
air in summer by absorbing part of the heat an e
it in winter by releasing the heat, F9r ex‘dmlg{ﬂf o
s eastern shores of Lakes Erie, Ontario an 1 Het
" have a much milder winter than those of th e
because the on.coming breezes are warmed ; el
" frosts are minimised. This partofthe L«'ikft f?min!
is therefore important for grapes and ﬁé"g e
Large lakes like Lake Michigan and the ;’P& d
also exert a slight influence on the clo\!e;’;sn -
precipitation of the region. Their larg et
water acts almost like part of the ocear, a“m_n.
precipitate atmospheric moisture mtoa Tole mett
leeward side of LakehMic!HEan Lﬁ;‘:’: o ug
ipitation than the wind e
actual amountt is often not easily nﬂllcﬁb“:" pe
lakes have practicall); no effect at a
¢ or rainfall. ,
tscmpseor:::: nl’or:;od. Many large lakes hﬂ‘:rl:s
supplies of protein food in the form o

portst
hwstel



fish, Sturgeon is commercially caught in the Caspian
Sea, salmon and sea trout in the Great Lakes, and
in Tonle Sap in Cambodia, fishing'is a leading

occupation.  Amateur fishermen have found fishing *
in Iakes and rivers a most rewarding pastime. In.

many countries, artificial lakes have been created for

inland fish breeding. This is particularly important °

in China and Japan.
9, Source of minerals. “Salt lakes provide valuable
rock salts. ' In the Dead Sea, the highly saline water
is being evaporated and produces common salt,
almost indispensable for human well-being. Borax
is mined in the salt lakes of the Mojave Desert.
Gypsum is mined in Cheshire, and Stassfurt, a
small distance from Berlin, is so rich in potash and
‘other chemical’ deposits, that they have given rise
10 a wide range of chemical industires. In both these
areas the salts are obtained from deposits formed in a
earlier geological period.
" 10. Tourlst attraction and health resorts. Some of
the world’s best frequented holiday and health
. resorts are located on lakesides for example, Lake
Geneva, Lake Lucerne, Lake Lugano, Lake Como,
Lake Placid (New York), Lake Vaner and Lake
Vatter, {Sweden), the English Lake District and
Taiping Lakes. The glacier-formed lakes of the
"Alps have made the tourist industry a national
occupation of the Swiss. -

s

QUMONS AND EXERCISES

l\—.akL';catc any 'three of the following lakes.
¢ Tanganyika, Great Salt Lake, Lake Toba,
Lake Como, Lake Victoria, Lake Scutari,
€ £a .
() With the 2id of sketch maps, explain
their mode of formation
(b) State their specific valué to the countries
they serve o -
{©) Na}n: another Iake outside that coun try
which has fairly similar origins

each. -

2. Explain how eachof the foligwirig types'of. »
lakes are formed. Quote an example of each
and locate them in clear sketch maps 1

(a) ox-bow lake

(b) kettle lake

(c) crater lake o

(d) karst lake

With the help of large, labelied dia-
grams, explain how lakes may be formed
by any three of the following.

i. glaciation

it. earth movement *

fii. volcanic activity ‘-

iv. erosion A

v. deposition

(b) ' Quote three actual examples of each
" (c) State three uses of man-made lakes

3. (a)

4. Rivers may be dammed for

(a) generating hydro-electricity

‘(b) controlling foods

(c} irrigating crops’

(d) supplying drinking water

(e) _ assisting inland water transport

For any four of them,"locate a dam and a-
civer in which the damming has taken place.
Explain briefly how each of the abf)v{e purposes

" hias begn sucoessfully achieved.

5. Each of the following terms are in one way or
anather connected with lake formation and uses.
For any five of them give a concise explanation
of their implications and give a good example of
(a) basin of intand drainage
(b) tectonic lakes _ -~
() hafis~~
(d) beaver dams -
“(¢) ‘playas
(f} barrier lakes
(g) tams
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The Action of Waves, Tides and Currents The Mechanism of Marine Erosion
The coastline, under the constant action of the The most powerful agents of marine erosion ar
waves tides and currents, is undergoing changes from  waves. Their origin is due to the sweeping of winds
day to day. On calm days, when winds are slight,  overthewatersurface, which setsa series of undulating
waves do httle damage to the shoreline and may in-  swells surging forward, These become higher and
stead help to build up beaches and other depositional ~ swifter. A normal wave in an open ocean miy
features. Itisin storms that the ravages of the waves  measure 20 feet high (the vertical height between the
reach their greatest magnitude. Theaveragepressure  crest and the trough) and 400 feet Jong (the wave:
of Atlantic waves on adjacent coasts is about 600 1b.  length or the horizontal distance between one crest
per square foot in thesummer and treble thatinwinter.  and another). Duringstormsthisis greatly incwgscd.
During storms, the pressure exerted is more than  depending on the speed and duration of the winds
6,000 Ib. or 3 tons per square foot! Movements of  On approaching shallow water near the shores, theit
such intensity will wear down not only the cliffs but  specd is reduced and the waves are curved of
also sea walls and buildings. Tides and currents, on refracted against the alignment of the coast. Shallo¥
contact with the shores, make very little direct attack  water, when it is less than the height of the waves,
on the coastline. Tides affect marine erosion mainly  checks their forward movement, the crests curl ovet
by extending a fine of erosion into a zone of crosion.  and break into the shores in 2 mass of foam
This zone corresponds to the area between the low  breakers The water that finally rushes up e
water level and the high water Jevel. Currents help  beach and hurls rock debris against the Jand is tet
to move eroded debris and deposit it as silt, sand  swash. The water is sucked back and retreats ;
and gravel along the coasts. backwash. Another element in offshore dsift & ¢
A Pl oL - Ltbmem awav from b
1
wind turbulences

——————— N .

¢ S ~ )
4’" N g \‘g Marine agents of crosion operate in the {ottowwsd
Nt NS ways to transform the coastal landscape. . .,
— =<7 1. Corrasion. Waves armed with rock dcl:;l: :f 1
1 seh f sizes and shapes charge against the base of o

and wear them back by corrasion OR-0%
currents and tides complete the work b
the eroded material into the sea. gt
2, Attrition. The constantly moving WZV"bbm
transport beach materials such as bouldersi: p;mmﬂ
shingle and fine sand alto hurl these :iaowﬂ o
against one another, until they are broke}!dm "

: p "
attrition into very small picces. The A%
1 Y tal materials against

Wave length g, the routonef  polishing of such fragr n
TR faces and against cach other is largely f‘;apt": 0
for the fine sand which forms the beaches ¢
typical of the seaside resorts. -
3):!) Hydraulic action. In their forward su;Si;r: i
i drection y splashing against the coast may enter 'Zjoinsid=i’
W 7 crevices in the rocks. The air im})ﬂs‘mi, s retstth
{ J ‘\!/ T T immediately compressed. When the w?pvicltﬂ“
it S the compressed air expands with CXF'OS"’n o
y - == Such action repeated again and agait ,":ﬁ -y
5- Fnction u:‘."" base of the wave Swash————s- the cracks and rock fragments are pnst \he o yest
king backwash +—— 4. Solvent action. On [imestone coasts, e
Fif . action of sea water on cafcium carbon? ontak?
1 mechanism of wave mation chemical changes in the rocks and disintegr?

I e



slace. This process is limited to limestone coasts.

The rate of marine erosion depends on the nature
f the rocks, the amount of rock exposed to the
ea, the effects of tides and currents, and human
nterference in coast protection. Qther effects such
1s vulcanicity, glaciation, earth movement and orga-
iic accumulations have also to be considered.

Joastal Features of Erosion

l. Capesandbays. Onexposedcoasts, the continual
iction of waves on rocks of varying resistance causes
he coastline to be eroded irregularly. This is
sarticularly pronounced where hard rocks, ¢.g. gra-
rifes and limestones, occur in alternate bands with
ofter rocks ¢.g. sand and clay. The softer rocks are
o back into inlets, coves or bays and the harder
>nes persist as headlands, promontories or capes
[Fig. 74). Along the Dorset coast of southern
England, Swanage Bay and Durlston Head are
examples. Even where the coast is of one rock type
irregularitics will be caused by variation within the

Fig. 74 Coastal features of differentiat erosion

rock, Thus PenangIsland, made of granite, has many
baysand headlands. Very large indentations such as
the Persian Guif or the Bay of Bengal are due to
other causes such as submergence or earth movement.
2. Ciifis and wavecut platforms. Generally any
Yyery steep rock face adjoining the coast forms a cliff.
The rate of recession will depend on its  geological
structure, that is the stratification and jointing of the
rocks and their resistance to wave attack. If the
beds dip seawards, large blocks of rock will be
dislodged and fall into the sea. The cliff will risc in 2
series of ‘steps’ as shown in Fig. 75. On the contrary,
if the beds dip landwards as illustrated in Fig. 76,
the BT will be more resistant to wave erosion. Some

Fig 76 Chit beds dipping landwards

of the best known cliffs are the chalk cliffs of the
English Channel and include Beachy Head which is
500 feet high, the Seven Sisters near the mouth of the
Cuckmere and the ‘White Cliffs” of Dover.

At the base of the cliff the sea cuts a noten, which
gradually undermines the cliff so that it collapses

zone of initia) tand
wave attack surface

HY mmm e e = 2

wave attack
leads to notch

material deposited 1o
form an off-shora terrace
[T RV, VERU———

g LT\

HT
I T———e

!

|
ofi-shore terrace

wave-cut platform

Fig. 77 The development of shore profile
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As a cliff recedes landwards under the pounding of
waves, an eroded base is left behind, called a wave-cut
platform. The platform, the upper part of which 1s
exposed at low tide, slopes gently seawards and its
surface is strewn with rock debris from the receding
cliff. Further abrasion continues until the pebbles
are swept away into the sea. The eroded materials
are deposited on the off-shore terrace (Fig. 77).
When the platform attains a greater width (e.g. 30
mailes in the case of the wave-cut platform of Strand.
flat off Western Norway), it is entirely covered with
water and further erosion of the cliffs 15 negligible.

3. Cave, arch, stack and stump. Prolonged wave
attack on the base of a cliff excavates holes in regions
of local weakness called caves e.g. at Flamborough
Head, England. When two caves approach one
another from either side of a headland and unite, they
forman arch,e.g. the Neddie Eye near Wick, Scotiand,
Further erosion by waves will ultimately Jead to
the total collapse of the arch. The seaward portion
of the headland will remain as a pillar of rock known
as a stack. One of the finest examples of a stack is
the Old Man of Hoy in the Orkneys which is of OId
Red Sandstone and is 450 feet high.' Equally out-

A wave-cut platform on the Hong Kong coast S.T. Fok
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Fig 78 Arch, stacks and stumps Whete two caves

o are eroded on ether side of a headland (hehv
may eventually jon to form a natural arc!

{f the top of the arch collapses stacks m]
formed. These are gradually wormn down ugll

. they become stumps exposed only at fowtde

standing are the Needles, Isle of Wight: whiclz ared
group of stacks cut in chalk and diminishing it size
seawards. In the course of time, these ‘stubbom
stacks will gradually be remaved. The vertical rock
pillars arc eroded, leaving behind only the stumps
which are only just visible above the sea level, €2
those of the St, Kilda group, off the Outer Hebrides
Scotland (Fig. 78)- 5

4. Geos Smdggloul)Js. The occasional splashingof ’h:
waves against the roof of a cave may enfarge



int when compreesnd air I8 trappa indde, A
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poerce throerh 1o the surface, Wases biealing dnto
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ness Scotland. The enlarpement of Mow . hotes and
the continued action of wases weakens the cave pf.
When the roof colls s o fonp, narrow inlet or creed
dorelops. Such deep clefts, which may be 100 feet
Seep and equatly fong, are called peovep. the Wife
Geo, near Duncantby Head, Scotland (g $0),
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cave roof
collapses, p
natiow infet or
Fis 8O Geo geo is {ormed
Coastal Features of Deposition
L. Beaches, Sands and gravels loosened from the
2 Jand are moved by waves to be deposited along the
shore as beacties.” This is the most dominant form
+ of the constructive work of the sca. The croded
"{“Fﬁal is transported along the shore in several
distinet ways, The longshore duft which comes

Fip 81 longshoto duft

obliquely to the coast carries the material along the
shore in the direction of the dominant wind (Fig. 81).
At the same time, the backwash removes part of the
material seawards along the bed of the sca, and
deposits it on the off-shore terraceand even beyond
Finer matcerials such as silt and mud are deposited
in the shallow waters of a sheltered coast,

The constant action of the waves automatically
sorts out the shoreline deposits in a graded manner.
‘The coarser materials {cobbles and boulders) are
dropped by the waves at the top of the beach. The
finer materials (pebbles and sand grains) which are
carried down the beach by the backwash are dropped
closer to the sea.  On smooth lowlands, beaches may
continue for miles, like those of the east coast of
West Malaysia, but in upland regions where the land
desceads abruptly into the sea, such as the Chilean
coast, Jong beaches are absent.

2. Spits and bars. The debris eroded by waves is
continually moved by longshore drift and where
there is an indentation in the coast, such as the
mouth of a river or a bay, material may continue
to be deposited across the inlet. As more materials
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beach matenat moved by
1 longshore dritt

waves refractedl 20 th:
Is recurved

fig 82 Development of spit

are added, they will pile up into a ridge or embank-
ment of shingle forming a tongue or spit, with one
end attached to the land and the other end projecting
into the sea (Fig. 82), e.g. Calshot Spit, Southampton
Water, England or those along the coast of Kelantan,
Oblique waves may curve the spit into 2 hook or re-
curved spit. When the ridge of shingle is formed
across the mouth of a river or the entrance to a bay,
itis called a bar. The most remarkable example of a
bar is Chesil Beach in Dorset, England, which extends
for over 16 miles along the coast, linking the Isle of
Portland with mainland, and enclosing a lagoon
called the Fleet, Such a connecting bar that joins
two land masses is better known as tombolo. On the
Baltic coast of Poland and Germany, large bodies
of water are almost completely enclosed by long bars,
lacally termed nehrungs, to form marshy lagoons or
haffs.
3. Marine dunes 2nd dune Belts, With the force of
on-shore winds, a large amount of coastal sand is
driven landwards forming extensive marine dunes
that stretch into dune belts. Their advance inland
may engulf farms, roads and even entire villages.
The dunes of the Landes, south-west France, cover
6,000 square miles; the crests of the dunes are over
130 feet high. Dunes are common in the coast-
lands of Belgium, Denmark and the Netherlands.
To arrest the migration of the dunes, sand-binding

species of grass and shrubs, such as marram grass,
and pines are planted,

Temeae of Coasts
tea Breat variety of coastal features coast-
be divided into two basic types.

- of submergence. These are due to the
of the land or the rise of the sea, including

such coasts as ria coasts, fiord coasts, estuarine coass
and Dalmatian or Jongitudinal coasts.

2. Coastlines of emergence. These are due (o t
uplift of the Jand or a fall in the sea level. They ar
Iess common and are represented by the uplifief
lowland coast and the emergent upland coast.
Coastlines of Submergence

L. Ria coasts. During the lce Age a great dealof
water was locked up in ice, The warmer chimate !h-ﬂ
followed melted much of the ice. Subsequenth
there was an increase in the waters of the oces
and the sca level rose appreciably. In some msﬁ
it is estimated that there was & rise of almost J}Lfci
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In upland coastal regions where the :;‘zts:s ot
right angles to the se, that is transv e el sub
to the coast (Fig. 83), a rise in the sa}l o form %,
or drowns the lower parts of the val ;}‘Snamw;
narrow branching inlets separated );wo P
lands They differ from flords in and theis ¢ -
respects, te. they are not. glacmtcd: typi oft
increases seawards. A ria 6035; Erth—“ g
Atlantic type of coast hke those o Y;Dmi Devon »
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Cornwall. As rias are gencrally.zl:!"!c e thout® 3
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2, Fionl coasts. Fiords are submerged U-shaped
glacial troughs. They mark the paths of glaciers that
plunged down from the highlands. They have steep
walls,often rising straight from the sea, with tributary
branches joining the main inlet at right angles. Due
to the greater intensity of ice erosion fiords are deep
for great distances inland but there is a shallow section
at the seaward end formed by 2 ridge of rock and
called the threshold (Fig. 84). OfF the fiord coast are

T e+ aS st s st

Fig. 84 A fiord coast (submergent and glaciated)

aumerous islands or skerries which, with the shallow
thresholds, sometimes only 200 feet deep, complicate
coastal navigation. Fiord coasts are almost entirely
confined to the higher latitudes of the temperate
regions which were once glaciated e.g. Norway,
Alaska, British Columbia, southem Chile and the
South Island of New Zealand Some of the large
fiords are extremely long and deep, For example the
Sogne Fiord of Norway is 110 miles long, 4 miles wide
and almost 4,000 feet deep in sts mid-channel
Despite their deep and sheltered water, few large
ports are Jocated in fiords. Their mountainous
background with poor accessibility infand, attract few
settlements, Agriculture is confined to the deltaic
fans, built up where streams flow down 1o the fiords
The few towns that exist either as fishing or market
centres e.g. Trondheim, are only of local importance
3. Dalmatian coast. This is the longitudinal coast
where mountans run parallel or concordant to the
coast. The name is taken from the coast of Dalmatia,
Yugostavia, along the Adriatic Sea, where the submer-
gence of the coastline produces long, narrow inlets
with a chain of islands parailel to the coast. The
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Fig. 85 A Dalmatian coast {concordant, Pacific type}

elongated islands are the crests of former ranges
and the narrow sounds were the former longitudinal
valleys (Fig. 85) The Dalmatian type of coast s also
typical of the Pacific coast where the ranges are
parallel to the coast e.g westen coasts of North
and South America but there the coastline is more
regular. Like the nia and fiord coasts, the moun-
tainous nature of the Dalmatian coastline hinders
communication infand. It has deep, sheltered har-
bours but no distinguished ports. On the Pacific
coast, however, there are some important ports such
as San Francisco.

4. Estuarine coasts, In submerged lowlands, the
mouths of rivers are drowned so that funnel-shaped
estuaries are formed. If their entrances are not silted

by moving sand-banks, they make excellent sites for

ports, &.g. the estuaries of the Thames. Elbe and

Plate are the sites of such great seaports as London,

Hamburg and Bucnos Aires. Tidal effects further

enhance the value of the ports and even when there

15 a little siting, modern dredges help to keep the

ports open ajl the time.

Coastlines of Emergence

L. Uplifted lowland cogst. The uplift of part of !'he
continental shelf produces a smooth, gemtly sloping
coastal lowland (Fig. 86). The offshore waters are
shallow with fagoons, salt-marshes and mud-flats.
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Where the emergent deposits from the continental
shelves are sandy and gravelly, beaches and marine
dunes are formed. Ports that were once located on
the former coast become inland towns. Examples
of uplifted lowland coasts include the south-eastern
U.S.A., western Finland, eastern Sweden and parts of
coastal Argentina south of the Rio de la Plata.

old coasttine
rased beoth
&
aised e

Fig. 86 Lowland coastine of emergence

olg ndented et
caasthne wih__taves

fig 87 Upland emergent coasthine

2. Emergentupfand coast. Faultingand earthmove-
ment may thrust up coastal plateanx so that the whole
region is raised, with consequent emergent features.
A raised beach is the most prominent. The raised
beach is beyond the reach of the waves, though it may
still possess arches, stacks and other coastal features.
The emergent upland coast is quite straight with steep
<liffs and deeper off-shore water, for the waves have
Rat yet eroded hines of weakness or carved a wave-cut
I‘L“r"fm {Fig 875 1t has [ittle potential for good
l(“ﬂ ¥itev.  Examples of emergent upland coasts are

Scotland, the western coast of the Decean,

tthe western Arabian coast facing the Red

QUESTIONS AND EXERCISES

1. By reference to specific examples describe
some of the major coastal features resulting
from the constructive and destructive work of
the sea.

2. With the aid of annotated diagrams, des-
cribe the appearance and formation of any
three of the following pairs of features of coastal
landforms.

(a) cliff and wave-cut platform

(b) geo and blowhole

(c) arch and stack

(d) spits and bars

3. How can shorelines be classified? Describe
any one method of classification and explain
briefly some of the major shoreline features
that you have classified.

4. With the help of diagrams, explain the
distinct differences between the following coast-
lines of submergence.
(a) ria coast
(b) fiord coast
(¢) Dalmatian coast
(d) estuarine coast

5. Choose any three of the following terms 02}:‘:
nected with marine landscape. Explain it
meaningofeachand stateitsrole in transformi!
the coastline.

(a) longshore drift

(b) undertow

(¢} concordant coast

(d) raised beach

(&) tombolo



Chapter 11 Islands and Coral Reefs

An Bsland is 2 piece of land surrounded on all sides
by water. It may occur individually or in a group,
in open oceans or scas. Smaller ones of only local
significance are found even in lakes and rivers.
, Genenally speaking all islands may be grouped under
; the following types.
1. Continental islands. These islands were formetly,
part of the mainland and are now detached from the
continent. They may be separated by a shallow
+lagoon or a deep channel. Their separation covld be
due to subsidence of some part of the land or to a
fise in sea level, 5o that the lowland links are sub-
merged by the sea. Their former connection with
the neighbouring mainfand can be traced from the
" similar physical structure, flora and fauna that exist
on both sides of the channel. In the course of time,
~ modification by men and other natural forces may
give rise to different surface features. But eveh then,
the basic structural features will remain the same.
* Continenta} islands may appear as:
[ (2) Individual islands. These lie just outside the
-continent, very much associated with the charac-
iteristic features of the mainland of which they were

R

N

ionce part. Some of the outstanding examples ate_
'Newfoundland, separated from the mainland by the i

-Strait of Belle Isle; Mad. by the M b
'Chaunel; Ceylon by the Palk Strait; Tasmania by the
~$Bass Strait and Formosa by the Formosa Strait.
r‘.f, (b) Archipelagoes or istand groups. These com-
gﬁ‘prisc groups of islands of varying sizes and shapes,
e.g. the British Isles, the Balearic Islands of the
Mediterranean and also those of the Aegean Sea.
{c) Festoons or jsland arcs. The islands form an
archipelago in the shape of a loop around the edge
or the mainland, marking the continuation of
mountain ranges which can be traced on the continent,
eg the East Indies, the_Algutian Islands,
[Islands, Kurile Islands and other island arcs of the
Pacific coasts..
2. Oceanic islands. These islands are normaily small
and are located in the midst of oceans. They have
no connection with the mamland which may be
hundreds or thousands of miles away. They have
a flora and fauna unrelated to those of the continents.
The hav ny unique species
of animals, Due to their remoteness from the major
trading tentres of the world, most of the oceanic
islands are very sparsely populated. Some of them
provide useful stops for aeroplanes and ocean

Rarotonga in the Cook lsfands, a rugged vclc_anic istand
In the Pacific M.Z, High Commission Malaysia

steamers that ply between continents across vast
stretches of water, Generally speaking, oceanic
islands fall into one of the folfowing groups

(a) Volcanic jslands. Many of the islands in the
aceans are in fact the topmost parts of the cones of
volcanoss that rise from the ocean bed. Most of them
are extinct, but there are also some active ones. 'I‘h'e
best known volcanic peak of the Pacific Ocean is
Mauna Loa in Hawaii, which is 13,680 feet above
sea level. Tracing downwards, Mauna Loa is
found to have been built up from the ocean floor
ata depth 18,000 feet below the water surface! Other
volcanic istands have emerged from the submarine
ridges of the oceans. .

The volcanic islands are scattered in most of the
earth’s oceans. In the Pacific Ocean, they occur
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m several groups such as Hawaii, the Galapagos
Islands and the South Sea islands. In the Atlantic
are the Azores, Ascension, St. Helena, Madeira and
the Canary Islands., Those of the Indian Ocean
are Mauritius and Reunion. In the Antarctic Ocean
are the South Sandwich Islands, Bouvet Istand
and many others.

() Coral islands. Unlike the volcanic islands,
the coral islands are very much lower and emerge
Just above the water surface. These islands, built
up by coral animals of various species, are found
both near the shores of the mainland and in the midst
of oceans. Coral islands include the Marshall Islands,
Gilbert and Ellice Islands of the Pacific; Bermuda
in the Atlantic and the Laccadives and Maldives of
the Indian UcEan. -
PR

Coral Reefs

In tropical seas many kinds of coral animals and
marine orgamsms such as coral polyps, calcareous
algae, shell-forming creatures and lime-secreting
plants live in large colonies. Though they are very
tiny creatures, their ability to secrete calcium car-
bonate within their tiny cells has given rise to a
peculiar type of marine landform. They exist in
numerous species of many forms, colours and shapes.
Under favourable conditions, they grow in great
profuston just below the water level. Taking coral
amimals as a whole, thepolyps are the most abundant
and also the most important. Each polyp resides in

Atafu atoll in the Tokelau istand group N.Z. High Commission Malaysia

a tiny cup of coral and helps to form coral reefs
When they die, their limy skeletons are cemented
into coralline limestone. There are also non-eef-
building species such as the ‘precious corals’ of th
Pacific Occan and the *red coral’ of the Mediterrancan
which may survive in the colder and even the deeper
waters. As a rule they thrive well only in the warmer
tropical seas.

The reef-building corals survive best under the
following conditions.

- e,

‘ee tamcactnwea muyst ot fall below
“fimits the areal di

ical, and sub-tropical
zones. Again they will not flourish where there 2t
cold eirrents becanse of the upweliing of the cold
Water, THis explains why goral reefs arc ly
Wﬂi& Ontht
other hand the \Wﬂwﬁmm
e.g. the_Gull Tl corals are found
fat to the north of the West Indies in the Atlant

n . cevel,
Ocean. The Pacific and the Indian Oceans, howeveh
have the most numerousScortal reels.

2. The depth ol the water should not c;ce;dfho
fathoms or 180_feet, because beyond ‘thls CD;‘:
thesis to

sunlight_is_too_faint for photo

place. _This is_essential_for the Surviv

‘microscopicalgac, on which the coral POIY%CAL "

s polyPs

Shalfow water of less than 100 feet is §
there should always be plenty of water &
cannot survive for too long out of water.




3, The water should be saltish and free from sediment.
Corals therefore survive best in the moving
ocean water well away from the silty coasts or muddy
mouths of streams. The corals are best developed on
the seaward side of the reef, where constantly moving
waves, tides and cusrents maintain an abundant
supply of clear, oxygenated water. They also bring
an adequate supply of food in the form of microscopic
organisms,

ok mmirs y ree

A fringing reef on the Hoﬁg Kong coast

Types of Coral Reefs

There are three main types of coral reefs.

1. Fringing reefs. A fringing reef is a coralline
platform lying close to the shoreextending outwards
from the mainland. It is e i from
the shore by a shaliow lagoon. 1t 15 widest when
fringing a protruding headland but completely absent
when facing the mouth of a streamn. The outer edge
grows rapidly because of the splashing waves that
continuously renew the supply of fresh food. The
reefs may be about a mile wide, Iying just above the

Fri
11 n/gmg reef

O miles 8

Fringing reef

, Fig 88 Fringing reef

level of low water and sloping steeply downwards
on the seaward side to a depth of about 100 feet
(Fig, 88).

2. Barrierreefs. A barrierrecfisseparated fromthe
coast by a much wider and deeper channel or lagoon
(Fig. 89). The reef is partially submerged. Where
1t lies above the water Jevel and sand can accumulate
on it, a little vegetation is possible. The barrier reefs
have narrow gapsat several places to allow the water
from the enclosed lagoon to return to the open ocean.
Such gaps are very useful for shipping and provide
the only entrances for ships to enter or leave the
lagoon, The best known barrier recf is the Gn_rat
Barrier Reef off the coast of Queensland, Australia.
1t is 1,200 miles long, separated from the coast by 2

channel 100 miles wide in places and over 200 feet

deep.

3. pAtoHs. Atolls are similar to barric'r reefs except

that they are circularin shape, enclosing 2 sha]lqw

lagoon without any land in the centre. The encir-

cling ring is usually broken in a few pl:mcs‘to.anow

the free flow of water (Fig. 90). On the inside of

the reefs, sand and limestone debris collect and palm

trees like coconuts may grow. Such palm irees
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thrive well in the brackish water of the lagoon, The
nuts fall into the water and are distributed widely
by floating from one coral island to another. The
calm waters are useful for fishing and canoeing.
Some of the large atolls, e.g. Suvadiva in the Maldives,
west of Ceylon, have a lagoon over 40 miles across.
A number of them provide essential air bases for
trans-Pacific aircraft.

The Probable Origin of Coral Reefs

The subject of the origin of coral reefs has beer
studied and debated for over one and half centures.
Several theories have been suggested but none i§
universally accepted.

The most widely accepted theory is that put
forward by the great scientist Charles Darvin,
after his voyage to the Pacific islands in 1842, 118
known as the subsidence theory, Darwin assumed
that all coral reefs began as fringing recfs around
an island or the topmost portions of extinct volcanots
that stoad above the ocean bed. Due to a gencrd
downwarping of the earth’s crust, the islands grads-
ally subsided. The corals continued to grow upwards
10 keep pace with the subsidence. The growih "V;‘;
more vigorous at the outward edge than the land\'fﬂ .
edge because of the more favourable living 00""“"1‘:“
for corals, so the encircling reef widened. 1t ’;
formed a barrier reef, with 2 lagoon between the 1slan‘
and the reef. Eventually, when the land wmp‘f‘:rz
submerged, only the outer rims of the -m{sd‘:ms
seen, forming an atoll. The submeraed istan i
covered by a layer of sediment so that the Chm'rhus
istic circular lagoon is generally shzi]lowh e
atolls mark the position of the former islands e
91a). More recent researches by OCC}\“°¥“‘p
have revealed that the ocean floor has, in fact

biected to subsid pecially in the Pa
Darwin's explanation was therefore generally C‘;ﬁm

Amongst the other theories, perhaps the A s
geographer, R.A. Daly's glacial control (hcngudﬂ
forward in 1910 is worth mnsiger:::l‘;‘:;li W

is visit to Mauna Kea in Hawai,
:lose'n-h ionship betweenglaciation and W"F‘;",’,’;
ment of coral reefs. He believed that dun‘;‘! jrid
height of the Ice Ages, the water was logi 0: s
any coral growth to take place. With ¢! Co‘md
of a coral barrier, marine erosion was able (vr.\m‘
and lower theislands. Wath the retum of the ¥
climate, the water that was locked up in the 105,
melted. Consequently, there was a nisé hmc Jowet
fevel which in some cases submerged B "y
istands. On these wave-planed platforms.
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A fringing reef

tagoon barrier reef

i) Subsidence of the land leads to a barrier reef

developing.

lagoon atolt
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i} Further subsidence matched by the growth of
coral leads to an atoll

81 {a)} Darwin’s theory of subsidence {coral reef
growing upwards and outwards to keep
pace with subsiding island, passing from
fringingreef, to barrier reef and eventually
atoll)

coral reef

began to grow upwards at the rate of a foot in a decade
to keep pace with the rising water level (Fig 91b)
Coral reefs, where islands still project above sea
level, and atolis were thus formed. Recent evidence
of boring through coral formations seems to favour
Daly's explanation of a change in sea level and con-
sequent erosion of the islands. However the deepest
borings reveal basaltic rocks. These correspond
to the subsided islands envisaged by Darwm. Thusa
combination of the two theories accounts for all the
important features of coral reefs and atolls.

QUESTIONS AND EXERCISES

1. Give a concise classification of the islands
of the world. Quote actual examples of islands
to justify your proposed classification.

2. The following are some of the islands of
the world, State in which part of the globe
they are found. For any three of them account
for their probable origin.

Sakhalin Island

Andaman Islands

Maldive Islands

St. Helena

Hawaiian Islands

Crete

3. What are the three general types of coral
seefs formed by coral animals. Point out the
distinct differences between them,

4, Explain cleasly how coral reefs are formed.

i} A fringing reef

W2, N

i) . Island is planed when sea is at a lower fevel

?‘m&%

» K

liii} Sea levet rises and coral grows upwards forming
atoll,

7.91 {b) Daly’s Glacial Contro! Theory
e

Jormersealevel

[}nder what conditions do corals thrive best?

5. With the aid of examples and diagrams,
explain any three of the following terms connec-
ted with islands and coral reefs.

(a) continental islands

{b) archipelagoes

(c) oceanic islands

{d) coral polyps

(e) fringing reefs

0 atolls



Chapter 12 The Oceans

Exploring the Oceans
The oceans, comprsing more than 70 per cent or
140 million square miles of the earth’s surface, have
tremendous potential waiting to be developed.
Besides being a source of food-—fish, mammals,
reptiles, salt and other marine foodstuffs—the tides
can be harnessed to provide power. Formal oceano-
graphic investigation began only with the British
expedition of the Challenger (1873-1876), the first
successful world-wide deep-sea expedition.
Oceanography, the science of the oceans, has
become such an important subject in recent years
that researches into the deep seas have been conduc-
ted by many institutions, universities, government
ministries and other international organizations.
The most famous international oceanographic re-
search centre is the International Council for the
Exploration of the Sea with its headquarters in
Copenhagen. Ocean exploration for the observation
and recording of oceanographic data is a very
expensive matter. It involves the operation and
maintenance of specially equipped vessels in mud-
ocean for long periods, and large-scale oceano-~
graphic researches are thus best undertaken by
international bodies. 'The older echo-sounding tech-

niques have now been replaced by radar soundia;
and electrical echo devices to find the precise depths
of ocean floors and map the relief of the oceans
Trained frog-men equipped with modern breathing
apparatus are employed to gather valuable informa-
tion from great depths, Deep sea corc samplesare
obtained by boring for the study of the oceanic
deposits—the various kinds of oozes, muds and lays-
Automatic-recording thermometers and other senst:
tive instruments can be lowered to any required depth
by stationary vessels with laboratory facilitiesfor
processing any requited data. For the observali
and measurement of current flow,various kinds of
current meters using propellers, vanes or pendulums
have been designed. Sealed bottles and other ﬁqﬂt
ing objects containing instructions for reporii®
their precise time and place of discovery are {tkﬂsoﬂ
in large numbers to compute the rate and directs
of drift and current flow. With all these moder™
techniques at the disposal of the oceanogﬂph“i‘s'
our knowledge of the mysteries of the owmsbe
greatly increased. But there is still much to
discovered.



The Relief of the Ocean

The ocean basins are in many ways similar to the
and surface. There are submarine ridges, plateaux,
canyons, plains and trenches. A section drawn
cross an ocean (Fig. 92) illustrates the typical
submarine relief features. IR .

1. The continental shelf. This is, in fact, the sea-
ward of the i from the shoreli
to the continental edge marked, approximately, by
he 100 fathom (600 fect) isobatk (isobaths are
contours marking depths below sea level). The
continental shelf is thus a shallow platform whose
width varies greatly, from a few miles in the North
Pacific off the continent of North America, to over
100 miles off north-west Europe. In some places
whe're the coasts are extremely mountainous, such as

the Rocky Mountain and Andean coasts, the conti-

nental shelf may be entirely absent. Off broad low-
land coasts Iike those of Aretic Siberia, 2 maximum
width of 750 miles has been recorded! A width of
20 to 100 miles is generally encountered. The angle
of the slope is also variable, and is normally least
where the tontinental shelf is widest. A gradient
of 1 m 500 is common to most continental shelves.

Many regard the continental shelf as part of the
continent submerged due to a rise in sea level.e.g.
at the close of the Ice Age, when the ice in the tem-
perate latitudes melted and raised the sea level by
several hundred feet. Some smaller continental
shelves could“have been caused by wave erosion
w!lere the land is being eroded by the sea as shown in
Fig. 93. Conversely such shelves might have been
formed by the deposition of land-derived or river-

continntg! edege

borne materials on the off-shore terrace as in Fig. 94,

T e ot hical

LI . - N Lt enes
trate through the water, which encourages the growth
of minute plants and other microscopic organisms
~They are thus rich in planktonon which millions of
surface and bottom-feeding fishes thrive The con-
tinental shelves_are_therefore the richest fishing
“grounds in_the world, e.g. the Grand Banks off
Newfoundiand, the North Sea and ihe Sunda Shel.
) " Thelr limitéd déptliand gentle slope keep
out cold under-currents and increase the height of
tides. This sometimes hinders shipping and other
marine activities since ships can only enter and leave
port on the tide Most of the world's greatest
seaports including Southampton, London, Hamburg,
Rotterdam, Hong Kong and Singapore are located
on continental shelves.

2. The continental slope.

At the edge of the

‘continental shelf, there is an abrupt change of

gradient to about 1 in 20, forming the continental
slope.

3. The deep-sea plain, This is the undulatingplain
lying two to three miles below sea level, and covering
two-thirds of the ocean floor, generally termed the
abyssal plain. It was once thought to be featureless,
but modern sounding devices reveal that the abyssal
plain is far from being level 1t has extensive subma-
rine plateaux, ridges, trenches, basimns, and oceanic
istands that rise above sea level in the mudst of
oceans, e.g. the Azores, Ascension Island _

4. The ocean decps: These are the fong, narrow

sea level

nhu'kltpl:":"‘w‘i‘;:-\ 3

contanntel sl it

la
continental slope

acean deep

Marine ridge
inor tsench

Fig. B2 The relief of the ocean basin (3 typical

section) with oceanic deposits—mud, clay

and opzes

8s



land

land

Fig 93 Continental shelt formed by processes of
erosion

trenches that plunge as Breat acean deeps to a depth
of 5000 fathoms or 30,000 feet! Contrary to our
expectations, most of the deepest trenches are not
located in the midst of oceans. They are more often
found close 1o the continents, particularly in the
Pacific Ocean, where several deep trenches have been
sounded. The greal known ocean deep is the
Mariana Trench near Guarm Island, Whith s more
thati 361 U‘feerdee;i'Wmn-sce'fmmh’ﬂ
ocean trenches are greater in magmtude than the
highest mountains on land, for the highest peak
Mt. Everest js only 29,028 feet, Other notable ocean
deeps include the Mindanao Deéep (35,000 Teer), the

Tonga Trenck (31,000 Teet) and  the Japanese Trench
(38.000 Teety, all i the Pacific Ocean
o2 37 1 the Facific Ocean

The Oceanic Deposits of the Ocean Floor
hmcmlswed“‘fm‘mc”ﬁﬂm
deposited by rivers or at the coast are eventually
dropped on the ocean floor. The dominant process
s slow sedimentation where the eroded particles
very slowly filter through the ocean water and settle
upon one another in layers The thickness of the
layer of sediments s still unknown. Its rate of
Accumulation is equally uncertain. Generally speak-
ing, we may classify all the oceanic deposits as either
muds, cozes or clays.
. The., These are terrigenous deposits be-
:au!(ﬁen;'nﬁr&e derived from Iasnd and are mainly
deposited on the continental shefves, The muds
are referred 1o ns blue, green or red muds; their
?‘N"ins depends upon their chemical content.
Qores. These are pelypi i use
e Pelagic deposits beca

they fom the oceans, They are made
ol the xhzuy.and skeletal yemajng of marine micro-

- with caleareoys or siliceous parts. Qozes
has fine, flour-like Iexture and either occur
s} Seponts or fimy about in suspension,

Fig. 94 Continental shelf tormed by processes of
deposition .

3. Theclays. These occur mainly as red cla}(s i the

deeper parts of the ocean basins, and are pfirtlcula!l)’

abundant in the Pacific Ocean. Red clay is believed

to be an accumulation of volcanic dust blown out

from volcanoes during volcanic eruptions.

Salinity of the Ocean

Almost every known chemical element mnhob;
found in varying proportions in the oce?ns W' j
most characteristic feature is their salinity, in r:orxl m:a
to the fresh water of lakes and streams. Ax!n :m
water contains large amounts_of dissolyed 10 p

matter of which sodium_chloride or common ;;:
alone constitutes more than 77 et cent. The ;ium
more important compauna‘s"m%
calcium and potassium, while the rest are ‘lli!tsks Dt
Able—oni; S of very minute :mnmw}t—ic/ﬂ;
to the free mov:% wa}er,( & propor o

erab N
A AT st

e ash
as salinity, the degree of saltness of water, :Il:" 2
percentage or more often in part§ per & 1 aps
Variations are shown in salinity dlsm'bm,:n et
by isohalines, lines joining places having
degree of salinity. L of
x;écnemlly speaking, the average SK{’"’”%’ s
oceans is 35.2%,,, about 35 parts of salt in 1 e
of water. In the Balic Sea, xyher.c (h;‘:g“m.q,b
dilution by fresh water and.mchmg wc,(ld o W2T
much lower, only about 7 .. In the R e
there is much surface evaporatipn and ‘x‘“ind 250
to bring in fresh water, the average safini ’,’c!if'" ]
1039 %,,. Inenclosed seas, uhich%r_t%
rainape, such as the Caspian Sca, The salt petiet.
high, 18075, and in the Dea
sa%inily of 250 .. has been recorded
e ettt




salinity is perhaps, that of Lake Van, in Asia Minor,
with 330 /es. It isa salt jake, and salls are collected
rom 1ts shores. The density of the water is so high

%}?{L‘x&_l_ak_g___"/mmt_m he Dead Sea, it is almost impos-
¢ to sink. Beginner-swimmers will find it much
Casiortofoattiere than anywhereelse!  The variation
of salipity in the various seas and oceans is affected by
the following factors.
1, The rate of evaporation. The waters fringing the
High Pressure Belts of the Trade Wind Deserts,
between 20° and 30°N. and S., have high salinity
because of the high rate of evaporation caused by
high temperature and low humidity. The temperate
ws}xjﬂf_l'_____(mrsalinity ¢ due to the lower tempera-
ture and & lower rate of evaporation.
2. The amount of fresh water added by precipitation,
streams and icebergs. Salinity is Jower than the
average 35 %, in equatorial waters because of the
heavy daily rainfall and high relative humidity.
Oceans into which huge rivers jike the Amazon,
Congo, Ganges, Irrawaddy and Mekong drajn, have
Tiuch of their saltness di]utcm?ﬁea%fiowe
salinity. The_Baltic, Arctic_and Awtarctic waters
climate with little evaporation and because much
fresh wager is added from the melting of jcebergs, as
well as by several large poleward-bound rivers, e.g.
Qb, Lena, Yenisey, and Mackenzie,
3. The degree of water mixing by currents. In
wholly or partially enclosed seas such as the Caspjan
Sea, Mediterranean Sea, Red Sea_and Persian’ Gulf,
the waters do not mix freely with the ocean water
and they are not penetrated by ocean currents.
Salinity is high. often over 37 .. . In areas of inland
drainage without Jinks with the oceans, continuous
evaporation under ap almost cloudless sky causes the
accumulation of'salts around the shores. In the open
oceans where currents freely flow, salinity tends to be
near the average 35 *4,, or even a little lower., The
range of salinity is negligible where there is free
mixing of water by Surface and sub-surface currents

The Temperature of Ocean Water

Like Jand masses, occan water varies in tempe-
rature from place to place both at the surface and at
great depths.  Since water warms up and cools down
much more slowly than the land, the annual range
of temperature in any part of the ocean is very much
smaller. It is less than 10°F. for most of the open
seas. Generally, the mean annual temperature of
the surface ocean water decreases from about 70°F,
in equatorial areas (0 55°F. at ltitudes 45°N. and S,

_ﬁa_r._}_g__tﬁ_e.ﬂme-way, coasts

and drops almost to freezing-point at the poles, The
reduction of temperature with latitude is however
never constant, because of the interference by warm
and cold currents, winds and air masses. Unlike'the
solid earth, ocean water ismobule and variattons in the
temperature between different parts of the oceans
can be expected. Water flowing out from the Arctic
and Antarctic as cofd currents, such as the Labsador
Current off north-east Canada, tends to reduce the
SUTTAGE-Water temperature._Ports of éastern Canada
ven 2 i st_half the
warmed by warm
L A T L N I

the year! .
The highest water temperatures are found in
TS, €.8. 1he Re

is permanently frozen as pack-ice down to a depth -
of several feet. In the warmer summer, parts of the
ice break off as icebergs that both dilute the water
and lower the surface temperature of surrounding
ice-free seas.

The temperature of the oceans also varies verti-
cally with increasing depth. It decreases rapidly
far the first 200 fathoms, at the rite of 1°F, for every
10 fathoms, and then more slowly until a depth of
500 fathoms is reached. Beyond this, the drop is
scarcely noticeable, less than 1°F. for every 100
fathoms. 1n the occan deeps befow 2,000 fathoms
(12,000 feet), the water is uniformly cold, just a little
above freezing-point. It is interesting to note that
even in the decpest ocean trenches, more than 6 miles
below the surface, the water never freczes. It is
estimated that over 80 per cent of all ocean waters
have a temperature between 35° and 40°F.

The Movements of Ocean Currents

QOcean curents are large muasses of surfsce water
that circulate in regular patterns around the oceans,
as shown in the world map in Fig. 95. Those that
flow from equatorial regions polewards have a higher
surface temperature and are warm currents. Those
that flow from polar regions eguatorwards have a
lower surface temperature and are cold currents,
Their direction of movement “is- indicated by the
arrows. But why should they follow such a pattern?
Some of the underlying factors are explained below.
L The planctary winds. Botween the equator and
the tropies blow the Trade Winds whick move

&



equatorial waters polewards and westwards and 5. Land. A land mass always obstructs and divests
wartn the eastern coasts of continents. For example  a current. For instance, the tip of southern_Chile
the North-East Trade Winds move the North Equa-  diverts part of the West Wind Drift northwards 2
torial Cuftent and iis derivatives, the Florida Current  the Peruvian Current, Similarly the *shoulder’ of
and the Gulf Stream Drift to warm the southernand ~ Brazil at Cape Sao Roque, divides the west-flowing
eastern coasts of U.S.A. Similarly, the South-Eas equatorial currents into the Cayenne Current which
Trade Winds drive the So%m—mm flows north-westwards and the Brazilian Current
SWHIEh watms the eastern coast of Brazil as the warm  which flows south-westwards.

Brazilian Current.

In the temperate latitudes blow the Westerhes  The Circulation of the Atlantie Ocean ]
Though they are less reliable than the Trade Winds,  Let us now study more closely the circulation
they tesult in a north-easterly flow of water in the  of ocean currents in the Atlantic Occan. We shall
northern hemisphere, so that the warm Gulf Stream  begin with the North and South Equatorial Curreat
1s driven to the western coast of Rurope as the  at the equator. The steady Trade Winds constantly
North Atlantic Drift. In a similar manner, the  drift two streams of water from east to west. Atthe
Westerlies-of the southetn hemisphere, drive the West  "shoulder® of north-cast Brazil, the protruding fand
Wind Drift equatorwards as the Peruvian Current  mass splits the South Equatorial Currcn_t into the
off South America and the Benguela Current off Cayenne Current which ﬂowsa]ongtthuxanamﬁzﬁ
'southern Africa. The planetary winds are probably’) and the Brazilian Current which flows southwards
et T T T e along the east coast of Brazil.

R In the North Adantic Ocean, the Cayenne Curret
L NG el Meei.ed s joined and reinforced by the North Equatona!
direction of the currents changes completely with the ~ Current and heads north-westwards as a [arge 1‘;‘:‘;
direction of themonsoon winds which come fromthe  of equatorial water into the Caribbean Sea o
north-east in winter and south-west in summer. of the current enters the Gulf of Mexico and m‘rgba
2. Temperatures. There is much difference in the  from the Florida Strait between Florida and Cil "
temperature of ocean waters at the equator and atthe  as the Florida Current. The rest of the N““’.;?ﬂ
poles. As warm water is lighter and rises, and  water flows northwards east of the Antilles 10 ]
cold water is denser and sinks, warm equatorial  the Gulf Stream off the south-eastern USA ax
waters move slowly along the surface polewards,  Gulf Stream Drift is one of the strongest om:wim
while the heaviercold waters of the polarregionscreep  rents, 35 to 100 miles wide, 2,000 feet decp Bﬂi s
slowly along the bottom of the sea equatorwards.  a velocity of three miles an hour. The 17““"]“‘““4c
3. Salinity. The salinity of acean water varies  the coast of America as far as Cape Hatteras { dae! &
from place to place. Watersofhigh salmity aredenser ~ 35°N.), where it is deflected eastwards Un otation
than waters of low salinity. Hence waters of low combined influence of the Westerlies and the A’ﬂaﬂ“"
salinity flow on the surface of waters of high salinity  of the earth. It reaches Europe as the N.mh r dsY
while waters of high salinity flow at the bottom to-  Drift. This current, flowing at 10 miles gzu
wards waters of low salinity. For example in the  carries the warm equatorial water for over ﬂh‘ o
Mediterranean region, there is great difference in  miles to the coasts of Europe. From tl es
salinity between the waters of the open Atlanticand  Atlantic, it fans out in three directions, et
those of the partially enclosed Mediterranean Sea.  to Britain, northwards to the Arctic and 50 Curre™

The less saline water of the Atlantic flows on the along the Tberian coast, as the coolCaﬂﬂ”;;Dst we

surface into the Mediterranean, and this is com- Oceanographic researches show !hz;;s’:!wm 1o

pensated for by an outflow of denser bottom water  thirds of the water brought by the Gul the tropi

from the Mediterranean. Arctic regions is returned annually ‘?cm}’ssau A
t

4. The earth's votation. The earth’s rotation de- latitudes by dense, cold polar water that s
flects fregly moving objects, including ocean currents,  wards in the ocean depths. The Can?r:thcb"”a
1o the right. In the northern hemisphere this is a  flowing southwards eventually merges w';w;;c oo
‘;‘?‘k“"“ ditection (e.g. the circulation of the Guif Equatorial Current, completing the cloc
S rift and the Canaries Current). In the in the North Atlantic Ocean. o the 6%
cmisphere it is an anti-clockwise direction {: Within this ring of currents, an ared It B0, e
of

zilian Current and the West Wind Drift). The Atlantic has no_perceptible current:
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amount of floating Sea-weed gathers and the areg
18 called the Sargasso ea.

Part {rom {hg clockwise crculation of 1z
currents, there are also currents that enter the North
Atlantic from the Arctic regions. These cold waters
are blo“!n south by the out-flowing polar winds,

e Irminger Current or East Greenland Current
flows between Ieeland ang Greenland and cools the

North Atlantic Drify at the poj
boint of convergence.
The cold Labrador ¢y i ;

est Greenlan Baffin Island to meet
the warm Gair Stréam-off §,

cwfoundland, as far

south as 50°N. where the icebergs cary d
th b
the Labrador Current mejy 8 < south by
Tha €~ vy Sty [EI
of ¢ l

mat

. - e [
LRI . ..I.. .“. " ! 0
S L;l Ao o . el sunl waters of
- Sou nle is not so distinctive,
Where the South Equamrial Current js split at
pe S;o quue. one branch tums south ag the
waflm {az‘xhax! Curreny, gy deep blue waters are
casily dlst.mguxshablc from the yellow, muddy
hundreds of miles out 1o sea by the

Vaters Carried
ut 40°S. the influence

Amazon furthey rorth. At abg

Arctic_Cﬂ'cle_ -

NE Monsoon Drft
fwnter)s

—— 'warm Currents

====pcold currents

of the Pprevailing Westerljes and the rotation of the
earth propel the current castwards to merge with the

tropical Iatitudes, Driven by the regular South-East
Trade Winds, the Benguela Current surges equator-
wards jn a north-westerly direction to join the South
Equatorial Current. This completes the circulation
of the currents in the South Atlantic. Between the
North and South Equatorial Currents s the cast-
flowing Equatorial Counter Current.

The Circulation of the Pacific Ocean

€ pattern of circulation in the Pacific is similap
to that of the Atlantic except in modifications which
can be expected from the greater size and the more
©OPen nature of the Pacific. The circulation can be
casily followed in Fig.95. Try to correlate it with the
currents in the Adantie.

The North Equatoriat Current flows westwards
with a compensating Equatorial Counter Current
Tunning in the opposite direction, Dueto the greater
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expanse of the Pacificand the absence of an obstruct-

ing fand mass the volume of water is very much

greater than that of the Atlantic equatorial current.

The North-East Trade Winds blow the North
Equatorial Current off the coasts of the Philippines

and Formosa into the East China Sea as the Kuroshio
or Kuro Siwo or Japan Current. [Its warm waters

are carried polewards as the North Pacific Drift,
keeping the ports of the Alaskan coast ice-free in

winter, The cold Bering Current or Alaskan Current

creeps southwards from the narrow Bering Strait

“and is joined by the Okhotsk Current to meet the

warm Japan Current as the Oyashio, off Hokkaido.

The cold water eventually sinks beneath the warmer

waters of the North Pacific Drift. Part of it drifts

eastwards as the cool Californian Current along

the coasts of the western U.S.A. and coalesces with

the North Equatonal Current to complete the clock-

wise circulation,

The current system of the South Pacific is the same

as that of the South Atlantic, The South Equatorial
Current, driven by the South.-East Trade winds,
flows southwards along the coast of Queensland
as the FEast Australian Current, bringing warm
equatorial waters into temperate waters, The current
turns eastwards towards New Zealand under the full
force of the Westerlies in the Tasman Sea and merges
with part of the cold West Wind Drift as the South
Pacific Current. Obstructed by the tip of southern
Chile, the current turns northwards along the western
coast of South America as the cold Humboldt or
Peruvian Current. The cold water chills any wind
that blows on-shore so that the Chilean and Peruvian
<oasts are practically rainless. The region is rich in
microscopic marine plants and animals that attract
huge shoals of fish. Consequently, millions of sea-
birds gather here to feed on the fish. Their dropp-
ings completely whiten the coastal cliffs and islands,
forming thick deposits of guano, a valuable source
of fertilizer. The Peruvian Current eventually links
up with the South Equatorial Current and completes
the cycle of currents in the South Pacific.

The Indian Qcean Circulation
As in the other oceans as illustrated in Fig. 95,
the currents of the South Indian Ocean form a circuit.
'{'(he Equatarial Current, turning southwards past
adﬂgﬂs{:ar as the Agulhas or Mozambigue Current
es with the West Wind Drift, flowing eastwards
(’"5 equatorwards as the West Australian

¢ North Indian Ocean, there is a complete

teversal of the direction of currents between summer
and winter, due to the changes of monsoon winds.
In summer from June to October, when the dominant
wind is the South-West Monsoon, the currents are
blown from a south-westerly direction as the South-
West Monsoon Drift. This is reversed in winter,
beginning from December, when the North-Esst
Monsoon blows the currents from the north-east 3

the North-East Monsoon Drift. The currents of the

North Indian Ocean, demonstrate most mnvm'cmgh

the dominant eMects of winds on the circulation of

ocean currents.

QUESTIONS AND EXERCISES

1. With the aid of farge skerch maps, gitsqﬂbc
and explain the circulation of currents in either
the Atlantic or the Pacific Ocean, Your map
should differentiate cleacly the warm curreats
from the cold currents.

2. Explain by reference o actual examples th¢
effects of ocean currents on:

(a) climate

(b) navigation

(c) economic activities

3. What is meant by the relief of the 003:”{“"’
In what ways are the structure and comPOS““’g
of the relief different from those of the 1an
surface?

4. Give a reasoned explanation of 20¥ ”’”;e
of the following. od
(a) Therichest fishing grounds aré foc
on continental shelves. e
(b) The average salinity of the Bfg‘?& S‘B
is only 7°%/,. whereas that of the Dea
240 *foe.
(c) The temperature of the o¢
varies both hosizontally and verticall - cira
(d) The dominant influence on !
lation of ocean currents is wind.

oW~

5, Write brief notes onany three of the fol!
ing terms associated with the 0ceans

(a) deep sea core samples

(b) Mariana Trench

(c) isohalines .

(d) Guif Stream Drift

(e) Sargasso Sea

can Water
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SELECTED QUESTIONS FROM CAMBRIDGE OVERSEAS SCHOOL CERTIFICATE PAPERS

1.

2.

. Either:

Either (a) Ineach of fwo continents name iz voleano.
il a rift valley.
You need not select i. and ii. from the same continent.
(b) With the aid of disgrams, describe the physical features and method of formation of one of the
volcanoes and one of the rift valleys you have named in (a).
Or Choose three of the following landforms: fjord, barner reef, delta, lagoon, For each:
i, With the aid of diagrams, describe its main features and suggest how the landforms may have
been formed.
i, Name an example and Jocate it by means of a sketch map. (1967)
(a) With the aid of diagrams and by ref to actual ples, explain how lakes are caused by any fwe of
the following:
i movement of the earth's crust, ii.  glaciation. iii. the action of man.
(b) Describe three ways in which lakes are useful to man. (1966)
(a) With the aid of diagrams, describe the physical f of a limestone region.

(b) Select any three of these features and explain how they may have been formed.
{¢) Name and locate one large limestone region. (1965)

(a) Using the World Map asa guide, draw a sketch map of either Asia or South America to show the distribution
of:

i. fold mountain ranges ii. plateaux. - ’

(b} Describe typical features of these two types of mountains and explain how one type may have been formed.
Draw diagrams to illustrate your answer. (1964)

With the aid of expl: y diagrams and by refe to actual les, describe the physical features of:

P

{a) a coastline which includes fjords or rias.
(b) a coastline which includes sandbars or spits, and lagoons. (1964)

. Either Choose two of the following features: sand dune, canyon, delta. For each of the two:

()  With the aid of diagrams, desctibe its app and explain its formation.
(b) Locate an area where an example can be found.
Oor Write an account of the glaciation of 2 mountain region. (1962)
{a) Briefly describe an active voleano.
(b) What is an earthquake, and how it is caused?
(¢) Say why earthquakes and vol are often d with the same areas of the world, and locate rwo
such areas. (1961)
Choose two of the coastal features—fjords, stacks, sand spits, rias. For each you choose:
() With the aid of diagrams:
i. describe its appearance
ii. explain its formation.
(b) Locate an area where an example could be found. (1960) a
(a) Say what you understand by the term ‘ocean currents’, State briefly how ocean currents are caused an
why they are important.
(b) For ejther the North Atlantic Ocean
or  the North Pacific Ocean draw a simple sketch map to show the positions and names of the
principal currents and indicate whether they are warm or cold. (1962)
Select three of the following, and explain with the aid of diagrams or maps how 2 lake may have
been formed:
(i) byariverinitslower course (1) by glaciation in highland areas
(iti) by volcanic action (iv) in a fift valley .
With the aid of diagrams, describe three of the following and explain how they have been formed:
spit, beach, coral reef, delta (1970}

Or:
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xpanse of the Pacificand the absence of an obstruct-
ng land mass the volume of water is very much
areater than that of the Atlantic equatorial current.
The North-East Trade Winds blow the North
Equatonal Current off the coasts of the Philippines
and Formosa into the East China Sea as the Kuroshio
or Kuro Siwo or Japan Current. Its warm waters

are carried polewards as the North Paafic Drift,

keeping the ports of the Alaskan coast ice-free in
winter. The cold Bering Current or Alaskan Current
creeps southwards from the narrow Bering Strait
and is joined by the Okhotsk Current to meet the
warm Japan Current as the Oyashio, off Hokkaido.
The cold water eventually sinks beneath the warmer
waters of the North Pacific Drift, Part of it dufts
castwards as the cool Californian Current along
the coasts of the western U.S A. and coalesces with
the North Equatorial Current to complete the clock-
wise circulation.

The current system of the South Pacific is the same

as that of the South Atlantic. The South Equatorial
Current, dniven by the South-East Trade winds,
flows southwards along the coast of Queensland
as the East Australian Current, bringing warm
equatorial waters into temperate waters. The current
turns eastwards towards New Zealand under the full
force of the Westerhies in the Tasman Sea and merges
with part of the cold West Wind Drift as the South
Pacific Current. Obstructed by the tip of southern
Chile, the current turns northwards along the western
coast of South America as the cold Humboldt or
Peruvian Current. The cold water chills any wind
that blows on-shore 50 that the Chilean and Peruvian
coasts are practically rainless. The region is rich in
microscopic marine plants and animals that attract
huge shoals of fish. Consequently, millions of sea-
birds gather here 1o feed on the fish. Their dropp-
ings completely whiten the coastal cliffs and istands,
forming thick deposits of guano, a valuable source
of fertilizer. The Peruvian Current eventually links
up with the South Equatorial Current and completes
the cycle of currents in the South Pacific,

The Indian Ocean Circulation
As in the other oceans as illustrated in Fig. 95,
the currents of the South Indian Ocean form a circuit.
The Equatoriat Current, turning southwards past
M:dag:sgr as the Agulhas or Mozambique Current
- with the West Wind Drift, flowing castwards
e cquatorwards as the West Australian

« Nonh Ingian Ocean, there is a complete

reversal of the direction of currents between summer
and winter, due to the changes of monsoon winds
Tn summer from June to October, when the dominant
wind is the South-West Monsoon, the currents art
blown from a south-westerly direction as the Sfmzh-
West Monsoon Drift. This is reversed in winter,
beginning from December, when the North-East
Monsoon blows the currents from the north-east 3
the North-East Monsoon Drift. The currents of the
North Indian Ocean, demonstrate most convinciogly
the dominant effects of winds on the circulatiot of
ocean currents.

QUESTIONS AND EXERCISES

1. With the aid of large sketch maps, describe
and explain the circulation of currents in either
the Atlantic or the Pacific Ocean. Your map
should differentiate clearly the warm currents
from the cold currents.

2. Explain by reference to actual examples the
effects of ocean currents on:

(a) climate

(b) navigation

(¢} economic activities

?
3. What is meant by the relief of the ocest
In what ways ate the structure and W“‘P""”‘n
of the relief different from those of the 1
surface?

: hree
4. Give a reasoned explanation of any f ‘
of the following. 1ol
(a) The richest fishing grounds aré loca
on continental shelves. ity of
(b) The average safinity
is only 7°/,, whereas that of the Dea
240 *foe. alef
(CY The temperature of the o;ﬂ” ¥
varies both horizontally and vertica {he i
(d) The dominant ir}ﬂucpoc on
lation of ocean currents is wind. ,

of thefollo™

the Baltic 5¢
d Sez B

5. Writc brief notes onany three
ing terms associated with the oceans-
2) deep sea core samples
(b) Mariana Trench
(c) isohalines i
(d) Gulf Stream Drift
{¢) Sargasso Sea
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SELECTED QUESTIONS FROM CAMBRIDGE OVERSEAS SCHOOL CERTIFICATE PAPERS

1.

Kither (a) Ineach of two continents name i. a volcano.
ii. arift valley,
You need not select j. and ii. from the same continent.
(b) With the aid of disgrams, describe the physical features and method of formation of one of the
volcanoes and onte of the rift valleys you have named in (a).
Or Choose three of the following landforms: fjocd, barrier reef, delta, lagoon. For each:

i. With the aid of diagrams, describe its main features and suggest how the landforms may have
been formed.

ii. Name an example and locate 1t by means of 3 sketch map. (1967)

(a) With the aid of di and by ref 1o actual ples, explain how lakes are caused by any two of
the following:
L movement of the earth’scrust.  ii. glaciation.  ji. the action of man.

(b) Describe three ways in which lakes are useful to man. (1966)

(a) With the aid of diagrams, describe the physical features of a limestone region.
{(b) Select any three of these features and explain how they may have been formed.
(c) Name and locate one large limestone region. (1965)

(a) Using the World Map asa guide, draw a sketch map of either Asia or South America to show the distribution
of:

i foldmountainranges  ii. plateaux. B )

(b) Describe typical features of these two types of mountains and explain how one type may have been formed.
Draw diagrams to illustrate your answer. (1964)

With the aid of expl: y di and by refe to actual les, describe the physical features of:

s

(a) a coastline which includes fjords or rias.
(b) a coastline which includes sandbars or spits, and lagoons. (1964)
Either Choose two of the following features: sand dune, canyon, delta, For each of the two:
(2) With the aid of diagr describe its app and explain its formation.
(b} Locate an area where an example can be found.
Or  Write an account of the glaciation of a mountain region. (1962)
(2) Briefly describe an active volcano,
(b) What is an earthquake, and how it is caused?
(c) Say why earthquakes and vol are often jated with the same areas of the world, and locate fwo
such areas. (1961)
Choose two of the coastal features-fjords, stacks, sand spits, rias. For each you choose:
(a) With the aid of diagrams:
i. describe its appearance
ii. explain its formation.
(b) Locate an area where an example could be found. (1960)

(8) Say what you understand by the term ‘ocean curcents'. State briefly how ocean currents are caused and
why they are important,

(b) Foresther the North Atlantic Qcean
ar  the North Pacific Ocean draw a simple sketch map to show the positions and names of the
principal currents and indicate whether they are warm or cold. (1962)
Either: Select three of the following, and explain with the aid of diagrams or maps how a lake may have
been formed:
(3)' by a river in its lower course (1i) by glaciation in highland areas
{iif) by volcanic action (iv) in a rift vall

With the aid of diagrams, describe three of the following and explain how they have been formed:
spit, beach, coral reef, delta (1970)
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Chapter 13 Weather

The Difference Between
Weather and Climate
The term weather should not be confused with
chimate, though they are very closely related to each
other in the study of meteorology and climatology.
We don’t hear people saying that the climate of the
day is warm or cold, but we do talk of warm weather,
a gold n'mming, a sunny afternoon, a rainy day ora
chxl];: night. Any casual remarks about the atmos-
pheric conditions of a certain place at a certain time
areabout weather. It is never static, and thus cannot
. be generalized, In the same country, even over a
small area, the weather can vary tremendously. It
maylbc sunay in one part of the district, but raining
hcavx!y a few miles away, Strong gales may be
expcncn.ctd along the coasts while the interior may
be relatively calm, s 5 important to realise that
any place can be subjected to haphazard ch in
weather at any time. ) N
When we speak of climate we mean the avemgé
a.tmosphcnc conditions of an area over aconsiderable
time. Fat: climatic averages, a minimum period of
35 years is desirable. This involves the systematic
observation, recording and processing of the various
elements o{ climate such as rainfall, temperature,
humidity, air pressure, winds, clouds’and sunshine
before any standard of the chmatic means
or averages can be arnved at. The climate of
M;'la}ylsxa is describ_ed as hot, wet, equatorial climate
?" ICR 18 8 summing up of the average everyday
sYimate of the country throughout the year,
The degree of variability in the cfimate or weather

;f. a country also differs. Generally speaking, the

limate of temperate fatitudes s far more variable

han that of the tropics. The climate of tha Rl

Istes is so changeable that many people have commen-
ted that ‘Britain bas no climate, only weather”.
Conversely, the climate of Egypt 1s so static that it
makes a good deal of sense when people say that
‘Egypt has no weather, only climate’.

The importance of Climate and Weather
The profound inflience of chimate and weather
over man’s activities can be seen from his everyday
life. Forces of nature have regulated to a very great
extent the sort of food we eat, what we wear, how we
live and work. Our mental alertness, our physical
characteristics and even our racial differences when
closely examined have at least some relationship
with climate. The direction of winds once controlled
the pattern of trading routes. The safety of modern
air communications is closely tied to accurate
meteorological reports from the ground stations.
Despite the advances made in science and technology,
farmers and their crops are stiit at the mercy of the
climate and the weather, Conditions of temperature,
precipitation and humidity may promote or dis-
courage the growth of fungus and diseases which may
be injurious to both men and crops. Death rates
are normally high in tropical countries and low in
deserts, because germs are not transmitted readily
m regions of high temperature and Jow humidity.
Coal, fresh mountain air is always good for health.
Weather Bureaux or Meteorological Stations are

_ scattered all over the globe, including the oceans,

using some of the most up-to-date weather inst'ﬂh
ments to gather a wide range of data as raw materials

Far 1ha rrmerctriimtorerm il on ot o o o vt b et s o
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charts, Though men are still unable to tame the
forces of nature such as floods, droughts, ty phoons or
hurricanes, n sound knowledge of the trends or the
weather systems can often help 1o avoid or reduce the
scriousncss of the calamities.  Professional meteoro-
logists areable to forecastthe weather fairly securately
from local obscrvations. A fall in the barometer, a
change of cloud types, a bripht sunset or even a
whisper of the wind can be very useful tips toa weather
forecaster in detecting what is going to happen next,
A casua) glance at the sky will be sufficient for a
weather expert 1o sum up the conditions of the
atmosphere,

To-day farmers are becoming more and more
dependant upon meteorological services, A hnow-
ledge of the likely weather of a place will be uscful
for a farmer to plan his work for the scason or the
year. Frequent agricultural bulleting issued by the
Meteorogtcat Office will assist fanmers to take due
precautions agamnst frosts, hail, heavy snowfall or a
peniod of possible drought. Sailors at sea are

————nf

Funnel

- COPPE! Cyhinder

ground

gfass bottle

96 (a) A ram gauge

{b} Ordinary measuring cylinder

sarned prompily of any on-coming gale or typhoor.
Modern air transport, military operations, geogre-
phical expeditions, even important pamesand outizgs,
often take due consideration of meteorological
reports. A fair knowledge of the weather is not oaly
uscful but often evsential.

The Elements of Weather and Climate

To collzct warious climatic data and to prepae
maps and chats of them, the following elements of
chmate are normally observea and measured by
weather instruments.

1. Ralnfall. Rainfall including other forms of P&
cipitation (snow, sleet and hail) is always TF?S“!’:;’
by 1 metaf instrument called a_rain gaugc(Fig
llycomius of a copper cylinder Wit & metal fuanel
cither § inches or & inches in diameter, shich fetds
into a smaller copper container or glass boflk
The hole in the funnel that Ieads down to the containst
is very small so that evaporation of the collected r3in
is minimised. The gauge should be at least on¢ foot

ﬁ?
50

ure
{c) A calibrated taper meas!



above the ground and firmly fastened, to avoid
splashing. The instrument should be sited well
away from tall buildings, high trecs and other objects
which would shelter it
The measurement of the rainfall is done by removing
the funnel, emptying the rain in the container into a
graduated cylinder with a 14 inch diameter. The
reading should be done at eye-level and to an accuracy
of 001 inch. For greater accuracy, a special kind of
taper measure as shown in Fig. 96 (b) which tapers
at the bottom may be used. It gives an accuracy
up to 0005 inch. An inch of rainfall means the
amount of water that would cover the ground to a
depth of 1 inch, provided none evaporated, drained
off or percolated away. For meteosological record-
ings, a rain-day is reckoned as a period of 24 hours
with at least 0 01 inch or more min being recorded.
If the amount exceeds 0 04 inch,\it is considered a
wet day. For general reckoning, the average rinfall
for Malaysia is less than 03 inch,a day. Only a
torrential downpour can account for more than an
inch of rainfall in 3 day. The rain gauge must be
examined every day. In temperate regions, snowfall
is carefully melted by warming the funnet and then
measured. For all practical purposes 10 to 12 inches
of snow may be considered as equivalent to 1 inch
of rain,
The daily records of rainfall will be added at the
end of the month to find the total rainfall for that

month. The total for each month is again added at
the end of the year to find the ammval rainfall.
The mean annual rainfall is obtained from the aver-
ages of annual rainfall taken over a long period of say
35ycars. For plotting in rainfall maps, places having
thg same mean annual rainfall are joined by a line
called an isohiy<t, as shown in’manyatlases. Ran:nrall
can also be graphically depicted as shaded rainfall
columns, one for each month of the year as in Fig. 97
or in dispersal diagrams, one dot for each year for as
many years as possible as in Fig. 98, The former
illustrates the monthly rainfall regime over a year and
the latter shows at a glance the range of dry and
wet years for 35 years.

2. Pressure, Air is made up of a number of mixed
gases and has weight, It therefore exerts a pressure
on the earth's surface which vanes from place to
place and from time to time. This force that presses
on the surface of any object can be fairly accurately
measured. The instrument for measuring pressure
is a barometer, as shawn in Fig. 99, invented by the
scientist Galileo and his assistant Torricelli in 1643.

The ordinary mercury barometer consists of a long
glass tube, scaled at the upper and open at the
lower end, The lower end is inverted in a bowl of
mercury, whose surface is exposed to the air. Varia-

tions in the atmospheric pressure on the mercury

surface are balanced by the column of mercury in the

glass tube. This gives the pressuce of the air and can

vacuum
Lolymn of mercury
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Fig 98 A rainfall dispersal diagram for
Gibraltar for 35 years
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Fig, 99 A mercury barometer
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be read off quickly from the scale on the glass tube.
Any liguid could be used for this purpose, but mercury
has been chosen because it is the heaviest liquid known.
If ordinary water were used, the corresponding
column for normal atmospheric pressure would be
34 feet! At sea level, the mercury column is 29.9
inthes, or 760mm. If the pressure increases, the air
pressing on the surface will force up the mercury
column to about 31 inches (high pressure). When
the pressure decreases, as less air presses on the
surface, the mercury column will drop about 28 inches
(low pressure). As pressure is a force, it is more
appropriate to measure it in terms of a unit of force.
A new unit known as the mullibar (mb) was adopted
by meteorological stations in 1914, A normal atmos-
pheric pressure equivalent to 14-7ib. per square inch in
weight or a reading of 29-9 inches of mercury in the
column is 1013 millibars. On maps places of equal
pressure are joined by lines called isobars. In
temperate latitudes, pressure changes are very rapid
in the formation of cyclones and anticyclones. In
normal circumstances, they vary from 960 mb. to
1,040 mb. .

Pressure readings vary with a number of factors.
A sea-level reading of 30 inches will be halved on
mountainous regions of 3-5 miles above sea level.
This is because as one ascends there is less air above
and so the weight, or pressure is less, The barometer
is also sensitive to gravitational forces at different
tatitudes. The mercury itself also expands with an
increase in temperature, Therefore for professional
meteorological work which requires very accurate
readings, corrections have to be made in respect of
altitude, latitude and temperature.

Since a mercury barometer that dips in hquid
mercury is inconvenient for outdoor measurement,
a more portable but less accurate type known as the
Wﬁr‘ﬁi. This comprises a small
metal container, with most of the air driven out to
form almost a vacuum. As there is practically
no pressure at all inside the box, any increase in
pressure on the outside of the box will cause the lid
to move inwards thus registering high pressure by an
indicator on the revolving dial. When there is a
dccfease in pressure, the lid springs outwards,
“3‘5::“5 llow pressure by the indicator (Fig.100).

eroplanes, a modified type of aneroid baro-
“.‘“"‘2“;?“‘&!} altimeter isy used. As pressure
v / i th: lx:ud: at an approximate rate of 1
nmmﬂ“ﬂ?my readmg fo.r every 900 fcet

instead orgr:litlls\hercad\.ngmfcelfo.rhcxgp!

ibars or inches, With this,

.To obtain Centigrade=(°F.-32):1-8

ecarth temperatures are taken at

ar pressure
S

rng-»)
Po etal BOXY . Lok,selmost vacuum
o

S

Fig 100 An anerord barometer

the pilot will be able to tell the altitude of the plane
above sea level. For a continous record of pressur®
changes, as is sometimes required, the self-recording
barogram is used. . .
3. Temperature, Temperature is a very importa?
! of climate and her, The instrul'ﬂf\‘lt
for measuring temperature is the thermometer which
is a narrow glass tubse filled with mercury or 314‘0}]‘1°n
It works on the principle that mercury expands ¥ ;’
heated and contracts when cooled- On them‘ls
meters, temperatures are marked in one f)f “‘20 ‘”"z‘ y
In °F. (Fahrenheit) the freezing-point 1 32°F. :ﬁ:
the boiling-point is 212°F. For most scien o
purposes the Centigrade °C. scale is P{“fc,“ed' oC.
freezing-point is 0°C. and its lmiling-pqm.t lsa"F o
The mean daily temperature of Malaysia 1 8r o
26.7°C. For rapid conversation of on¢ scale
another, the following formulac may bcq“““'
To obtain Fahrenheit=(1-8 x°C.) +32 F
e.g. to convert 20°C. into Fahrenhilh
(1'8 x20°C)) +32°F,= 36> +32°=68°F-

e.g. to convert 59°F. into SC(e:ntigrad€¢
59°-32°):1-8=27:1-8=15°C. sty
fks the (Cgree of ‘hotness” varies m-m::;ﬂ;ml
from one place to another, thesiting of thein g
is very important A temperature lz!l<‘5“"hc
daylight is very high, because it mcasu:;sscﬁ @
insolation of the sun. It is better 9

8¢5

i 1 purp?”
‘temperature m the sun’, For agricultur "
"t vatious dCP";ﬂ s

w enclo:
the ground. The thermometer IS Cﬂmb‘_dd,d ¥

i Ib is ¢
special glass tube and the bul 1o b
paraffin wax, so that they are less scnsmi' \:l od oy
temperature changes. Toassess the pass!
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Fig 101 A Stevenson Screen

done by ground [rosts to crops in temperate latitudes,
grass temperatures are also taken.

But the temperatures that we are so accustomed to
e Vo e

e

. o C e
heat. This is done by placing the thermometers in a
standard meteorological shelter known as the
Stevenson Screen (Fig. 101). It consists of a white

* wooden box raised 4 feet above the ground on stilts.

The roof is double-layered with an intervening air
space to exclude much of the direct rays of the sun.
The sides of the box are louvred like ‘venetian blinds’
to allow free circulation of the air. One side of the
screen is hinged 10 serve as a door which can be
opened and closed to give aceess to the instruments
kept inside. The floor of the screen is also fouvred.
‘The Stevenson Screen normally carries maximum and
minimum thermometers, dry and wet bulb thermo-
meters. Larger ones may also contain a self-record-
ing thermogram and hygrogram,

Maximum and minimum temperatures are mea-
sured by the maximum and mimimum thermoreters.
They are either in the form of separate thermometers
it joined in a U-shaped glass tube as in the Six’s

h . The i } recards
e highest temperature reached during the day.
he mercury in the closed glass tube expands when
¢ temperature rises, It pushes a metal indicator
3 the tube and thss stays at the maximum level when
¢ temperature drops. The end of the indicator
arest the mercury, as indicated in Fig. 102, gives

the reading of the maximum temperature, which s
87°F. in this case. To reset the mercury for lhg next
day’s reading, swing it hard or draw the indicator
back by a magnet.

The minimum thermometer recards the lowest
temperature reached during the day; o prqbably
ocetrs in the muddle of the night or early in the
morning. The glass tube is filled with alcohol
which allows the mdicator to shde freely along the
tube. When the temperature draps, the alcohol
cantracts and drags the indicator towards the bulb
by the susface tension of the indicator. When the
temperature riscs, the alcohol flows past the End!cator
leaving it where it was, The end of thF indicator
farthest from the bulb gives the readmg‘of the
minimum temperature, which is 73°F. in Fig. 102
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in_grams per_cubic metre, is called the absolte
humdity.  But more important from the point of
View of weather studies is the relative humidity.
This is the ratio between the actiial amount of water

The thermometer is then reset by a magnet for the
next 24 hours’ reading.

In recording temperature, the maximum tempera-
ture is entered m the column for the previous day
and the mini perature in the col for |[vapour and the total amount the air can hold at 2
curtent day because of their respective period of [ given temperature, expressed as a percentage. Wam
probable occurrence. The mean daily temperatureis  air can hold more water vapour than cold air, so ifit
the average of maximum and minimum e.g (§7°F. +  contains only half the amount it could carry, the
73°F) + 2 = 8°F But an accurate mean should  relative humidity is 50 per cent. In the equatorid
be the average of 24 readings taken at hourly intervals  regions, over 80 per cent is common in the morming,
during the whole day. In practice this is almost ,,-which means the air contains four-fifths as much
impossible except with a self-recording instrument. [ water vapour as it can carry. When the relatne
The difference between the maximum and minimum | humidity reaches 100 per cent, the air is completely
temperatures of a day gives the diurmnal ran f ) saturated. The sir temperature is said 10 be at
temperature. The difference befween the hottest{ dew-point. Further cooling will condense the water
month (e, July in the northern hemisphere) and the | vapour into clouds or rain. Itis thus clear that whes
coldest month (i.e. January in the northern hemis- | refative humidity is high the air is moist, as i ﬂ?’
sphere) gives the annual range of temperature. | equatorial regions; when it is low, the air is dryasit

In dragramatic representations, monthly mean he deserts. 5 e humidty
temperatures are shown i simple temperature graphs The instrument for measurin, re\atuv: il
csi wef-and dry

(Fig. 103) or in temperature distribution maps as { is the hygrometer, which comprises ¥ iy

Jtsotherms, For these maps temperatures are reduced ), therniometers placed side by side in the Sl}iwordxl

10 sea level—~that is shown as if the recording \Screen (Fig. 104). The dry-bulbis, in fact, the o
nary thermometer that measures the shade tempe

H i W
ture mentioned earlier. The wet-bulb is kept

o by a wick that dips into a reservoir of disqlled watf
o] When the air is not saturated evaporation :w
. 30 \ produces a cooling effect, takes place from the e
b éo 4 N wick. The wet bulb therefore always shows fﬂ’"‘
- / N\ reading than the dry bulb. With referencetop e
2 0 N tables for calculating relative humidity, "ﬂm ot
g 5 / difference column of the dry and wet bulb e
€ ic Y. the relative humidity can be Pbtfxmed as a per o
® 10 Normally a large difference indicates a}ljow: e et
a a small difference a high R.H. If both. a"wm(
T FTMAMJJIJASOND reading, R.H. is 100 per cent; the air is S35,y
JEMAMJI J AS ON D Range 5. Winds. Wind is air in motion amn s
F.81430476071 777561482914 69 direction 5 . i other clemen
Stavstical data of temperature of Mukden " A lect winds ar¢
(Mean monthly temperatures from January climate such as rain, snow or 5 ¢ ‘\hat an 00’)’
‘Mneg:c:r:?\?;l) temperature 15 44°F up of a series of gusts and eddies
Fig 103 raph of Mukden, Manch . .o .

A o g
(42'N, 123'€) o Mercury 1 s
station were at sea level. Temperatures decrease at
the rate of 1°F. drop in temperature for 300 feet ascent
in altitude, so for highland stations a higher temp Lot
ture ‘u shown than was actually recorded.
“';"" dlty.. Humidity is a measure of the damp-
¢ atmosphere which varies greatly from place

:ra‘;d'“"m‘ times of day. Theactualamount  Fig 104 The hygrometer ¢

W bulb thermomaters

‘mercury 1n $to™

&
. and
onsisting of wet By



Telt but not seen When Jeaves fall, trees sway and
dust particles move, we reahne that the wind s
blowing.  But there is nothing tangible that we can
show of measure unless we make use of some conven-
tional instruments
The instrument widely uwed for measuring sind
duzstion is a wind vare or weather cock, A wind
direction is always blocked by treetand tall buildings,
weather cocks and wind vanes need 1o be erected
in an ewposd positon, to pet a true direction
It is made up of two parts as shown i Fip. 108
(a}and (b). One partisanarrow or vane on the top,
whith it free 10 move with the provaifing wind
The other part waith the four composs points s
sialionary and shows in which direction the wind is
moving. Winde are alwas<named (o the diseetion
152y blow ! an it wind 1 one that blows Trom cast
10 W&t and 3 Tonilimest wind is_one that blows
from the south-west,

Most of The weather cocks that we see on church

spires and country buildings scldom give a correct
indication of wind directions. They are cither 10
low or nte blocked by wller stroctures nearby,
'n}c direction of smoke-drilt or flag movements in
faitly open spaces provides the most reliable indica-

Retates freely ang
POIRICING the wind

cups

verticat mast
10 catibrated dial

Fig 106 Simplified sketch to lilustrate the mawn features
al a wind anemomaeter

tion of wind direction  Sometimes a prece of woven.
cloth with a taul 1s fived f0 the top of a hugh pole and
drifts freely in mid-aie. This s another way of
indicating wind direction,

The speed of wind is usually measured by an

anenjomeicr [Fig. 186). It consists © T or four

scrai-crcular cups artached to the ends of horzontal
spokes mounted on a high vertical spindle. As
the concave sides of the cups offer greater resistance
to the winds, the horirontal spokes will rotate,
moving a central rod which transmits the velocity
(speed) of the wind in miles per hour to an electrically
d disl. But the speed recorded Is not sbsolute-
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Fixed Compass pomnts
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ig 105 Wind Vanes

g
ly sccurate because sfter the winds have abated, the
rotation continues duc to iis own momentum.
With some modifications, the anemometer can also
record wind dircctions.

Since an anemometer is not casily available, a
little practice of local wind observations will help us
to mseess the speed of winds, By seeing the way some
objects move, n great deal can be said about the
strength of winds. The best guide is obmm?b!c
from the Beaufort Wind_Scale which was dcvx§:d
by Admiral Deaufort in 1805 Tor cstimating wind
speed._Frequent reference to the table in your frec
ume will help you to learn it quickly.

6. Sunshine.” As mentioned in Chapter 1, the
amoun( ol sunishine a place receives, depends on the
seasons, a factor determined by latitude and by the
position of the earth in its revolution around the sun.
Tourist resorts, particulacly in the higher temperate
fatitudes, are most concemed about the nqmbcrs of
houes of sunshinc they recerve. In the tropics, where
sunshine is abundant people are less i _in
the amount, . .

In the meteorological station.
is recorded by a sun-dial, 4 inches



The Beaufort Wind Scale

Beaufort
Scale No.
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10
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12

through which the sun’s rays are focussed upon a
sensitized card, graduated in hours A line is made
on the card when it is sufficiently heated, but not when 4/8

Arrow
Indication

FEEFFFrFrrrrre

the rays are faint.
_shine duration are joined by isohels.
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Wind
Description
Calm
Light air
Slight Breeze
Gentle Breeze
Moderate
Breeze
Fresh Breeze
Strong Breeze
Moderate
Gale
Fresh Gale
Strong Gale
Whole Gale

Storm

Hurricane

ces with equal sun-

€N air fises,Atis covdled by expan-
ew-point has been reached cooling
leads 10 condensation of water vapo
phere. Tiny droplets of water vapol
smal} to fall as rain or snow (fess
approximately
suspended
Jorm, shape, 4,
about the g

ky conditi
o txper y tions and the weather we are

Ticnce. It is fascinating and vei
'i:’w Something about the clouds
Tyday. For metecrological pu;

ur in the atmos-
ur which are too
than 0001 cm.,
00005 inches in radius) will be
float as clouds. Their
cight and movements tell us a great

Ty re-
which

rposes,

Speed Effects
(m.p.h.) (a goide to observation)
Less than 1 Smoke rises vertically
1-3 Wind direction shown by smoke-drift
but not by wind-vanes
4-7 Wind felt on face; leaves rustle; vanes
moved by wind
8-12 Leaves and twigs in constant motion:
winds extend light flags
13-18 Raises dust and loose paper; small
branches moved |
19-24 Small trees in leaf begin to sway; crested
wavelets form on inland water
25-31 Lasge branches in motion; whisthng
heard in telegraph wires . )
32-38 Whole tree in motion; walking incon
venienced
39-46 Twigs broken off trees; progress generally
impeded .
47-54 Slight structural damage occurs, chimaty
pots removed »
5563 Considerable structural damage, ¥ )
uprooted . S
64-75 Widespread damage, very rarely
perienced . enced
More than 75 Widespread devastation, expert
only in tropical areas
the amount of cloud-cover in the sky 15 cxpfzs‘“d“:
cighths or oktas (e 287 s quarter ¢ -
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The Beaufort Wind Scale

Beaufort Arrow Wind Speed Effects
Scale No. Indication Description (m.p.h) (a guide to abservation) .
0 C) Caim Less than 1 Smoke rises vertically
! — Light air 1-3 Wind direction shown by smoke-drift
but not by wind-vanes
2 \-~ Slight Breeze 4~7 Wind felt on face: leaves rustle; vanes
moved by wind )
3 \L__. Gentle Breeze 8-12 Leaves and twigs in constant motion;
winds extend light flags
4 L Moderate 13-18 Raises dust and loose paper; small
Breeze branches moved
s \h“* Fresh Breeze 19-24 Smaff trees in leaf begin to sway; crested
wavelets form on inland water
6 L Strong Breeze 25-31 Large branches in motion; whistliog
\ heard in telegraph wires .
7 L Moderate 32-38 Whole tree in mation; walking et
Gale venienced
8 M Fresh Gale 39-46 Twigs broken off trees; progress general)
impeded .
® m—’* Strong Gale 47-54 Stight structural damage occurs, chimne!
4 pots removed
rets
1o \&L Whole Gale 55-63 Considerable structural damage, !
uproated w
i \Xm‘\‘*'* Storm 64-75 Widespread damage, very racelf
perienced el
12 M—‘—' Hurricane More than 75 Widespread devastation, expere®

lhxou_gh which the sun’s rays are focussed upan a
sensitized card, graduated in hours, A hne is made
on the card when it is sufficiently heated, but not when
the rays are faint. with equai sun-
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+  Cirrus (Ci) This fooks fibrous and
appears like wisps in the blue sky; it is ofien
called ‘mares’ tails’. It indicates fair wea-
ther, and often gives a brilliant sunset,

1. Cirrocumulus (Cc) This appears as
white globular masses, forming ripples in a
‘mackerel sky'.

it Cicrostratus (Cs) This resombles a
thin white sheet or veil; the sky looks milky
and the sun or moon shines through it witha
characteristic ‘halo’

{b) Medium Clouds: mainly alto (Alt) or middle-
height clouds at 7—20.000 fect.

w  Altecumulus (Alt-Cu) These are wool-
ly, bumpy clouds arranged in layers and
appeanng hke waves in the biue sky They
normally mdicate fine weather.

v Altostratus (Alt-St) These are denser,
greyish clouds with a ‘watery’ look. They
have a fibrous or striated structure through
which the sun's rays shine faintly.

(¢) Low Clouds mainly stratus or sheet clouds
below 7.000 feet.

Vi Steatocumulus (St-Cu) This is a rough,
bumpy cloud with the waves more pro-
nounced than in altocumulus. There is
great contrast between the bright and shaded
parts

Altocumulus cloud Royal Netherlands Meteorological
Institute
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Vil Stratus (St) This is a very low cloud,
uniformly grey and thick, which appears
like a low ceiling or highland fog. Tt brings
dull weather with light drizzle. It reduces
the visibihity of aircraft and is thus a danger.
viil. Nimbaostratus (Ni-St) This is a dark,
dull cloud, clearly fayered, and is also
known ns a ‘rain cloud’, It brings conti-
nUoYS Iain, SNow or sleet.

(a) Clouds with great vertical extent: mainly

cumulus or heap clouds with no defimte height
(2-30,000 feet)

it. «Cumulus {Cu) This is a vertical cloud
with a rounded top and horizontal bast.
typical of humid tropical regions, associated
with up-rising convectional curreats IS
great white globular masses may look grey
agamst the sun but it is a *fair weather cloud”

x. Cumalonimbys (Cu-Ni) Thisis, in fact,
an overgrown camulus cloud, extending
for a tremendous vertical height from 2
base of 2,000 feet to over 30,000 feet, 1S
black and white globular masses fake 8
fantastic range of shapes. Its cauhﬁo}vflf
top often spreads out ke an anvil, This &
frequently seen in tropical afternoons. [
is also referred to as o (hiader=clnd” an
brings._conyectional _ram, panied by
tightning and thunder
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Cumulus cloud J, Mondaine

Cumulonimbus cloud Royal Netherlands Meteorological
Institute
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8. Uther Llements periaimng 10 Yisibity. SJiher
clements affecting visibility include haze, mist and
fog.

(a) Haze This is caused by smoke and dust
particlE5 In industrial areas or may be duedo unegual
refraction ¢~ "0 LT e 0 T
fower atm ..t e L '
connection ot t L. '
oflowhum .. [
is less than 14 mutes, naze 15 present.

(b) Mist_The condensation of w ur in
the air cuses small droplets of water to float about
forming clouds at ground level called mist. 1t
reduces visibility to about 1,000 metres or 1,100
yards. Unlike haze, mist occurs in Wet &if, when the
relative humidity is over 75 per cent.

¢) Fog Ordinary Togsdue to water condensing

el

dust and other particles like smoke from houses
and factories It only occurs in the lower strata of
the atmosphere as a sort of dense ‘ground cloud’.
The visibihty in fog is even less than 1,000 metres.
In industnal areas, like those of the Black Country
and northern England, very thick smoky fog is
formed, called smog, The wisihility may be reduced
to 220 yards or even less.

Fogs that occur on hills are called hill fops.
They are most common in the morning, even in the
tropics, and disperse when the sunrises, Intemperate
lands, when days are hot and nights are clear and
still, fogs may also result from cooling of the land
surface by radiation. The lower layers of the air
are chilled and water vapour in the atmosphere
condenses to form radiation fog,or land fog. When
the coofing surface is over the sea or when a damp
air stream is brought into contact with a cold current
as off Newfoundland, sea fogis formed. It varies
indepth and thickness. Some sea fogs are so shallow

and light that the masts of ships can be seen pro-
truding above them.

Generally_speaking fogs are mote common over
%A% than lands and Goa TWRRT Soataiacs < ar ngs_t_al
o or mist.

ligh and

QUESTIVND AND BAERLUISLS

1. (a) What instruments are normally kept in
the school weather station?

(b) Why is it important that the times of

observation and the method of re-
cording should be uniform?
Explain what precautions you would
take to ensure that your observations
and records from the various instru-
ments are accurate.

(c

&

2. Name the instruments you would us¢ to
measure the following elements of climate.
(a) relative humidity
(b) atmospheric pressure
() wind velocity
For any two of the above, and with annotated
diagrams, explain how the instruments work

3. What weather elements are measured by the
following apparatus?

(a) a rain gauge

(b} the Six’s maximum and minimum

thermometers

() a wind yane X
Describe how the above apparatus function
and state what special precautions must be
taken when taking readings from them.

4. Either: Explain the following han

(a) Wind speed at 2,500 feet 1s greater tha
that at the surface. e

(b) Britain has no cfintate, only chil l:vcl

(¢) Fog is, in fact, cloud at grout

Or: Distinguish between

i. mist and fog
§i. cirrus and stratus clouds
iii climate and weather

5. Define any three of the following terms or
phrases, in their relation to weather studies.
(a) mean annual rainfall
(b) diurnal range of temperature
{c} Beaufort Scale
{d) synoptic charts
{¢) lapse rate



Chapter 14 Climate

The Atmosphere
The atmosphere is made up of gases and vapour,
and receives incoming solar energy from the sun
giving rise to what we call climate, We actually ive
at the bottom of this indefinite layer of atmosphere
where the air is densest. Higher up, the air thins
out and it is still a matter of conjecture where the
atmosphere ends. One estimate puts this limit at
about 600 miles above sea level. The lowest fayer,
in which the weather is confined, s known as the
troposphere. It extends Trom the earth’s surface for
a height of 6 miles, and within it temperature normally
falls with increasing altitude. The climatic elements
such as temperature, precipitation, clouds, pressure
and humidity within the troposphere account for
the great variations in local climate and weather that
play such a great part in our daily lives. From
analyses taken in different parts of the globe, it is
found that the lower part of the atmosphere contains
a consistent proportion of certain gases: 78 per cent
« of nitrogen, 21 per cent of oxygen, 0.03 per cent of
carbon dioxide and minute traces of argon, helium
and other rare gases. In addition, it has an un-
predi.ctab]e proportion of water, existing either as a
1 gaslike water vapour, a hiquid Tike rain, clouds and
sleet or a solid like snow and hailstones, as well ¢
other solid particles like smoke and dust. It
i because of the variable water content of the atmg

]
]

3,

. and climate over different parts of the world. If we

* were to live in a dry atmosphere, absolutely without
' water, there would be no weather and not even
much climate. -
Above the troposphere lies the stratosphere or
; the upper layer of the atmosphere 1t extends upwards
: or another 50" miles o1 even more. It is not only
q VC_r{‘ cold, but cloudless, with extremely thin air and
' without dust, smoke or water vapour but there are

| :rtl:t]z;dhcre is mim ufgg;whl h - hT
~slatosphere is_th as ich goes severa
hundred mies up. It )m;: .,--,.‘-AIM"._.g_.r.‘,L.-‘:_-

H
jlayers which make . . . - .
A

i,mes,};xunc cd ITTHE upperstrata of the atmosphere,
1as weil as balloons are used to transmit back to earth

ivaluable information regardi iti

; ing the conditions of
* the atmosphere, ¢ & ©
1

i

Insolation
The only source of €nergy for the earth’s atmos-
phere comes from the SUR which has a surface tem-
perature of more than 10,800°F. This energy travels
through space for a distance of 93 milion miles and
reaches us as solar energy or radiant energy \n the
process called insolation This radiation from the
sun 1s made up of three parts, the visible ‘white’ light
that we see when the sun shines and the less visible
ultra-violet and infra-red rays. The visible *white’
light is the most intense and has the greatest influence
on our climate. The ultra-violet rays affect our skin
and cause sun-burn when our bare body is exposed
to them for too long a period  The infra-red rays can
penetrate even dust and fog and are widely used
photography. Only that part of the sun’s radiation
which reaches the earth is called insolation

‘What matters most is the effect of the atmosphere
tpon the incoming solar radiation It is estimated
that of the total radiation coming to us, 35 per cent
reaches the atmosphere and is directly reflected
back to space by dust, clouds and air molecules. It
plays practically no partn heating the earth and its
atmosphere. Another 14 per cent is 3'3_5_2§_b¢d by the
water vapour, carbon dioxide and other gases. Its

i sphere that we have such great contrasts in weather 2 Characieristic biue sky that-we"Ses above Us. The

Temaining 51 per cent reaches the €arih and warms
the surface. In turn the earth warms the Jayers of arr

oo -t
the earth cofifinues during the night, when msolation
from the sun cannot replace it. The earth-surface
therefore cools at night.

The rete of heating differs between land and water
surfaces. Land gets heated up much more quickly

gt e water. Because w: :_is,!tanspa.ren: heat
i:a;ul;:h—bwnore slomﬁf because it is always
in motion, its Mg(b:d.hmt_is-dismbutc'd over 2
oreater depth and area. Thus any ap?rccmblc rise
in temperature takes a much Jonger time. On the
other hand the opaque nature of Jand allows greater
absarption but all the radiant heat is concentrated at
,@Es!lx:\c&nznnd.tcmgmurc rises rapidly. Because
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f these differences between land and water surfaces
and also cools more quickly than water.
e ——

2jements of Climate

nd Factors Affecting them

)f the various climatic elements, temperature,
precipitation, pressure and winds are the most
mportant because of their far r global

obhiquelyover the temperate latitudes on surface T.
RI travels through a shorter distance and its concen-
trated solar insolation heats up a smatler surface
area; temperature is thus high. On the other band,
R2 travels - 7 ¢ ' mow i sed penehonfite
heatisabs: " . . v

particles, . P

nfluences.» These elements and their distribution,
whether hotizontal from equatorial to polar regions,
or vertical from ground to atmosphere, are in one
way or another affected by some or all of the climatic
factors: latitude, altitude, continentality, ocean cur~
rents, insolation, prevailing winds, slope and aspect,
natural vegetation and soil.

Temperature

The Importance of Temperature

1. Temperature influences the actual amount of
water vapour present in the air and thus decides the
moisture-carrying capacity of the air,

2. It decides the rate of evaporation and condensa-
tion, and therefore governs the degree of stability
of the atmosphere.

3. As relative humidity is directly related to the
temperature of the air, it affects the nature and types of
cloud formation and precipitation.

Factors Influencing Temperature

1. Latitude. As explained in Chapter }, due to the
earth’s inclination, the mid-day sun s almost over-
head within the tropics but the sun’s rays reach the
earth at an angle outside the tropics. Temperature
thus diminishes from equatorial regions to the poles.
This is iltustrated in Fig, 107. Tt shows two bands of
rays coming from the sun to two different latitudes
on the earth’s surface. Band RI falls vertically over
the equatorial latitudes on surface E. Band R2 falls

The
Thi
Nighey §

e‘:ucx of fattude on solar insolation
Ows why temperatures aro lower i
attudes than (n tve topics

ure is therefore low.

2. Altitude. Since the atmosphere is mainly heated
é‘mcmm&a_twww
4 \that places nearer to the carty’s susf: rmer

~than those higher Thus temperature decreascs
with increasing_height aboye sea level. This rate
of decrease with altitude (lapse rate)is never constant,
arymig irom place 1o place and from season to
season. But for all practical purposes, it may be
reckoned that a fall of 1°F. occurs with an ascent of
300 feet or 0.6°C. per 100 metres. Itis usuafly more
in summer than in winter, For examplein tempen!é
latitudes, in summer, an ascent of only 280 fect will
cause the temperature to drop by I°F., whereas &
winter it requires 400 feet. Similarly, the fapse mtecl;
greater by day than at night, greater on clcvat_cs
highlands than on level plains. In tropical wumgzt
where the sea level temperature is 80°F., a town
is located at a height of 4,500 et (shown as X %
108) will record @ mean temperature of 65:;
3, Continentality. Land surfaces ate heated {ﬂ:“
quickly than water surfaces, becausc} of ih? h‘E/-]
specific heat of water. In other. words, it requires 00
Sne-thitd as TAuch energy to raise the tempc!m‘::
of a given volume of land by 1°F. as 1t does for .
equal volume of water. This accounts for tfw “{ﬂ“’f

T o ra e o oma

. ot
The effect of a1l L

Fig. 108 The lapse rate. cre in 8 troPCY

mean annual tempera
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warm prevailing win: "4

summer 70°F
winter 28°F
range 42°F

, summer 62°F
. wmter 48°F
¢ range 14°F °

manume chmate continental chimate
Fig. 109 The warming effect of warm ocean currents
and prevaiing winds on coastal regions with -
2 Maritime climate in p fatitud
summers, colder winters and greater range of tem-
perature of continental interiors as compared with
maritime districts.

4. Ocean currents and winds. Both pcean currents
and winds affect temperature by transporting their
heat or coldness into adjacent regions (Fig. 109).
Ocean currents like the Guif Stream or the North
Atlantic Drift warm the coastal districts of western
Europe keeping their ports ice-free. Parts located
in the same latitude but washed by cold currents.
such as the cold Labrador Current off north-east
Canada, are frozen for several months, .

Cold currents also lower the summer temperature,
particularly when they are carried landwards by
on-shore winds. On the other hand on-shore Wester-
lies, convey much tropical warm air to temperate
coasts, especially in winter. The Westerlies that come
to Britain and Norway tend to be cool winds in
summer and warm winds in winter and are most
valuable in moderating the climate.

_Localwinds, e.g. Eohn, Chinook, Sirocco, Mistral,
also produce marked changes in temperature.

5. Slope, shelter and aspect. A stecp slope ex-
- periences a more rapid cthange in temperature than
| 2 gentle one, Mountain ranges that have an east-
! west alignment hike the Alps show a higher temper-
! ature on the south-facing ‘sunny slope’ than the north-
| facing ‘sheltered slope’. The_greater_insolation. of
L N
.= “Conse-
R T - is better
utilised than the ‘shady slope’ (Fig.110). In hilly

areas a hot day followed by a calm, cloudless night

during which the air cools more rapidly over the
» higher ground may induce cold, heavy air to flow
: down the slope and accumulate at the valley bottom

s pushing the warmer air upwards. The temperature
»
{

¢

South
e

Paraltel rays’
- >
rom the sun

Fig 111 Temperature wwersion at valley bottom on a
calm, stil night eg an Alpine valley in
spnng

may then be lower in the valley than higher up as the
slopes as show in Fig. 111. A« e.lapse
rate has taken place. This is called a temperature
1NVersion.

6. Natural vegetah"on and soil. There 15 a definite

difference in temperature between forested regions
and open ground. The thick foliage of the Amazon
jungle cuts off much of the in-coming insolation
and in many places sunlight never reaches the ground.
Tt is, in fact, cool in the jungle and its shade temper-
ature s a few degrees lower than that of open spaces
n corresponding latitudes. During the day trees
lose waterby evapo-transpiration so_that the aif
above is cooled. Relative humidity increases and
mist and fog may form. ;

Light sogils rgﬂect more heat than‘dar.ker soils
which are- better absorbers. Such soil differences
may give rise to slight variations in the temperature
of the region, »

AMMM_%WW‘NM to
!e?n rature changes, whereas wet sous, ike clay,
‘re’-lfn%h“mﬁ‘xslum and warm up or cool down
more slowly.
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Precipitation
Types of Precipitation, I air is sufficiently cooled
below dew-point, tiny drops of water vapour will
condense around dust particles. When they float
about as masses of minute water droplets or ice
crystals at a considerable height above sea level,
they form clouds —cirrus, cumulus or stratus. When
condensation occurs at ground level without neces-
sarily resulting in rain, haze, mist or fog are formed.
In higher latitudes or altitudes, where condensation
of water vapour may take place in the atmosphere at
ures below freezing-point, snow falls, either
as feathery flakes or individual ice crystals. If the
moist air ascends rapidly to the cooler layers of the
atmosphere, the water droplets freeze into ice pellets
and fall to the carth as haif or hailstones. As more
and more super-cooled water drops accumulate
around a hailstone, it increases steadily in size; some
of them weigh as much as two pounds. In a severe
hail-storm the hail do great damage to crops
and buildings. Very often, the ice-pellets exist as
frozen rain-drops, melting and re-freezing on their
way down; this forms sleet. It is only when the
droplets in clouds coalesce into larger drops between
0.2 mm. and 6 mm,, that rain falls.

Rainfatl

Types of Rainfall, There are three major types of
rainfall,

1. Convectiona) rainfall. This type of rainfall is most
common in regions that are intensely heated, either
during the day, as in the tropics, or in the summer,
as in temperate interiors. When the earth's surface
is heated by conduction, moisture-laden vapour rises -
because heated air always expands, and becomes
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lighter. Air rises in a convection current after a
prolonged period of utense heating (Fig. [12). In
ascending, its water vapour condenses into cumu-
lonimbus clouds with a great vertical extent. This
probably reaches its maximum in the aﬁemoonwl‘m
the convectional system is well developed. Hot, ris}ug
air has great capacity for holding moisture, wl{xch
is abundant in regions of high relative humi.dzt)".
As the air rises it cools and when saturation point is
reached torrential downpours occur, often accom-
panied by thunder and lightning. The summer showers
in temperate regions are equally heavy with ootz
sional thunderstorms. These downpours may‘an
be entirely useful for agriculture because the rain is
so intense that it does not sink into the soil but i
drained off almost immediately. R

2. Orographic or relief rain. Unlike convectiona!
rain which is caused by convection currents, oo
graphic rain is formed wherever moist aif is foroed
to ascend a mountain barrier. It is best developed ot
the windward slopes of mountains where the %b
vailing moisture-laden winds come from.(hc sea. K ;
air is compelled to rise as shown in F:lg.ll3. ?ﬂdﬁ
thereby cooled by expansion in the higher altity
and the subseq d in pheric pressut.
Further ascent cools the air unti the air is oompgj
saturated (relative humidity is 100 per cent)- H
densation takes place forming clouds and evcntugl l),'
rain. Since it is caused by the relief of the hnd-:‘oa
also known as relief rain. Much of the premp‘“ﬂs’
experienced on the windward slopes of the north N
of West Malaysia, western New Zealand, "‘"‘; bt
Scotfand and Wales and the Assam hills o
Indian sub-continent, is relief rain.

mouatain

Fig 113 Orographic or velief rain
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Fig 114 Cyclonic
or frontal rain (depressnon)
(a) The convergence of
warm and cold air
On descendi;
altit

Many other areas,
3. Cydonic or frontal rain. This
i independent of relief or convection.
: with  cyclonic activity whether
n the temperate regions (depre: ns) or tropical
G 'ons“’;‘:}‘;mLes)-\B_Tsxmmhe conver-
iﬁnﬁmf two different_air masses with
different temperatures and other physical properties.
s cold air s enser, it tendsTo remarn o 0se 1o the
round. The warm air is lighter and tends to rise
ver the cold air as shown in Fig. 114, In ascent,
)ressu."ef-l‘-‘cr\wmm—*‘h . IHE™air "expands and cools,
ondensation lace and light showers cafled
yclqnicorfrontauainoecur. The heavier and colder
Ir masses eventually pushes up the warmer and Jiph-
W
~—— 7 'SCkaraga .-
ressure and Planetary Winds
Yorld Pressure belts, We studied in Chapter 11 the
reulation of- waters in the oceans and noted that they
llow a regular pattern, flowing from the poles
uatorwards and from theequator polewards, Inthe
me way, there ig also a circulation of air over the
:ls'zﬁieof the earth cayseq by the differences in

Along the cquator and withip 5 degree's north and

type of rainfall

i o
,%m;‘-*

(b) Warm arr rises over cold ar,
cyclonic rain occurs

. olden days often foun.

oceluded front

'-t')i_:;;:")
Len /

(c) Cold ar eventually pushes up
warm air  and the sky is clear
again

south, is the Equatorial Low Pressure Belt, where
there is intense heating, with expanding air and ascen-
ding convection currents. This equatorial belt s
often termed the Doldrums, because sailors in the
d themselves becalmed here.
Itis a zone of wind convergence

About 30°N. and S, occur the Sub-Tropical High
Pressure Belts where the air is comparatively dry and
the winds are calm and light. It is a region of descen-
ding air currents or wind divergence and anticyclones.
1t is frequently referred to as the Horse Lautudes.

Around the latitudes 60°N. and S are two Tem-
perate Low Pressure Belts which are also zones of
convergence with cyclonic activity, The sub-polar
low pressure areasare best developed over the oceans,
where temperature differences between summer and
winter are negligible,

At the North and South Poles 90°N. and S. where
temperatures are permanently low, are the Polar
High Pressure Belts Unlike the water masses of the
high latitudes in the southern hemisphere, high
pressures of the corresponding latitudes in the
northern hemisphere are a little complicated by the
presence of much land. Some pressure differences
between summer and winter can be expected.

The planetary winds. Within this pattern of per-
manent pressure belts on the globe, winds tend to
blow from the high pressure belts to the low pressure
belts as the Planetary winds. Instead of blowing
directly from one pressure belt to another, howc.vcf,
the effect of the rotation of the earth (Cm_-lolxs
Force) tends to deflect the direction of the wu‘lds.
In the northern hemisphere, winds are defl fo
their right, and in the southern hemisphere to lhcl_r
left as shown in Fig. 115. This is know as Ferrel's
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Fig 115 The distubution of world pressure belts and
planetary winds

Law of Deflection The Cariolis Force is absent
along the equator but increases progressively towards
the poles
For ths reason, winds blowing out from the Sub-
Tropreal High Pressure Belt in the northern hemi-
sphere towards the Equatorial Low become North-
East Trade Winds and those in the southern hemi-
sphere become the South-East Trade winds. These
trade winds are the most regulac of all the planetary
winds  They blow with great force and in a constant
direction. They were thus helpful to early traders
who deended on the wind when sailing the high
seas, hence the name ‘irade winds'. Since they
blow from the cooler sub-tropical latitudes to the
warmer tropics, they have great capacity for holding
mossture.  In their passage across the open oceans,
they gather more moisture and bring heavy rainfall
ta the east coasts of continents within the tropics.
As they are off shore on the west coast, these regions
suffer from great andity and form the Trade Wind
Hot Deserts of the world, e.g. the Sahara, Kalahari,
Atacama and the Great Austrabian Deserts,
‘.:ﬁ"ﬂ the Sub-Tropical High Pressure Belts,

g “low towands the Temperate Low Pressure
o Mm‘{:}:mbk Westethes, Under the effect of
/ mhm‘r;c. they become the South-Westerlies

“misphiere and the North-Westerlies

in the southern hemisphere. They are morevarish
in the northern hemisphere, but they play & V{ihéﬂfi
role in carrying warm equatorial waters apd Wit i
western coasts of temperate jands. This vmmx.nz
effect and other local pressure differences hmm
sulted in a very variable climate in the tempe!

zones, d d by the mo of cyclon®s ;";
anticyclones. In the southern hemisphere g‘u S

there is a lasge expanse of ocean, from 40°S. 13 o
Westerlies blow with much greater force an
larity throughout the year.

They. bring much N"";
fs

pitation_to_the western coasts OF conunen et
“teather 1s damp and cloudly ATt seas a8

cather 1s damp and cloudly w
and stormy, It is thus usual for seafarers to ?5;5
the Westerlies _as _the Rouaris z
Fifties “and_Shrieking_or_Stormy .S?xllt:,
to the varying degree of storminess in the ‘
which they blow. "
1t musctybc pointed out that not all \h‘cv;::d“;
coasts of the temperate zone receive Cabfors®
throughout the year, Sotne of them 'I:Lc s
Iberia,, central Chile, southern Africa an®
western Australia receive Westerlies on!)’dmkk’ v
This is caused by the ‘shyfting of the 'ﬂ"w e B
such regions which lie approximately b:bc ps
fatitndes 30” and 40°N. and §. Due to tm o
inclination, a3 explained in Chapter 1, ¢

accordss
Jatitudes



Wi ©F anad bet o tempa s tgrtgte
i

o BN 4y 4N,
— e e aon
LI,
ozs T ot AN
Pl R D oy
S K ~
o ‘/’“‘"‘ A
e s v Lo
R St e b ied e
[EXY et Y
TVMe% 3=d Lovrombur) ey
1Dwtventney

Frg. 116 The shinng of the pressure and wind belts
in the aorthern hemigphare —showing thest
tvosi_tions in gummee and wanter and at the
equinores

m*n!wr:d at midday in dilferent parts of the ecarth

at different seacons. The entire system of pressure

and wind belts follows the mosement of the midday
sun, InJunzwhen the overhead sunis over the Tropic
of Cancer, all the belts mave abaut §7-10° north of
their average position The *Mediterrancan® parts
of the southern continents then come under the ine
ﬂu'mcc of the Westerlies and reccive ain in June

(winter in the southern hemisphere). In the same

manner, when the sun is oserhead at the Tropic of

‘Capncom in December, all the belts swing 510

south of their average position. The ‘Mediterranean’

,Tris of Europe and California then come under the

influence of the Westerlies and receive rain in Decem-

ber {winter in the northern hemisphere). This is

’Jllluslmlcd in Fig.t16.

" Laﬂ!y. mention must be made of the Polar Easter-

fies which blow out from the Polar High Pressure

"Belts towards the Temperate Low Pressure Belts,

“:Thcse are extremely cold winds as they come from

the tundra and ice-cap regions. They are more

"rcguhr in the south than in the nosth.

3

ALand and Sea Breezes and Monsoons

fland and sea breezes are, in fact, monsoons on a
¢smaller scale, Both are basically caused by differen-
Aial heating of fand and sea, the former in a diumal
-hylhm‘and the latter in a seasonal rhythm.

«¢  During the day, the Jand gets heated up much
séaster than the sea, Warm air rises forming a region
(,'!ﬁlomlilow pressure, The sea remains comparatively
x4;:0«:1 with a higher pressure so a sea brecze blows
40 from sea to land. Iis speed or strength is between
ﬁ-a-zo mph.and it js generally stronger in tropical
y,»han temperate regions. Its influence does not
“shormally exceed 15 miles from the coast. It is most
g‘ﬁcc:::ty felt when one stands facing the sea in a coastal

At

Atnight the reverse takes place.  As the Iand cools
down much faster than the sca, the cold and heavy air
produces a region of local high pressure The sea
conserves its heat and remains quite swarm. Its
pressure is comparatively low, A land breeze thus
blows out from land to sea.  Fishermen mn the tropics
often take advantage of the out-going land breeze
and sail out with it. They retum the next moming
with the in-coming sea breeze, complete with their
catch, Land and sea breezes are illustrated in Fig 117,

In the same way, monsoons are caused. Rapid
heating in the bot summer over most parts of India
for example induces heated arr to nse.  The South-
HWest AMorsoon from the surrounding ocean s
nttracted by the Jow pressure over the land and blows
in. bringing torrential rain to the sub-continent

Similarly, in winter when the land is cold, the
surrounding seas remain comparatively warm.  High
pressure s created over Indo-Pakistan and the North-
ZLast Monsoon blaws out from the continent into the
Indian Ocean and the Bay of Bengal.

Fohn Wind or Chinook Wind
Both the Fohn and Chinook winds are dry winds
experienced on the leeward side of mountains when
descending air becomes compressed with increased
pressure. The Fohnwind is experienced in the valleys
of the northern Alps, particularly in Switzerland in
spring. Chinook winds are experienced on the eastern
slopes of the Rockies in U.S A. and Canada in winter.

Asillustrated in Fig. 113 airascending the southern
slopes of the Alps expands and cools. Condensation
takes place when the air is saturated. Rain and even
snow fall on the higher slopes.

(day)

Fig 117 {d) Sea breeze
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In descending the northern slope, the wind expe-
iences an increase in pressure and temperature.
“he air is compressed and warmed. Most of its
noisture is 10§t and the Wind reachies the valley bottom
s a dry, hot wind—the Fohn.. It may raise the tem-
ierature by _15° to 30°F., within an hour! It melts
now and causes avalanches. In North_America it
T . —,

i called _Chinook, meaning_‘the_snow-eater’. But
t has its blessings too, it hastens the growth of crops
ind fruits and thaws the snow-covered pastures. In
he Rockies, the Chinook has been known to raise
emperature by 35°F. within 15 minutes! The occur-
ence of frequent Chinooks means winter is mild.
Syclonic Activity

Tropical cyclones, typhoons, hurricanes and tornadoes
All these are different kinds of tropical cyclones.
They are well developed low pressure systems into
which violent winds blow. Typhoons occur 1n the
China Sea; tropical cyclones in the Indian Ocean;
hurricanes {il the West Indian fslands in the Cirib-
bean; tornadoes in the Guinea [ands of West Africa,
and tHe southern U.S,A. in which the local name ol
Whirl-wind is often applied, and willy-willies occur
1m norths stemAu_st‘[);_lia. ’ e

Typhoons occur mainly in regions between 6°
and 20° north and south of the equator and are most
frequent from July to October. In extent, they are
smaller than temperate cyclones and have a diameter

ot only 50 to 200 miles, but they have a much steeper

Tropical storm Judy off South East Asia Royal Observa-
tory Hong Kong

steep pressure gradient

N

touds © <
Ry
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;lvellfh“ﬂh:
I
husicane,
> n in the Wes!
Fig. 118 A tropical cyclone—a humcane in
Indies i o
ressure gradient, Violent winds wul? a vclocli);nj
ﬁ?ﬁmc common. Theskyis overcast '
the torrential downpour is accompanied by
and lightning. In the wake of the typhoon, e i
widespread, e.g. in 1922, a typhoon that hur pl't
waves on to the Swatow coast drowned 50,0007
The other tropical cyclones have similar cf p
s " PR Jued
istics and differ, perhaps, only in mtcns_ﬂY- .
and locality. Hurricanes have calm, rainless ;‘) ¥
where the pressure is lowest (about 965 ﬂ}_ 1
around this ‘eye’, the wind strength cfucds Do
of the Beavfort Scale (75 m.p.h) (Flg."wlh“ ¥
dark clouds gather and violent stormy We2 L
for several hours. A terrible hurricane str®
bados in the West Indies in 1780, whlcb" e
troyed the whole island, tearing down b"l(;nﬁ <
uprooting trees. About 6,000 inhabi
reported dead. TS
Tornadoes are small but very violent U;il:ﬁ‘
sub-tropical cyclones in which the air is sm Fh'!
a tremendous speed of as much as 500
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tornado appears as a dark funnel cloud 250'to 1,400
feet in diameter. As a tornado passes through a
region, it writhes and twists, causing complete deva-
station within the limits of its passage. There is
sucha great difference in pressure that houses virtually
explode. Tornadoes are most frequent in spring but
can occur at almost any time. Fortunately they are
not common in many countries and their destructive
effects are confined to a small area, Tornadoes are
most typical of the U.S.A. and occur mainly in the
Mississippi basin.

Cyclones. These are better known as depressions
and are confined to temperate latitudes.” The lowest
pressure s 11 the centre and 1he 150Bars, as shown in
climatic charts, are close together. Depressions vary_
from 150 to 2,000 miles in ‘extent. They remain
quite stationary or move several hundred miles in
a day, The approach of a cyclone is characterised
by a fall in barometric reading, dull sky, oppressive
air and strong winds. Rain or snow falls and the
weather is penerally bad. Winds blow inwards into
reglons of low pressure in the centre, circulating in
anticlockwise direction in the northern hemisphere
and clockwise in the southern hemisphere (Fig.119a).

Chaos caused by a typhoon'in Hong Kong Government
Information Services Hong Kong

Fig. 119 (a) A cyclone in the northern hemisphere
(close tsobars, ant-clockwise winds)
(b) An anticyclone in the northern
hemisphere (well-spaced isobars, winds

blow in clock-wise direction)

Precipitation resulting from cyclonic activities is
due to the convergence of warm tropical air and c?Xd
polar air. Fronts are developed and condensation
takes place, forming either rain, snow or sleet.

Anticyclones. These are the opposite 01: cyclones,
with high pressure in the centse and the isobars far

- apart, The pressure gradient is gentle and winds are

light. Anticyclones normally herald fine weather.
Skies are clear, the air is calm and temperatures are
high in summer but cold in winter. In winter intense
cooling of the lower atmosphere may result in thick
fogs. Anticyclonic conditions may,last for .days or
weeks and then fade out quietly. -Winds in anti-
cyc]one§ blow outwards and are als? subject to de-
flection, but they blow clockwise in the northern
hemisphere and anticlockwise in the southern hemi-
sphere (Fig. 119b).

Climatic Types and Natural Vegetation
It is necessary to divide the world into several
climatic zones, each with its own chmatic character-
istics, matural vegetation (forests, grass]an.d5 or
deserts), crops, animals and human activities.
Though the geographical characteristics may not be
absolutely uniform in each climatic 1ype, they have
many things in common. Fig. 120 gives 'the scheme
of the world’s climatic types with their seasonal
rainfall and natural vegetation.

113




WORLD CLIMATIC TYPES
matic Zone Latitude Cuimatic Type Ralnfall Reglme Natural Vegetation
(spproximate} {with 8pprox 1ot~
\atonal Zone o' - 10°N and S 1 Hot, wet equato” Rsinfall alt year Equatotial t2in forests
o 0 nal round. 80 inches
t Zone 10°-30°N. and S. 2 (s) Troprea! Reavy summer (2 Mpnsoon forests
Monsoon 60 inches
[{9)] Tropicat Much summet raif
Manne 70 inches
4 Sudan Type Rawn mainly in summer? Savanna {tropical
10 inches grass\and)
4 Desert: (8) Saha- Lile Desen vegetaton "
san type () wid. @l 5inches serub
1autude type
Warm Temperate Zone 30° _45°N, 8nd S. 5 Western Margin Winter 12i0° a5 inches Mediterranea® forests
(Mediterraneatt : and shrub
type)
6, Central Continen- Light summer (a0 Steppe o temperé®®
1al (Steppe twpe) 20 inches grasstand
7. astern MarginZ Heavier summer rain’ Warm, wet forests
{8} China type A5 inches pamboo
(1] Gulf type
o ..o {c) Nataltype
Cool Temperats Zone 45°-65 N.and S 8 Westetn Margin Mpre rain in putumn Decndunusmresﬂ
{Brish wpe} gnd winter: 30 inchses
g Cenual Continen~ Light summer 11" Evergreen coniferest
1al (Siberian weey 25 inches forests
1p Eastern Margin Moderate summer 2 Mixed forests (cd?o:ﬁl
o o {Laurentian weel 90 inches ferous ad dec
Cold Zone 65 -90°N. and S. 4. Arcuc or Polar Very light summer rain Fundra, masses
10 inches yichens -
Alpine Zone 2. Mountain chmate Peavy rainfall {varssbie) Alpine pastures
qers. gern, SO
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QUESTIONS AND EXERGISES '« =~ - “:  ° T :

5 . ) 4. Distinguish the differences between
l. There are many ways in which rain may be (a) troposphere and stratosphere

caused. Name any three of them and with the (b) steady Trade Winds and varable
aid of annotated diagrams, describe how each,

Westerlies
of them occurs. . (c) insolation and radiation-
2. Atlempt 1o explain the ro]e played by tem- (d) tornado and hurricane

perature in climate. What are'the vatious

factors that affect the dnstnbunon of . temper- 5.* Explain any three of the following state-
ature in thc world? -, . 2 ‘ - ments.
’ {a) Anticyclones are more frequent in summer.

3 Accaunt for the occurrence of anythrce of . " (b) Without water vapour and dust in

the following. Make -use of any re]cvant * the atmosphere, there would be po
sketches. ¢ weather. ’
~ () . the planetary, winds - (c) Sleét is frozen rain

,+(b) land and sea breezes - . . - {d) -Temperature decreases with increasing altitude.

""(¢). frontal rain ) (¢) Winds in the northern hemisphere

(d) extremes of temperature in contmemal‘ s are always deflected to their nght.

interiors ' 47y
" (c) Horse Latitudes - . s

SELECI‘ED QUESTIONS FROM CAMBRIDGE OVERSEAS SCHOOL CERTIFICATE PAPERS
. (a) Explsin how you would
i. read and record maximum and mmLmum temperatures at a schoal weather station.
it. calculate the mean temperature for a particular month.
() Describe and account for the temperature conditions experienced mn:
i. cool temperate western margin (N.W. European) and;
. ii. tropical interior (Sudan) types of climate, as illustrated by the f‘ gures given below:
Mean monthly temperature

i, Valentia Altitude Lowest Highest
. ](é?’N. 10°W,) 30ft.- N February: 44°F. (6.7°C.) July: 59°F. (15°C)
il. Kayes < - . -
(14'N 12°W) 197 ft. January: 77°F. (25°C) May: 96°F. (35.6°C) (1968)
humidity and wind direction are facts which are recorded at school weather stations
(a) For any two of these, describe with the aid of annotated diagrams the instruments used and show how to
read them correctly.

. (8) Explain clearly the ways in which the school can make use of such records. (1963)
3 (8) Name three different types of ram!'all and, thh the aid of diagrams, show clearly how the rainfall is cavsed
in each case,
(b) Describe the instrument used to measure the rainfall of a plat:e, and the way in which the information so
obtained is used to calculate the mean annual rainfall. (1952)
4. Give reasons for the following:- - - "
' {a) Fogat sea often experienced near the Cal.d‘amlan coast.
~ (b) Many of the hot deserts of the world lie on the west side of a continent cither between 20°N. and 30°N. or
h between 20°S, and 30°S.
f (¢) The surface waters in the north-west At]anuc are coolcr than surface waters in the north-east Atlantic. ( 1968)

5.1 With the aid of di , and by ref to actual les, describe three of the following and state cleatly
] how each of the three has been caused:

+* {8) Jand and sea breezes. -
(b)  rain shadow area.

. {€) Fohn (Chinook) winds. .
(@) hurricanes (typhoons). (1967)




Chapter 1o 10€ R0, Wet bquatoriat Litmate

Distribution

The equatorial, hot, wet climate is found between
5° and 10° north and south of the equator. Its greatest
extent is found in the lowlands of the Amazon, the
Congo, Malaysia and the East Indies. Further
away from the equator, the influence of the on-shore
Trade Winds, gives rise to a modified type of equato-
rial climate with monsoonal influences. Within
the tropics, the equatorial highlands have a distinc-
tively cooler climate, modified by altitude, such as
the Cameron Highlands in Malaysia, the Northern
Andes, and the Kenyan Highlands in East Africa.
Fig 121 shows the regions of the world which expe-
rience the hot, wet equatorial climate.

Climate

Temperature. The most outstanding feature of
the equatorial climate is its_great uniformity of
lemperature _thronghout the’ year. The mean
monthly temperatures are always around 80°F,
with very little variation. There is no winter.
Cloudiness and heavy precipitationhelp to nisderate
the daily temperature, so that even at the equ;!or
Leelf the climate s not unbearable. In addition,

regular land and sca breczesassist in maintaining 2
truly equable climate. The diurnal range of tempera-
ture is small, and so is the annual range.

Fig. 122 (a) and 122 (b) show the ryhthm of
climate experienced in two different equatorial e
gions, one on a lowland (Kuala Lumpur) and tl}c
other on a highland (Bogota). The uniformity i@
temperature is apparent at once. Kuala Lumpur
has its hottest month with 80°F, and its coolest
month with 78°F. The annual range is not mor
than 2°F. The mean monthly temperatures for
Bogota are comparatively low because of its alutu
dinal differences. It is located in the Andes, &7
feet above sea level. Its annual rangeis equaly
small, also 2°F. (59°F.-57°F.). The dotted line
in the temperature graph shows its temperati®
reduced to sea level. Statistics taken from lb;
various equatorial stations indicate that the auit
range of temperature is small: Singapore, 23 uf;;v
Djakarta 1€°F., Quito 0-T°F., Colombo 3ZT-
Over the oceans, the range is even sm.allcr, 38‘;
Jaluit in the Marshall Islands in the Pacific Qces
records a range in temperature of only 08 F.

&
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Fig 121 The hot, wet equatonal regions




Fig 122 (a) Equatorial Climate -~a lowland station £ which occur shortly after the equinoxes. Least

Place: Kusla Lumpur (3°N., 102°E) rain falls at the June and I D _Vmber so]stxces The
Altitude: 54 feet Jouble mninfal wnnls a-° - . loxes
Annual precipitation: 95 inches . ! .
Annual temperature range: 2°F. (80°-78°F.) L—«nl:t ?OI' L Lo %ﬁz
ng"-"' simple * | ’ : Vo ewwaions,
oo f e.g. Kota Bharu, Kelantan reeives most of its
12 00 3 rainfall from the North-East Monsoon at the end of
1 50" § the year and Rangoon, Burma, from the South-West”
g e Monsoon between June and September. As one
B 9 goes further north and south of the equator, part:-
ot BDr— cularly in coastal districts open to the influences of
5 T the trades, the tendency 15 towardsd-msm_iojﬂg_
£ : pattern_ with_thé_heaviest_rainfall_coming_jn the
£ . summer months, l.n._lune,July_and.AugusLm the
3 ) DV, mantha— Lae !¢ ' . _January and
i T e . quatonal belt,
o ornings are bright and sunny. There is much
TEma Mmin},hsA sowno evaporation and convectional air currents are set
Sudlelumpur 4 F M A M J 4 A S O N O wngeswral up, followed by heavy downpours of c:anvccuona]
— RN AA R 2, ram in the afternoons from the towering cumuk:
Fig. 122 (b} Equatorial Climate—a highland station “imbl,'s clouds (see Chapter 13) Mﬂ 20
Place Bogota (4%, 38°S., 74° 15'W.) lightning_often_accompany the forrential shgv_ver:.
Altitude: 8,730 feet md the amount of Tainfall tecorded in one single
Annual precipitation: 63.4 inches afternoon may be as much as the deserts receive for

Annual temperature range:2°F, (69'~57°F.)

the entire year! Besides the convectional rainfall,
sea level

o inous regions also experience much orogra-
o & phic or relief rain. In addition, there are some
e 0 5 intermittent showers from cyclonic atmospheric dis-
0 5 turbances caused by the convergence of air currents
10 £ inthe Doldrums. .
e 2 The W@gsmm@gh (over 80
2 o Forested slopes of Mt, Kinabalu. The lower slopes have
§ Z*‘“‘ beencleared in places for cultivation, The veqetam,:n or:
; ] 99 . the higher s!o;;;sglrla,(d,ually changes in response to lowe!
5% tempersures PaviPopper
13 E AR I . Al . .
2 e
1 .
o L ‘
JEMAMJJASOND
months
Bogoay F MAM J J A S OND nange toul
Temp €3 52 §8 57 57 5758 58 53

83 59 59 63 2°F
Precip. 373545966532263329849656 834
ipl Precipitation is heavy, bet 60
inches and 100 mchcs and well distributed thmugh-
out the year, There is no month without rain, and .
2 distinet dry season like those of the Savanna ot the -
Tropical Monsoon Climates, is absent. Instead,
there are two periods s ol maximum rainfal, Tn_April
! ~d~m€bcTns_sfmwn in Fig. 122 (a) and 122 (b),
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per cent) making one feel ‘sticky’ and uncomfortable.
_The monotonous climate, pppressive and encrvating,
taxes one’s mental alertnemﬁiﬁy,
though along the coasts refreshing sea breezes do
bring some relief. As a result, ,most of the white
settlers, whose bodies are attuned to cooler and
more varied conditions take t3The Cooler highlands
“Whenever they can. T
Equatorial Vegetation
High temperature and abundant rainfall in the
equatorial regions support a luxuriant type of
vegetation~the tropical rain forest. In the Amazon
lowlands, the forest is so dense and so complete in its
vegetational extravagance that a special term ‘selvas’
is used. Unlike the temperate regions, the growing
season here is all the year round-seeding, flowering,
fruiting and decaying do not take place in a seasonal
pattern, so some trees may be in flower while others
only a few yards away may be bearing fruit. There
is neither drought nor cold to check growth in any
part of the year. The characteristic features of the
equatorial vegetation may be summarized as follows.
1. A great variety of vegetation. The equatorial
vegetation comprises a multitude of evergreen trees
that yield tropical hardwood, ¢ g. mahogany, ebony,
greenheart, cabinet woods and dyewoods, There
are smaller paim trees, climbing plants like the lianas
of rattan which may be hundreds of feet long and
epiphytic and parasitic plantsthat live on other plants.
Under the trees grow a wide variety of ferns,
orchids and lalang,
2. A distinct layer arrangement. From the air, the
tropical rain forest appears like a thick canopy of
[foliage, broken only where it is crossed by large rivers
or cleared for cultivation. All plants struggle up-
wards for sunlight resulting in g pecubiar layer
arrangement. The tallest frees attam a height of

Fig 123 Sketch to show the three distinct layers of an
equatorial forest

150 feet,

over 150 feet (Fig. 123). Their slender trunks pierce
skywards with wide-spread branches at the top.
The smatler trees beneath form the next layer, and the
ground is rooted with ferns and herbaceous plants
which can tolerate shade. Because the trees cut o
most of the sunlight the undergrowth is not dense
3. Multiple species. Unlike the temperate forests
where only a few species occur in a particular ares,
the trees of the tropical rin forests are not ﬁ""."
in pure stands of a single species. It has been esti-
mated that in the Malaysian jungle as many as 200
species of trees may be found in an acre of for.CSL
This has made commercial exploitation of tropical
timber a  most difficult task. Many of the
tropical hardwoods do not float readily on water
and this makes haulage an expensive matter. It &
therefore not surprising that many tropical countries
are net timber importers! .
4. Forest Clearings. Many parts of the virgin
tropical tain forests have been cleared either for
lumbering or shifting cultivation. When these clear-
ings are abandoned, less luxuriant secondary forests,
called belukar in Malaysia, spring up. These ar
characterized by short trees and very d‘cnse under
growth. In the coastal areas and brackish swamps,
mangrove forests thrive.

Life and Development
in the Equatorial Regions - "
The equatorial regions are generally .SP“”]:
populated. In the forests most primutive’ peop
live as Junters and collectors and the more ad":gun_
ones practise shifting cultivation. Food is 50 o
dant in such a habitat that many people worfy s
little about the life of the next day. Thereare mm;td
ous animals, birds and reptiles that can be hunvﬂ.
to serve the needs of the community. The z:ﬁﬂ
flowing rivers and streams provide an mcxbaz;f_mm
supply of fish that the people spear or trap. i
the forest, they gather leaves, fruits, ““‘isn he
other forest products In the Amazon bas " i
Indian tribes collect wild rubber, n:n the Congo P
the Pygmies gather nuts and in the jungles OfM;s ol
the Orang Asli make all sorts of cane produ e
sell them to people in villages and towns. Pt
clearings for shifting cultivation, crops hkcundn““
(tapiota), yams, maize, bananas and Smt g
are grown. When the fertity is cxhauts .a'nﬂ"
clearing is abandoned and they move on 00” an
plot. Such farming practices are becoming '; wrbes
more widespread even among backwar! oy
With the coming of the Europeans, many



plantations have been established, especi:

! , especially in Java,
Snl:mat}-a, Malaysia, West Aftica and Central America,
m‘:;::flﬂte hfas proved to be very favourable for the
B 1on of certain crops that hight: Tued
D the industrial Waes gvt.,. _f'.”. l.g. Y ‘va ue
g P . o . .

t

: ::"1 %ﬁfgﬁwmﬂmplamed
ere ¥ Parts Of the equatorial lands and is grows
oy profitably on large estates, Malaysia and
‘.:S;‘:k;s_lal;e the leadng producers, each accounting
some re than a third of the world production. The
country, Brazi exports practically no natural
ack of cop problems of trec diseases and the
Amazon ;l\mercxal organization of the Indians in the
»ected .shi‘f"f"huds have brought about this unex-
Anorr " of rl{bber cultivation.
ing, e tropical crop that has achieved an
ultivag eds‘:m‘:? IS cocoa It is most_extensively
Suinea, Tl? est Africa,” bordering the Gulf of
Thana ang ]3 o most important producers are
m da Digerja, The{e is a keen demand for the
S the ¢p Steages are rapidly on the increase. Most
OP leaves West Africa for Europe or North

America for the cocoa and chocolate industry.
From tlle same area another crop, oil palm, has done
equally’well and many countries ontside Africa have
now taken to its cultivation. Other crops that have
been found suitable for the hot, wet equatorial
climate and are extensively cultivated are coconuts,
sugar, coffee, tea, tobacco, spices, cinchona, bananas,
pineapples and sago.

Factors Affecting the Development

of Equatorial Regions

1. Equatorial climate and health. Under conditions
of excessive heat and high humdity,Man 1s subject
to serious physical and mental handicaps. He
perspires profusely and loses vigour and epergy 1n
such an enervating environment. He exposes him-
self to such dangers as sun-stroke and to such diseases
as malaria and yellow-fever, Consequently, his ca-
pacity for active work is greatly reduced and his
resistance to diseases js much weakened. Unless
there 1s adequate provision for satisfactory sanita-
tion, physical and mental health are bound to be
affected. Nowadays malaria eradication schemes
are in progress in most tropical areas and vaccines

Market gardening in Singapore. In many parts of the
equatorial zone intensive farming, to supply city-dwetlers
with vegetables, is profitable Frimary Production
Department Singapo,
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have been developed to counteract other diseases.
2. Prevalence of bacteria and insect pests. The hot,
wet climate which stimulates rapid plant growth,
also encourages the spread of insects and pests. As
germs and bacteria are more easily transmitted
through moist air, equatorial conditions are ideal for
the survival of such organisms. Insects and pests
not only spread diseases but are injurions to crops.
They plague both men and animals.
3. Jungle hinders Top and
The jungle is so fuxuriant that it is quite a problem
to clear a smali patch of it and even more
difficult to maintain it. Lalang (tall grass) and thick
undergrowth spring up as soon as the shade trees
are cut and unless they are weeded at regular intervals,
they may choke crops and overwhelm estates. In
the same way, roads and railways constructed through
the equatorial lands have 1o cut through forests,
dense thickets and swamps and those who build
and maintain them encounter wild animals, poiso~
nous snakes and insects. Once completed, they
have to be maintained at a high cost. Many remote
parts of the Amazon basin, the Congo and Borneoare
without modern communication lines. The rivers
form the only natural highways.
4. Rapid deterioration of tropieal soil. It is a
misconception that tropical soils are rich. In its
virgin, untouched state, due to heavy leaf-fall and
the decomposition of leaves by bacteria, a thick
mantle of humusmakes the soil fairly fertile. This
is clear from the shifting cultivators’ heavy croppings
in their newly cleared ladangs. But once the humus
is used and the natural vegetative cover is removed,
the torrential downpours soon wash out most
of the soil nutrients. The soil deteriorates rapidly
with subsequent soil erosion and soil impoverist

Livestock farming is greatly handicapped by en
absence of meadow grass, even on the highlands
The few animals like bullocks or buffaloes are kept
mainly as beasts of burden. Their yield in milk or
beef is well below those of the cattle in the temperate
grasslands. The grass is so tall and coarse that it is
not nutritious. In Africa, domesticated animals ar¢
attacked by tsetse flies that cause ngang, 2 deadly
disease.

QUESTIONS AND EXERCISES

One may quote the Indonesian island of Java as an
exception, because of its rich volcanic ashes and the
energetic local people. In Malaysia, Singapore and
castern Brazil much progress has also been made in
the development of the tropical lands through
systematic planning and the will of the people to
succeed,

Dim:.v.llﬂes in Tumbering and livestock farming. As
mcnugnec} carlier, though the tropics have great
potential in timber resources, commercial extraction

l:“digicul(. The trees do not ocgur in b
o nds, there are no frozen surfaces to facilitate
‘bg:“:li v!yn‘d !:he ropical ha; s are sometimes
) © float in the nvers, even i 4 i
ired ki s even if these flow in the
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and Bombay in India, show 1wo

of climate.



(a8) Name the type of climate experienced
in each of the stations.

{b) Describe the major differences in tem- -

perature and precipitation between the two
stations.

(c) In what ways are the rainfall of the
the two stations similar.

2. Whattype of climate is characterized by two
pcn'ods of maximum rainfall? Explain why
this is so. What local condmons may upset
this normal pattern?

3. Outline the characteristics of the equato-
rial climate and vegetatidn and for any one
equatorial region describe how the inhabitants
overcome some of the difficulties posed by the
environment.

4. Write brief notes on any three of the

following statements about the equatorial re-
gions,

(a) Cloudiness and heavy precipitation
moderate the temperature of the equatorial
regions,

{b) The most prominent feature of the
tropical rain forest is its layer arrangement.

(c) Large-scale livestock farming is un-
known in the hot, wet equatorial areas.

(d) The greatest single drawback to com-
mercial lumbering in equatorial regions is
inaccessibility.

(e) The equatorial environment is best
suited to plantation agriculture.

5. On the map of the world, locate the hot,
wet cquatonal forests. Relate their vegeta-
tional characteristics to the climate of the
regions.
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Chapter 16 The Tropical Monsoon’
and Tropical Marine Climates

Distribution .

We have learnt i Chapter 13 that some parts of
the world expenience seasonal winds hike land and sea
breezes but on a much larger scale. These are the
tropical monsoon lands with on-shore wet monsoons
in the symmer and off-shore dry monsoons in the
winter, They are best developed in the Indian
sub-continent, Burma, Thailand, Laos, Cambodia,
parts of Vietnam and south China and northern
Australia, Outside this zone, the climate is modi-
fied by the influence of the on-shore Trade Winds
all the year round, and has a more evenly distnbuted
ramfall. Such a climate, better termed the Tropical
Marine Climate, is experienced 1n Central America
West Indies, north-eastern Australia, the Philippines,
parts of East Aftica, Madagascar, the Guinea Coast
ane eastern Brazil (Fig.124).

Climatic Conditions
in Tropical Monsoon Lands
The  basic cause nsoon__chimates_ js_ the

difference 1n the rate of heating and cooling of land
and sea. In the symmer, when the sun is overnea

at the Tropic of Cancer, the great land masses of
the northern hemisphere are heated. Central Asia,
backed by the lofty Himalayan ranges, is more than
15°F. hotter than its normal temperature and 2
region of intense low pressure is set up. The s
which warm up much slower, remain comparatively
cool. At the same time, the southern hemisphert
experiences winter, adfd a region of high pressurt
is set up in the continental interior of Australia
Winds blow outwards as the South-East Monsool
to Java, and after crossing the equator are drawt
téwards the continental low pressure area reaching
the Indian sub-continent as the South-West
, as shown in Fig. sas
Ry The 2
is overhead at the Tropic of Capricom, cenift
Asia is extremely cold, resulting in rapid cooling

of the land. A region of high pressure is cmle:
with outblowing winds=ihe North-East Mm%_
On_ crossiny e quator; The winds ave aurac

i d
to the Jow pressure centre in Austrahin 20 .
in northern Australia as the North-West Monso®
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Fig 125 (a) diti n A
West Monsoon in Indo-Pakistan 1s
on-shore in the rainy season (July)

(Fig. 125 (b)). In other parts of the world which
expenience a tropical monsoon climate a similar
seasonal reversal of wind directions occurs.

The Seasons of Tropical Monsoon Climate
In regions like the Indian sub-continent which have
ascalme Trop;c:tl Monsoon Climate, fhree distinct
sons are distingui i in Fi
196 (), istinguishable, as 1llu5trated in Fig.
_}‘ The cool, dry season (October to February).
ﬂ:\})‘:r.amres arelow F. in Bombay and only
S0°F. in Punjab, with heavy sinking air. Frosts
may occur at night in the colder north, "The centre
Sf high pressure is over the Punjab, Qutblowing
o:y winds, the North-East Monsoon, .bring little
Powno rain to the Indian sub-continent.
f;omwm a small amount of rain falls in Punjab
i Wi:)t/c!omc sources and this is vital for the survival
b er cereals, Where the North-East Monsoon
and thover _thc Bay of Bengal it acquires moistare
' thus brings rain to the south-eastern tip of the
Peninsula at this time of the year. For i

(b) Winter conditions in Asia—North-East
Monsoon in Indo-Pakistan s off-shore
tn the cool,, dry season (January)

no ran anywhere. By May, the temperature is 50
high that an intense low pressure zoneis set up in
north-west Indra. Duststorms are frequent, followed
by long awaited ramnstorms that ‘break’ by the
middle of June. The transitional period between
‘no rain’ and ‘plenty of rain’ is over.
3. Thers» H ta Sppénmhor)
the “Burst” - ' ..
torrential ., .t 0 e et T
to the delight of everybody. Almost all the ram for
the year falls within this rainy season. For example
in Bombay 199 inches are recorded in June, 24
inches in July, 14 5 inches in August and a further
10-6 inches in September. As much as 95 per cent
of the annual raiafall is concentrated within four
months. This pattern of concentrated heavy main-
Asowv T
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;: ;\'f;?;::r:ge inches of rain falls during October
it r, accounting for half its annual
;xﬁ,‘cﬁgﬂ’uimsoumatcuo_gﬂdﬂnﬂg As
sharpl :;‘l;‘from Fig. 126(a), thetemperature riscs
ot Cayn - the sun's northward shift to the Tropic
of $6°F T. hPom'bay has a mean May temperature
pacts ofl]wd'wh is considered moderate, fot many
Wt sch ndiz are even hotter. The heat is 50 great

and lhcolols and colleges are closed. Thestifling heat
alrmost ow relative humidity make outdoor life
usnal in e 3 _Day peratures of 95°F. are
Sindma, ‘:\ml !_ncha and the mean temperature in

little m)_' as high as 110°F. Coastal districtsare a

ieved by sea breezes. There is practically
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Fig 126 (8) Tropical Monsoon Chimate

Place: Bombay, India (18° s5'N., 73°E)
Alutude: 37 feet .
Annus! precipnation: 72 inches | _ .,
Annuaf xempe’}nruu range: 10°F. (86°~76°F)
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il 1 summer is a characteristic feature of the
ropical Monsoon Climate. The torrential down-
ours have an immediate impact on the local tem-
erature  They lower the temperature considerably.
he mean temperature for Bombay is 86°F. in May
ut only 81°F. 1 July. In the north the drop is even
reater, as much as 13°F. Some of the windward
tations on the Himalayan-foothills have very heavy
anfall, though this is_pafily orographic. Cherra-
unjt has an average annual rainfall of 425 inches and
record of 905 inches in 1861.

he Retreating Monsoon
he amount and frequency of rain decreases
owards the end of the rainy season. It retreats
radually southwards after mid-September until
leaves the continent altogether.~The Punjab plains
fuch recewve the south-west monsoon earliest are the
rst to see the withdrawal of the monsoon, The
ies are clear again and the cool, dry scason returns
1 October, with the outblowing North-East Mon-
o S—— S
The role of monsoons in India is vital in its eco-
my. ate monsoon or one that ends far too
arly will condemn large stretches of agicultural
and to drought. There will be widespread famine
rom crop failure and thousands will perish. When
here is too much water from the rainy monsoons,
severe floods occur, destroying both crops and lives
ind disrupting communications. In no part of the

yorld has the climate affected Man's way of life so

stofoundly as in the monsoon lands.

The Tropical Marine Climate
Ihis type of climate is experienced along the
castern_coasts of tropical lands, receiving steady
raintall from the Trade Winds all the time. The
rainfall is both orographic where the moist trades
mect upland masses as in eastern Brazil, and convec-
tional due to intense heating during the day and in
summer. Its tendency is towards a summer maxi-
mum as In monsa 5 bUCWithiowt any distingt y_distinet
dry period. Fig. 126 (b) shows the rhythm of climate
as experienced in Cairns, on the eastern coast of
Queensland, under the constant influence of the
South-East Trade Winds, and in summer also
affected by the tropical monsoons. lIts wettest
n;ﬂnlhs are in January (158 inches), February
(‘u‘;ng.c March (17-7) and April (12+1), which is
~mmer in the southern hemisphere, Approximately
£ - ’lfo":: of the annual rainfall is concentrated
summer months. There js no month

85°F
o, 80
N 75

g 70
S 55
€
20)
18
16—
te,
12, -
10

Carns & F M A MJ J ASO ND FeguTonl
Temp 82 91 80 77 JAT1 30707376 19 01 12F
Precip18B1641771214328161717186086 65

] b) Tropical manne Climate

Fis. 126 Pfa:e C:irns, Australia (17'S., 145, 42E)

Altitude coastal lowland

Annual precipitation: 88 inches .

Annual temperature range. 12°F. (82
without any rainfall. The range of tempe.mlllf
typical of the tropical latitudes with a :naX.lmW{’i
§2°F. in January and a minimum of 70°F. in Ju Yd
a range of 12°F. for the year. Due Io.the sted (Z
influence of the trades, the Tropical Marine Chmw
is more favourable for habitation, but it is prot¢
severe_tropical cyclones, hurricaneSoF 00,

entioned 1n Chapter 13.

?mlmﬁﬂ:arests
The natural vegetation of
lands depends on the amount of the
Trees are normally de«:iduous,bez;:n-‘l!set
d riod, during which they she! K
w?:hls):and the droight. Where the rainfall is !;:‘“’"
¢.g. in southern Burma, peninsufar lndlg, ne. ot
Australia and coastal regions with a tropical ‘;’3 st
climate, the resultant vegetation s forest. Thelof®
are more open and less luxuriant th_an the tqlt!
Jungle and there are far fewer species. 'h:;;‘or e
forests yield valuable timber, and are przet the
durable hardwood. Amongst these teakis
known. Burma alone accounts for as muchas

~70°F)
e i

tropical m"””}“
summer ra!
of the mark

heir Jeaves ©0

at
of ¢

. is such 3
guarters of the world’s production. It 'sf;’ &
durable timber that it is extensively "“f u
building, furniture and other constructiona :’nd ot
Other kinds of timber include sal, acaci2 12
varieties of eucalyptus in northem A,‘,’-sc'{:u,;h'
gether with the forests are bambod th
often grow to great heights (Fig. 127)- e fore®

With a decrease in rainfall in summers o &
thin out into thorny scrubland of 53V
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Fig, 127 Main features of a mansoon farest

seattered trees and tall grass. In parts of the Indian
sub-continent, rainfall js so deficient that semi-
t}escn conditions are found. Monsoonal vegetation
is thus most varjed, ranging from forests to thickets,
and from savanna to scrubland,

Agrieultural Development
n the Monsoon Lands
W\!c'h of the monsoon forest has been cleared for
Agriculture to support the very dense population.
The cultural landscape throughout the length and
‘bread!h of the monsoon lands deeply reflects the
mntensity of Man’s quést for subsistence. Wherever
:g;ill;‘ll;, C;f:fs are grown. The plams are ploughed,
s are) s ?re terraced to provide farmland.
hungry: Isma) and the people are forever ‘land
the ;Y" x; their quest for land‘_zhey.have removed
su]nna}“a vegetation, sometimes wantonly, re-
S:rioxi In acute soil erosion. This is particularly
4 in 'thc Indian sub.continent which has
rapi;ry high density of population with a
same Dll::f:em9{ growth. But in the plains the
tious vith T laﬂd may have been tilled for genera-
o0 yieta 1 ittle or no replenishment, and yet able
:'(Te fairly reasonable returns.
and ;"II;;CSI lagf iculture dependent on natural rainfall
tude in tie abour force, reaches 1ts greatest magni-
basis fo l; nll.onsoon Iands.. The soil provides the
only the o e livelthood of r_mllions. Farming is not
the peo k‘“;tmant occupation of the greater part of
nomy of e ullnglso forms the mainstay of the eco-
Bast Asig ian su.b-contmem, China, South-
follown :‘easmn Bra.zx) and the West Indies. The
1 Wetiafa?ts O‘f agriculture are recognisable.
Staplocry lgl{ltlvannnc Rice is the most important
the rain g‘a:ed‘s grown in tropicat lowlands wherever
character; Ceeds 70 inches. It is perhaps the most
enstic crop of the monsoon lands and its

total acreage far exceeds that of any other crop
In fact, very few areas outside the influence of the
monsoons ever take to the cultivation of pads.
Fhere are two main varieties, the wet padi, which is
mainly grown on lowlands in flooded fields
or in terraced uplands, and the dry padi grown w
regions of lower ramfail. A minimum of 50 inches
of rainfall is required during the growmg season.
Droughts and floods that are almost inseparable
from a monsoonal type of climate can be very
detrimental to 1ts cultivation. Irngation water from
rivers, canals, dams or wells is extensively used
in the major rice producing countries Other food
crops hike maize, millet, sorghum, wheat, gram and
beans are of subsidiary importance  They are culti-
vated mn the drier or cooler areas where rice cannot
be grown.

2. Lowland cash crops. A wide range of fowland
tropical cash crops are cultivated for the export
market, after local needs have been met The most
important crop in this category is canc sugar. As
much as two-thirds of world’s sugar production
comes from tropical countries. Sugar is either
grown on plantations or on small holdings wherever
rainfall and sunshine are abundant Some of the
major producers include India, Java, Formosa, Cuba,
Jamaica, Trinidad and Barbados. Juteis confined
Australian

Harvesting sugal inQ fand,

News and Information Bureau




almost entirely to the Ganges - Brahmaputra delta,
m India and Bangladesh. It has long been 2
leading hard fibre for the manufacture of sacks
(gunny) Manila hemp (abaca) is a product of the
Philippines, particulatly of Mindanao. It is used
to make high quality rope. Other crops include
indigo, still cultivated in India and Java; cotton, a
major export of the Indian sub-continent and
bananas, coconuts and spices.

3. Highland plantation crops. The colonization of
tropical lands by Europeans gave rise to a new form
of cultivated landscape in the cooler monsoonal
highlands. This is the cultivation of certain tree
crops in tropical plantations. Thousands of acres
of tropical upland forests were cleared to make way
for plamtation agriculiure in which tea and coffee
are the most important crops. These were luxuries
in Europe in the eighteenth century and the products
of the plantations were originally meant only for
export to the mother countries where there was a
great craze for the beverages. Later, the local
people also got mto the habit of drinking them and
they fast became necessities. Both the beverages
became so popular in and out of the tropics that there

Tea picking in a plantation in Sri Lanka Camera Press
e

was great expansion in their acreages both in regions
with a Tropical Monsoon Climate and the Tropical
Marine Climate.

Coffee originated in Ethiopia and Arabia, where
it is still grown, but Brazil now accounts for almost
half the world's production of coffee. It is mainly
grown on the eastern slopes of the Brazilian platear
The crop is also cultivated on the hightand slopes
between 2,000 feet and 4,500 feet in the Central
American states, India and eastern Java.

Tea originated in China and is still an important
crop there, but as it requires moderate temperatuses
(about 60°F.), heavy rainfall (over 60 inches) and
well drained highland slopes it thrives well in the
tropical monsoon zone, but preferably at 2
higher altitude. The best regions are thus the
Himalayan foothills of india and Baugladesh, the
central highlands of Sri Lanka and western Jav
from all of which it is exported. In China tea s
grown mostly for local consumption.

4. Lumbering. Wherever there are tropical forests
which stil have not been felled to make way for 'hf
plough, lumbering is undertaken in the more accesst
ble areas. This is particulatly important in contr

~
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neatal South-East Asta. Of the tropical deciduous
trees, teak, of which Burma is the leading producer,
is perhaps the most sought after. It is valuable on
account of its great durability, strength, immunity
to shrinkage, fungus attack and insects. 1t is grown
in hilly districts up to 3,000 feet in altitude with a mo-
derate rainfall. Under government supervision, teak
treeswhich are cut have to be replaced. Thisis the only
way to ensure the steady supply of the timber which
is the second greatest money-earner for Burma after
rice. In northern Burma, in the region of the Chind-
win Ruver, thete are large teak plantations It takes
as long as 100 years for a teak tree to mature into
commercial timber. Green teak logs are so heavy
that they will not float readily on water. 1tis therefore
necessary to ‘poison’ the tree several years before
actual felling, so that it is dry and light enough to be
floated down the Chindwin and the Irrawaddy to
reach the saw mills at Rangoon. The individual
Togs ate tied in rafis and guided downstream by
crews of men and tugboats. 1t takes something like
18 months for a log of teak to reach Rangoon to be
sawn mto planks for export.

5. Shifting Cultivation. This most primitive form
ol'fan'n_mgiswide]ypractised. Instead of rotating the
1ops in the same field to preserve fertility, the
mbtfmcn move to 2 new clearing when their first
field s exhausted. The cearing, or field, in the midst

of the jungle is usually made by fire, which destroys

i

practically everything in its way. After pla ating,
L\:ﬂe attention is paid to the field either in weeding
o l::tnunng. The crops are left entirely to the care
tor ’ure. ‘The farmers use simple hoes and sticks
ﬁnk: oughing and seeding. Qraught animals_are
needown and labour is exclusively manual. Their
the s are so basic that every farmer produces much
<o same range of crops as his eighbours. Maize of
snrn?; gg' padi, yams, fapioca, sweet potatoes and
isenti ns are thg most common ¢rops. Farming
e irely for subsistence, i.e. everything is consumed

d x‘ e farmer’s family, it is not traded of sold.
1mchse dtropxml soils are mainly latosolic, rapidly
bountif ‘;"‘d easily exhapsted, the first crop may be
™ pniiful but the subsequent harvests deteriorate.
a nwymm later, the field has to be abandoned and
shot paich Fle‘“‘ed elsewhere. This system of a
1t period “of cultivation alternatng with long
\‘:’&Ois of fallowingis probably the best way of using
“"knuw:any parts of the tropics where manuring 33
_m:lg:mg cultivation is so widely practised amongst
0us peoples that different local names are

used in different countries For example, ladang
in Malaysia, faungya in Burma, lamrai in Thailand,
caingin in the Philippines, humah in Java, chena in
Sri Lanka and milpa in Afcica and Central America,

QUESTIONS AND EXERCISES

1. ‘The clmate of India is characterized by
three distinct seasons. Explain why this is so.

2. With the aid of diagrams of sketch maps.
explain any three of the following statements.
(a) The east coasts of continents vathin
the tropics have much heavier rainfal}
than the interiors or the west coasts.
The Tropical Monsoon Climate is, in
fact, land and sea breezes on a continental
scale.
Near the equatorial latitudes, the pe-
siod of maximum rainfall 1s closely
related to the movements of the over-
head sun
There is a marked difference in tem-
perature between the east and west
coasts of countries in tatitudes 20° t0
35°N.

» (b)

©

[G)

=

3, Inwhichparts of the monsoon fands has the

natural vegetation been removed by men?

Describe and explain the uses made of the

cleared lands.

4. Name the types of climate which nave

(a) rain mamly in winter

(b) rain oaly in summer

(c) rain throughout the year .

i Describelhccharactcnshcchmauc
features of any fwe of the types
you have named.

ii For any or¢ of them account for
its rainfall distribution.

sential characteristics of

5. Contrast the €S cha s
plantation agricultare and shifting cultivationt.
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Chapter 17 The Savanna or Sudan Climate

Distribution
The Savanna or Sudan Climate is a_tranutional
type of climate found between the equatorial forests
and the trade win 1S, IC1S €O i
{Hie tropics and is best developed in the Sudan where
the dry and wet seasons are most distinct, hence its
name the Sudan Chimate. The belt includes West
African Sudan, and then curves southwards into
East Africa and southern Africa north of the Tropic
of Capricorn as shown in Fig. 128. In South
America, there are two distinct regions of savanna
north and south of the equator, namely the Hanos of
the Orinoco basin and the campos of the Brazilian
Highlands The Australian savanna is located south
of the monsoon strip running from west to east north
of the Tropic of Capricorn.

Climate of the Sudan Type

Rainfall. The Sudan type of climate is characterized
by an altemate__hgi ramy season and cool, d
season, as illustrated inm
hemisphiere, the hot, rainy season normally begins in
May and lasts until September, as in Kano, Nigeria.

Fig 128 Regions of Sudan Climate with savanna or
tropical grasslands

The rest of the year is cool and dry. The annuat
rainfafl for Kano, which is located at a height of 1,53%
feet above sea level, is'34 inches and is almost entirely
concentrated in the symmer, But the amount varies
from 48 inches at Bathurst, in Gambia on the coust
to only 5 inches at Khartoum, in Sudan in theinterior.
Both the length of the rainy season and the anmiml
total rainfall decrease appreciably from the equatorial
region polewards towards the desert fringes. Onthe
whole, the annual precipitation is fess than that of the
Tropical Monsoon Climate and the length of the wet
and dry seasons differs with the-locality. In fhe
southern hemisphere, the rainy season is from chbff
to March (the southern summer) as shown in Fig
129(b) of Sabisbury, in Rhodesia. Its annual pm;
pitation of 32 inches also varies much from ¥
to year.
Ter)r,lpemture. The monthly temperature h'ovcrsz
tween 70°F. and 90°F. for lowland stations

H i but
annual _temperature range of 20°F, is ¢ ical,
t fromthe

the range increases as ong moves fil way e
£quator. Itis, however, interesting to note
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() The Savanna or Sudan Climate in the
Place'sos‘:l}i]sz" hemlsphe{e A% o
Aliitucie, 4.4;5:‘/&;2:10&5'3 (17°45'S, 31°E)
:::5:; Precipitation* 32 inches .
highm; 13l temperature range 15°F(71 ~ 56°)
of the m‘g‘::);mwres do not coincide with the period
Phiere) b Sun (e.g. June in the northern heris-
Season, e X"Cf")mt before the onset of the rainy
There js , pril In Kano and Qctober in Salisbury.

: 2150 a distinct drop in temperature in the

¥3iny per;,
Almosphere,” ¢ 1o the overcast sky and the cooler

Days are hot, and during the hot season, noon
temperatures of over 100°F. are quite frequent,
When night falls the clear sky which promotes
intense heatmg during the day also causes rapid
below 50°F. and night frosts are not uncommon at

Al per—

this time ~f tha vanr  Thig Ayteamnn ;

temper ' . R N

Sudan ' X
Winds. The prevailing winds of the region are the

Trade Winds, which bring rain to the coastal districts.
They are strongest in the summer but are relatively
dry by the time they reach the continental interiors
or the western coasts of the continents, so that grass
and scattered short trees predominate. In West
Africa, the North-East Trades, in fact, blow off-shore
from the. Sahara Desert and reach the Guinea coast
as a dry, dust-laden wind, called locally the _Har:
mattan, meanine ‘the doctor’ Jtis 50 dry that its
“Telanve . L e
doctor™, * . , s

of the Guinea lands by increasing the rate of evapora-
tion with ooling effects, but it is such a dry
dusty wind that, besides ruining the crops, it also
stirs up a thick dusty haze and impedes inland river
navigation.

Natural Vegetation
The savanna landscape is typified by tall grass

and thort trees, It is rather musleading to calf the

savanna T2 e mom bt
present
‘parklanc 9
scape better. Trees grow best towards the equatoral
humid latitudes or along river banks but d;cra:)sc
in height and density away from the eq\fator‘(ﬁi ]:‘,171)c
They occur in clumps of as scattered mdnysdu: h
trees are deciduous,shedding their {eaves in ";: coah
dry season to prevent excessive Joss of water throug:

N runks,
frati s. Others have broad t
transpiration, €.§. dcdci: survive through the

with water-storing devices to
prolonged dmughtgsuch as baobads end boﬂ/; z‘r:;.
Trees are mostly hard, gnarled and thomy :::r’n Aicd
exude gum like gum arabic. Many trees :u':hc e
shaped, exposing only 2 narrow edge mh A
winds. Palms which cannot withstand ; e o 5‘&
are confined to the weltest afeas t7rk a m:ﬁc ity
Vegetative luzuriance reaches its pea mnd e
season, when trees senew their (o[hge”nnd il
In true savanna lands, the grassis hl:’:- ‘5 ey
growing 6 to 12 feet high. Th'cc_;h'z; nmf i
attain a height of even 15 fect! o 12
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Fig. 130 Changes in vegetation from Savanna to desert

grow in compact tufts and has long roots which
reach down in search of water. It appears greenish
and well nourished in the rainy season but turns
yellow and dies down in the dry season that follows,
The grass lies dormant throughout the long, rainless
period and springs up again in the next rainy season,
In between the tall grass are scattered short trees and
low bushes. As the rainfall diminishes towards the
deserts the savanna merges into thomy scrub. In
Australia, this scrubland is particularly well repre-
sented by a number of species: mallee, mulga, spinifex
grass and other bushes.

Animal Life of the Savanna
The savanna, particularly in Africa, i3 the home of
el

wild animate 1t iy b —1 a1, + me country®
N T te et Someofthe
£ whiaisare tracked down for their skins, horns, tusks,

bones r hair, others are captured alive and sent out
T"V-thcoo. imals, laby

5 3 Y specis or
There js Stch a wealth of anima) life in Africa

Yo Savanitid, Tlie vegetation is of grass and scattered trees J. Allen Cast
Savanna

Dwarf acacias

{8,

...

i

desen plants

Scrub savanna

vl by { U

inemd

that many of the animal films that we see at the ¢in®
are actually taken in the savanna. -

There are, in fact, two main groups of i
the savanna, the grass-ating herbivorous ‘_"lh“: herdh
the fleshing-eating carnivorous animals. "
vorous animals are often very alert and mt;::
from place to place in search of green pastu! from &
are endowed with great speed to run awaycm [
savage flesh-caters that are always after !t!llie et
leaf and grass-eating animals include od o
antelope, giraffe, deer, gazelle, clephant a
Many are well camouflaged species and their ﬁnm [
amongst the tall greenish-brown grass ? g ok
easily detected, The giraffe with such 2 oy abit
can locate its enemies a great distance ?Ta‘nixﬂ&"
the elephant is so huge and strong that ; cqufPP'd
will venture to come near it. It is wel
with tusks and trunk for defence. figeh

. o fof,
The carnivorous animals like lb;a {“’l i -.,
for atiacks '
gs of B

leopard, hyaena, panther, jaguar, jac
puma have powerful jaws and teeth b
other animals. Their natural colouri
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yellowish-brown, often with stripes like the tiger or
spots fike the leopard, match perfectly with the tawny
background of the savanna. They often hide them-
selves in shady spots up in the branches or amidst the
tall bushes, and many wild animals, as well as hunters
‘hcmselyes, are canght unawares in this manner.
Alongrivers and in marshy lakes are numerous spectes
of reptiles and mammals including crocodiles, alli-
gators, monitors and giant lizards together with the
13{251' thinoceros and hippopotamus. In such an
m!unal paradise there are many diverse species of
buds,»snakes. butterflies, moths and insects.

l'n many parts of East and South Africa,
national parks have been set up which control the
killing of animals, ‘This is a necessity, if many of the
1are species of animals are to be preserved and
protected from wanton shooting. In Kenya there
are large hotels and viewing-towers, built in the heart

tious. When there is a drought the Masn move
upwards to the higher and cooler plateau regions in
which their herds can graze on the better pastures.
They butld circular hutswith sticks, bushes and mud
for temporary shelter. The cattleare kept ina special
enclosure at night and are protected from attack by
wild animals by a strong fence.

The cattle kept by the Masai are the zebu cattle
with humps and long horns. They are treated with
great respect and affection and are never slaughtered
for food or for sale. The beefis only consumed when
they die a natural death from old age or disease,
They are never used as draught animals and are kept
entirely for the supply of milk and blood. Milking
is done by women before day-break and at dusk.
The y:ld is extremely low by any standard and usually
not more than two pints are obtained at a single
milking. The milk is drunk either fresh or sour.
Ch king is still not known fo the Masai,

(tlf 1:h.e svanma, with special post
s‘:m:ﬂg (our!st.s in to see the animals in their natural
Settings.  This is a progressive step made in conserv-

lr:i :;ima) life of the savanna and should be encou-

5}eran Life in the Savanna
d:r‘r':; lhe. savanna lands of the tropics live many
the Mm tribes who are either cattle pastoralists like
cuhiva?sal of the East African plateau or settled
b c‘ors.lxke the Hausa of northern Nigeria. We
moredamme the life of these two groups of people
savann, osely, and see how they adapt themselves to the
o Ma environment
hemadi:sni" became pastoralists. The Masai are a
of cattle tribe who once \Yandercd with their herds
w Ktnya"'xr the central highlands of East Africa~
their pm.;r anzania and. Ugfmda. At the height of
““mbtrcderf, in the mid-nineteenth century they
tribal cfas}? out 50,000, But today after a century's
numbegs Cf- epidemics and natural deaths, their
mainty ccnz;“e been greatly reduced. They are now
teserves § ;?Cd to the 15,000 square miles of Masai
Wounds ‘" thmy? and Tanzania, Their old grazing
fist by “’.L he Kenyan Highlands were taken over
axnmhum(clm;’gmm white scttlers for plantation
ter, afiey in?:] e, tea, cotton) and dairy farming and
RO% o00y ependence, by Alfrican farmers. They
mhitha,‘py the less favf)urcd areas of savanna in
Pethapg “‘gzltd something like a million cattle and
slapes of the ;: many sheep and goats. On the lower
Tow 2 Wineh, st African plateau, where rainfall is as
the gragg g]d“n“d thereare long periods of drought,
om reaches a foot high and is not nutri-

Blood from both bulls and cows is drunk. This is
obtammed by tying a leather cord asound the neck
of an animal until the veins swell. A vein is then
punctured by a special arrow-head and the blood
gushes out and iscollected and drunk fr_csh orclotted.

Cattle are kept by every Masai family. They are
considered far more valuable thas anything clse, and
are symbols of wealth. The ric!ncst man has the
lacgest herds of cattle, leaving aside tht:‘sheq'a apd
goats which, to the Masat tribes, are of lm}c signifi-
cance, Cattle are used in payment for wives, .and
when the father of a family dies, the mother (!mdcs
the hvestock among the sons- The Masai will not

slaughter the cattle Yor food, so from the agriculturst

The Masai tribesmen drink th
of their animals but do pot kilt th
Press

e blood 23 well 23 the mifk
em for mest Camere




tnibes such as the Kikuyu of Kenya, they obtain a
small amount of millet, bananas, groundnuts and
vegetables,

Because the number of cattle is more important to

the Mawi than their quality, the Masai will
not willingly sell their cattls. So the large area of
land which they occupy in East Africa is not used
profitably. Great efforts are being made to get the
Masai to care for their ammals propetly and raise
them for sale, keeping only as many animals as the
pasture can support  Many Masai are responding to
modern techniques but the majority stubbornly
continue in their old ways, Amongst most of the
other African tribes, pastoralism exists side by side
with agriculture.
The Hausa, settled cultivators. The Hausa are a
tribe of settled cultivators who inhabit the savanna-
lands of the Bauchi Plateau of northern Nigeria.
They number almost six million and have been
organuized in  settled agricultural communities for
hundreds of years. They are more advanced in their
civilization and ways of life than many of the other
African negroes.

The Hausa live in towns or villages The ancient

Hausa city of Kano, with a population of 135,000
has fong been a focus of routes and trade, They do
not practise shifting cultivation as many tribes do.
Instead, they clear a piece of Jand and use it for several
years, growing a wide range of crops like maize,
millet, Guinea com, groundnuts, bananas and beans
Some Hausa also cultivate non-food crops e.g.
cotton and tobacco. When the fertility of the plot
declines, they plant a new field and allow the old
one to lie fallow. This enables natural forces to act
on it untif fertility is restored. New crops are then
sown 1n the old plot aain and the harvests are good.
In this manner, the Hausa rotate their crops between
different fields at different parts of the year, which is
a technique employed in advanced agricultural
Societies.

Besides cultivation, the Hausa also make use of
domesticated animals. Herds of cattle and goats
are kept for both mutk and meat, but they are only
subsidiary to crop cultivation, Though they do not
contribute much to the income of the Hausa, because
©of their small numbers, their manure is used to ferti-
I:c the fields. Poultry are raised by the villagers and

Oth coex and chicken are consumed,

© facming year is very closely related to the

~ of raiafyl In Nigeri i i
3 geria, the rainy season begins
- amg 3 .
Vi ™ a*:;:::u 4313 September. The annual precip-

nches, falling entirely in summer,

The Hausa sow the seeds in late April when sufficient
rain has fallen. The seedlings sprout with the heavy
rain and grow rapidly throughout the rainy season.
Weeding with traditional hoes is done at regular
intervals tilf the crops are ripened and harvested
in September, the beginning of the cool, dry season
The tall brown bushes are burnt down by the farmers
in preparation for new fields for the following year
Sometimes fires may be caused by the dry, dusty
Harmattan.

Problems, Prospects and Development

of the Savanna

There is little doubt that in years to come, world
population pressute and the need for greater food
production will necessitate greater economic develop-
ment of the savanna. The deserts or the freezing
tundra form climatic barriers too formidable for
large scale human intervention to take place. But
the savanna lands with an annual rainfall of over
30 inches and without any severe cold, should bc a

to support a wide range of tropical crops. Fiom
settlements in central Africa, northern Austr
and eastern Brazil have shown that the sava?n:S 2;
immense agricultural potential for plantatio
culture of cotton, cane sugar, coffes, oil palm, grost
nuts and even tropical fruits. Tropical QUCC“SI":’
despite its scarcity of labour force has been Vi
successful in its attempts to develop its huge ““?‘
fand The newly independent states of Kﬂll()"
Uganda, Tanzania and Malawi have alre‘ad)' fake
to large-scale production of cotton and 51.5?’ hﬂ",}:
Both crops thrive well in savanna conditions. .
West Africa, the commercial cultivation of ETUZ“
nuts, ol palm and cocoa have been gradunly .
tended into the savanna lands. New drt)l‘lé.!""’;’;s ol
tant varieties will have to be introduced into ‘eigl’
newly emergent countries to increase Shexr for i
earnings in such tropical raw materials. Il:my
cooler highlands, temperate crops have beea s

fully raised.

But farming in the savanna fand
natural hazards. Droughts may be lon,
as rainfall is often unreliable. Unless p
measures can be taken in the form of ﬂ:{‘gﬂ.
provision for irrigation, improved ¢rop ‘;'or g
and scientific farming techniques sunabchsasm
tropical grasslands, crop failures can bcldt:nck p
for the people, who have very little to faf bac s
The Sudan Climate, wil,hdistinctwct-:wd Iy P
is also responsible for the mpid deterioratiod dou
fertility. During the rainy scason, forrentis

is not withot!
g and yf
coun(cr-



pours of heavy rain cause Jeaching, in which most of
the plant nutrients such as nitrates, phosphates and
potash are dissolved and washed away. During the
dry season, intense heating and evaporation dry up
most of the water.: Many savanna areas therefore
have poor lateritic soils which are incapable of sup-
portng good crops. Unless the soil is properly
conserved !prough regular manuring, weeding and
aceful maintenance, crop yields are bound to
decline.
am;f:‘e savanna is s2id to be the natural cattle country
- tEmylt?f the native people are, in fact, herdsmen
fedposn or; ists. Cattle are kept in Jarge numbers and
e D:Ie tz.all grass or the bushes, They provide
telyp:hpe vynh milk, blood and meat. Unfortuna-
ot oer native zebu cattle are bony and yreld little
s ;mlk. They often fall. victim to tropical
By the !’set.sge. éht': ngana or sleeping sickness carried
or milk o, )t' ;1: [txfnga. The export 9f either beef
importaris ropical gljdss]ands is so far not
c;l ::El!:s élece‘ssary to introduce temperate cattle
g wc.mnghsh Sh‘onhom. Friesian or Guernsey
o 1 tgxe tropical zebu, if cattle rearing is to
cessful in the savanna. In fact, a start has

ready been made in tropicsl Quesnsland which
228 become _Augtralia’s far, est_cattle producing
x*;%‘sBOlh meat an@unﬁ_awL\cmer
mcﬁc;:l’:h as the cam, 05 and llanos"of South
r Qcm"mtﬂug.h cattle ranching has been carried out
¢ ounh s, little progress has been made so far.
quality of the grass needs to be improved and

SY
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QUESTIONS AND EXERCISES

L. The following are brief descriptions of three
different types of climate.
() A very large temperature range, with
summer ram.
(b} Distinct wet and dry seasons with
concentrated summer rain,
(c) High uniform temperature with welt
distributed heavy rainfall,
1. Name the type of climate.
ir. For any fwo of them, give a fuller
description of the climate and the
factors which give rise to it.

[

Explain why

() The savanma lands have a parkland
type of natural vegetation.

(b) The savanna is the natural home of
cattle. .

(¢) The savanna grass decreases in height
and luxuriance further away from the
equator.

(d) Rainfall m the Sudan Clynate is con-
centrated in the summer.

. Write a descriptive account of
Either: The Masai, pastoralists of East
Africa.
Or.  The Hausa, food growers of north-
ern Nigeria, -
You should bear in mind the €7
infi on their mode of living

w

envitonmental

ter network of ons is

l‘:miedag uct-'xttle brccdf‘ng fxnd disease control must be
Stvanmg 1 on a scienfific basis. In the African
) oc :umude of such native herdsmer as the
for gt lreat cattle as prestige animals, ot
¢ comn TIng, will pose many drfficulties towards
ereialization of the cattle industry. Butas

an g !
p:omﬁf}’o’iu&i} r;fﬂgn the savanna holds great

id that the savanna land holc}s gra_:
promise for the future. Do you think s:_
Why? Outline some of the probni?le ditli-
culties that may be encountered in theit

development.

S

. Itis sa

S. Write brief notes on the fono)w'n_g. .
(a) ThccchctsofHunm{unm\\csh\frf:
() Thesavannais the ‘Big Game Counft:;_
(¢} Tropical grasslands have great ‘I"Pox.
tial for the Culli\:licr;rof }mﬁ:‘a i
crops, ¢.g. coton, coffee. I
(d) 'I'h:ws savanna is 3 mnnuom)&’n;::
between the equatorisl forests and B
hot deserts.

23]



Chapter 18 The Hot Desert and Mid-Latitude Desert Ciimates

Distribution

Deserts are regions of scanty rainfall which may
be hot like the hot deserts of the Saharan type, or
temperate as are the mid-latitude deserts like the
Gobi. The aridity of the hot deserts is mainly due
to the effects of off-shore Trade Winds, hence they
are also called Trade Wind Deserts. The temperate
deserts are ranless because of their interior location
1 the temperate latitudes, well away {rom the ramn-
beaning winds.

The major hot deserts of the world are located on
the western coasts of continents between latitudes
15° and 30°N. and S. as shown m Fig. 131. They
include the Sahara Desert, the largest single stretch
of desert, which is 3,200 miles from east to west and
at least 1,000 miles wide. Tts total area of 3.5 million
square miles 1s farger than ali the 50 states of U.S.A.
put together. The next biggest desert is the Great
Australian Desert which covers almost haff of the
continent. The other hot deserts are the Arabian
Desert, Iranian Desert, Thar Desert, Kalahari and
Namib Deserts. In North America, the desert
extends from Mexico into U.S.A. and is called by
different names at different places, e g the Mohave.

Sonoran, Calfornian and Mexican Deserts. ln
South America, the Atacama or Peruvian Desert i
the driest of all deserts with less than 0.5 inches of
rainfall annually.

Amongst the mid-fatitude deserts, many ar
found on plateaux and are at a considerable distance
from the sea. These ate the Gobi, Turkestan and
Patagonian Deserts. The Patagonian Desert is more
due to its rain-shadow position on the leeward sid¢
of the lofty Andes than to continentality.

Climate )

Rainfall. Few deserts whether hot or mxd-k'mtud'
have an annual precipitation of more than 10 3nch€5
For example William Creek in Australia b2
5.4 inches, Kotah in India has 4 iqchtﬁ
Yuma, Arizona, U.S.A. has 3.3 inches. In Salah inthe
mid-Sahara and Arica in the mid-Atacama ha¥
practically no rain at all. In the latter, lc‘ss than
0.02 inches féll within a period of 17 years it lhr;f
light showers! In another station less tbz'n 1 "
miles away at Iquique, not a single drop of rain %3
recorded for four years and then a torrential doWT
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pour suddenly came one afternoon i
inches of rain felll The aridity of dgse‘:tl:ci}; tzhz
most outstanding feature of the desert chmate
We shall examine more closely why they are so dry:
1h£l:b}-l';t deserts lie astride the Horse Latitudes or
- St?plca] High l?r.essure Belts where the air
lescending, a condition least favourable for
precipitation of any kind to take place. The rain-
—_———

DY T

- L et .

to w: ion e 1o . pumdity
armer regions, and their relative bumidity 15

] .
'l?h‘::un“s' smakmg condensation almost_impossible.
I ! e continuous blue
o e
ctz;;si:hi‘ relative humidity is extremely low, de-
hon 3 og rom 60.per cent in coastal districts to less
Oondi:ioger cent in 'the desert interiors. Under such
the desens’ every bit of moisture is evaporated and
Ay .s afe thus regions of permanent drought,
Ccas::‘mnat_non is both scarce and most unreliable
ﬂlustmgitm'lons ]1ke Massawa on the Red Sez, as
Showers T in Fig. 132(a) receive light scattered
59 fnches ?m the on-shore winds, amounting to
s or the year. On the western coasts, the
Wm@ﬁﬁm; in
°lH:omizx gives rise to mists and fogs by chilling the
- \With the gh air. This air is later warmed by contact
iating eﬂ:ct land, and little rain falls. The des-
t of the cold Peruvian Current along

he Chile:
an i
g coast is so pronounced that the mean

 [Eprntl for the Atscams Deser s not more
thy ndersty m::xc T Rain fiormally occurs as violent
Suddenly and of the Conyectional type. It ‘bursts’
o%er small ar pours gontmuously for a few hours
in one sin ;5‘“ An inch or more may be recorded
Viokent, andg ¢ shower! The thunderstorm i$ so
cmsﬂmnmﬁomes so suddenly that it has disastrous
peraturg, desert fandforms.
$POton earth ;,Tg" deserts are some of the hottest
® Year, Thy nd have high temperatures throughout
/ and (e av:rc is no cold season in the hot deserts
°F, The hrf’ge summer temperature js around
U6°F, on |h;glh est shade temperature recorded is
o il o g o Seplember 1922 at Al Asizia, 25
16 Unhearaby, ripoli, Libya, in the Sahara. Days
b VOF, g oy y hot, and in the open barren sands,
| !ﬂnm‘umm recorded. The reasons for the high
¢ Tlense insola are obvious—a clear, cloudless sky,
ion, tion, dry air and 2 rapid rate of evapor-

]

i St ey ;i
Mo ang gy by virtue of their maritime in-
cooling effect of the cold currents
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Place: Massawa, Ethiopia (16'N., 39°E)
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Annual precipitation. 59 inches
Annual temperature range. 17°F. (95°-78'F)

Fig. 132 (a) The Hot Desent Climate

e0
| 105
- __7/_ 03
ARRE 0%
7 . 1€
HRT E %0
Ve . 205
P L4
EEEmERE
3Pttt
£
€ gft—1-11T"71
PRI
ilpi_’c_—;—
e
DN F M A M ASOND

romer 8 0 su:uuc e f
TR E S R ee 3
Place: Kashgar, China (@39'N 76°€)
Alnmtie: 4,255 feet a5
Annual precipimion' jnches ..
Annual temperature @agE 58°F. (80'-22!)
Desert Climste

fig. 132 (b) The Mid-Lautude

have much lower temperatuses, eg. A'rid :_;:Fa
mean annual tem; ture of (-6 . Sqm:;f Tb:
Walvis Bay, South-West, Alnca, o % by ::;d ol

hottest months seldom 3¢ ! o F
H cemall. € F .

annual temperature range B8 T‘I’;r e fur
are £

in Arics, 10°F. in Iquique 30
The dewenl interiors, how



fugher summer temperatures and the winter months
are rather cold. For example In Safah, in the
Sahara, has a temperature of 99°F. in the hottest
month but only 55°F, in the coldest month.
The annual range is 44°F. The range for Yuma is
36°F. and for Jacobabad is 41°F. In comparison,
the station Massawa, illustrated in Fig. 132(a),
focated near the coast, facing the Red Sea has only a
moderate range of 17°F. Tts hottest month is July
(95°F ) and its coldest month is January (78°F.).
The dmrnal rangeof temperature in the deserts
15 Very great. Intense insolationby day in a region
oF dry @i and no clouds causes the temperature 1o
nise with the sun. The barren ground is so intensely
heated that, by noon, particulorly in summer, a
reading of 120°F. is common. But as soon as the
sun sets, the 1and loses heat very quickly by radiation,
and the mercury column in the thermometer drops
to well below the mean temperature. A daily
temperature tange of 30° to 40°F. is common, though
in the Death Valley of California, an exceptionaily
great diurnal range of 74°F. has been recorded.
Frostsmay occur at night in winter. These extremes

of temperature make desert living most trying. This
explains why the desert people wear thick gowns all

day long, to protect themselves from the glaring heat .

by day and chiiling frost by night, not to mention
the sand grains that are carried by the wind.

Climatic Conditions
in the Mid-Latitude deserts
The dimaatic conditiors of e middatitede deserts
are in many ways similar to those of the hot deserts.
Andity is the keynote. These inland basins lie
hundreds of miles from the sea, and are sheltered by
the fugh mountains all around them. As a result
they are cut off from the rain-bearing winds., Oc-
casionally depressions may penetrate the Asiatic
continental mass and bring light ranfall in winter,
or unexpected convectional stormsmay bless the
parched lands with brief showers in summer. For
example Kashgar in western China in the Gobi
Desert, as illustrated in Fig. 132(b), has most of its
3.5 inches of annual precipitation in the summer.
Due to their coldness and efevation, snow falls in
winter.

From Fig, 132(b), it is clear that summers are
‘;:‘;Y hot (80°F, in July at Kashgar) and winters are
m":‘mt}gh cold with two months below freezing

:grea(ec :“';\““:“ range of temperature is S8°F.,
/ orth arn that of the hot deserts ~ Continen-
Or these extremes in temperature.

Winters are often severe, freezing lakes and rivers,
and strong cold winds blow all the time. When the
ice thaws in early summer, floods occur in many
places. The greatcst inhibiting factors to settlement
arc the winter cold and the permanent ariduy,

besides remotencss from the sea.

Desert Vegetation

ANl deserts have some form of vegetation Such &
grass, scrub, herbs, weeds, roots or bulbs. Though
they may not appear green and fresh all .(he time,
they lie dormantin the soil awaiting rain which comes
at irregular intervals or once in wany years. The
environment, so lacking in moisture and so excessie
in heat, is most unfavourable for plant growth and
a significant vegetation cannot bé expected
very rarely are there deserts wher

The predominant vegetation

mid-latitude desertsis xerophyticor drought
scrub. This includes the bulbous cact
bushes, long-rooted wiry grasses and scatfe
acacias. Treesarerareexceptwhereth
ground water to support clusters ©
Along the western coastal deserts washe
currents as in the Atacama Deserf, the mi
fogs, formed by the chilling of wal

ereisa

currents, roll inland and nourish 2 thin <o

i alized
by e

vegetation.
Plants that exist in deserts have

ver O

o th 1 fid
meansof adapting tothe ; linityof the il

Intense evaporation increases the

50 that the dissolved salts tead ta agsumy
surface forming hard pans, Absesc® ©
retards the rate of decomposition an
are very deficient in humus, Plants,
or perennials must struggle for survival 2

aridity and poor soil,
Most desert shrubs have long
spaced out to gather moisture, and

water. Plants have few or no Jeaves

nced(c-shapgdm‘
) 0

reduce the loss of water through transpiration

is either waxy, leathery, hairy or

of them are entirely feafless, with
Others like the cactihave thick s
store up water for {ong droughts.
others that shed their leaves durin
seeds of many species of grasses

i i hem .
thick, tough skins to protect tl " e thel "

dormant, They germinate at once
are moistened by the next rain. In
must adapt themselves to survive
hospitable region as the desert.
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e, -
et plants in Arizona

Life
M j s
iy people d""’;;‘l’é;;“y, the desert has always
w:y Struggle agni erent groups of inhabitants
Hkur, food and oltl;lSt an environment deficient ix;
p \:'[ the Egyptian er means of livelihood. Some,
i ation, othms have attained a high level of
%4 quite wely s like the Bedouin Arabs have
and horse‘;mh their flocks of sheep, goats,
hy the Bingiby of The Bushmen of the Kalahari
e mage or Australia remain so primitive
- dy e, in fagt iving that they barely survive:
gmuem world. ’f;l‘;ehc of the Old Stone Age in the:
3 Ped under 4p, e desert inhabitants may be
* tpﬁmiﬁve: following categories. ~
unters and collectors. Of the pri-

mitive tribes, the Bushmen and the Bindibu are the
best known. Both the tribes are nomadic hunters
and food gatherers, growing no ¢rops and domesti-
cating no anmals. The Bushmen roam the Kalahari
Desert with their bows and poisoned arrows, Spears:
traps and snares. They are not only skifful and
strong but have t endurance. In order 10
capture their prey, they have to be very patient and
if necessary run many sailes 1o track down the
wounded animals In this w3y, they hunt antelope.
and other smaller animals. The women and children
collect insects, rodents i

honey, Foots, §1ass and grubs. )
in obtaining water in the desert. Pew is carefully
gathered from Jeaves carly inthe morning and stored




n ostrich shells. Very often, it is necessary to dig
a hole in damp sand and suck the water up from the
ground through a hollow reed. This is often a very
stow protess. Bushmen either wear 2 loin cloth or
go virtually naked. They travel in small family
groups, and live together 1n open sherms, This is a
hollow dug beneath a thorn tree, surrounded by
bushes. At night a fire is Jit to keep the family warm.
The Bindibu or Aborigines of Australia live in
very much the same way as the Bushmen. They are
lean and dark but healthy. They are skilled trackers
and some of them use wooden throwing sticks or
boomerangs and spears. They also domesticate the
dingo, a wild dog that assists them in tracking down
kangaroos, rabbits and birds. The women gather
grass, roots, seeds, berries, moles and insects, to
supplement their diet, Like the wandering Bushmen,
the Bindibu move in family groups in search of fresh
hunting grounds. But one distinct difference 1s that
they always stay close to a water supply as they still
have not devised a means of tapping and storing
water. They live in wurlies, simple shelters made of
branches and tufts and grass.
2. 'The nomadic herdsmen, These people represent
a more advanced group of desert dwellers who
pursue a livestock economy. They ride on animals
mstead of walking and are heavily clad against the
blazing sun, the stormy winds and the chilly nights.
The Bedouin of Arabia ride on horses and live in
tents; the Tuaregs of the Sahara are camel riders
and dwell in grass zeriba, while the Gobi Mongols
tide on horses to herd their yaks and live in portable
yurts (a kind of tent). The Bedouin are the best
examples of a desert group who have fared well as
nomadic herdsmen. Besides keeping large flocks of
animals, they are also engaged in trade with the
caravan merchants and the oases people, All round
the year, the Bedouin wander with their herds in
scarch of water and green pastures. Their wealth is
their animals: sheep, goats, camels and perhaps a
few horses. The animals provide them with all that
they require, daily milk and cheese and on occasions
meat as well,  Their skin is used for hides or leather,
for making tents, clothing, belts, footwear and water
bags. From the hair and wool, the Bedouin make
clothes, mats, ropes, rugs and carpets. These can
5o be exchanged at trading stations or oases for
other necessities of Jife which the desert herdsmen
:"“‘“ broduce ke dates, grain, beverages, medi-
“%“:"{xeams_ and other manufactured articles.
¥ ron‘u":“‘“ maove in groups of abount a hundred.
2 regular pattern of routes, along which

are scanty patches of pastures, wells or springs. In
this manner, one group rarely clashes with the other
in their search for new grounds to pitch their tents.
Since they move so often, they always travel lightand
only the essentials are carried along.

3. The caravan traders. These were the travefling
merchants of the desert. Their journeys across the
wastes of the Sahara or Russian Turkestan sometimes
lasted months or even years. They travelled at night
as a team and were well armed. They carried a
wide range of goods into remote interiors where their
merchandise was highly sought after. These goods
were sold or exchanged for hides, rugs, carpets and
other valuable products of the deserts. Though
profits were high, the riskswere equally great.

The pack-animal used by the caravans to cary
their goods across the deserts was the camel, aptly
described as the ‘ship of the desert’, Unhke ?wms
which have sharp hooves that sink readily in the
sandy desert, the camel has broad padded feet that
will not slip in the sand. A pack-camel, adequaﬂf)l’
fed, can carry a load of 350 pounds and tra¥e
50 miles a day. And a racing camel can do t¥1%
the distance when riddenf The camel h:as sev
other advantages, it provides milk and hair. Ty cat
store up Water in its stomach, and fat in its h\fX:P-
50 that it can go for long periods without either
food or water. 5 J

With the introduction of modern air, oad ’“’l
rail transport, the role of the caravan traders is gmf’)’
reduced. Goods can be conveyed muchmore cheapi ;’
and with greater security by desert jeeps, vans o
trucks. But between the interior oases and scaﬂfvfan
out-posts beyond the reach of roads, the cr
routes remain the only form of availab
4. Thesettled cultivators. For crops to
in the desert, irrigation is indispensable. ugh
obtained either from oases, rivers or dams, lh“; !
a network of canals. In Egypt, the Nile supp‘i’n .
population of 25 mllion, mainly cqnoentmledo ot
Nile valley and delta. The life-giving waters it
Nile made jt possible for the Egyptians l:m ¢
many crops as early as 5,000 years 2go-

Nile flooded in summer, the overflo "
caught in basins with raised banks and led I o
fields to irrigate the crops. This was basi? “;3“5? o
which was widely practised by the ancient oy
farmers and is still employed by the EEYP‘”’}’” owtd
Rice and cotton are cultivated in summer, aop! A
by wheat, barley, beans and other mifo? “’
winter. Modem congrete dams constrict :n

the Nile e.g. Aswan and Sennar Dans 7€ &

|
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effective for extensive irrigation works. The flood-
water can be held back and controlled and then
rqlcassd atany part of the year to feed the fields that
yield two, three or even more crops a year. In the
same way, desert cultivators rely on the Indus in
Pakistan, the Tigris-Euphrates in Irag. and the
Colorado in the Imperial Valley of California, and
are able to irrigate millions of acres of arid land for
crop production, .

In the deserts, wherever there are 0ases, some
form of settled Jife is bound to follow. These are
depressions of varying sizes, where underground
waler reaches the surface. Some of them arc ab-
Hm:mally large like the Tafilalet Oasis in Moroceo
which measures 5,000 square miles, supporting many
settlements, including large towns. Others may be
Sosmallthat they are no bigger than the mining pools
that weare so familiar with, e.g. the Ghadames Oasts
of I_J‘?Ya is only one square mile in size. Life in an
0asis is secure and well organised. A wall is usually
gonstructed around the oasis to keep out the violent
CUst StOrmS called simooms. The oasis people live
12 mud-brick houses with flat roofs, closely packed
;ﬁcﬁm The streets are narrow and winding,
y © heart of the settlement is dominated by the
. (cyntral market place), the mosque, school and

m,ngg blocks, Sugs may also be set up miles
. aﬂy.where and people come from a number of

WTounding settlements on special days to trade,

wﬂ?‘r‘ol}nd the settfement are the agricultural lands.
dras 15 Ted to the fields by irrigation channels or
i up from wells by camels or mules. The most

| uPOrlant tree is the date palm which is grown in
imi‘oul;l hollows 50 that its roots can penetrate deep
Wﬂsumeed ground in search of water. The fruit is
it locally ang also exported. Other crops
v fc nclude maize, barley, wheat, cotton, cane

| Qfmoymmus and vegetables. With the development
orel routes across the deserts, many sophisticated

gn 809ds can now reach the oases.
. mining settlers. The lure of mineral wealth
lning&::ted many immigrants mto the desert.
up fol}owi,;np; and isolated setucfnengs have sprung
t was polq S; 3 dlscover¥ of certain mineral d.cpo.sltsA
¢ oy that broyght immigrants scrambling into
Suppiis Australian Desert. Water and food
oy i miv: to be brought 300 miles from Perth to
and Coqy ﬂ;ﬁ 80ing. Some of them like Ka}goorhe
T %:}l‘r ie have b?comc towns of considerable
distnongs :med Kalahari Desert, the discovery of
10 the s €OPper has brought many white men
thirstland® s f
tstland® as jt i called. Even in the most

s gy

The oasis of E Golea. The dunes are gradually encroaching
on the date palms Camera Fress
arid Atacama, in northern Chile, large muning camps
have been established for the mining o[ caliche
(cemented gravels) from which sodium nitrate, ;
valuable fertilizer, is extracted and exposted (o 2
parts of the world. The mines are workeq by local
Indwan labourers and supervised by foreign tech-
nicians Besides nitrates, copper 18 a}so mined.
These two products have directly or x.ndn‘ccﬂy eon}
tributed to the growing size of the Ctul‘ean towns o
Arica, Iquig Antofagasta and Chug
The last named is the world's lasgest copper town.
Similarly in the deserts of North America, stlver Is
mined in Mexico, uranium in Utah and preli’ xtx
Nevada. A host of other minerals and lh;xr ¥
products have, in fact, g;mn_)& ahg:gsthe landscape
nd the economy of such arid regons.
! In recent yearz, the discovery afoil, in manry r}:anrcs
of the Saharan and Arabian Deserts h;xs u:'m; ill’wns
this forgotten part of the globe. InAl g=ﬂ§i e
have been sunk two miles deep to tap Oll 'n have
Middle East, pipelines over 1,000 mucrs(ho! gmm
been laid to bring oil from the sllares o e o and
Gulf across Saudi Arabia to Saida (Le O
Banias (Syria) on the Mcdx(cmnra:r‘_ll zmppcd n
still half of the world's reserves of © iy o pared
this region, the desests here will vxﬂu,;‘);‘mbh e
with gold! In Irag, Kuwait, and ﬁ" "m s huge
desert Jandscape is fast changing, Lo, -
palaces, ult! ﬂ" m
ments and swimming po0is. af
new era created entitely by oil-

s ;ut examplesofa thriving
tiquid gold”
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QUESTIONS AND EXERCISES

1, Explain how the aridity of the desert is
related to
(a) off-shore Trade Winds
(b) the Sub-Tropical High Pressure Belts
(the Horse Latitudes}
(c) cold ocean currents

2. Bring out any distinct differences between
the hot deserts and mid-latitude deserts in

(a) climate '

(b) vegetation

(c) way of life

3. With reference to actual examples, describe
the activities and modes of living of the different
groups of people that inhabit the deserts.
Atternpt to account for their differences.

4 Explain any three of the following.
(a) The hot deserts of the world are located

[

on the western coasts of continents.”

Patagonia is a desert in the rain shadow

of the Andes,

(c) The annuaf range of temperature is
much greater at Kashgar (Gobi) than at
Iguique (Atacama).

(d) Desert plants must adapt themselves to
survive,

(e) Camels are the “ships of the desert’.

()

<

. Write brief notes on any three of these topics.

(a) The Bindibu of the Great Australian
Desert.

(b) Date palm cultivation in an oasis

() The role of oil in the development of
desert economy.

(d) The Bedouin-—the wandering herds-

men.

Agricnltural development of any select-

ed desert region.
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E-f“" Altitude: 207 feet
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“o Fig. 135 (a) Medderranean Climate in the northem
hemuisphere
50
fig. 134 Central Chilo—a region with a typical 1108
Med| limat h g the 508
shifing of the wind belt with most rain falling ’H 50%
in winter ,,40%
are excessively warm and in the interiors, prolonged e
droughts are common, At night, there is rapid 1]
radiation but frosts are rare. N - -
2. A concentration of rainfall in winter with oo-shore 3 L L1
Westerl The Mediterranean lands receive most § L1
of their precipitation in winter when the Westerlies e o
shift equatorwards. In the northern hemisphere, - 1
the prevailing on-shore Westerhes  bring much cye- 29

lonic rain from the Atlantic to the countries bordering

@

the Mediterranean Sea. This is the rainy season and JEMAMJI JASOND

is the most outstanding feature of the Mediterrancan . T g B e
Climate. In almost alf other climatic types maxi- IR LR ®
mum rain comes in summer. The mean annual Placehgape Town, South Africa (345~ e}
rainfall is normally taken as 25 inches. Again this Altitudes 40 feet

differs greatly from place to place, depending on Annual precipitation: 25 tnches ._g5F)
velief, i lity and the p of the passing Annual temperature range: 15'F. (707 )
cyclones. The annual rainfall for the two selected {b) Meduterranean Climate m the southe®
stations Rome and Cape Town is 33 inches and 25§ hemisphere

inches respectively, which are quite typical of the 1egioss
regions they represent. The rain comes in heavy tion, you will notice that the Mediterraneah »5%yy

showers and only on a few days With pght quany  ate often backed by mountains of scin® e e

(foods, between them. This is another characteris-  Iberia, the central Meseta and other S'i:aih‘: o

\:la\\ue 0§ the Mediterranean winter rain. peninsula present an effective barriel st Y

~ Wuh a litle more caution in relating the rehef  coming Westerlies. As a result the Por{“gon s @
Mediterranean lands to the rainfall distribu-  is much wetter than easternt Spain. 1S



anaual rainfall of nearly 30 inches while Cartagena,
along the eastern coast of Spain does not receive
even half as ml:xch. Much heavier precipitation has
bee_n recorded in the highlands on windward slopes
facu_1g .the Westerlies, The steep hills of the eastern
_Admuc are the rainest part of Europe with 182
inches recorded at Crkvice, aboyt 3,600 feet above
sea level,
. Rain ip Mediterranean Europe normally begins
o September, reaching its peak somewhers in
October (5' inches in Rome). Though the down-
pours are infrequent they are often very torrential
adinmountainoys districts, destructive floods occur,
The floods come so suddenly that there js practically
food of 1 do anything abou! it. The disastrous
gt o isbon in 1967 came in the middle of the
- ::umc!auscd great damage and loss of life in
dislsrll?:t;va l':rely occurs on lowlands and coastal
modemen even if it does fall on the highlands, 1t is
vt and is a source of water supply for hydro-
B Power generation and for irrigation.
we, n:;ld l,_sunny weatht?r with hot dry summers and
ton, the :‘mtgrs, Considering jts mid-latitude posi-
able,climat edltefranmn regions have a very favour-
e at?, l;nnvalled by any other climatic regions.
ofthe Tor 50 ‘:ﬁtures are transi!ional between those
Cool Tem e Wind Ho.t_Desen in the south and the
Summeny perat'e Maritime Climate in the north,
i g are warm and bright and winters are so
cool that many tourists come at all times
The sky’is almost cloudless and sup-
abundant, In July, Rome has as

g
, ch a Cleven hours of sunlight, and with the

1
mucht?inean palm trees around, tourists feel very
Summer, €Y are in the tropics! Even in mid-
meine‘d : ﬂf Intense heat g never sultry. The
breezes t €CLs of on-shore winds and the maritime
: ©ep the temperapyre down to about 50°F.

1 wingg,
The o, 20d not often exceeding 75°F. in summer.

€ ¢l 1y
lee .m:a:: 18 50 muld that many of the Jocal people
i8betweey lgfen lr. The annual temperature range
., fand 2§°F, The Mediterranean regions
frequenge, " o their health and pleasure resorts,
4 by millions a1 round the year.
terray, p'S"e':lnence of local winds around the Medi-
Sold gre comm . B local winds, some hot, others
The cayges ::“’ﬂ around the Mediterrancan Sea.
OF the re,: many and varied, The topograph;
Sa) z::lt With the high Alps in the n%cr%rh, pthi
the eagy 4 thm € south, continental interiors in
€ Open Atlantig on the west give rise

sea

m wine areas

—— hot winds
——cold winds

G wsLr

Fig. 136 Local Winds of the Mediterranean Sea

to great differences in temperature, pressure and
precipitation. The passing cyclones from the Atlan-
tic, the anticyclones from the porth, and the cold
air masses from the continental interiors are
often interrupted or channelled by relief features,
resulting in the birth of local winds around the
Mediterranean. These winds varying in strength,
direction and duration affect the lives, crops and
activities of the people there. Fig. 136 indicates
the location and direction of some of these local
winds and the more important ones are described
below. .
{a) Sirocco. Thisisahot, drydustywmc'l which
originates in the Sahara Desert. Though it may
oceur at any time of the year, it 1s most frequent
in spring and normally lasts for only a l'cv'v da}ys.
The Sirocco blows outwards in a southerly dupcuon
from the desert interiors into the cooler Mediterra-
nean Sea. It is usually associated with depressions
from the Atlantic passing from the coast eastwards
inland. After crossing the Mediterranean Sca, the
Sirocco s slightly cooled by the absorption of the
water vapour. Even then, it is still hot and firy
with a temperature of over 105°F. Its sorching
breath withers vegetation and crops. The damai:
is particularly serious when it comes at the u‘ﬁ:c
during which vines and olives are in bloss%m.mmy
Sirocco is so prominent that it is called bebel'
other local names, such as Chili in 'Tl.mxizﬂ. o
in Libya, Leveche in Spain, Khamsin in Eg]’s ot
Malta. In the Adriatic and Aegean Sca, this 00
wind, better known as Gharbi, gathers mu be

usi d rain. This may
ture causing fog, heavy dew and_ g the red
‘blood rain’ because the wind is canying

dus(ii)o r:iitsrﬁulanbssnu-;sx, the Mistral is .1' :l?;"
wind from the north, rushing down lhq;;h&;:: o
in violent gusts between 40 and 80 mlx, ot
The velocity of the Mistral is intensified by
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ng effect in the valley between the Alps and the
Central Massif, and in extreme cases trains may be
derailed and trees uprooted. In winter when the
Mistral is most frequent the tempetature of the wind
may be below freczing-point, though the sky may
be clear and cloudless. As a protective measure,
many of the houses and orchards of the Rhone
valley and the Riviera have thick rows of trecs and
hedges planted to shield them from the Mistral.

A similar type of cold north-easterly wind expe-
rienced along the Adriatic coast is called theBora.
Like the Mistral, it is caused by a difference in
pressure between continental Europe and the Medi-
terranean. This usually occurs in winter, when the
atmospheric pressure over continental Europe is
higher than that of the Mediterranean Sea, The
Bora thus blows outwards into the Mediterranean,
This dry, icy wind is even more violent than the
Mistral and speeds of over 100 m.p.h. have been
recorded. During strong Boras, ships may be blown
aground and agricultural Jands devastated. Tramon-
tana and Gregale are similar cold winds of the
Mediterranean Sea.

Natural Vegetation
In a land where half the year 1s dry, one cannot
expect the natural vegetation to be luxuriant. Trees
with smail broad leaves are widely spaced and never
very tall. Though there are many branches they are
short and carry few leaves. The absence of shade is
a distinct feature of Mediterranean lands. Growth
is slow in the cooler and wetter season, even though
more raimn comes in winter. Growth is thus almost
restricted to autumn and spring when the temperalure
1s higher and mousture is just sufficient. The long
summer drought checks the growth. One fact is
clear, plants whether trees or shrubs, evergreen or
deciduous, have to devise ways ofadapting themselves
to a climatic environment with such a marked
rhythmic recurrence of rain and drought. In many
ways, the vegetational responses to climatic demands
m the Mediterranean are similar to those of the adja-~
cent deserts and the savanna further south. Plants
are in a contmuous struggle agamnst heat, dry air,
excessive evaporation and prolonged droughts. They
are, in short xerophytic, a word used to describe the
drought-resistant plants in an environment deficient
in moistyre. :

':t)_s:s of 'Medi(errancal"l vegetation, Various kinds
A\g;et::t‘:: are found in the Mediterranean regions.
Mands “:r:;a: evergreen forests, Th‘est: areopen

vergreen oaks, of which the cork

oaks of Spain and Portugal are the best known, They
are found only in the climatically most favoured
regions with a rainfall of well over 25 inches. The
trees are normally low, even stunted, with massive
trunks, deeply fissured barks, small leathery Jeaves
and a wide-spreading root system in search of water.
The cork oaks are specially vatued for their thick
barks, used for making wine-bottle corks and for

export around the world. In Australia, theeucalyp- ¢

tus forests replace the evergreen oak. The jareh
and karri trees are commercially the most important.
The giant sequoia or redwood is typical of the
Californian trces. .
2. Evergreen coniferous frees. These include {he
various kinds ofpines, firs, cedars and cypresses Wh
have evergreen, needle-shaped leaves and
straight trunks, They appcar more on the cooler
highlands and where droughts are less severe. De-
forestation has reduced their numbers considerably-
3. Mediterranean bushes and shrubs.  Thisis perhaps
the most predominant type of Mediterranean vegets-
tion. Summers are so dry and hot that in places
forests give place to short, evergreen shrubs and
bushes. The low bushes grow in scattered clumps ]
and are often thorny. The more common Specics
are laurel, myrtle, lavender, arbutus and rosemacs
of which a number are strongly scented or perfumofi-
In many areas, due to man’s interference it
forest depletion, or to overgrazing, the ongt "
woodlands degenerate into ascrub vegetaton W0
scattered, stunted trecs and tall bushes. They 2t ©
different from the ordinary woodland or the ff‘“
desert scrubland that speciaf names have been B"“: '
to them to distinguish their location in dﬂ“‘gr
parts of the Mediterranean lands. This 'YP‘M
vegetation is calledmagquis in southern Francé, |
macchia in Italy. In California, the terrnc{mpag:c
15 used and in Australia mallee scrub. 18 l““‘; e
uplands. where the soil is extremely thin a1 a3
scrub deteriorates into highly xerophytic &0
creepers, a more exact term, garrigue, 15 U5° ot |
4. Grass. Conditions in the Medxtcmﬂ?ﬁ‘:h:wul !
suit grass, because most of the ran comes it vegelt
season when growth 1s slow. Slcw-gm“"“sr "and
tion, which cannot replenish its foilage react sy jeast
which is without deep-penetrating 001s: ;",’, at
suited here. Even if grasses do survivé: :ab): o
$0 wiry and bunchy that they are nol su{;npom“( :
animal farming. Cattle rearing is thus up rep!acﬂd !
in the Mediterranean. The grass, which ',Sm,bs a8 |
by certain drought-resistant varieties of s ©
flowering herbs, can however support s!

heep of 8%
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s f¢ i
ot o ilol::: 01; ;;mzmg has done more harm than
shed i Promoted goj] erpsion and impover-
s gl opes of the Mediterrancan, Animal
i by ﬁﬁ;ﬂar}} here and the chief cooking oil
?P*’n ftems, " °lives: Dairy products are net

Co .
» t:onm: Development

e Meduterranean Regions

Shite the som;
Semi.ar -

¥ the Mcdilcrcrml arid conditions over many parts
s ff*VOUrabIc, Iatm:an lands, the climate as a whole
oist Wintery ¢ S warm, bright summers and cool
Wiivageg. o nable a wide range of crops to be

e m:sct not forget that the Mediterra-
: . Nowaay e once the cradle of world
wtuit llvagion ys the area is important for
ag Qltury] g, cereal growing, wine-making and

Stries, as well as engineering and

Mining,
" (3 i
detail ey, shall deat with some of them in greater

- Orcharg
farmi
also knowy, rming, The Mediterranean lands are

Tange or © world®
. - world’s orcha i
a cnrgafrg;_zs such asg omngreg, llirxfghsl.xhxg:
l_omspml'udn are grown. The fruit trees
uring the | Taw water from considerable
. ong summer drought. In excep-

tionally dry areas, wrrigation helps to reheve the
fack of moisture. In the Great Valley of Califorma,
the Vale of Chile, the Negev Desert of Israel aad the
northern shores of Mediterranean Europe, an elabo-
rate system of irrigation canals enables both fruits and
cereals to be successfully raised. The thick, leathery
skin of the citrus fruits prevents excessive transpira-
tion and the long, sunny summer enables the fruits
to be ripened and harvested. The various Mediterra-
nean oranges are s0 distinctive in their shape, siz€,
taste and qualty that they are called by different
names in their area of production. Of the Mediterra-
nean oranges, perhaps, the best known are the

Sunkist oranges from California, exported for table
orange squash. The

consumption and for making

Seville oranges of Spain are small but very sweet
and are particularly suitable for ‘making marmalade.
Those from Israel, the Jaffa oranges, are equally
delicious and are specially grown for export. In
Tangiess, the tangerine is of great local importance.
In the temnerate monsoon lands of China and ]apaxf,

and only in recent years has there been any scuves
port as ‘mandann

effort made to popularize their € i
oranges.” The Mediterrancan lands accoun!
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70 per cent of the world’s exports of citrus fruits.

limestone soils with less than 10 inches of annual
rainfall, Like our coconut palm, the olive tree is
very ‘versatile’ and has many uses. The olive can be
catea feesh or pickled with spices. The fleshy pant
can be crushed and olive oil extracted, a valuable
source of cooking oil in a region deficicnt in animal
fat. Soap and margarine can also be made with
the oil. Besides olives, manynut trees like chestnuts,
walnuts, hazelnuts and almonds are grown and the
nuts picked as fruits or for the chocolate industry.
Other important fruits are peaches, apricots, pears,
plums, cherries and figs.
2. Crop cultivation. Besides orchard fruits, the
Mediterranean climate also supports many ficld
crops. Cercals are by far the most important.
Wheaf'is the Teading food crop. Though conditions
for extensive wheat cultivation are not as ideal as
those of the cool temperate regions, the Mediterranean
farmers have utilized the scasonal climatic rhythm
to their best advantage. The wheat grown is mainly
hard, wi wheat It is suitable for both bread-
making and other food-products such as macaroni,
spaghetti and vermicelli. The farmers usually sow
the seeds 1n autumn, so that they germinate and grow
steadily with the coming winter rain. By spring there
is still sufficient moisture for the wheat to mature.
The sunny weather of early summer ripens the grains
and the wheat is harvested in almost guaranteed
rainless weather. Barley is the next most popular
cereal
Summer crops are raised only whereirmgation is
possible. "The water comes mainly from the melting
snow that feeds the many rivers whose sources are in
the highland L lands are i i '_, 1ti d
and the hill slopes areterraced. In Spain and Italy,
the edges of the terraces are firmly piled with stones
10 prevent any soil from being washed away. Gene-
rally speaking, farms are small but there are also
large holdings called haciendas in Spain which
engage large numbers of paid labourers to work the
farms. In a few localities, e.g. the Ebro basin in
Spain, the Po Valley in Italy and in California,rice
has been successfully cultivated and their yields ate
some of the highest in‘the world. In the more fertile
plains, vegetables, especially beans, and flowers are
grown for the local market. A httle cotton and to-
acco are also grown, Themountain pastures, with
/- Cooler climate, support a few sheep, goats and

4
“

somctimes cattle. Transh nee s widely p
3. _Wine production. Thisis another speciality of the
Mecditcrrancan countries, because the best wine is
essentially made from grapes. Some 85 per cent
of grapes produced, go inlo wine. The long, sunny
summer allows the grapes to tipen and then they are
hand-picked. Viticulture is by tradition a Medi-
terrancan ocdupation dnd the regions bordering the
Mediterranean Sea account for three-quarters of the
world's production of wine. In Spain, Portugl
Franee, and Haly, wine is the nationa! drink. The
average wine ption of the Medi 2
countrics is about 15 gallons per head per anoum,
whereas in U.S.A. it is not cven ope-tweniteth 2
much! ,
Although grapes may be grown in many parts of 3
the perate lands, ial viticulture Is al-
most entirely confined to the Mediterranean fegions. i
It has been estimated that 46 million toas of e
world's total production of 46 muilion tons of grapet }
annuaily are being processed intowine. The quality
of the fermented grape juice is decided by a number
of facters including the types of vines grows, (e ‘
quality of the soil, the climate of the region, t
method and extent of fermentation. The fragranc
taste and quality of the final product is so varied thal
the price range is tremendous. Wine may be 3 i
cheap as any soft-drink or as expensive as brandy.
To differentiate the various kinds of wine the ,
principal wine areas of the world maintan their
exclusive names. The wine from southern Spaid ,E

X

i i ies. In 4
Grapes are grown in many Mediterranean countri ]
Turkey some are dried to make sultanas. They are washed iy
and then laid out in the sun Paul Popper




is alled sherry, from Postugal pore wine. Chianti,
astrand marsola come from different parts of Italy.
In France the greatest wine regions are located
further nosth, ¢.g. Champagne in the Paris basin,
Bordeaux in the Garonae basin, Burgundy in the
Rhone-Saone valley.

The world trade in fresh grapes is comparatively
mall mainly from Mediterrancan South Africa.
Most of the inferior grapes arc preserved as dried
grapes and exported. They arc known by several
names €.g. currants from the Levantine grapes, raisins
from California, and sultanas from Asia Minor.

The other industrics associated with Mediterra-
'r‘;: ngncult_ure are fruit canning, flour milling and

processing.

QUESTIONS AND EXERCISES

N 1
::iim:"hn is meant by the ‘index plant’ of 2
ey K; gplc" In what ways are the following
Cex plants representati
i P ive of the type of
(:) teak—Tropical Monsoon Climate
() olive~Mediterranean Climate
(;) cactus—Hot Desert Climate
() spruce~—Cool Temperate Continen-
tal Climate

imgh“c following statistics of the annual
Mediy and annual temperature ranges of four
e M;ljélncan lowland stations are taken from

0 terrancan shorelands. Attempt to ex-
Plain their differences.

Annuat
Apnual tamperature

Station Latitude Longitude rainfall  range
() Gibraltar 36N, 5W. ®" 2°F.
(b) Marsnilles 43N, 5°E. z 28°F.
{c) Athens 38N, 24°E. 16" XF.
(d) Alexandna 31N, °E 8" 3F,

3. Outline the various types of patural vege-
tation found in the Mediterranean regions.
Relate this to climate, soil and human
interference.

3. Give an explanatory account of the follow-
ing statements about cconomic activities
of the Mediterranean lands.

(a) Orchard farming 15 the predominant
occupation.

(b) The chiel cereal cultivated 15 hard,
winter wheat.

(¢) Pastoral farming isoflittleimportance.

5. Wnte geograplucal notes on any three of
the following. o
(a) The Mediterrancan Climate is typified
by dry, sunny summers and wet, mitd
winters.
(b) Hot, dusty Sirocco and cold stormy
Mistral.
(c) Mediterrancan
scrub.
{d) Three-quarters
comes from the
of Europe-

woodlands, shrubs and

of the world’s wine
Mednerraneatt regions



Chapter 20 The Temperate Continental {Steppe) Climate

Distribution
Bordernng the deserts, away from the Mediterra-
nean regions and in the intertors of continents are the
temperate grasslands. Though they lie 1n the Wes-
terly wind belt, they are so remote from maritime
mfluence that the grasslands are practically treeless.
These grasslands are so distinctive in their natura}
vegetation that, although those which occur in the
southern hemisphere have a much more moderate
chimate, they are often dealt with together. In the
northern hemisphere, the grasslands are far more
extensive and are entirely continental. In Eurasia,
they are called the Steppes, and stretch eastwards
from the shores of the Black Sea across the great
Russian plain to the foothills of the Altai Mountains, a
distance of well over 2,000 miles, They are broken
1 a few places, being interrupted by the highlands.
There are isolated sections in the Pustaz of Hungary
and the plawms of Manchunia. In North America,
the grasslands are also quite extensive and are called
Praines. They he between the foothills of the
Rockies and the Great Lakes astride the Amerscan-
Canadian border (Fig. 137).

Fig 137 The Temperate Grasslands

In the southern hemisphere, due to the narrowness
of the temperate portions of the southern continents,
the grasslands are rather restricted and less continen-
tal. In the case of the Pampasof Argentina and
Uruguay, the grasslands extend right to the sea and
enjoy much maritime influence. In South Africa, the
grasslands are sandwiched between the Drakensberg
and the Kalahari Desert; and are further sub-
divided into the more tropical Bush-veldin the north,
and the more temperate High Veldin the south. The
word ‘veld® is a Dutch word given by the early
pioneer Dutch farmers who came to settle here.
It means ‘field® and is pronounced as ‘fel’. In
Australia, the grasslands are better known as l?owns
and are found m the Murray-Darhing basin of
southern Australia.

Climate

Temperature. Their location in, the heart of com
tinents means that they have little maritime influence.
Their climate is thus contiental with extremes of
temperature. Summers are very warm, over 66°F.

Pretoria

Temperate Grasslands

Veld

£ Warm ocean currents
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In contrast, the steppe type of climate jp the
southemn hemusphere is never severe. The winters
are 50 md that the mean temperature for any of
the winter months 15 usually between 352 and S5°F.
Temperatures below freezing point even in mg-
winter (July jn the southern hemisphere) are
exceptional, Pretoria, the station chosen to lustrate
the steppe type of elimate in the southern hemisphere
has 52°F 1 mid-winter {uly), the coldest month
oftheyear. Statistics from other pats of the southern
contments also show a mjlq winter.  For example
the July mean (mid-winter) for Johannesburg 15 49°F,
for Buenos Ares, 49°F., and for Muldura (Murray-
Darling basin), 49°F. These stauslics.esrabhsh the
moderating effects of oceans on the climates of the
southern hemisphere, ) .

“The annual range of temperature is great, a direct
result of continentality, Winters are so cold that
parts of the Eurasian Steppes are snow-covered
for several months, The snow melts with the return
of spring and by mid-summer, temperatures soar to
over 65°F It is really hot for us latude, For
example, the mid-summer temperatures for Kiev 15
67°F. The stations m the southern hemisphc'rc
record even higher (emperatures,. eg 69 l;ﬂ’l:n
Johannesburg, 74°F. in Buenos Aires and A
in Mildura, i .

It 1s clear from the two s;lected st’izltt:::c ng“t;:
that there is a tremendous difference e e
annual temperature range of !hefnor' by,
southern henmsph ere, againa faln:c.tor fS 1?(.:;,‘1?56"70‘1"-.
The range ir:vn\lﬂel;n:lspegialtnas 15;;M o Prewn'a., P
girlymg;;e at 26F. Readmngs takcnmm Ny

: ; f the northern and southern p
other stations o h 4 The anoval range fos
spheres confirm this tren oE comparison, the
Mukden in Manchuna is 69°F. antime. tations of
annual range of the more mnd Mildura w the
Johannesburg, Buenos Aures auch smalles, 20°F.,
southern hemisphere alrye very m ,

°F., 28°F. respectivel - ition, the anmsa

}%feg'pitation. Ints contmen[ml ;l‘l‘;s'c’;‘; be expected
precipitation of the Steppe legH may be taken as
o, be light. The i main vanies according to
dbout 20 mches, but this ag 30 inches  Winipeg,
location from 10 mc!lesh::so with a dxsunct;umm(;
in Fig 138(a), has 20 inc sources, when,

o um from convectional 1y heated. The hea-
maxlgnenm interiors are xmcn“’;‘ the year with 3.1
Cf)zrx:ain comes in the middie i[os! of the winter
xvn‘zhes each in June 3‘]dc;‘:¥'ljmp,u!:an. brought

have about an 1
months .

|



by the occasional depressions of the Westerlies and
coming 1 the form of snow. In many other con-
tinental stations, the annual precipitation is even
less. though the general pattern remains the same
with most of the rain falling m the summer,

The maritime influence in the steppe type of
climate of the southern hemisphere is even better
brought out by the rainfa)) regime. Its annual
precipitation is always more than the average 20
inches because of the warm ocean currents that
wash the shores of the steppe-lands here. Pretoria,
m Fig 138(b), has an annual Precipitation of 26
inches with the wettest months in November, De-
cember, January and February, the summer season
of the southern hemisphere. There are three months
(June, July and August) without any rain. This is
the period of, drought that may have sucha disastrous
effect on the sheep rearing industry here. The dry
season s particularly pronounced in temperate
grasslands adjoining deserts, for example in Austrafia,
Mildura, on the fringe of the mallee scrub of the
Great Australian Desert, and also in the rain shadow
area of the Great Dwiding Range, has an annual
rainfall of only 106 (ches Irngation is essential,
The other southern hemisphere stations, have mo-
derate ramfall, ¢ g. 30 inches in Johannesburg and
38 inches in Buenos Aires.

On the eastern slopes of the Rockies in Canada
and US.A. a local wind, simifar to the Fohn in
Switzerland, called the Chinook, comes in a south-
westerly direction to the Praines and has a consider-
able effect on the local pastures. It actually comes
with the depressions in winter or early spring from
the Pacific coast ascending the Rockies and then
descending to the Prairies, [t is a hot wind and may
raise the temperature by 40°F, within a matter of
20 minutes. It melts the snow-covered pastures and
antmals can be driven out of doors to graze in the
open fields. The agricultural year is thus accelerated.

Local farmers welcome the Chinook for frequent

Chinooks mean mild winters.

Natural Vegetation
Though the term ‘steppe vegetation® geographicaily
refers to the scanty vegetation of the sub-arid fands
of continental Eurasia, many authors, including the
late Professor Sir Dudley Stamp, have extended the
term to include the temperate grassland all over the
world, ln. this connection, our reference 10 steppe
E,:rasshnd is 1aken to mean the temperate grasslands
of the Mid-latitudes, the Steppes, Prairies, Pampas,
= Downs,

-1
.

It is natural 1o expect the steppes to be grass
covered, differing only in the density and quality o
the grass. Their greatest difference from the tropical
savanna is that they are practically treeless and the
grasses are much shorter. Where the rainfall is
moderate, above 20 inches, the grasses are tafl,
fresh and nutritious and are better described as
long prairic grass. This is typical of the grass of the
wheat-lands in North America, the rich black earth
or chernozem areas of Russian Ukraine and the
better watered areas of the Asiatic Steppes. Where
the rainfall is light (less than 20 inches) or unreliable,
or the soil is poor, as in the continental interiors of
Asia the short steppe type of grass prevails. The
grasses are not only shorter but also wiry and sparse,
often found in discontinuous clumps, with ba{e soif
exposed between them. These areas are less suitable
for arable farming and are used for some form of
ranching as in the High Plains of U.S.A. .

The climatic requirements of grass are quite
different from those of trees. They require less
moisture than trees and an annual precipitation of
10 to 20 inches is adequate. Their growth is‘ not
abruptly checked by summer droughts or winter
cold. The steppe grass can lie dormant throughout
the prolonged drought, They sprout and come fo
life as soon as the temperature is warm cnqugh for
plant growth (43°F.) and grow steadily with very
little moisture. 5

The appearance of the temperate gx*.{sslands vanes
with seasons. In spring, the grass begins to appcﬂ"lo
green, fresh and blooming with small, colourfu
flowers. The light rainfall that comes in late SP’"“&g
and early summer greatly stimulates their growth a:n
there is plenty for the animals to graze. The herdsm .
are busiest at this time. In summer,there is so muc
heat and evaporation that the grass is scorvhnd-
The carpet of bluish-green grass turns yellov{;'s
soon brown. Towards autumn, the grass Wit :l
and dies, but the roots remain alive and ke do‘rr:lﬁﬂ
throughout the cold winter. The wmie w“
harsh and long, but the snow is never of great dcpl he
Everything is quiet but with the next spring.
cycle is repeated and the steppe is alive 882'“1‘“ o

Trees are very scarce in the steppes, becau s,
the scanty rainfalf, long droughts and severe f‘?mmss
The rolling plain is an endless stretch o ia!ﬂ
whether gteen or brown, except along the 1ders
courses where a few low willows, poplars or 3¢
break the monotony. Polewards, an ",’”?ns: o
precipitation gives rise to a transitional X el
wooded steppes where some conifers gra
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of the Asiatic Steppes. They roamed far and wide
with their herds and eamed a precarious living from
whatever pastures they could find. The Red Indians
of North America were mostly hunters who moved
around after the bison and other ammals  Culti-
vation was unknown and the region was on¢ of the
most sparsely populated parts of the world. In

recent years great changes have taken place in the
fact, have mapaged to

grasslands and few areas,
retain their original landscape The grasslands have
been ploughed up for extensive, mechanized vohc;u_
cultivation and are now the ‘grananes of the “or]d

Mivated in

Besides wheat, maize is increasingly €U
fled grasses

E')Dn .
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8razipg Perate grass):-,':ent the warmer and wetter areas. The tU
SWifl.f; lmm“ls; wild hoS were once the home of have been replaced by the more nutritious lucerns
buffyg, o bison i ;Ses in the Asiatic Steppes, ~ or alfalfa grass for cattle and sheep yearing. These
hagy o n the Pampasl e Prairies and PN grasslands are now the leading ranching
Nomggie - these grage) Even as recently, as the  regions of the globe. We shall now descnibe more
nd sem;. slands were dominated by  closely each of these economic actmtics
1. Nomadic herding. This I)Pcafm’mtorymm'
ist

semj. i
Romadic peoples like the Kirghiz
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grazing has almost disappeared from the major
grasslands The herders were wandering tribes e.g.
the Kirghiz, the Kazakhs, and the Kalmuk. They
used to travel over long distances like the Bedouin
of the Arabian Desert, in search of grass and water
for their ammals—cattle, sheep, goats and horses.
From these domesticated animals they obtained
meat, milk, wool, ludes, bones and horn. You
would be surprised at the number of things they made
out of these. The wool was woven into felt for
tents and garments  The leather was used for making
boots, saddles and belts, which were very essential
tn a country where the chief niding animal was the
horse. The bones and horns were not wasted but
made to tools, utensils and weapons. Many of
their home-made products were exchanged at trading
posts or with the caravans for guns, canned food,
grains, tea, coffee, sugar, medicines and other essential
goods
The harsh environment of the nomads, with long
droughts and unreliable showers made the Kirghiz
a tough and fearless people, ‘the Tartars’, and they
long resisted jugation by the Russians. Now,
however, under the Communist regime they are
being forced to settle down. The steppes which they
used to wander have been made into huge collective
farms and state farms for ranching or producing
cereals
2. Extensive mechanized wheat cultivation. The tem-
perate grasslands are ideal for extensive wheat
cultivation  The cool, moist spring stimulates early

fig 139 The Black Earth region of Ukrame, part of the Eurasian Steppes

growth and the light showers in the ripening penod
help to swell the grains to ensure a good yield. The
warm, sunny summer is not only advantageous for
harvesting, but also enables the straw to be dried
for farm use. In addition, the levelness of the
Steppes and other temperate grasslands all over the
world makes ploughing and harvesting a compara-
tively easy job. Mechanical ploughs loosen the
soil and get the fields ready for sowing in the shortest
possible time. In the Prairies, the Argentiman
Pampas. the Ukrainian Steppes and the Downs of
Australia combme-harvesters, teap, thresh, winnow
and sack the gramns almost as soon as the stalks are
gathered. .
One distinct drawback of this form of extensive
mechanized farming is the conscquent low yield.
For example, the average yield of wheat in the
Prairies is about 23 bushels per acre ( Abushel is
approximately equivalent to 60 1b. in weight or 8
gallonsin volume). Inthe Pampasand the Australian
Downs, the yields are even lower, not more l{lfm
20 bushels per acre! In comparison, the wheat yield
in countries that practise intensive farmung are r_mlﬁh
. temet thrice the yield. It is 5'0
This is attributed to the grealer alleuuvi o .
smaller prece of fand, which is not practicable 18
the extensive wheat-lands where a farmer OWnS
anything from 600 to 40,000 acres a5 1n the Praines.
But if we consider the yield per man, this 15 very

UKRAINEY
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b :;:lliller 1n the extensive farms. In this respect,
n d<lamud§ Populated temperate grasslands of the
" capite S produce the greatest quantity of wheat
tatons Th:m‘)ngst the world’s wheat-growing
orter . Y are, naturally the greatest wheat
tong of annuaxre‘;‘qllﬂrters ojj Canada’s 10 million
P wrope thc}‘nvdeat production s exported, mainly
e very 4 oes notprod.uce sufficient wheat to
wheat yieldry €nse population, despite her high
shipmems o-r ;r wheat needs are so great that
00 almg; Wheat and flour arrive at her ports
Svery part of the temperate grasslands,

wh;}‘ll’ee-quarters of the world’s wheat 15 winter
» 1. wheat sown in winter or Jate autumn.
It sa hard wheat with a low mossture content,
be!ng ripened in the hot, sunny, continental summer,
Itis best‘for bread-making and is extensively traded.
Polewards, where the winter temperatures are too
cold for the wheat seedlings to survive, spring wheat
1s grown. It 1s the less important soft wheat, more
suitable for makng cakes, biscuits and pastes rather
than bread. In North America, winter wheat is
dominant south of the Great Lakes in US.A., whie
spring wheat is sown mainly in the Canadian Prarie
provinces of Alberta, Saskatchewan and Mamitoba,
Scientific plant breeding has now devised cold-
resistant variettes that can mature within 110 days,
This has resulted in the northward extension of the
wheat cultivation into the Peace River Tegon i
Canada. In the wammer, wetter regions, maize s
increasingly grown.
3. Pastoral farming. When pioneer settlers first
moved into the temperate grasslands, there were
very few animals. The natural condinops surt animal
farming. Subsequently, cattle, sheep, pigs and horses
were introduced. and they proved very 5,"5"555“’1'
With the development ofrefrigerated ships in the late
nineteenth century, the temperate grasslands became
major pastoral regions, exporting large quannties
of beef, mutton, wool, hides Milk, butter, cheese
and other dairy products are also tmportant 1n some
parts of the North American grassiands. 'l(’:xl:
development was particularly ~spectacular ;‘A, )
southern hemrsphere, (Figs - 141, 142 an

TN

Fig. 140 Wheat and beef production 1n t

he North Amencan grasslands



S JUARUGDAY  SwPaulc®
] M \":o°°
W ::
i
oY

s\ L

ta _Blanca 40'8

‘ wheat
cattie
sheep

maize
50°S

Fig. 141 Sheep, cattle, wheat and maize production
in sauthern South Amenca

; p
= NS
5%

oy -

E ! 143 The wheat, maize, cattle and. sheep praducing

areas of A; N
- the D“m:xsuahav Note the importance of

where the winters are milder and the rainfall is more
evenly distributed. The original tuft.grass was
ploughed up and replaced by sown alfalfa. The
semi-wild cattle in the Pampas were either crossed
with or replaced by the imported pedigree stock
from Furope. Soon the Pampas became so in-
valved with the pastoral industry that it took the
lead in the world's export of beef. Large estancias
(ranches) were established, linked to the frigorificos
(meat-packing factories) in the coastal ports by a
dense network of roads and railways. The growth
was rapid and towns like Buenos Aires, Bahia Blanca,
Fray Bentos and Monteviedeo became known
throughout the world. This is also true of other
temperate grasslands. Much beef is produced in
the Great Plains of U.S.A., and Australia became
the world’s leading wool exporter, accounting for 3
thitd of its total production. In the Eurasian i
Steppes, oo, i 1 phasts is being placed 0
the ranching of animals for meat production. ¢

QUESTIONS AND EXERCISES .

. Compare and contrast tropical
and temperate grassiands in respect of
(a) their I to climatic changes
(b) their economic importance

[

Each of the following temperate grassiands is
paired with an important aspect of its
economic life.

For any #liree of them, give a reasoned account
(@) Asiatic Steppes: nomadic herding

(b) Canadian Prairies: spring wheat cull.ivalloﬂ
{¢) Arpentine Pampas: beef cattle ranching
(d) S. African Veld: maize gmwing

(¢) Australian Downs: sheep grazing

~

ad

Explain why .
() Theannual temperature range of Winnipegs
Canada is much greater than that of Pretonia,

South Africa. b
(b) When Chinooks are more frequent it

Prairies, the winters are milder.

(€) Wheat yields in the Pampas ar¢ much
lower than those of Denmark. ‘
The remperate grasslands ate the pranatics ©
the world. To what cxtent this is true? ke
Account for the geographical factors that

this possible.

&

Write a geographical account of the !
trade in wheat,

bl



thapter 21 The Warm Temperate Eastern Margin
* (China Type) Climate '

' Ditribution
Ths e of climate 1s found ‘on the eastern
£argns of continents in warm temperate latitudes,
Juft outside lh_e tropics (Fig. 144). 1t has compara-
i(::};y mote rainfall than the Mediterranean climate
I ¢ same latitudes, coming mainly in the summer.
50 fact, the chimate of most parts of. Chma—a
:ﬂ":ﬁﬁ form of monsoonal climate. Tt is thus also
e ein Temperate Monsoon or China Type of
Gul{o‘r v spu(h~east?m U.S.A,, bordering the
oy exico, conu.nental heating in summer
%5 a0 inflow of air from the cooler Atlantic
{“mre.s 'lr'hough less pronounced, the_ overall cllmau.c
oy esemble those of the China type. It is
: :s referred to as the Gulf type of climate.
“xperiesou:lhem hemisphere, this kind of climate
‘Oﬂsllandsncf' along the warm temperate eastern
Vi Witho' all the three continents: in New South
at sugar :}tfn EUCalyptus. forests; in Natal where
gy, ves; and in the maize belt of the
reinﬂucu::’flllf‘i))'-Umguay basin., As the regions
o toung g ¥ the on-shore Trade Winds all the
s without any. monsoon variations, the

climate cannot be described as temperate monsoon.
It is sometimes referred to as the Natal type of
climate.

Climate
The Warm Temperate Eastern Margin Chmate 1s
typified by awarm_ moist summer and a cool, dry
wmter. The mean monthly temperature varics
tween 40°F. and 78°F. and is strongly modified by
maritime infl o] lly, the p jon
of cold air from the continental interiors may bring
down the temperature to freezing point. Though
frosts are rare, they occasionally occur in the colder
mteriors. For most of the time, it is plcasan}ly
warm. The relative humidity is a little high in mid-
summer when the heat becomes oppressive and can
be very trying to the white settlers, e.g. x'n.NataL
Rainfall is more than moderate, anything from
25 inches to 60 inches. This is adequate for all
agricultural purposes and the Wanq Tcmpcm;
Eastern Margin Climate supports 2 wide range o
crops. Areas which experience this clunate are very,

1144 . !
egions with 5 Warm Temperate Eastern Margin Chimate [
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Warm temperate eastern margin regions
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densely populated. Another important feature is the
fairly uniform distribution of rainfall throughout
the year. There is rain every month, except in the
interior of central China, where there is a distinct
dry season. Rain comes cither from convectional
sources or as orographic rain in summer, or from
depressions in prolonged showers in winter. Local
storms, ¢.g. typhoons, and hurricanes, also occur.
There is a good deal of variation in detail within
the eastern margins and it is essential to examine
them by reference to specific areas, where the local
factors affect the climates, We shall sub-divide them
into three main types.
1. The China type: central and north China,
including southern Japan (temperate monsoonal).
2. The Gulf type: south-castern Ubited States,
(slight-monsoonal).
3. The Natal type: all the warm temperate eastern
margin (non-monsoonal areas) of the southern
hemisphete including Natal, eastern Australia and
southern Brazil-—Paraguay— Uruguay and northern
Argentina. )
1. The China type. This is the most typical climate
of the warm temperate eastern margin. The great
fand mass of the Asiatic continent with its mountain-
ous interjor jpduces great pressure changes between
summer int ntense heating in ‘the heart
Asia’ sets up a region of Jow pressure in summer.
and the tropical Pacific air stream is drawn in as the
rain-bearing South-East Monsoon. Heavy precipi-
tation occurs in most parts of China, decreasing
inland. As illustrated in Fig. 145(a), the wettest
months of Nanking are in summer with more than
a third of the annual rainfall falling in June and July
(15.3 inches out of 42 inches), though the monsoon
doés pot ‘burst’ as suddenly, nor ‘pour’ as heavily
as in India. In winfer, a steep pressure gradient is
set up between the <oId interiors of Mongolia and
Siberia, and the warmer Pacific coastlands. The

continental polar air stream flows outwards as the -

North-West Monsoon, bitterly cold and very dry,
There is little rain but considerable snow on the
indward slopes of St as the cold winds are

warmed and moistened. 1In fact, less than 8.4 inches *

are recorded in Nunking during the cold season from
October to February. An@%t_errﬂig&amm

of the China-type of eastern margin climate is the
great afinal temperature range. As shown in the
mmm:e is a difference

of 45°F. between July (81°F.} and lJanuary (36°F.).
-V: Further north, the range is even greater, 55°F. in
Peking, and 54°F. in Changan. In_the warmer

“Ocean Tytess matked.
graphin Fig. 145 (b) for Miami, Florida, Gul
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JFMAMJJA:DNDINI‘H‘;
Tomp. 383947 53 8978 83 §) 7383 5) 40 45F
Prece: 18203040232 e
Place: Nanking, China (32°N., 119°E)
Altitude: 34 feet
Annual precipitation; 42 inches
Annual temperature range: 45°F. (81°-36'F))

Fig. 145 {a) Warm Temperata Eastern Margin Climate
in the nosthern hemisphere {China type)

7231483720182

south and along the coast, the temperature differences
are much less, e.g. 28°F. in Canton, 27°F. in Swatow
and only 22°F. in Hong Kong.

Another climatic_feature_agsociated_with_the

China type of climate in southern Chllm is ﬂ:l:
Sccurrence of IyPHGORS—intEnse tropical eslons

at originate in the Pacific Ocean, and move west:
wards to the coastlands bordering the South Chin2
Sea. They are most frequent in fate summer, fron
July to September and can be very disastrous. 2
winds blow with ‘tremendous strength, the sky 3
overcast and there are torrential downpours. AS
much as 24 inches in a day have been recorded 204
flooding is widespread In the Swatow tyr{h‘”‘:
of August 1922, the huge waves set up by the violent
typhoon drowned as many as 50,000 inhabigzn(s. e
2. The Guif type. The Gulf-Atlantic regioas

3 ar
Tlastad Statar avnerience a tvpe of climate siml s

<

mdie;n between mainland America and the A“wﬂ:

in temperature between mid-Summer 4F.
and mid-winter (January, 68°F) is only 1 winds
warm Gulf Stream and the on-shore Trade catuft
help to bring about this narrow range of PP



fange total
18F

59

(26°N., 80°'W.)

Place: Miami, Flond;

Altitude: 5 fepr o USA
Annual Precipitation: 59 inches

Annyat temperature range; 14°F. (82-68°F.)

(b) Warm Temperate Eastern Margin Ciimate
in the northern hemisphere (Guif type)

Sump,
import:\r:ta;eol"‘:ja ™ and pleasant, Miami, being an
winter, 108y resort, and it rarely snows in

Th .
Miam,?, :::lﬁl rainfall s heavy with 59 inches in

ineh eyv Orleans; 52 inches in Momgomery
41y perion at:s In Charleston, There is no distinct
Woisture b mt monsoon lands,.and the abundant
COlton gad stimulated extensive cultivation of
of which oy t;ﬂs, in ll‘le Cot}on and Corn Belts both
From i rainfel world’s l.eadlpg areas for these crops.
there f all pattern in Fig. 145(b), itis clear that
brougm; tendency towards 4 summer_maximum,.
lan, dWardsyflhe on-shore Trads Winds which swing
is incrcagey l;’om the Atlantic. The amount of rain
and by o Y the frequent thunderstorms in summer

Some "S:!ncf:.ncs in September and October.
250 show a"sllonS, eg. Mpntgomexy in Alabama,
elong l.t=_ct?ndary maximum in late winter when
‘°ma.docs ColVllles are greatest. Sometimes, violent
W. due tg intense local heating on
Darroy, N these whirling storms follow only a
they leave be;:n' the centra] plain (Mississippi basin),
5 ind a traj] of destruction.

on the oo type. There are three distinct arcas
l)'lng ust o 0 Coasts of the southern continents,
xpere, outh of the Tropic of Capricom which

Ce thi i
the oS type of climate. T
atiy e. The parrowness of
~lnents coe“ls-’lnd the_dominance of mantime
ST T manum

JFMAMJJASOND
months
Sydney J F M A M
Temp 72 71 69 65 5
Precip 374348565
Place. Sydney, New South Wales, Australia
(34°S, 151°E)
Alttude: 138 feet
Annual precipitation. 48 inches .
Annual temperature range 19°F. (72°-53'F)
{c) Warm Temperate Eastern Margin Chimate
in the southern hemisphere (Natal type)

influence eliminate the ponsoonal elcmcnl:n&;l:;{l

characterize the corresponding cli
ern_hemisphere ~ The South-East Trade Winds bnng
about a more even distribution of rainfall throughout
the year as illustrated by the climatic graph .fqr
Sydney, Australia. It has a mean monthly precipi-
tation of 4 inches, which is adequate for most agri-
cultural activities. The annual amount of 48 .mch:s
is fairly representative of this climatic type in the
southern hemisphere. The annual precipitation of
Durban in Natal is 45 inches and that of Asuncion in
Paraguay 1s 52 inches. The passage of depressions
across the southern edges of the warm lemperate
eastern margins results in Ww
maximum, typificd by Sydney (Fig. 145(c)) which
as 705 Wettest months in March, Apnl, May, J‘;l‘l::
and July (the autumn-winter part of the )d’)-r lb:
ram comes 1 prolonged showers. 'M.uch of p

water seeps into the ground and there is litle nn\;-:u.
so the regions are well suited to agriculture an :
some of the best settled parts of the southern con

tinents

H PRI o
month is 21°F., ;bov: frecung. The mn_;\:zd i fxl:mb
for Durban, only 13°F., Wl.l'h July. the comfs::n onth
at 63°F. In Asuncion, it is cven less, the rang
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only 8°F., and the climate is pleasantly warm ail
the time.

However, the southern continents also have
violent local storms, which, though not as severe
asthe typhoon, hurricane or tornado, are nevertheless,
quite significant. The Southerly Burster_a violent

ales, leads 10 a sudden fall in temperature. It is
most frequent in spring and summer, The corres-
ponding cold wind in Argentina and Uruguay is the
Pampero, which is often accompanied by thunder
and lightning besides the rain and dust. In south-
eastern Africa, a hot, dry wind called the Berg Wind
comes down from the interior plateau. Itis compar-
able to the Fohn or Chinook, and brings unplea-
santly high temperatures and oppressive weather.

Natural Vegetation

The eastern margns of warm temperate latitudes
have a much heavier ramnfall than either the western
margins or the continental interiors and thus have a
luxunant vegetation. The lowlands carry both ever-
green broad-leaved forests and deciduous trees quite
similar to those of the tropical monsoon forests.
On the lighlands, are varnous species of conifers such
as pines and cypresses which are important soft-
woods. As the perenmal plant growth is not checked
by either a dry season as in the Mediterranean, or a
cold season as in the cool temperate regions,
conditions are well suited to a rich variety of plant life
including grass, ferns, lianas, bamboos, palms and
forests. The well distributed ramfall all the year

round makes the regions look green at all times.
It is interesting to note that the warm temperate
eastern margins are the homes of a number of valuable
timber species. In eastern Australia the most im-
portant are eucalyptus trees, with scanty foliage and
thick fern undergrowth. Some of the eucalyptus
are very tall, over 250 feet and they, make hardy
timber. The Australian Alps of Victoria and the
Blue Mountains of New South Wales have great
reserves of temperate eucalyptus forests that make
up part of the tmber exports of Australia. From
the forests of south-eastern Brazil, eastern Paraguay,
north-eastern Argentina come valuable warm tem-
perate timbers such as the Parana pine, and the
quebracho (axe-breaker, an extremely hard wood
used for tanning) and wild yerba mate trees, from
which the leaves are gathered for making Paraguay.
tea. :1‘<'>da_y, large yerba mate plantations have been
. - * to produce Paraguay tea, an increasingly
* export item of Paraguay. In Natal, the

">

warm Mozambique current encourages heavy preci-
pitation along the coast and many species of paln
trees thrive. The highlands yield extensive forests
of chestnuts, ironwood and blackwoods. An unusual
occupation is the commercial cultivation of watle
trees in plantations for tanning extracts and for use
in Natal’s coal mines as pit-props.

The forests of China and southern Japan also have
considerable cconomic value and include ozk, cat-
phor, camelia and magnolia. Unfortunately the
tremendous population pressure in the two countrics
has caused much of the original forest to be cleared
for fuel or crop cultivation. Deforestation has
resulted in many barren hill-slopes that are st
feeling the impact of soil erosion. The Gulf siates
of US.A, have lowland deciduous forests. Th¢
trees grow close together with thick undergrowth
and lealy branches. Walnut, oak, hickory and .
maple are some of the more common species, whie
in the more sandy regions grow pines. Mych‘o
the forest cover has given way to the cultivatio!
of sub-tropical crops like cotton, maize and fruits

Economic Development '

The warm temperate eastern margins are the moiz
productive parts of the middle latitudes. Thmu;e
adequate rainfall, no prolonged drought, and "
cold season is warm enough for most crops t0 sum: ;
Thus the growing scason 1s almost contlnui{ﬂ!'
though summer is the busiest part of the fa}‘tmpan
year. Monsoon China together with souglm! 3005
and other parts of the eastern margin cllma"‘; :ion'
accounts for almost a third of the world popY “t on.
Food has to be raised to feed the teeming ?OP“;:’W.,
The hills are terraced, ficlds are irrigated, an s
culture is extended to the limits of pmcluctmn;“oorl
no exaggeration to say that the temperate O e
lands are the most intensively tilled Pans[‘in sz
carth. Besides the widespread cultivation ? !
and cotton in the Corn and Cotton Belts o 7500y
fruit and tobacco are also grown. Rxce,n Chins
mulberries are extensively grown in monsoo! ot
Elsewhere are found other products of at‘;'cc an
importance, €.g. cane sugar in Natal, fféw outh
maize in South America and dairymg 1 meof the
Wales and Victoria. Let us now examinesd
regions more closely. this
1.g Farming in mm)llsoon China. UﬂdorabwdAlythird
is the world’s greatest rice growing ar tl.l ugh the
of the world’s rice is grown in Ch“‘"”m, Ttle fof
huge population of 750 mllion le:avcsr‘l’s of rice 38
export. In fact, in normal years, impo!
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other .
santg rf:;:: graing are essential. The Chinese pea-
Bields thag wet padi’ or ‘swamp rice’ in flooded
pat Onhecall for en.dlcss‘ hard labour for the greater
80 much m: car'l It s said that nowhere else is there
that gives nual labour devoted to raise a food crop
Ully o so lml‘e economic return. Farming is
mechanimii subsistence basis. Despite increasing
actually makn n Pﬁdl-Culuvau_on, very few farmers
Xpensive anfi use of new machines because they are
¢ only pro may be impractical in some areas.
double op tr ixfss lhat. has been made is towards
g gy s CFOPPINg, which has increased the
the rapiq ¢ production. When compared with
Rations, mep?pula“"" growth of the rice-eating
Telieved (e cm-cfeased production has in no way
Uthermore ntical fO?d problem of Monsoon Asia.
of the Onent ‘illed Tice which forms the stable food
2re therefore nl:ga seriously deficient diet; the people
undemoun'shed, only inadequately fed also physically
0
Padj cxl:ls:;\?:tich.ma has all the ideal conditions for
“'m"ghou[ u?"' 2 warm climate, moderately wet
ertile moisu"e Year, and extensive lowlands with
Sary, can e~re.tenuve alluvial soil, which if neces-
tilled frg,, © easily irrigated, The land has been
little emﬁ,ﬁ "IeTation to generation, and yet there is
"igation v, aUON m soll fertility, The muddy
Ater from the river basins is silty and

constantly brings new soil to the fields. The water
1s greatly ennched during floods, though these are
far less frequent now, with the improvement made
 flood control by the Communist regime. In
practice, the Chinese peasants add all kinds of
Organic wastesto enrich therr fields. Rice straw,
ashes, clippings, animal dung, refuse, and Jast but
not least, human manure
The most intensively farmed areas are the basins
of the Si-kiang, Yang-tze Kiang and Hwang Ho,
which are also the most densely peopled areas.
The eastern coastlands are equally important. As
the flat lands are msufficient for rice cultivation,
farmers move up the hill-slopes and grow padi on
terraced uplands. The artificial terraces retain the
excess water as 1t flows down the slope. Besides rice
the other important crops are fea, grown for home
consumption and mulberry leaves gathered for feed-
ing stk worms, though sericulture 1 dechning
2. Agriculture in the Gulf states. Agriculture in the
Gulf states of America differs from that of monsoon
China, though they have a similar climate Lack
of population pressure and the urge to export, m.nke
rice cultivation a relatively unimportant occupation.
It is grown only in a few areas m the southern coast-
lands of the Mississippr delta Americans are brcaq-
caters and one can well imagine how insignificant is
rice in the economy of the Gulf states The most
important crops are corn, cotton and tobacco.
(a) Corn, The chief food crop rarsed 15, in fact
corn ormaize, The humid arr, the sunny summer and
the heavy showers suit the crop well. It 1s grown

i f
oast to the Mid-west soulh' of
o e i oncentration

" the greatest C
the Great Lakes, with the g s, and

in the Corn Belt of Nebraska, Towa,
Ohio. The region accounts for more than htanl-'ll::
world’s production of corn, but oniy 3 per :clx;‘ cocam
world’s export. This is because most t; e o
is used for fattening ammals, mostly catt be:: msll’cad'
Many farmers do not harvest the corn oul mstead
allow the cattle or pigs ‘to hog the com x)i]ovmso,d lo
field itsclf, The fattened ammals are t :x;ﬁ o e
the meat plants in Chicago and ‘Cmcx:j i to b
slaughtered and processed 1o mm:sconsumcd
frozen and chilled beef. Very Iittle ::omh o el
as a staple food n Americd, thouso(‘lhc st
originated 1n America as the food crop

case of cultivation,
Indian people. Apart from ::Itslabour equirements,

in respect of soil, climatic and ‘abo. ©

com'spmos: outs,t:mding fcal:r; ::d ll(smgz—:ll;'ﬁ; 3;'&[3
) o ¢

It gives almost twice as muc e eaplaing

per acre as wheat or other cereals.
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why it is so widely cultivated in both the warm
temperate and the tropical latitudes.

(b) Cotton. Of the cash crops grown in the
Gulf states, none is comparable with cotton, In the
Deep South, the fibre 1s so vital to the economic
well-being of the southerners that ‘cotton is king'!
1t shapes the destiny of the southern states, being
directly responsible for their trade, prosperity and
politics. In the early days of America millions of
Negroes were brought from Africa as salve labour for
the cotton plantations, because the climate was- too
hot for the white settlers to harvest the cotton them-
selves  Although slavery was abohshed 1n the nine-
teenth century, the Negroes are still poor and under-
privileged. Thus is the cause of the present problems
between the blacks and the whites in America.

The Gulf type of chmate is undoubtedly the best
for cotton growmng. Its long, hot growing season
with 200 days frost free and a moderately high tem-
perature of about 75°F. permits the crop to grow
slowly and mature within six ‘months. Like most
fibres, cotton likes ample rain and an annual preci-
pitation of around 40 inches is essential. In fact,
an adequate moisture supply coming from frequent

hght showers with bright sunshine between them
gives the highest yield Fine quality cotton also
comes from irnigated fields in the drier west provided
sufficient water 1s supplied duning the growing season.
The Cotton Belt is thus limited by the 20-inch 1sohyet

U.S.A. is not the only important cotton producer. India's
largest industry is cotton textiles. Here yarn is being
processed at the Birla mills New Delhi Press Information
Bureau, India

.
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on the west and the 77°F. isotherm in the north
within which there arc at least 200 days withou
frost. In the very south, in the Guif-lands, the
heavy rainfall damages the lint. This area s there
fore less suitable for cotton and is devoted to citru
fruits, cane sugar and market gardening, as in Florida
The commerical cultivation of cotton is now con-
centrated only in the most favourable areas which
are the Mississppi flood plans, the clayey Atlantic
coastlands of Georgia and South Carolina, the
Black Prairies of Texas and the Red Prairies of
Oklahoma, Fig. 146 shows the chief cotton areas.

Generally speaking, the best cotton comes from
the maritime districts where the sea breezes and the
warming effect of the ocean are most strongly felt.
The Sea Island Cotton grown in the islands off the
coast of Georgia and South Carolina is long-stapled
(the fibres are between 1-5 and 2-3 inches in length)
and is the best in the \vorldM]l%_a% the
staples are shorter (about an inch long). 1578
typical of the bulk of the *American’ cotton. !ie‘
sides the problem of soil exhaustion and erosion
caused by prolonged cotton cultivation, the most
dreaded enemy of the Cotton Belt is the boll-weevl
The pest multiplies so rapidly that a pair of boll-
weevils, if left unchecked, will breed over 10 million
grubs within a single season! The pest is responsible
for the westward migration of the Cotton Belt
When it first appeared in 1892 in the eastern US A-
1t attacked the Sea Island Cotton. Aerial spraying
with insecticides and the thorough burning of o
cotton stalks, have been found effective in eliminating
the boll-weevil.

(c) Tobacco. Another interesting crop closely
associated with the Gulf type of climate is tobac®
which incidentally is also a native crop of Amenc
Though it 15 cultivated in many parts of the world,
and the fimshed products range from Turkish
tobacco to Havana cigars and Malaysian cheroolfv
there is none so universally known as the Virgmid
tobacco. It is the raw material from which most
of the world's cigarettes are blended to swit the
smokers’ taste, The humid atmosphere, the Wa"‘"l
and the well-drained soils of the Gulf states, enable
tobacco to be successfully cultivated in m:mys
the eastern states of U.S.A., e g. Virginia, M‘“’Y’“’;Id'
Georgia, North and South Carolina, Kentucky ahal ‘
Tennessce. No less than half the tobacco tcs ‘
enters nternational trade comes from these mhlaol i
Regardless of the views that doctors and sckins 1
teachers may hotd, cigar and c,garclte-5m°l
has long been a universal habit that canno

1
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Fig. 146 The Cotton Bel
of the USA

dispensed wih is the
3 . It is the basi i
Provides, gy, asis of an industry and
;o the govem(::ggg_dm),,' a valuable source of i?::ome
L Cry PN -
o ﬂler:ph::?v:uon in the easten margins of the
029 of the SOSE there. A c}ose look at the economic
¢ aicultypat e hemisphere will at once reveal
whig experic lmportance of its eastern margins
v oty su:‘:e a Natal type of climate. The
Wpore s mers and frost-free winters not only
oastlands onycmPS but also animals. In the
1B, folouay batal, cane sugar is the dominant
et expanie Y cotton and tobacco in the interior.
Uproy, od lrriga;; of these crops has come about with
 use o o ion. Maize is extensively cultivated
‘ffifzns and fsifnea}w‘ an important food item for
‘aring, But ; age’, an animal fodder for cattle
Tthe Com Belrﬂ;Ompanson with the maize yield
\ often only lL;.S.A., the African yield is rather
amers attery alf. Improvements can be made,
st he rapi pt some form of crop rotation to
mo“o‘mhmte of soil exhaustion in regions of
ethodg of eul ture.  Scientific manuring and better
n Souty txval.xon would raise yields.
©0es there i ms";ﬂ where rainfall isless than 40
sheep are ke Ch grassland on which many cattle
 Continyggr, Pt for meat, wool and hides. It is
) Vinter mn of the Argentinian Pampas. The
. a:-o do 0“53;33‘ th@t the animals can be kept
x tureg Provide v, le time. The extensive natural
W The prodzcl::b]c forage for both cattle and
of 4 l:n::ted animals 5 cgt\);m( fthese two kinds of
al exports o Un or over three-quarters
ruguay. The remaining

exports come mainly from wheat and flax. Further
north m southern Brazil, the rainfall increases to
more than 40 inches and forest gradually replaces
grass, Here the important occupations are the
cultivation of yerba mate (Paraguay tea) and the
lumbering of araucaria or Farana pine. Cattle
and sheep are reared, and maize and cane sugar

are grown.

In eastern Australia the moist Trade Winds bring
heavy ramfall to the coastal districts and these
are thickly wooded. Giant eucalyptus tress rise
one above the other right up the Eastern Highlands.
But with the influx of European immigrants, much
of the forest has been cleared for settlement and

The eastern margin of New South Wales
tinent to be

dairying.
was, in fgact, the earliest part of the con
colonised, beginning with Port Jackson, the present
site of Sydney. The region 1s 8O the :.:lucf source
of Australia's mulk, butter and cheese, besides cotton,
cane sugar and maize which are increasingly grown

in the north.

QUESTIONS AND EXERCISES

erstand by the Chind ype

n a world magul{-:? "5‘::’
of climaié,

P their agricultural

1. What do you und
of cimate? Locate 0!
which experience this ¢
describe the broad pattem
activities.
2. Describe the main factors which aﬂ'ﬁ; $:
climate and vegetation of any three ©
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following regions. 3. Give a reasoned account of any two of the

(a) the Gulf states of US.A. following.

(b) the Iberian peninsula (a) Cotton cultivation in the United States
() Borneo of America.

(d) Tasmania (b) Padi growing in monsoon China.

(¢) Ceylon (c) Dairying in eastern Australia.

(d) Lumbering in Canada.

4. Analyse, in relation to latitude and other geographical factors, the following climatic figures.

Mean
Station Location Altitude January

Temp.
Singapore 1°N., 104°E. 33 feet 78.8°F.
Santiago 33°8., 711°W, 1,700 feet 67°F.
Shanghai 31I°N, 121°E. 23 feet 38°F.

5. Give an explanatory account of any three
of the following.
(a) Local storms (e.g. typhoon, hurricane,
pampero) are often associated with the
Warm Temperate FEastern Margin
Climate. “
(b) The predominant forest trees of eastern
Australia are eucalypts.

©

@)

Mean Annual

July Temp. Annual
Temp. Range Rainfall
82.0°F. 3.2°F. 95.1 ins.
46.0°F. 21°F. 14.2 iss.
81.0°F. 43°F., 44.7 ins.

U.S.A. accounts for more than 50 per
cent of world production of corn (i
maize) but only 3 per cent of world
exports,

Farming in monsoon China is usually
on a subsistence basis, and the peasants
are permanently ‘land-hungry’.



Chapter 22 The_ Cool Temperate Western Margin
(British Type) Climate

Distribution
The cool temperate  western margins are under
the permanent influence of the Westerlies all round
lhc' yedr. “1hey are also regions of much cyclonic
dtivity, typical of Britain, and arc thus said to
expcx?ence. the Bntish type of climate. From Britain,
ﬂ}c climatic belt stretches far inland into the lowlands
gml;llorlh-West Europe, including such regions as
oy e and western France, Belgium, the Nether-
fﬂ s, Dcnn}ark, western Norway and also north-
::S;n;l Iberia. There is so much oceanic mfluence
e clllm l:w temperature and the precipitation that
Eirop ate N;s gll.so refe;red to as the North-West
AR antime Climate. In North America,
o :e > u‘ockles prevent the on-shore Westerlies
e i: :;J:gnf;r mla_n;i and the British type of
Bty Cola mainly to the coastlands of
perlienn ctfalg southern hemisphere, the climate is ex-
party Nln southern Chll.e, Tasmania and most
. slu_mew‘:l;ealamd, particularly in South Island.
increased t:?: ::g'l'arge expanses of water have
(Fg, 140, aritime nature of the climate here

3 .
'3 147 Regions with Cool Temperate Western

Climate

Temperature. The mean annual temperatures a
usually between 40°F. and 60°F. The warme
month in London as illustrated in the temperatus
graph of London Fig. 148(a} is 63°F. and the colde:
month is just around 40°F., thus giving an annu:
temperature range of only 24°F., which is com
paratively small for its latitude (51°N.) Summer
are, in fact, never very warm. Monthly temperature:
of over 65°F. even in mid-summer are rare. ‘Hea
waves’, as they are popularly called (that is a shor
spell of warm summer days) are a welcome feature
m such cool temperate latitudes, where people d_o
not often see enough of the sun. The climate is
ideal for maximum comfort and mental alertness.
People can work for long hours without fecling
drowsy and lethargic as they do in 1136 tropics.
There appears to be some direct relauon.shxp between
climate and Man's output of work. 1t is no wonder
that the cool temperate regions are some of the molsl
advanced parts of the world. Winters are abnormally

mild, and no stations actually record mean Janmwrx)"
temperatures below freczing-point i florﬂ?-\\ﬁ:{r -
Europe. This is attnbutable to the warming
Margin Climate {Bnush type).

of cimata
" Butish type

jal
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Place: London, Bntish Isles (51°N., 0'W)

Alutude. 18 feet

Annual precipitation: 24 inches

Annual temperature range. 24°F. (63°-39°F.)
Fig. 148 (a) Bntish type of climate in the northern

hemisphgre.
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Place: Hobart, Tasmania (43'S, 147°E)
Alttude. 177 feet
Annual precipitation: 24 inches
Annual temperature range: 16°F. (62°—46°F.)
{b) Bnush type of cimate in the southern hemisphere.

of the warm North Atlantic Drift and the prevalence
of the South-Westerlies. It has been estimated that
the marine stations of the region are almost 25°F.
warmer in January than corresponding stations of
the ¢ latitude 10 the interiors. Night frosts do

!
unusual cold spells, caused by the invasion of cold
polar continental air from the interiors, may hit the
western margins for 2 number of weeks. The climate
of the maritime regions as a whole may be described
as equable with moderately warm and
fairly mild winters.

It is quite apparent from Fig. 148(b) of Hobart,
Tasmania that the Bntish type of climate in the
southern h ¢ is even more ble. Lack of
continental Jand masses in Tasmania, New Zealand
and southern Chile means that extremes of temp-
erature are not likely atall. Hobart has mid-summer
temperatures of not more than 62°F. while its coldest
month in July (winter in the southern hemispherc)
is barely below 46°F. The annual temperature range
is reduced to only 16°F., which is unusual for the
middle latitudes. This is in fact, the average figure
for all the maritime stations in the southern con-
tinenfs where insularity overrides all other factors.
The annual ranges of other southerly stations are
Dunedin 15°F., Christchurch 18°F., Valdivia 14°F.
and Punta Arenas 17°F (the last two stations are
in southern Chile). The oceanic influences not only
keep the winters ve ilq but also keep the summess
southerly islands as ‘the favoured isles” which has
much truth in it. !
Precipitation. The British_type of climate has ade-
Towards a slight winter or autumn maximum from

clonic sources, ~Stnce the rain-beasing winds come
from the west, the western margins have the hc“;:"l‘;'

rainfall. “The amount decreases eastwards wilh

creasing distance from the sca. Though bcgh the
Quoted stations London and Hobart have 24 mc}fd
of precipitation a year, the actual amount‘vanﬁ,
quite considerably from place to place. Relicf ml:
make great differences in the annual amount. For
example the western slopes of the Southern Alps (‘),O
South Island, New Zealand have as r{:uch as zbe
inches of rainfall (mainly orographic rain) while !”
Canterbury Plain, in the rain-shadow ared hﬂm
little as 25 inches. Similasly, the 'Lake Dis o
of Britain has well over 100 inches in conu'!n;l "
only 24 inches in East Anglia. Itis thercfore di rlcl"hc
1o say how much annual rainfall is typical © e
British type of climate. Perhaps, a useful S‘fém
would be to confine ourscives 1o lowland €8

which normally have 20 to 40 inches 3 year €5 "
inches in Paris, 28 inches in Dublin, 33 md"?m
Seattle and 37 inchesin Duncdin. Generally, wes bes
cvastal stations are wetter. Vancouver bas 60 ik

snow falls in winter too. Sc



of ram, Bergen 84 inches and Valdivia 105 inches. Sycamore, maple, and e,

They are exceeded in the annual amount only by Unlike the equatorial forests, the deciduous trees
the highland stations as mentioned earlier. occur in pure stands and have greater lumbering
The seasons. As in other temperate regions there | value from the commercial point of view, The open
are four distint seasons in the British climate type. \ nature of the forests with sparse undergrowth is
Light snowfalls can be expected in thewinter months#Y usefulin logging operations. Easy penetration means
tomally only of short duration because of the | much cost can be saved mn the movement of the logs.
comparatively mild weather, But over the highlands | The deciduous hardwoods are excellent for both
such 35 1he Scandinavian Mountains and the Ameri- uel and industrial purposes. In Tasmania, the
can Rockies, snowfall js heavy and feeds the mountain temperate eucalypts are also extensively felled for
geiers that move down the valleys. Winter 15 the lumbening industry. Higher up the mountains
theseason of cloudy skies, foggy and misty mornings, i the Scandinavian-highlands, the Rockies, southern
ad many rainy days from the passing depressions. ~ Andes and the Southern Alps of New Zealand, the
Out at sea, gales are frequent and can be dangerous  deciduous trees are generally replaced by thecomifers
1 shibbing. Spring is the driest and the most which can survive a higher alttude, a lower |
tefteshing season when people emerge from the tw

d‘P.ressing winter to see everything becoming green A

again. This is followed by the long, sunny summer.  Economic Development oadlandshave
Sunbathers, picnickers and sightseers aré out in A very large part of the deciduous wo I:m The
te open 1o enjoy themselves. With the roar of  been cleared for fuel, timber or agricu ";m(',[ the
8usty winds and the fall of ‘golden’ leaves,autumn  dense population necessitates the remova

LIS typ i In
raed n, and the cycle repeats itself. "THis type  lowland forests, particularly for the .p!ough.
: y : Britain there 1s only 4 per cent of the original forest

ofclimate with its four disg: i i
] ur distinct seasons is something : t crops
that is <onspicions y absent in the tropics. left A large range th“mals’:::;;zz ::;“ min
are raised, mamly for home consumptio me
Natural Viegetation forexport. North-West Europe '“hﬂlﬁiﬂfﬁ:;ur-
‘;"’C Mtual vegetation of this climatic type is  of the most crowdegl parts of the %lxom p‘oﬂtf of foods
SXN0uS forest, The trees shed their leaves in the  plus for export. It is, in fact,a e

from almost all parts of the

f‘)ld%'as“i'fhls is_an_adaptation Tor prot ptation Tor protecting  crops, especially wheat king and other food items.
Sheg ‘the winter snow and frost. wheatlands for br?d-m;;nﬁl others in its unprece
ding Begin 1n autumn, the ‘fall’ season, during ~ The region differs from The countries are

i Y . t. s
which the leayeg fall and are scattered by the winds.  dented md}xstnal advan%e;ﬂ:;lmchincry' chemicals,
: e golden-brown leaves and the ‘naked’ branches  concerned in the product; O arices " ber than
.:fsem 2 Very interesting scene. When they are in  textiles ax}d other m:u;: alumbcrin& though these

the deciduoug trees have typical rounded out- agriculture, fishing eomé of the countics

nes wity thick ivities are well represen ; oy
trunks and out-spreading branches  activities ¢ : \ in Brtain, Nors
P G Fishing is particularly importan the manufactusiog

L yield valyap) y )

Some of € temperate hardwood (Fig. 149). o umbia, Sifoe prigs
the m, ies i and British Colt 1l be dealt

0T common species include oak, aspect of industrial googr2 phyz‘; “smuda]l_mt

elm, N
the « ash, birch, beech, poplar,-and hornbeam. In detail in Chapler ooy
Elscz;?er s Toung iy LS 2lder and aspen. D fm;"'cfmml derclopment of ‘ncgmi.:sn
e are founq other species, e.g. chestnut, lwm;\ 1:.; ie: gl:rdmin " Though m;::“ fmmu;
'y ‘ ractised throughout the workd e is 11 80 bighly
lp urban population, ROwher® . Saeralfaciors
2 rggialized asin North-West Eunr;u eem Europesn
p ¢ for this. All the ol Germany, Berwlat
accoun France, West Germaay: B0

tries (Bntain, Fra saliz
:‘igsn[;lcnmark) arc highly 'fr‘dhc“'r‘c e more 1T
high pulaticn deasities- 1 o despee 16 =g
od R ha in other o semsee fot frsh
;lix;c mh is understandable m‘mal. T and frett
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vegetables, green salads, e88%

Fig,
* 149 Some deciduous trees



will be tremendous. The city dwellers, the factory
workers and the civil servants who make up the bulk
of the urban population consume large quantities
of fresh provisions daily and these must be provided
by local farmers if freshness of the produce 1s to be
ensured.

In north-western Europe witensive market gar-
dening is carried out in many specialized areas e.g.
the Vales of York and Evesham in the United King-
dom where climatic, soil and other factors best suit
this fornt of agriculture. Farms are normally small,
located fiear large cities or industrial areas. Soils,
whether silty, loamy or podzolic, are carefully main-
tained at a high degree of fertility. Very selective
fertilizers are applied depending on the type of crops
in cultivation. Farming is carried out intensively,
aimmg at high vield and maximum cash returns.
As the crops areperishable, a good network of trans-
port is indispensable. ‘The produce such as lettuces,
cabbages, cauliflowers, tomatoes, onions, peas and
fruits are seldom shipped but conveyed by high-
speed conveyances such as trucks or vans, Perhaps
a more appropriate term to use is truck farming,
which is commonly used in the United States

In a few instances warmer weather or better sotls,
as in south-west England (Devon and Cornwall),
can also induce farmers to take to market gardening
despite their remoteness from the more populated
districts. Early vegetables, early potatoes and toma-
toes reach London from the Capary Islands, the
Channel Islands, and from Brittany, in north-
west France. Similarly, bulbs and flowers from the
polderlands of the Netherlands and eggs, bacon and
other dairy products from Denmark are sent to most
of the major industrial centres of Europe in almost
perfect condition for household consumption. The

horticultural industry in the Netherlands is so highly
specialized that Dutch tulips and bulbs are flown by
the K.L.M. (Dutch Airlines) to Rome, Paris, Zurich,
and London. In Australia, igh-speed boats ply
across the Bass Strait daily from Tasmama to rush
vegetables, tomatoes, apples and beans to most of the
large cities in mainland Australia. It is no wonder
the Australians nicknamed Tasmama the ‘garden
state’.
2. Mixed farming. Throughout Britan and north-
western Europe, Tarmers practise both arable farming
(cultivation of crops on ploughed land) and pastoral
farming (keeping animals on grass meadows). Crops
may be raised for cash sales or as fodder for cattle
orsheep. The proportion of crops and animals in the
farm at any time depends to a great extent on the
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type of soil, the price of the cereals and the demand
for animals and animal products. The farmers also
p}am a few fruit trees (apples, pears, plums), rear
pigs, keep poultry, mainly for eggs, and even have bees
for honey. There is such a great varuety in the farms
that the term mixed farming_is most aptly applied.

Amongst theﬁais, w/ﬁeat is the most extensively
grown, almost entirely 67 home consumption because
of the very dense population in north-western Europe.
At one time, some of the European countries (France,
Denmark and the Netherlands) used to be wheat
exporters, but the keen competition from the new
wheat-lands of the New World forced most of the
farmers to divert their interest to other more profi-
table uses of their land such as market gardening,
dairying or an intensive form of mixed farming
With the rise of industry, more arable farms are being
devoured by factories and wheat is now a net import
item in Europe.

The next most important cereal rafsed in the
mixed farm is barley. The better qualty barley is
sold-to the breweries for beer-making or whisky
distilling and is raised preferably in the drier areas.
Malung barley is thus grown m_ south-castern
Britain near the hop-growing area (hops are also
used for beer) where rainfall is less than 30 inches.
On heavy soils or wetter regions, barley is grown
mainly as an animal fodder, sometimes mixed with
oats as ‘dredge corn’. Both are raised_in crop
rotations with a leguminous crop (beans or clover)
and a root crop (turnips or beet sugar).

The most important animals kept in the mixed
farm are cattle. North-western Europe was origi-
nally the”home of many world renowned caltle
breeds, ¢.g. Guernsey, Ayrshire and Friesian, which
are first class dairy cattle for milk production. The
countries bordering the North Sea (Britain, Denmark,
the Netherlands) are some of the most advanf:ed
dairying countries where cattle are kept on a scien-
tific and intensive basis. Europeans drink more
milk than anybody else except the New Zealanders.
In the United Kingdom, a person dnnks almost 2
pint of milk a day! From milk, other important
daijry produ re derived. These are butter, cheese.
\ereane> and skimmed milk or casem, a raw matesial
for making plastics, paper and drugs. The temperate
western masgin type of climate is almost ideal for
intensive dairying. Cheese is a specialized product
of the Netherlands, from Edam and Gouda. Fsomt
Denmark comes high-quality butter, of which S’f‘
ranks with New Zealand as one of the world
greatest exporters. In Devon and Cornwall clotted



Cream g i
mik gy ;ﬂaidg, which 15 less perishable than fresh
b‘fiﬂg.comam' e sent over longer Jjourneys without
Sxclling gen fll:;tt?d. The Swiss have also made
il Frogy cxr.alpme pastures for keeping dairy
mitk is converted into various forms
ivaplc;mzed milk,
g or baby-feed;,
ce Cream ap, chocolate n:):kirreneg(.img,
- Some cattle are kept as beef
m—x"f nfbe!rl;ii Hereford and Aberdeen f\ngus, but
9[ Argentina Te very small in comparison with those
is 1pe g or Australia, Where meat production
c““‘“mp:ion;ry concemn. The high rate of beef
o Pulatigy ’]an:Irope (akout 40 1b. a year per head
X ¢ imporgs ot he United Kingdom) necessitates
atms oo ;_Gzen and chilled beef. In the mixed
Pe, farmerg keep cattle aiso with a view

confectionery,

An Engii i
9lish tarm, Noti
otice the well-wooded countryside Central Office of Information London

of enriching their fields with the ammal dung  Thepigs
and poultry act as scavengers that feed on the left-
overs from root-crops and dairy processcs. In, this
way, Denmark is able to export large quantities of
bacon from pigs that are fed on the skimmed milk, 3
by-product of butter-making. Fresh chickens’ ¢g8$
from the farms and more recently, from large poultry
yards also form part of the export products of
Denmark  Sheep are kept both for wool and muttoa.
In Brtish Columbia, mixed farming is restricted oaly
to the most favoured parts of the Western fowlands,

the region being so mountainous and thickly foresied.

3. (8 “Fhis is well developed in some

parts of the British type of clhmale. Britain is the
home of some of the best known sheep. breeds, fg.
Leicesters, Lincolns and Southdowns whichare dl;;:
purpose, noted for mutton as well as wool. With
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A sheep station near Hawkes Bay, New Zealand M.2. High Commission Malaysia

greater pressure exerted on land by increased urbani-
zation, industrialization and agricuiture, sheep rearing
is bemng pushed further and further into the less
favoured areas The principal sheep areas are on
foothills, well-dramed uplands, chalk and limestone
scarplands, and the light, sandy coasts In Britain,
the major shecp areas are the Pennines, (Swaledale
breeds) Scottish Highlands (the Blackface), the
Southern Uplands (Cheviot), the Welsh Mountans
(Black Welsh) and the scarplands of south-eastern
England (Romney Marsh). Bntain was once an
exporter of wool and her woollen textiles industry
began with local Pennine wool, but today with a
greater population and a more i ive use of her
better agricultural land, she has neither surplus
Lnor mutton for export. She has become instead
portant exporter of Bntish pedigree anumals
newer sheep lands of the world. This 1s equally

<7 e

true of other north-western European sheep areas,
in which industrialization has effectively altered the
pattern of land use.

In the southern_hemisphere, is the
chief occupation of New Zealand, with its greatest
concentration in the Canterbury Plain. It has been
estimated that for every New Zealander there are 20
sheep. Many factors have led to this unprecedented
growth during the past century including extensivé
meadows, a mild temperate climate, well-drained tevel
ground, scientific animal breeding, and last, but most
vital, the development of refrigeration, which c:.mblcs
frozen or chilled Canterbury lamb and Corriedale
mutton to reach every corner of the globe. Thoug'h
New Zcaland has only 4 per cent of the world’s
sheep population, it accounts for two-thirds of the
world’s mutton exports, and one sixth of Wf)rld wool
exports. In Tasmania and southern Chile, sheep

e e

e ey o



rearing has always been a predominant occupation
with surplus sheep products for the international
' trade.

4, Other agricultural activities. Apart from market
gardening and mixed farming which have been singled
out for greater individual treatment, the British type
of clumate also supports @ number of other important

crops. Amongst the food crops, potatoes feature

prominently in the domestic economy of the cool
temperate regions. It is the staple food in supple-
menting wheat or bread for millions of people. In
terms of starch, it yields far more food than any
ce'reals. and can be cultivated over a wide range of
dimatic and soil types. But normally a cooler and
more northerly latitude js preferred because the crop
wﬂl be less prone to the attack of ‘blight’, a virus
disease that is particularly infectious in warm and
humid countries. Since the introduction_of the crop
by the Spanish conquerors from the Andean states of
Pery .and Bolivia in the sixteenth century, potato-
glrovnng has sPrcad far and wide in Europe, Today
almost two-thirds of the world’s annual production
%f Ppotatoes comes from Europe, of which Poland,
m:?ﬂﬁny’ France aud' United Kingdom are the
sul::tl;: producers. Besides its principal use as a
e ak:l;:;t:; b;ead. large quantities Of potatoes
o B ustial Elln;)h:lf amm?l fodderand as a source

ex;\nf)therv interesting crbp that is found almost
pea:sgeéy Sn;{ north-western Europe (including Euro-

.8.5.R.} and parts of .US.A. 15 _beet sugar.
N:" n]eed For such a crop was greatly felf during the
o Poleonic Wars around 1800 when military block-

2 e e sumsesed wee eae

:r:;ﬂ:}‘l)ef v;;al imPormr}ce of securing a certain
The first b:e sufficiency in their sugar requirements.
m 1801 Fet sugar facto‘ry in Europe was established
ances) to i:;mm were given subsidies (aids or allow-
fam to thy uce them to devote at least part of their
an inge rclcrop. Since then beet-sugar has become
own o Part of many Eufopean fams. It is
in wnjuné-r on special bect farms for cash sales o
beet iscr\ls}]lgg ,—w"h cereals in crop rotation. The
3% anima rudd°r sugar and the green tops are used
¥atmer ang g der. The crop thrives best in the
\Iope. The ;;'.e;l east of Brilain and in mainland
® lumy i I§ est sugar yield 1s obtained when
8OW the ¢rop & oth dry and sunny. Attempis to
have g gy bz in the colder north or the wetter west
en rather unsuccessful, except in some

shellel:ed localsties. In Britain most of the beet-sugar
factories are located in the Fens and East Angha,

QUESTIONS AND EXERCISES

1. The following statements aitempt to des-
cribe a type of chimate.
v ... Westerlies come all the year round
...... there 15 a tendency towards an autumn
or winter maximum of ramfull...... light
snow falls in winter.. ...ports are naver
frozen ....but frosts do occur on cold
nights .. . the seasons are very distinct......
and the climate 15 very favourable for
maximum human output..... *
(a) Name the type of chmate that ut
describes.
{b) Locate with the aid of a skeich map 4
region where such a type of clmaie i
best represented. .
(c) Explain why such a type of chmate is
ideal for human habitation.
5 Describe and explain with the aid of sketch
maps the essential differences between lhi
various chimatic types found within the €00
terperate zone.
3. (a) What are th

e characterisic features
of temperate decsduous forests?

(by Name the variovs species of deciduous
forests and account for some of their

trial uses. L
©) l;]i?(l:l;\’; why thee 15 comwmmcb

i left.
Tittle of the arignal forest
4. Writea geographical account of any three
of the following economic activities. .
(a) mixed farming .
yltivatiol R
(b) beet sugar ¢ N | ing

(c) cool temperate @
d) sheep rearing
58)) woollen textile industsy
5. Give an explanatory account Of
Tlowing. . . e
e r((;)o Ths Netherlands 15 a major expo!

f any fie of

butter and cheest:
{b) gll;ccp outnumber 1€ populaion of
New Zealand by 20:1 4 aports
(c) No count®y produces 30
more wool than Au.slralu. oduct of
) Market-gardening is 2 P
ubanization.
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Chapter 23 The Cool Temperate Continental

(Siberian) Climate

Distribution
The Cool Temperate Continental (Siberman) Cli-
mate is experienced only in the northern hemisphere
where the continents within the high latitudes have a
broad east-west spread (Fig. 150). On its poleward
side, it merges into the Arctic tundra of Canada and
Eurasia at around the Arctic Circle. Southwards,
the climate becomgs less severe and fades into the
temperate Steppe climate dealt with in Chapter 19.
The predominant vegetation of this Siberian or
“sub-Arctic” type of climate is evergreen coniferous
forest. It stretches in a great, continuous belt across
North America, Europe and Asia. The greatest
single band of the coniferous forest 1s the taiga (a
Russian word for coniferous forest) in Siberia. In
Europe the countries that have a similar type of
climate and forest are mainly mn northern Europe,
Sweden and Finland There are small amounts of
natural coniferous forest, due to high altitude, in
Germany, Poland, Switzerland, Austria and other
parts of Europe. In North America, this sub-Arctic
belt stretches from Alaska across Canada into
Labrador, and 1s found on the high Rocky Mountains
farther south. -
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The Siberian_Climate is conspicuously absent 1n

(])lhe souihern hemisphere because of the narrowness
of the souihern continents in the high latitudes, The

strong_occanic_infuence reduces the severity of the
winter and coniferous forests are found only on the

mountainous uplands of southern Chile, New Zea-
land, Tasmania and south-east Australia.

_Climate
Temperature. The climate of the Siberian type is
characterized by a bitterly_cold winter of Jong

duration, and a cool brief summer. Spring and
autumn are_merely briel transitional periods. The
isotherm of 50°F. for the warmest month forms the
poleward boundary of the Siberian climate and
the winter months are always below freezing. The
stattons chosen to iilustrate this type of climate are
Moscow, in continental Europe and Churchill, in
northern Canada, bordering Hudson Bay. The col-
dest month in Moscow is January with 12°F.(20°
below freezing point). The warmest month (July)

is as high as 66°F.; thus there is ag annual range of
54°F., which * common_in the l§1Eenan= ?'ype’o_f

&
x v’
+Muostow
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e
» L;‘.;,;}cumierous forest

The cool temperate coniferous forest




cimate. In comparision, the ann

rangce fqr Churchill is even higher:-l ilea::;r?lfge r;;}’l;‘e
(-19°F. in January and 54°F, in July). Thisis due t(;
the more .northerly position of Churchill. The
extremes of temperature are so great in Siberia that
itis often referred to as the ‘cold pole of the earth’.

ome: : i
! peratures in the world a;
;icorded in Verkhoyansk (68°N. 113°E. and onm
;et In altitude) where —~90°F, was once recor
, 18 Tact, F. colder than Kuala Lumpu !
It1s almost unimaginable. In North America pll:e.
—— e T

e

kxslsr:rmes are less severe, because of the o inent’s

o IAc:;lstll-lwest stretch.” The lowest mid-winter
= e cold Mackenzie Valley are not lower

T0°F.

Witk Stch low temperatures in the cold season
:‘;;yassnAo‘\;vfall can be expected. Frosts occur as’
e alreadyguiS: al:ld by September lakes and ponds

! e s €| c;und. All over Russia, nearly
vhich 1 l_ivecm: rozen. The number of days in
worth, T TS are frozen increases' from south to

normal years, the Volga is ice-covered

for aboug
(e lower co 0 days, while those further north (c.g

urses of the Ob, Lena and Yenisey) are

Iee-cover, r 7 months
ed
= for more than 210 days o ths!

m;‘;?gf)_’ Célld, northerly polar winds such as the
v’°’WSOMda and buran of Eurasia blow
of SO°F, bey m.p h. or more and at a temperature
fakes ax:e o ow freezing-point, The powdery snow-
Vbl isf‘>Wn around n the lower atmosphere and
Ubearabte g greatly reduced. Conditions are so
itis arad at Siberia is very sparsely populated but
i }iﬂll.y being developed,
tiﬁex$?mn' The interiors of the Eurasian con-
annyyy Pre:i femote from mantime mfluence that
$peaking, l‘;"la‘mﬂ cannot be high. Generally
anny,] I,Jrecio al of 15 to 25 inches 1s typical of the
climage, 3, 'Pitation of this sub-Arctic type of
¢ year, Withl: quite well distributed throughout
12in ywhen ‘hé&mm“ﬁom convectional
Ol gy continental inferiors are greatly heated
Sal ang the temperatures of 60° to 75°F. are quite
‘“fpﬁsc\loz:?:aflmum recorded in Siberia is a real
e form of -) In winter the precipitation is in
xloy fraezinsnow’ 2s mean temperatures are well
¢ preci lgm 3!1 the time.

he tyq fcprfs tion rthythm can best be grasped from
8415 (o sentative stations chosen, in Fig. 151 (o)
Fincheg g o OoCOW With an annual preciprtation of
Rnmer oo n:}l:m of the rainfall concentrated in the
100t ith gy & (June—September). There is no
Ut some form of moisture. In a region

70°F

e

1+
3
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Temp 12 15 24 35 53
Preop 11091215192

]
Place’ Moscow, US SR.
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Altitude. 480 feet
Annua! precipitation. 21 inches
Annual temperature range 54°F (66'-12°F)
Fig. 151 (a) Sibenan Climate in Eurasia

. tnches

1

60 °F

50
40
30
20
10
0
-10
-20

ORI A M, J 4 A 5 0. KD
an/ﬂ

-~ Chuchit 3 F M A
4917 8
e 280809030919222723

Canada (58'N- S4W)

Procip. 0

Place. Churchill, Manitoba,
- 44 feet
Altitude: 44 fee 16 wnches

Annual precipita!
Annual temperat
Fig 151 (b} Siben

where overall temperat
rapid and the relative

amount of precxpimioni a
ich require I

ly small amousty
retic climate
beiel

The conifers, whi
transpire an equal

this type of sub-A
to this type Fig,ISI(b)v_‘h”

In Churchill,
is just 16 inches wi

months
MJ JASO

tion® c
ure range. 73
1an Chimate 10

humidity

th a distinct §

dequate for U
s aded tle moisture, 30
best

Qe
B M iteer

F. (5419
Canada.

)

tion is not

is high,
for wee

ure 1s low, f"“POF' s small

growth.

wal pmpiulia.‘l
mmer EATE.

171



~ The_total precipitation of he Siberian_climate
1s determined by such factors as altitude, latitude,

proximity to the_poles, amount of exposure to
fluences by Westerlies, {on western parts of con-
tinents), temperate monsoons (on the eastern parts
of continentsy and the penetration ol the cyclones.
European U.S.S.R. usifally has nfoe than 20 ifichies
_of annual precipitation because of some on-coming
Westerlies and the periodic penetration of cyclones.
Eastern Siberia also has over 20 inches, being moist-
ened by the S.E. Monsoon from the Pacific Ocean.
Central Siberia and Canada have about 15 inches,
due to their _c_g_gﬁ_n_u;mm;_anq lagk of sea influence,
Polewards and southwards, the amount again de-
creases to only 12 inches or less. The cold,dry air
—of the north 15 incapable of holding moisture, and
in the south are the semi-arid steppes.
~Snow [als nearly everywhere.in U.S.SR.in-the
long, cold winter. The amount varies from place
10 place. ~It-is-heaviest in the northern tundra and
m the Siberian taiga, where a thickness of several
feet 1s common. Permanent snowfields like those
of the Alps or the Himalayas are absent, because
any accumulation of snow is melted with the return
of spring and the warm summer. Frozen rivers are
thawed, causing a rise in the water level and exten-
sive floods occur.  The Jower courses of the Ob, Lena
and Yenisey ar¢ marshy and ill-drained. Qn_the
qther hand, the presence of a thick mantle of snow
is not without its bl gs. Snowis a poor cond:
of heat and protects the ground from the severe
cold above, which may be as muchas—30°-50°F.
colder! It also provides moisture for the vegetation
when the snow melts in spring. When the ground
15 ploughed and the leathed, acidic podzolic soil
is umproved, the continental interiors of the conifer-
ous forest belt are capable, of supporting some
griculture.

Fig. 152 Diagram to show changes in

TAIGA
Dense caniferous fores™

Yoy,

Natural Vegetation
No other trees are so well adapted as the conders
to withstand such an inhospitable environment as
the Siberian type of climate. The coniferous forest
belts of Eurasia and North America are the richest
sources of softwood for use in building construction,
furniture, matches, paper and pulp, rayon and.
other branches of the chemicalindustry. The world's
greatest softwood producers_are U.S.S.R,, USA,
Canada and the Fenoscandian countries (Finland,
Norway and Sweden). In the production of wood
<pulp (by both chemical and mechanical methods),
the U.S.A. isthe leader. Butin the field of newsprint,
Canada has outstripped all other producers, account-
ing for almost half of the world’s total annual pro-,
duction. The more accessible coniferous forests
have reached the limit of production but the relat-
vely inaccessible_taiga_of Siberia_will_remain_the

richest reserve of temperate softwood.
"There are four major species in the coniferous
forests.
1. Pine, e.g. white pine, red pine, Scots pine, Jack
pine, lodgepole pine. -
2. Fir, e.g. Douglas fir and balsam fir.
3. Spruce.
4. Larch.
Their presence in pure stands and the existence of only

 Tow specics are a preat advantage in commercial
T

Coniferous forests 1=

~T"Comilerous forests are of moderate deasity. Un-
like the equatorial rain forests which are Tuxuriant
and contain trees of various heights, the coniferous
forests are more uniform and grow straight and talh
up to a height of about 100 fect. Where the polevjvard
limit of tree growth is approached the trees are widely
spaced, and give way to tundra vegetation (Fig 152)-
,

in journey Pol:

from the Taiga Zone

Trees more scattered and smaller,
dwarl wilaws, birches sppear

TUNDRA
. Marsh plants and sadges

NE OF PERMAFROS]

ozer fub.soit



Conifer -
ous
forests on the eastern Rockies, Alberta,

Almost
all .
;lual (empcm;“mfe}'s are cvergreen, The low
ow g growil: with more than half the year
‘mslhalevergr g-point temperature of 43°F
: gin a Soo;ms are at an advantage. Growti;
;Ing, The coniferashi’l):mtlg-point is reached in
- The seeq A two-year fructifi
;‘;I;er;ed E:oﬁ"e pollinated in one yea;:a :ﬁ:
| Th:cemc"‘ of 1 “(,meg year. There is no annual
y%s&me leaf remain, leaves as in deciduous trees.
o, .mllz;:od i Store; ?:_:ilhe tree for as long as ﬂvé
3, Coniy e tunk from sxcounecold,
o e N cold.
slopl;ll]lon to Survcigmcal in shape. This is another
Y sgﬂiﬁranchcs Dl’:v;:f sub-Arctic climate. The
g m: the brangiies snow accumulation which
by ds, . . It also offers little grip

Shapeg 'S AFE
n!epe?;af is i :l;ali’h thick, leathery and needle-
trang Suface i eck excessive transpiration
duemx.rl:t'-lo q‘;f“ced to the minimum, as
ite rapid i ’
5 n":i.;s:; f&’“ﬁﬂenml l?:g:?n in the warm summer
© undergrowth, g'l;he podzolized soils

Canada National Film Board of Canada

are exces-

udic. The evergreen leaves
mus formation, and the
ery *pecdles’ in 3.
h fow temperature is slow All these

wth of much under-

of the coniferous forests are poor. They

sively leached and very ac
provide little leaf-fall for hu
rate of decomposition of the leath
region of sucl
factors are deterrents
growth. Absence of
duration of summer
to a sparse undergrowt
spaced near the tree-lne,
cover the intervening groul .

Besides the continental interiors of the higher
latitudes, coniferous forests ar¢ found in othe?
clumatic regions wherever alutude
perature. The conifers are, £ c‘:n; poth the 120

to the gro
direct sunlight and the short
are other contrbutany factors
h, but where trees are widely
heath and tundra plants

trecs of the mountainous dis e
perate and tropical coun But on “xcgt. Kerp
slopes where soils are immature of pop-cx1s 3

the conifer cannot survive.

Economic Development .
i ortherd

i forest regions of the @

The coniferous opar:uinly ® e doeoped i

hemisphere ar¢ com!
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Canada, eastern Europe and Asiatic Russia, large
tracts of coniferous forests are still untouched. Only
in the more accessible areas are the forests cleared
for lumbering. The various species of pine, fir,
larch and spruce are felled and transported to the
saw-mills for the extraction of temperate soft-woods.
There is little agriculture,as few crops can survive in
the sub-Arectic climate of these northerly lands. The
long, cold winter, the frozen soils and the low mean
annual temperature throughout the year exclude all
but the hardiest crops. Only in the more sheltered
valleys and the lands bordering the steppes are some
cereals (barley, oats, rye) and root crops (potatoes)
raised for local needs. Many of the Samoyeds and
Yakuts of Siberia, and some Canadians are engaged
in huating, trapping and fishing. We shall deal
with two of the major activities in greater detail.
1, Trapping. Many fur-bearing animals inhabit
the northerly lands of Canada and Eurasia. Wherever
the cold is keenest, the quality and thickness of the
fur also increases. Consequently, the most severe
winters produce the finest furs which fetch the
highest prices. In Canada trappers and hunters,
amed with modern automatic nfies, reside in log
cabins in the midst of the coniferous forests to track
down these animals. Their lives are hard and
precarious at times, but the rewards are great if the
‘harvests’ are good. Muskrat, ermme, mnk, and
silver fox are the most important fur-bearing animals
sought after in Canada. The Hudson Bay Company
has many stations scattered in the northern regions
to trade in furs with the Canadian trappers and
hunters. To ensure a more regular supply of furs
many fur farms have been established in Canada.
Animals such as the silver fox and ermine are kept
in captivity, and skinned when the furs reach a
marketable stage. They fetch gh prices m sophis-
ticated cities‘hke New York, London, Paris, Rome
and Zurich, where the pelts are processed as attrac-
tive fur coats and women’s handbags. In Siberia
other fur-bearing animals ar¢ trapped. These are
squirrels, otters, bears, sables, lynxes, martens, and
foxes. As in Canada, fur-farming has now replaced
hunting of wild animals in many parts of Siberia as
the main source of furs.
2. Lumbering. , . L
oocupation of tl - o . .
Vastoreserves of .. . . Lol i
basis for the lumbering industry. The trecs are
Gelled for many purposes.
(a) Saw-milling. This processes the logs into
umber, plywood, planks, hardboard and other

constructional woods,

(b) Paper and pulp industry. Timber is pulped
by both chemical and mechanical means to make
wood pulpthe raw material for paper-making and
newsprint. The development of the printing industry
has made paper and pulp indispensable. Canada
and U.S.A. are leading producers of the world’s
supplies of newsprint and wood pulp respectively.

A lumberjack uses a power-saw to cut up a fallen trée
Quebec, Canada National Film Board of Canada

() Asafuel. Less than a quarter of the world's :
softwood is burnt as fuel, because its 1ndustnal l’
uses are far more significant. In contrast, almost \
three-quarters of the world’s hardwoods are burnt |
as fuel, particularly tropica) hardwoods whese the |
trees occur in mixed stands. X

(d) As an industrial raw material. Timbes has :
a wide range of uses. In Sweden, matches form '
a major export item. From other temperate coun- !
tries, timber is used for making furnituré, wood- ,
carvings, toys, crates and packing cases. From the ||
by-products of the timber, many chemically proc
articles are derived such as rayos turpenting, var
nishes, paints, dyes, liquid resins, wood-alcohols, dis-
infectants and cosmetics.
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p Ehzlfaﬂclggé:d explotation of the coniferous forests
L. The conizf by the following features
andfirans them are Limsted in. species. Pine, spruce
Wil lagch most unportz.snt in the northern forests,
o inmm-e Rret!ummant in the warmer south.
in the ooy }lmmugcneous“gmups and not mixed as
a1 cogty 1‘1)13 ]foresls. This" not only saves time
o flhIe fell,ed : imab:(: enchances the commercial value
. n 1 g .
lmposm[l;]e:ea:?]nlherly lqmudes, agriculture is almost
Ontinentg] lumbering replaces farming in the
Vated, frmer eriors. Even where crops are culti-
SUpplément gt are idle mn the winter months and can
ingn the o ellr Income by doing part-time lumber-
. Lum en‘ns S, as they do in most parts of Europe
wheg the sapg cls normally carried out in the winter
m“Chsimplcr Te;ses to flow. This makes felling
logging o -h © snow-covered ground also makes
logs are i ezulage a relatively easy job. The
ills dOWnsigea to the rivers and float to the saw-
is has greaum ngen the rivers thaw in spring.
Jum| ring induy assisted the development of the
U“f°rluna:e| Sty 1n eastern Canada and Sweden.
the ﬁVersyd’; over the greater part of Sibera,
shich i frozeua;n Polewands into the Arctic Ocean
e arg fonr or !hfee—quarters of the year, and
he N°nhems saw-mills there, With the us'e of
Yhdi\'ougk v.e-'i Route, which links Murmansk and
Mereaging. C}‘lﬂ the Arctic Ocean, development is
;;?;;mlus . :nags l;}:jdx:o-cleclricity for driving the
o Sed in the mountainous uplands

is
th Amer;

he Merica

3 l“mbering o antd Europe and has greatly assisted

Logs are poled i TR s SR £
ot < SN T L3I
0 a factory from the Ottawa river, Quebec, Canada National Film Board of Canada

QUESTIONS AND EXERCISES

1. Compare and contrast deciduous forests and *
coniferous forests mn respect of the following.
—(a) distnbution
(b) vegetational characteristics
_(c) climatic influence
Ad) economic development '
2. Distinguish between hardwoods and soft-
woods. Whatindustrial usesaremadeof them?
Account for their large scale production for
export 1 any one country.
3. Givea reasoned account of any three of the
following.
(a) The annual temperd
Moscow is 54°F.
(b) The annual precipitation of Le
1s not more than 19 inches. .
(c) The lower courses of the Siberian
nivers are frozen for as long as seven

months

ture range of

ningrad

Idest spots on the globe 1

(d) One of the col
Verkhoyansk with a record Jowest
temperature of- -90°F.

4. What is meant by

(a) the taiga

(b) the veld

(c) thesehas

Account for the distubution and charactersiis of any
o of them.
5. Descrbe the role played bY forest produsts s 15
economy of ether Canadaor Sweden-
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Chapter 24 The Cool Temperate Eastern Margin (Laurentian)

Distribution
The Cool Temperate Eastern Margin (Laurentian)

Climate is an intermediate type of climate_between
the Butish and the Siberian type of climate. It has

eatures of both_the mantime and the_continental

climates, 1t is apparent from Fig. 153 that the
Laurentian. type_of_climate i only in_two
regions. One 15 north-castern North America, in-
cludinig eastern Canmada, north-east U.S.A., (ie.
Maritime Provinces and the New England states),
and Newfoundland. This may be referred to as the
North American region. The other region 1s the
eastern coastlands of Asia, including eastern Siberia,
North China, Manchuria, Korea and northern Japan.
It may be referred to as the Asiatic region.
ﬂ?ﬂ_"mmw&w 1
absent because only a small section of the southern
cmn%&?ﬁx’tgwﬁ of the latitude of 40°S.
The only possible location is mn eastern Patagonia,
south of Bahia Blanca (lat. 39°S.) to Tierra del Fuego
(lat, 54°S.) _But the chmati¢ barrier of the southern
Andes 15 so complete, that the Westerlies hardly

ever reach Patagonla. IEC regon 1s SUE_]CCICa to

- s e S

aridity rather than continentality. Its annual prec:-
pitation is not more than 10 inches, so that it 1s a
rain-shadow desert. Elsewhere in the southern
hemisphere, the cli is s0 equable and the 1
influence is so profound that neither the continental

nor the eastern margin type of climate exists.

Climate
The Laurentian type of chmate has cold, dry

~
.~ , . 1 ca, P
- . ! al R . . ! . " L .
the Summer might otter. ough ram
falls throughout the year, there 1s a distinct summer.

‘maximum from the easterly winds frcTn?he ‘oceans.
Of the annual precipitation of 30 to 60 inches, two-

thirds come in the summer. inter is dry and cold,
because the winds are dry Westerlies that blaw out
from the continentalintériors, Weshall now examioe

In closer detail the variations of the Laurentian typé

[jLauremian type of Climate

Fig. 153 Regions with a Cool Temperate Eastern Margin Ciimate (Laurentian type)
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Tatensy region. The most remarkable

1 ' ——
\*\Q“he L’iurenti;\l-l%le of thie' North

-ihe Grea
“fhe morsture content of easterly windsfrom the open

American region 1s 1ty _uniformity in precipitation
(about 3 to 4 inches x;n\mm:e—srmu
maximum. New York in Fig. 154(a) has an annual
precipitation of 41 inches with the wettest months
n July and August (4 2 inches each). No month is
really dry, and the driest month, November, has 2.5
mnches of rain. This uniformity of precipitation
is largely due tommm%ﬁ'of

kes—Fhe—warm-Gulf Strearmincreases

Atlantic. The prevailing Westerlies which penetrate’
across the Rockies carry depressions over the Great
Lakes to the New England states. These winds thus
promote wet conditions especially in winter, which
are wital for the agricultural activites of north-
eastern North America. The mecting of the warm
Gulf Stream and the cold Labrador Current on
coastal waters off Newfoundiand produces dense
mist and fog and gives rise to much precipitation.
St, John's, its capital has as much as 54 inches of

annual precipitation. Ti is said that Newfoundland

experiences more drizzles than any other part of
the world. .
In summer the Westerlies bring less depressions
and extend their continental influence to the coast.
Temperatures are normally high in summer for the
latitude. New York has a mean July temperature of
74°F. and sometimes even as high as 90°F. Once, 0n

7 August 1918, the absolute ‘maximum .gfalo::gi
i tures
was reached. Such high temp:hmm N

temperate martime region, ne
humudaty is high, can be very trying. Prolonged hi

Wmﬂ in crowe
cities. In winter, the temperature drOIPS a?mczing-
falls. New York has two months bco: oy
point, and an _acmllal’tgw%
Away from the marifime mﬂucnc;;:‘ha ]‘;ﬁm pp
The mean January (emPSRRCE /) . pespectvely.

°F., 1
and Montreal are 10°F. R ecordiagh.

The temperature ranges W‘mm(' the raiafall distris

The Asiatic region- .In contrast o ot
bution of the Asiatic rcgu:;lrylsw &: l‘ o
i very $ :
wmtfvr; ; xceptionally Wet. &Eﬁ;‘:“)?{m
:m:ion of the Laurentian amégx;o e soven
t these facts very [ ehigd ol

ill bring ou
:.Iv:y monglhs from October to Apnl ¥

rainfall of less than 2.1 mchcrs » e The re

twelfth of the annual xot:'al ol

ining five months receit e

:Z:ud:l,gwilh 9.4 inches 1 July ua’l;;bz-r T popical
ime, is, in fact simular 10
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monsoon type in India, where the whole year’s
‘Tainfall is concentrated 1n the {hree Summer ronths.
» The mountainous interior of Chima has such pro-
nounced continental effects that the intense heating
in summer creates a region of extreme low pressure,
and moisture-laden winds from the Pacific Ocean
and the Sea of Japan blow in as the South-East
. Monscon. The Laurentian type of climate here
is often described as the Co Tat n
%m;m; It has a very long, cold winter, and a
ig annual range of temperature. The July mean for
“Peking 15 79°Pwhile thiat of January is only 24°F.
The temperature range is therefore more than 55°F.
The dry, cold wind that blows out from the heart
of Asia in winter carries fine, yellowish dust and
deposits it as a thick mantle of loess in Shansi,
Shensi and other neighbouring provinces at the bend
of the Hwang Ho. Much of the winter precipitation
in northern China, Korea and Hokkaido, Japan, is
n the form of snow. In the mountainous districts,
the snow piles to a depth of 5 to 10 feet.

and also by thié meeting of warm and cold ocean
currents; Teceives adequate rainfall from both
“Thie South-East Monsoon in summer and the North-
West Monsoon in winter. The latter 1s the dry, cold
wind from mainland Asia, but after crossing the Sea
of Japan it has gathered sufficient moisture to give
heavy relief rain or snow on the western coasts of
Japan. The rainfall is more evenly distnbuted, as
in Tokyo, with two maxima, one in June, the Plum
RBan (6.5 inches), and the other in Septémber,
the Typhoon Rawn (9 inches). On the windwird
slopes of the Japanese Alps on the west, some
stations, ¢ g. Kanazawa, have more than 102 inches
of rain, much of it falling as snow. The maritime
influence also effectively moderates the temperature
range, Tokyo hasa range of 40°F. (79°F. in August
and 39°F. in January) with none of the months
below freezing-pomnt. Thewarm Kuroshio has play-
cd an important part in ma¥ing the climate of Japan
__[css‘ciix{xfa-ln%mg the c%ld Oyashio from the
north, it also produces fog and mist, making north
Japan a ‘*sccond Newfoundland'. Fishing repl
agnculture as the main occupation in many of the
ulented coastlands.

Natural'Vegetation
The ! vegl of the L
of chimate 15 cool temperate forest. The heavy

# TR Wirm summers and the damp aif from
U favour the growth of trces. Generally

.

speaking, the forest tend to be coniferous north of
the S0°N. parallel of latitude. The increase in the
length and severity of the winter excludes forests
that are not adaptable to cold conditions. In the
Asiatic region (eastern Siberia and Korea), the
miferous forests are, in fact, a continuation of the
great coniferous belt of the taiga. Lumbering has
always been a major occupation of this sparsely
populated part of eastern Asia and timber is a leading
export item. Much of the original coniferous forests
of fir, spruce and larch have been cleared as a result
of lumbering rather than agriculture. _Eastem
gmda, along the banks of the St. Lawrence Ruver
1s the heart of the Canadian timber and wood pulp
industry. g
""South of latitude 50°N., the coniferous forests
givcz—w;ﬁmmﬁﬁ:sts. Oak, beech, maple
and birch are the.principal trees. Like their counter-

parts on the western margins, the deciduous forests
are fairly open. _A long growing season of over six

S months and an_adequate”supply of mosture from
The climate of Japan is modified by its insulantyy’ maritime sources encourage rapid growth-of fems-

and otherfemperate undergrowth. The occurrence
of fragsinalmost pure stands, and the predominance
ommercial value of these forests. As a result, they
a%mml/sfvely felled for the extraction of
temperate hardwood. In many parts of Manchuria,
Korea and Japan, the forests have made way for the
plough. Both food and cash crops are raised. In
Canada, due to the greater reserves of coniferous:
&x;l[\&o_ds_and their overriding impormnccm
trial uses, the annual production of deciduous
hardwood is much less sigmficant.
Pt ey

Economic Development
Lumbering and its associated timber, paper and pulp
industries are the most important cconomic under-
taking. (Detals of lumbering have already been dealt
with in Chapter 22). i
Agriculture is less important in view of the sevenity
of the winter and its long duration. Fortunately
the mantime influence and the heavy ramfall enable
some hardy crops to be raised for Jocal needs. Pota-
toes thrive over large arcas of the podzolized sotls,
while hardy cereals hike oats and batley cant be 50;1"
and successfully harvested before the onsct of the
cold winter. A number of other interesting crops
are produced in the Asiatic region such as suya bc.u'ul
(northern China, Manchuria and Korea are amongs
the world's leading producers). groundnuts, scﬂmfh
rape sceds, tung ol and mulbeery. In the Nost
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A fishing settlement in Newfound!and. Much of the fish is dried for export National Film Board of Canada

kinds of fishing craft and techniques are employed
to obtain maximum harvests from the sea. Modem
trawlers, dragging large conical-shaped nets, and
drifters, carrying curtain-like rectangular nets, ope-
rate extensively off the Atlantic coasts. They are
equipped with radio and radar devices to navigate
through the dense fog, avoid collision with icebergs
and also mamntan contact with their headquarters
on land. Off-shore fishermen also use traps, lines
and nets to catch crabs, lobsters and shrimps for
home ption and i ingly for export.
Further inland, in lakes and tivers, such as the
St. Lawrence and the Great Lakes, freshwater fish,
€g. salmon, trout, eels and sturgeons are caught,
In Newfoundland and along the Atlantic coasts
are many fishing ports. St. John's, chief port of
Newfoundland with a population of neanng 100,000,
is the headquarters of the Grand Banks fishing
industries. It also had interests in scaling and
whaling but these have declined. In the fishing ports
of Halifax and Yammouth in Nova Scotia and
in the New England ports are processing plants that
cut, clean, salt, pack or preserve fish for disposal
by refrigerated boats, trains or trucks to all parts of
the continent. They are bases for large fleets of
trawlers. A modern trawler may well cost anything
around a mullion dollars and have men stay on board
in  ating factories far out at sea for days and even

. Fishing in this part of the world is highly

.
L

specialized and very efficient. In fact over-fishing
is a growing problem. The United States govern-
ment and international fishing bodies are now con-
templating strict measures in fish conservation if
this major source of protein food is to be sustained
for regular supply in the years to come.

Fishing off Japan. In the north-west Pacific,
surrounding the islands of Japan, is another major
fishing area of the world. Nowhere else in the
world are there so many people engaged in fishing asin
this part of the north-west Pacific. The mountainous
nature of Japan and parts of mainfand eastern Asia
have driven many to seek a livelihood from the sea.
The scarcity of meat (there is little pasture m Japan
for lhvestock farming of any kind) and religious
reasons have popularized fish as the principal item of
diet and the chief protein food of the Japanese
and the Chinese as well. Large quantities of fish and
fish products are either canned or preserved for
export to neighbouring countries. The Japanese
also make use of fish wastes, fish meal and seaweeds
as fertilizersin their farms. Japan is one of the few
countries that has taken to scaweed cultivation.
Coastal farms that are submerged in water grow
weeds for sale as fertilizers, chemical ingredient and
even as food.

Anather interesting aspect of “Japancse ﬁshx‘ng
is pearl culture. The divers of southern Japan dive
down into the coastal waters and bring to the surface




shellfish called pearl oysters and extract the highly
prized pear!s for sale as ornaments, The lining of the
oyster shells, called mother-of-pearl, is used for the
ma.nufacture of pearl buttons, and other decorative
amdesz As natural pearls in oysters are difficult
to obtain in large numbers, the Japanese have begun
tobreed the young oysters. By injecting tiny ‘seeds’
into them, the oysters are made to secrete the pearl
material, which accumulates to form ‘cultured pearls.
These are collected and exported.

Thc Japanese interest in fishing is not confined to
!-hCll‘ own territorial waters, they venture far and wide
into the Arctic, Antarctic and the Atlantic waters.
Large whaling fleets complete with processing plants
and experienced crews stay out in the open seas and
Teum only occasionally for refuelling or replen-
ishment of fresh provisions. As a nation, Japan
accounts for a sixth of the world’s total annual fish
Caught. She is the world’s greatest fishing nation
“’df‘Y- Her active participation in international
fishing enterprises and her advanced fishing techm-
ues speak well of her relentless drive to make good
from the seas what she lacks on land.

Letus find out why this is possible.

f(;r ::pau 1s not well endowed with natural resources,
aons much as ,80 per cent of her land is classed
v gtncullufal L Sh.e has to take to the sea if she
devely o tls]urvwe. This ha.s compelled the pf:op]e to
thclragjxioi zi»leas, and fishing has for centuries been
% The o occupation of many coastal .Japanese.
Topa ntinental shelves around the islands of
“MP 0 are rich in p]anktmhfdue to the megting of the

W —==usucililg, €0d, mackerel, bomito, salmon,
© and tuna, a5 well as crabs and Jobsters,
tered ¢ Indented coastline o apan, provides shel-

fishing ports, calm waters and safe landing

A °‘|lul’3dl>ear| farm in Japan

3

places, ideal for the fishing industry. In Hokkaido,
where the Laurentian'type of chmate is too cold for
active agriculture, fishing takes first place. Hakodate
and Kushiro are large fishing ports, complete with
reftigeration facilities,

4. Lack of lowlands and pastures means that only a
few animals can be kept to supply meat and other
protemn food. Fish, in all its' varied forms, fresh,
canned, dried, frozen, and in the form of fish pastes,
fish sauce and spiced condiments takes the place of
meat as Japan's primary source of protein food.
There 1s a great demand for it locally, and for export
to other east Asiatic neighbours which lack the tech-
niques of large scale commercial fishing.

5. The Japanese fishermen began with small fishing
boats, using nets, traps and lines. With the progress
made in ndustries, fishing has also become more
scientific, aiming at heavy hauls, high retums and
economy of time, effort and money. Though three-
quarters of the fishermen practisc of_T—shorc pelagic
fishing either full-time or part-time, 10 small boats,
most of the commercial deep-sea demersal ﬁshmg
is now highly mechanized. Powered trawlers an
modern refrigeratton plants backed by sound finan-
cial organizations have greatly increased the x:gzccr
fish yield. Japan is now not only 3 majorbpt s
and exporter of fish and marine products, bu

centre for marine and fishing research.

QUESTIONS AND EXERCISES

the extent of
1. (a) Locate on a world map th o
the(C)ool Temperate Eastern Margin (Laure
tian) Climate. . s
a(%)) Explain why this type }?cfr:hmﬁc
confined to the northern hemisp!
(c) Describe its chmate.

f an
2. Compare and contrz_ast t?;imztc of any
Two of the following pairs © i Ameri
(a) Laurentian Chimatein e
region and the Asiatic I8 .ol‘lndin and
m(b) Tropicdl mopsoon un;t‘em onioa
the Warm Temperai¢ E‘lStCm '
imate in Eurasid

i in §. Chin2-
typ(e))Clunate in S. > im
©

The Steppe tyP¢ & © e i 0O
and the Siberian tyPe f climd

o
da. .
ca?;) aThe Tundra Climate o

i foen
‘Trade Wind Desert Climate o sl



(a) Name the major fishing arcas of the
orld.

(b) What types of fishing can normally be
stinguished in such major fishing grounds?

(c) Name a few methods used to catch
e fish.

(d) For any one major fishing area you
we selected, explain the geographical factors
hich have contributed to its importance.

. Wnte brief notes on any rhree of the
Howing.

(a) The economy of the forests of the
wrentian regions.

(b) Fishing in Japan.

(c) Soya bean cultivation in Manchuria,

(d) Fruit growing in the Maritime Provinces
of Canada.

54 The following statistics are a guide to four
differeat types of climate in the northern
hemisphere.

(a) Name the type of climatc that each
of them represents.

(b) Locate a probable station for each.

(¢) For any mwo of them describe their
climatic characteristics.

Stations July January Annual Annual  ponk of max, rainfall
temp. temp.  temp. range Rainfall
A 81°F 78°F. 3F 96" Apnl and Qctober

55°F. 12°F. 43'F. 8" June, July, August

B
[ 91°F. 56°F, 35°F. 3" irregular
D 74°F. 30°F. 44°F. 41" July, August, September




Chapter 25 The Arctic or Polar Climate

Distribution
The‘ polar type of climate and vegetation 1s found
mainly north of the Arctic Circle m the northern

very severe; summers are cool and brief. Within
the Arctic and Antarctic Circles, there are weeks
of i darkness. At the North Pole, there

bemisphere. Theice-caps are confined to Greenland
Tll:d 1o the hxghlands' of these high-latitude regions,
Thc;e ,‘he grot_md is permanently snow-covered.
. l:e ltz)l\'fkmds, wxlh.;x few months ice-free, havetundra
Ian%i ltlxlml'.J They include the coastal strip of Green-
Alas’ka e dam:n grmfnds of northern Canada and
15 Ian hlhe Arctic seabo:.lrd of Eurasia. (Fig.
llnininabl'lx e:j e squlhcm hemisphere, the virtually
Smslesuf . hcoqlmcnl of Antarctica is the greatest
P etc .ot‘ ice-cap where the layers of permanent
are as thick as 10,000 feet.

Climate
by’l:"“ll;:‘“ll:;. The polar climate 1s characterized
Warmest month mean annual temperature and its
. In mig in June seldom rises to more than
ow a ~35°F-wmter (January) temperatures are as
NOmlaIly ot ;nand much colder in the interior
Tatures gbo, ore lhan'four months have tempe-
ve freezing-point! Winters are long and

F
‘9 156 jce Cap and Tundra
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are six months without light in winter. Despite the
long duration of sunshine mn summer, when the sun
does not set, temperatures remain low because the
sun is low in the sky and much of the warmth of its
faint rays is either reflected by the ground snow,
or used up in meltmg the ice. It has little power
left to raise the air temperature. Water in the soil
is frozen to great depths and the summer heat can
only thaw the upper six inches of the soil. The ground
remains solidly frozen for all but four months,
inaccessible to plants, Frost occurs at any time and
blizzards, reaching a velocity of 130 mules an hour
are not wnfrequent. They can be very hazardous

for the polar nhabitants, In coastal districts, where
ogs may develop.

warmer water meets cold land thickf:
They last for days,
possible to sce for more

Precipitation. Precipitatio
of snow, failing m winter an

and in many instances it is not
than a few feet.

1 is mamly in the form
d beiog dnfted about

ice cap
Tundra
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Fig. 167 Tundea type

Fig 157 Tundra Chimate

Place: Upernavik, Greenland (72°N., 56°W.)
Altitude: 65 feet

Total Annual precipitation: 9.1 inches
Annual temperature range: 49°F, (-8° -41°F.)

during blizzards. Snowfall varies with locality; 1t
may fall erther as ice crystals or large, amalgamated
snow flakes. As it takes 10-12 inches of snow to
make 1 inch of rain, precipation in polar regions
can be expected to be light, not more than 12 inches
in a year. Convectional rainfall 1s generally absent
because of the low rate of evaporation and the lack
of moisture in the cold polar air. There is normally
a summer maximum, and the precipitation is then
in the form of ran or sleet.

In regions where winds blowing out from the
large anticyclones developed over the icc-caps are
prevalent, rain cor. >~ in summer, when more evapor-
ation is possible. .rtin coastal areas, where cyclones

Tundra vegetation

In such an adverse environment gs the tundra, few
plants survive, Wr is
the region’s defiTiency in heal. With a growing
scason of lcsmnlhs and the warmest
month not exceeding 50°F. (the tree-survival line),
there are no trees in the tundra. Such an environ-
ment can support only the lowest form of vegetation,
mosscs, lichens and sedges.  Drainagein the tundra
is usually poor as the sub-soil is permanently frozen.
Ponds and marshes and waterlogged arcas are found
in hollows.

In the morc sheltered spots, stunted birches,
dwarf willows and undersized alders struggle for a
meagre exi ¢. Climatic ditions along the
coastal lowlands are a little more favourable. Here
are found some hardy grasses and the remndeer moss
which provide the only pasturage for the herbivorous
animals like reindeer. In the bricf summer, when
the snows melt and the days are warmer and longer,
berry-bearing bushes and Arctic flowers bloom.
Though short-lived, they brighten the monotonous
tundra landscape into ‘Arctic prairies’. In the
summer, the tundra is full of activities. Birds migrate
north to prey on the numerous insects which emerge
when the snow thaws. Mammals like the wolves,
foxes, musk-ox, Arctic hare and lemmings also live
in tundra regions.

Human Activities

Human activities of the tundra are largely con-
fined to the coast. Where plateaux and mountains
increase the altstude, it is uninhabitable, for these are
permanently snow-covered. The few people who
live 1n the tundra live a semi-nomadic life and have
to adapt themselves to the harsh environment.

is a

In Greenland, northen Canada and Alaska

are more stron~'y felt, the tend d
winter maximum, tor that is when cyclonic activity
is greatest. In such regions the annual rainfall of
10 to 12 inches for the tundra may be exceeded.
Much heavier rainfall has been recorded, especially
in arcas where the cyclones are most frequent e.g.
Jan Mayen (71°N., 8°W.) has 15 inches, Vardo (70°N.,
31°E¥has 26 inches and Angmagssalik (66°N, 38°W.)
has over 37 inches!

Fig. 157 shows the rhythm of temperature and
precipitation of a tundra region taken at Upernavik,
Greenland (72°N., 56°W.). Its winter temperature is
—.8".1-‘. while its warmest month in July is only 41°F.,

ving an annual range of 49°F. Precipitation is
only 9.1 inches, falling mainly in the second
f the year, both as rain and snow.

live the Eskimos, numbering less than 28,000 today.
They used to live as hunters, fishers and food-
gatherers but in recent years more and more of .(hem
are settling in permanent huts. The Polar Eskimos,
living around Thule in north-west Greenland stll
lead an uncertain life, not very much di.ﬂ'cr:nt.fmm
their forefathers. The seasonal changes in climate
necessitate a nomadic way of life. Dunng winter
they live in compact 1gloos and in summer whex:_
they move out to hunt they pitch ponabl.c tents of

skins by the side of streams. Their food is derive

from fish, seals, walruses and polar bears. Other
Eskimos hunt caribou (the name given to reindeer
in America) and other animals to secure a steady
supply of their daily meat, mulk, fat, skins and bones.
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the Europeans, the way of life of the Eskimos has
undergone tremendous changes. Coastal villages
bave permanent wooden houses complete with
modern facilities; speed-boats are replacing frail
kayaks, Deadly rifles instead of traditional harpoons
e }lsed to track down animals and seals Fur-
bearing animals are being reared on a commercial
scale and fishing, too, is being commercialized. In
some more accessible parts of Canada and Alaska,
schools have been established and the Eskimo
children are being taught the skills which will allow
them to it into the modern way of life.

n the Eurasian tundra are other nomadic tnibes
:’[';Ch l;s the Lapps of nosthern Finland and Scandina-
o ¢ Samoyeds 'of Siberia (from the Ural Moun-

ms and ‘the Yenisey basin), the Yakuts from the
nm&_b“m, and the Koryaks and Chuckchi of
oruinzas!em Asia. They w?nder with their herds
a pasteer across the Eurasian tundra where there
ey Ii1;res. Many of them have taken to a more
sl 3. In lhe. USSR large farms have been
fUI-bear‘e fog’ rasing reindeer and for breeding

Ing animals,

Tl
Olflihlmportgnce and Recent Development
e Arctic Region
use']:es:‘xicm Tegion, once regarded as completely
fom t};es ?TO'W of some economic importance. Apart
ing the s OF the various govemments in assist-
skimos {ancemenl of the Arctic inhabitants the
Have sy, aDPs, Samoyeds etc., new settlements
Prung up because of thediscovery of minerals.

¢ boy
. Pordelands between the Taiga and the tundra Elizabeth Meye:

) A< S

7/ ‘

oy mned m - Alaska, nickel near Petsamo,
US.S R, petroleum in the Kenai Peninsula, Alaska;
and copper at the Rankin Inlet, Canada. Coal has
been mimned in Spitsbergen for 2 long time and also
in Alaska. With the declining reserves of iron ore
around Lake Superior, the Great Lakes mdustrial
concerns are using more and more tron from large
1ron ore deposits 1n Labrador. New railway lines
have been constructed to bring the ores to the St.
Lawrence River for subsequent shipment to the
major industrial districts. Rich deposits of won
ores at Kiruna and Gallivare in Sweden have made
it possible for Sweden to enjoy a prosperous export
trade in iron and stee! and other metallurgical
products. .
With the establishment of ports on the ."\rcuc
seaboard of Eurasia, it is now possible to ship timber
and fur from Siberia. Though the ports, such as
Igarka at the mouth of the Yenisey, are not ice-
free, modern ice-breakers keep the passage open
most of the ime  On the Arctic lowlands where the
growing season is lengthened by warm currents :é‘
higher temperatures, experiments have been carm
out to devise varities of hardy cereals for loc:}l
needs. sIt may not be long before lhe.tundm :s
brought under greater agneultural, Fspccwlly p;s‘ e
oral, use. The healthy air and its prcscrvanh
qualities (it is practically germ-fre.e) are factsacr§ c;V;s "
consideration for futurc colonization. SCIEBES.
lived in the Arctic
meteorologists and explorers have
i dies of their geology,
and Antarctica, making stu o
;i d ammal Iife, that wi
weather conditions, plant an
be of great significance in years to come:




QUESTIONS AND EXERCISES

1. Draw scparate sketch maps to show the
area covered by each of the following:
(a) tundra in Eurasia
(b) savanna in South America
(¢) hotdesert in Australia
(d) equatorial forest in Africa
For any three of them describe their charac-
teristic features of natural vegetation and for

Town A Altitude: 207 feet

™M A M
Temp. °F. 47 43 51 57 64
Rainfallinins. 32 27 29 286

Town B Altitude: 65 feet

Temp *F. -8 -9 -6 25 35
Rainfallinins. 04 05 07 06
Town C Altitude:9,350 feet

Temp. °F. 55 65 55 55 65
Rainfallinins. 32 39 48 7.0

3, The following are representative of plants
found in different climatit zones:

spruce. olive, teak, reindeer moss, date,

oak, eucalyptus and bamboo.

For any six of them

(a) Name the type of climate in which
each of them thrives.

(b) State the sort of natural vegetation
with which they are associated.

(c) Describe very briefly the role each of
them plays in the economy of a named
country in which they are found in
abundance.

22

06

4.6

41
0.5

55
1.5

any one of them cxplain how the features are
related to the climate of the area.
2. Statistics of rainfull and temperature for
three towns are given below. For any o of
them.
(a) State their scason of maximum rainfall
(b) Name the type of climate
(c) Suggest a possible location of the town
(d) Describe their climatic rhythm.

Range/ Tota!

J A S o] N o]

76 76 70 62 53 4630
07 10 25 50 44 38327
41 34 34 25 14 10 49
09 01 11 11 11 05 91
85 55 55 55 55 6410
11 22 26 39 4.0 36423

4, Explain bnetly any four of the following
terms connected with the Arctic climatcand the
tundra vegetation: )
blizzards, permafrost; midnight sun, i
cap, snaw-blind kayaks, i al
deep-frecze,
5. Make a comparative study of the Polaf
Eskimos of Greenland and the Orang Asl
(¢ g. Senois) under the following headings+
(a) How they obtain their food-
(b) How they shelter themsclves.
(c) What significant changes have takes
place in their environment and ther
way of life,

SELECTED QUESTIONS FROM CAMBRIDGE OVERSEAS SCHOOL CERTIFICATE PAPERS
1. (2) With the aid of sketch maps to show one major region where each type is found, describe the main fe1%"
of vegetation of tropical grasstand (savanna) and conferous forest,

(b) For either tropical grassland (savanna) or

i

are influenced by climate. (1966)
2. Answer either (a) or (b).

forest, show how the main features of the veget™

(a) With the help of examples, show how the present distnibution of tropical forests has been influcnced by*

i. climate,
ii. the work of man.

(b) L. Why is the coniferous forest only found in some parts of the world?

ii. Name four types of coniferous trees.

iii. What are the chief uses of the timber obtained from coniferous forests? (1965)
3. With the aid of separate sketch maps, locate examples fwo of the following:

i. A region of savanna.
il. A region of comuferous forest.
iri, A region of tropical desert scrubland.
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For each of the two you have chosen, describe the chief features of the vegetation and show how they are related to
the geographical characteristics of the region. (1962)
4. With the aid of sketch maps locate examples of two of the followng:

(2) Anevergreen forest in a hot region.

®) A deciduous temperate forest,

() Aregion of tundra.
For each one you choose, describe the chief features of the vegetation and show how these are related to the chmate
of the area, (1961)

5. (&) Draw a sketch map of one major land area, which extends in latitude from the equator to at least 3§° North
35" South. On the sketch map, mark distinctively and name three major areas of different natural vegetation.
(b) Describe the important features of the natural vegetation in the areas matked on the sketch map. (1960}

6 Mean Monthly Rainfall in Inches rol

Tom  Lat, Long, J F M A M J J A S O N D Td
. 8.

Drvin 125, 131°E. 152 123 100 38 06 01 00 02 05 20 47 9.3 gfz

AMebide 35°S. 135°E, 08 07 10 18 27 30 26 26 21 17 LI 10 2L

Ahf‘ 2°S. 133°E. 17 13 L1 04 06 05 03 03 03 03 12 15 99
g

For each town:
(2) Descrive briefly the main features of its rainfall,
Suggest reasons for the amount and distribution of the rainfall, (1967)
" Records of temperature and rainfall for three towns are given below. For each:
(@) wite a description of the temperature and rainfall.
®) name the type of climate, give reasons for your answer.
() Iocate one area in the world where this type of climate occurs. (1963)

A (attitage 9,350 1t A s o N g
¥ F M A M J I s 54 S

NmBCR) 55 55 55 55 ss 55 5555 2556 ;.9 0 36

Mid(n)32 3o a3 70 46 15 11 22 2 /

B (Altitude
301) o
Te{:g.(“i.:,) 4 " 44 45 43 sz 7T 5 398 :71 56 55 66
Win)ss 52 45 a7 32 32 38 4

¢
. (Altiludea()f
T 1)
anlF) 8 g 84 88 92 95
)15 06 06 o0s 00 00 00 00

81 '
y 89 86
M B s 01 14

- The following are brief desceiptions of three different types of chmate:
© Svery large temperature range, wath light summer ramfall
U Muid winters, hot summers, with heavy summer rainfall.

Fory Un High uniform temperatures with heavy rain all the year.
:\y :I"a of them:

(b,) ;”c <oastlands of northern Austrahia.
) € Prairies of Canada.
® coastal g
{ rea of Norway, 157
) emnsularltaly.(l%l) Y



Index

Abrasion, 48, 51, 56, 57, 58,74
Acid, 12-13
Adobe, 60
Agriculture, 125, 178, tropical~, 125
Alfalfa, 151
Algae, 80
Alluvial cone (or fan), 60
Alluvium, 70
Alpine (orogenic), 14
Altimeter 96
Alutude, 106
Anemometer, 99
Angular distance, 7, 8;-horn (or
pyramidal peak), 48
Animals; camouflaged, 130;
carnivorous 130; domesticated,
132, 159, fur-bearing, 174;
herbivorous, 130; pedigree, 168
Antichnes, 15
Anticyclones, 113, 184
Arch,74
Arctupelagoes (or island groups), 79
Arctic prairies, 184
Aridity (or dryness) 55, 135, 136
Artifical embankments, 43
Atmosphere, 12, 105
Atolls, 81,83
Attrition, 40, 57,72
Autumn, 150, 165

Backwash, 72,75
Badlands, 56, 60
Bajada, 61

Bamboo, 124

Barchan, 53-60

Barley, 166, 178

Barogram, 96

Barometer, 96,97 aneroid-, 96
Barrier lakes, 69;-1eefs, 81,82
Bars, 75-76

Batholith, 21

Bays, 73

Beaches, 75; raised-, 78
Beavers, 69;-dams, 69
Beaufort Wind Scale, 99
Belukar, 118

Benches, 53

planning
Blizzards, 171, 183
“Blood rains”, 59
Blow-hole, 74-75
Boll-weevil, 160
Bora, 144
Borax, 71
Breakers, 72

e 13

5 n17t

Bushes, 144
Bushmen, 137-138
Bush Veld, 148
Buttes, 57

Cacti, 136

Calcite, 62, 80

Calaum carbonate, 62, 80
Calderas, 22,23, 68
Caledonian (orogenic), 14
Caliche {cemented gravels), 139
Cane sugar, 125, 161

Canyons (or gorges), 57
Canbou, 184

Cash crops, see under Crops
Cataracts, 41

Catchment arcas, 38

Cattle: beef-, 167; dairy-, 166;

temperate—, 133; breeding of, 133,
161

Cavems, 63

Caves, 63,74

Cedars, 144

Cercals, 146, 185

Chalk, 65

Channel, 81

Chaparral, 144

Chebka, 60

Chemical (or solvent action) of water,
39

Chili, 143

Chinook Wind, see under Winds

Chaocolate-making, 167

Circular huts, 131

Circum-Pacificregion, 24, 26

Cirques (or Cornes), 66

Citrus fruits, 144

Clay, 13,86

Cliffs, 73

Climate; 189, 190 Artic (polar),
183-184; Cool temperate eastern
margin (Laurentian), 176-178;
Cool temperate western margin
(British type), 163-164; Cool
temperate continental (Sibenan),
170-171, 176; Cool temperate
mantime, 142; Equatorial, hot wet,
116-118; Hot desert, 134-136;
Mid-latitude desert, 136; Savanna
{Sudan), 128-129, Temperate
monsoon (China type), 155;
Temperate continental (Steppe),
148-150; Tropical monsoon,
123-124; Tropical manne, 124;
Warm temperate eastern margin
(China type), 155-158; Warm

Climatic zoncs, 113
Climatology, 93
Clints, 63
Clouds: 100-104, Classification of,
100-102; Cirrus—, 98; Fuanel-, 113;
“Ground cloud”, 104; Cumulus-,
108; Stratus, 108 .
Cloud-cover, 100;-formation,
106;-type, 100
Cloudiness, 70, 116
Coastal landforms, 72-78
Coastal plain, see under Plains
Cocoa, 119
Coffee, 126
Compressed (air), 112
Compressional forces, 17
Condensation, 100, 108
Conduction, 105
Conduit, 22 5
Cones: ash and cinder, 22; composite=,
22; parasitic-, 22; steepsided-, 2
Confluence, 41
Conglomerate, 13
Conifers, 165
Continental; blocks, 17;-chmate,
148;-interiors, 55;~islands,
79;-shelf, 85, 179, 181,~slopc, 85
Continentality, 106-107, 126, 139, 162
Convergence 109
Convection, 105
Copper, 139
Coombes, 65
Coral: animals, 80,-islands, 80,-recfs,
80-83
Coriols Force, 109, 110
Cork oaks, 145
Corn (or maize), 159
Carrasion, 39, 72; lateral-, 41, 42
vertical-, 40
Corridors, 57
Corrie, 48
Corrosion, 39
Cotton, 126, 160
Coves (or bays), see under Inlets
Crater, 23,68
Crater (or caldera) fakes, see under
Lakes
Crescentic (dunes), see under Barchan
Crest (of sand dune), 59; (of 2 wave),
72

Crevasses, 49

Crops: cash, 125-126; lcgummouzg.
166; plantation-, 126; root=, .l 3
rotation of, 132, 161, 190 .

Currents, 72-73; cold-, 55,87, 135
convection-, 108; ocean=, 87, 1 W
150; warm-, 80; 87; current flow,

Cut-offs (or bayous), see under
Lakes—ox-bow

Cyclones, 112-113,172



Cyclonicactivity, 112, 157, 163
Cypresses, 144

Da{'ry products, 166
Dairying, 161
Dams, 45
Darkness, §
Date palms, 136, 139
Day., 108; daylight, 5
Deciduous trees, see under Trees,
Defaton,
¢llation, 19, 56;-holl
Deoretton, 135 T
Degree of venability, 93
Dc}t::l:i%, 43,45; arcuate-, 44; bird’s
5 CUS] . 1;
gcmc o ' _npate-44. estuarine—, 44
eltaic plains, see und, i
Il.‘;emni.atxon. 14,15 r Plains
<posits: pelagic, 86; terri
Dtposnion, 858} ; terrigenous—, 86
cpositional (features), 48, 4;
g:prcss;d (slruc(uraﬂg'). 18 >
D:fcrrc‘sss.xgg\salﬂ, 136, 143, 150, 156
:33; desert interi
w-poim.’98 interiors, 135
Dl;{monds, 139
licrentia) h
stcases, 1meatmg. 11
Disease control, 133
stbutaries, 43
omal(shytien), 111
I ;dlgcnce, 19
ivide
Dnldmgsr’v{gtgcrshed), 38
line, 63

D:‘zrlnhe.sz
Uble rainay)
g°“’n~€umng, 4E‘caks, 117
Tnage; dendritic,
B Uellised_ 35
Dredg‘ng, 45
D{ﬂkamcr, 58
n:g (|I<>9g5horc), 5
Dnhfr;‘.‘,nl‘ é(:]ee under Plains
fought, 1
Pmmhn,sg}'ﬁé‘u' 135,150
Ddeel!a"
ll(or fan
fes, 5,
Dugg ,manne—,76;duncbclts,76

o
DYkes, 1‘;?;'0‘" under Simoong

38; internal-, 61;

rSeeunder Alluvial cone

h, Totatjq,
nof, 8g;. ,
By g0kCs, 2 remors, 26;
o, 10
g:;w “fcap“u.c’ 40
Eng el orbig, §

3y
» S0y .
Wiy, 1gs° °f 105; radiant-, 105;

Epicentres, 26

Epiphytic (plants), 118
Equator, 6,7,8

Equinoxes, 6, 117

Erg (desert), 59, 60

Erosion: 18, 28, 51; marine-, 82
Erosional (features), 48
Eskers, 52,53

Estuaries, 77

Eucalyptus trees, 158, 165
Evaporation, 106, 171
Evergreen trees, see under Trees
Exfoliation 56

Fallowing, 127

Famms: fur, 174; collective-, 152;
state-, 152

Farming: arable, 166; pastoral-,
153-154, 166; subsistence-, 127,
159; terrace—, 189; truck-, 166

Faults, 16, 26

Ferzel’s law of deflection, 110

Festoons (1sland arcs), 79

Firn 47,48

Firs, 144

Fish, demersal, 179; freshwater-, 180;
pelagic-, 179;-breeding, 71;
conservation, 180

oedn 4 e

ater fishing, 45, 70~71;
~grounds, 85

Fissures, 26

Flash floods, 60

Flax, 161

Flood plains, see under Plains

Fog, 104, 108,177, 183,-hill, 104; land
~, 104; radiation-, 104; sea~, 104;
smoky fog (smog) 104

Fohn Wind, see under Winds

Fold, recumbent, 15

Folding, 14-15

Forest: 124, cool temperate—,
178;comiferous—, 170, 172-173;
eucalyptus—, 144; tropical ratn-, us

Fossils, 13

Fniction, 48

Frost, 56, 136

Frost-free period, 56, 136

Funnel cloud, see under Clouds

Furious Fufties, see under
Winds-westerhes

Galaxies, 1

Garrigue, 146

Gas, 25, 105, natural-, 113
Geord, 2

Geos, 74-75

Geysers, 25

Gharbt, 143

Spits
. Honzontally, 20

Glacial control theory, 82

Glacial dnfts, 53

Glacialuli, 52

Glacal troughs, 50

Glaciation, 48, 82

Glaciers, 47; predmont-,48

Gloups, 74-75

Gold, 139

Gorge, 39,40,44

Gour, see under Rocks-mushroom

Graduated cylinder, 95

Grapes; 146, 147

Grass, long prairie, 150; short steppe
type, 150; tail-, 129

Grasslands (temperate}, 148

Gravel, 13,53

Graben (or nift valley), 16

Graphite, 13

Gravity, 38

Great Lisbon Earthquake, 26 )

Greenwich Mean Time (G M.T.),see
under Time .

Gnikes, 63

Gnt, 13

Gullies, 60

Gypsum, 71

Haciendas, 146

Haffs, 68,76 C,

Hail, 108

Harnada (or rocky desert) 55

Hanging valleys, 41, 50

Hard pans, 136

Hardwood, 124, 165

Harmattan, see under Winds

Haulage, 175

Hausa, 132-133

Haze, 104,108

Headlands, 73

Heat, 119, -waves, 1

Heating (intense), !29

Hercynian (;mg:mc), 14
ers, 15:

! Ilj::ga ‘brasidrensis, see under Natural
rubber
High veld, 148

Holes: sink=,
Hollows, 76
Hook (or re-curve

 swallow-, 63, 7%

d Spll),I(lW'd”

Horse Latitudes, 109, 1135
Homculluralmdus(r);';l
Hm‘éﬁ"%";‘xﬁiﬂe— 93; g
ty, 98 13 )
Hu;?)b;lr{lauve—. 98,106, 117,
155,171
Humus,lll.lJé ;
Humwn:s,llZ, 15 .
Hydro—c[cancpou:r.
Hydrosphere. 12

5,53, 70

189



Hygrogram, 96
Hygrometer, 98

Ice, caps, 47, 183; ice-scouring 67;
icebergs, 47, 51; ice-sheets, 47,53

Igloos, 184

Indented coastline, 181

Indigo, 126

Inlets, 73

Inselberg, 58

Insolation, 105-106. 136

Insularity, 178

Intermont platcaux. see under
Plateaux

International Date line, 10

Intersection, 7

lonosphere, 105

Irngation, 70, 132, 138, 159, —canals,

45

Isobars, 96
Isohalines, 86
Isohels, 100
Isohyet, 95
Isonephs, 100
Isotherms, 98

Jute, 125-126

Kalmuk, 152
Karst Lakes, 68
Karst {(region), 62
Kazakhs, 152
Khamsin, 143
Kirghiz, 151

Knick point (or rey d head), 44

Leveche, 143

Levees, 43

Lianas, 118

Light, diffused (or refracted), 6

Lignite, 13

Limestone, 62-65, 80; -gorge, 63;
~pavement, 63

Limon, 60

Limonite, 209

Lines of weakness, 15

Livc;tock. {arming, 120; ~¢conomy,
138

Load (of ariver), 39; load-coefficient,
219; traction load, 39

Lobsters, 180

Local administration, 247

Loess, 53,60, 178

Logging, 175

Longitude, 8-9

Lopoliths, 20

Lowlands, 18, 189

Lubricating action (of water), 28

Lucerne, 151

Lumbening, 174

Macchia, 144

Machines, 18

Magma, 20

Malaspina glacier, 48

Malle scrub, see under Scrub
Mangrove forests, 120
Manila hemp (abaca), 128
Mantle (or mesophere), 12
Maquis, 144

Koum (sandy desert), 56

Laccolith, 20

Lagoons, 68,77, 82: shallow—, 81

Lakes, 53, 66; artificial-, 69; barrier
—-,69 crater or caldera—, 68;
fishing-, 69; ketile-, 53, 66-67;
1 blocked- ‘68.I d-

157
Market gardening, 165-166
Marram grass, 76
Masai, 131-132
Mass movements (of carth), 38

Meand:

(orincised), 44
Mediterranean (region), 25
Mclt_ing (of ice), 66

22 I-, 69, ox-bow-, 39,

43, 68; nibbon-, 50, 66; rock-

hollow-, 67, salt—, 68, 87; tectonic—,
66; temporary—, 61; trough {or
finger)—, 50; wind-deflated-, 6.

Mesophere, see under Mantle
Mesa, 18,57

Meteorology, 93

A 59

Lalang (tall grass), 120

Land and sea breezes, 111,116

Landforms, intrusive, 20, extrusive, 20

Latitudes, 95, 106

Latosolic soils, see under Soils

Lavas, 13, ughly fluid, 21; highly
viscous, 22, —domes, 22; [ava-pit,
22

Lava plateau, see under Plateau
Law of deflection, 110

Layer (formation), 13
Leaching, 133

T- 64

“slope, 109

Mllet seed sand, 57

Mllibar, 96

Mineral composition, 12

Mining activities, 69

Mist, 104, 108, 177,178

Mistral, 143-144

Monsoons, 111; north-east~, 123;
north t—, 156; off-shore dry

Morainic debris, 67
Mortlake, see under Lakes—ox-bow
Mountains: sesidual, 17; of accumue
lation, 17; of denudation, 17; of
clevation, 15; block (or horsts),
16-17; fold~, 14-15; volcanic, 17
Mud-flats, 77
Mushroom rocks (or gour), see under
Rocks

Nappe, 15

National parks, 131

Natural rubber, 119

Natural vegetation, see under
Vegetation

Nebulas, see under Galaxies

Negative movement, 44

Nehrungs, 76

Neve, 47,48

Ngana (or sleeping sickness), 133

Nomadic (people), 151

Notch, 73

Oases (or swamps), 59, 139

Qats, 166,178

Ocean: currents, 87-90, 107; deeps,
85-86; navigation, 247; routes, 236;
winds, 107

0, 139

Oktas, 100

Olive, oil, 146; -trees, 146

Qrang Asli, see under Senois

Oranges, 144

Orogenics, 14 .

Outwash plains, see under Plains

Overfold, 15

Overthrust fold, 15

Ox-bow lakes, see under Lakes

“Paaific Ring of Fire”, 24,26
Padi, 189; dry-, 125; wet—, 159
Palm trees, 118, 158
Pampas, 148
Pampero, 158
Para rubber, see under Natural rubber
Parana pine, 158
Parallel,7
Parasitic (plants), 118
Pearl culture, 180; pearl oysters, 181
Peat, 13,201
Pediment (or pediplains), 19, 61
Perched blocks, 52
Pigs,167
Pillars, 63, 64
Pines, 144

-, 122; on-shore wet—, 122; south-
east—, 156, 172; south-west—,
123,178

Moon, 1, 4; echipse of, 4

Moraines, ground, 51; lateral -, 51;
medial~, 51; recessional, 51;
snout (orend-), 51,52

Pioneer 132
Pitch, see under Asphalt
Plains: abyssal-, 85; alluvial -, 18;

* boulder clay-, 52; coastal-; 18;
deltaic-, 18; deep-sea—, 85; drift—
18, 52; flood—, 18, 39, 43, 45;
sce-scoured-, 19; lava-,




outwash-, 18, 53; till-, 18, 52;
undulating—, 85; depositional-, 18;
erosional-, 19; structural—, 18;

of denudation, 19

Plane of the ecliptic, 5

Planet, 1,2

Plankton, 85, 179 2

Plantations, 119, 126

Plateaux: 17-18, 134; intermont—, 17;
lava-, 17; shallow-, 85

Platform, wave-cut, 74;
wave-planed, 82

Playas, 61

Plucking, 48, 51

Plunge-pool, 41

Polje, 63, 68 ,

Polyps, 80

PortableYents, 184

Positive movement,44

Potatoes, 169, 178 .

Precipitation; 70, 106, 108, 116,
149-150, 164, 171, 183-184,
unformity of, 177

Pressure, 95-96, 109; high-, 111, 113,
122low-, 111, 112, 122, 123

Promontories (or capes), see under

eadlands

Pustaz, 148 .

Pyramidal peak, see under Angular
homn | .

Byroctasts, 22

Quartzite, 13I
Quebracho, 158

Radg@ounding, 84
gimnauon, 105,129, 136
fall: 94-95, 108-109, 128, 184,
Concentrated heavy-, 123; cyclonic
11y rontal), 109; convectional, 108,

+124, 136, 156; orographic

g lic), 108, 117, 124; plum rain,
Xam,st”ypsl;oon ra_x'n, 178; “blood

134 "O7i-Tegime, 150; scantry,

Ralllshado

1adow area, 109, 134, 164, 176
,;Rj"fhms,lso 164,
Rccpllds.39,41
Re a"Iaucn(nﬂand),19()
Reef ?‘b Nt fold, see under Fold

: arrier~, 81, 82; coral-, 80-81,
Reﬁ'actiong: 'l]l% 81,82

Keration, 169, 181, 191, 235
ﬁ:l(sluny desert), 19 :5691‘
Roddeer, 185, 335 "
Uvenateq head, see under Kmick
Reletr;
R“mm.m. Seeunder Rainfall
i Oirs, 53, g9, artificial-, 70
Reve rg;(e:nee (or spring), 62
faults, spp under Thrust

Revolves, 4

Ria coast, 76

Rice, 125, 146, 158, 159

Ridges, 52,57

Ridge and furrow landscape, 57

Rift valleys, see under Graben

River of ice, see under Glaciers

Rivers, 18, 120

Ruver. capture, 39, 40; —cliffs, 39, 42;
~rejuvenation, 44; -source, 40;
-system, 38

Roaring Forties, see under Westerlies

Rock: basins, 50; ~flour, 48; -
hummaock, 51; - pedestals, 57;-
salts, 13, 68; ~step, 51

Rocks: basaltic, 12; basic 13;
carbonaceous, 13; crystalline, 12;
extrusive, 13; gramstic,12; igneous,
20, 208; molten (magma), 12;

Sills, 13,20

Simooms, 139 -

Sirocco, 143

Slate, 13

Sleet, 108, 184

Slip-off slope, 42

Slope, 107

Smog, see under Fog

Snout, see under Moraines

Snow, 108, 143, 171, 183; snowfields,
47; snowline, 47

Sodium chloride, 87

Softwood, 172

Soil, 107, 166; soul-creep, 38

Solarsystem, 1,2 .

Solid, 105 R

Solstice (summer and winter), 6, 117

Solution, 39 i

Sounds, 77

iy Burster, 158

plutonic, 13, 20; 8
209; stratified, 13; volcanic, 13
Roots: long, 130, 136
Rotates, 4
Routeways, 53
Rubber, see under Natural rubber
‘Run-off’, 38

Southern henusphere, 6 )
Spectrum, 105

Sphencal (shape), 2

Spine gg: ;éug), 2

Spts,

Sgrin’g, 143,150, 151, 164, 165

Spurs: interlocking, 39,41,50;

Salinas (or salars), see under Playas Staéﬁ?ud, 50
o Stalacites, 63,64
Salt (common),71 Shaiemmies, 6,64
Salt-marshes, 77 Stata
Sand: 13; sand dunes, 56; Stcep,cnmg, .

sandstones, 13 R Steppas, 148
Sand-blasting, see under Abrasion fisidane)
Satellite, 1,2,4 b e 105

(orthorny serubland), see g 2 St canoes, seeunder Volktnocs

under Vegetation S s braded—, 42 consc?“g‘ )
Schut, 13 38; insequent-, 38; 30
Scrub, 144; mallee scrub, 144 s 14, %
Seasons, 4, 5, 6, 150 - Smu'cscsalion. 48,51
Secondary forests, see under Belukar ronpe, 74
Sediment, 13, 44; sedimentation Subtvopical usm n:)' 0

slow), 86 Subsidence theorys ,

\See(ds, 1320 Subsistence (hmmx)' sceunder
Seifs, 59, Garming i~
Seismicity, 26 Summer, 5, 108, 112{ 1]:[_12’,' L
Selvas”, 118 150, 156, 138, 100 g, B0, 5,
Semi-nomadic (people), 151 Sug, 105, sua-dsal, it
Senois, 118 118, 1:,3;‘“,,,&, 3
Serie (stony dﬁegscrt), 56 s ‘mﬂ?‘;e' 39:
Settlements, Suspension,
Shade, 144 Swallow-boles, 63,65
Shale (or mudstone), 13 Swash, 72 5
Sheep-rearing, 167-168 Synclincs, g5t
Sherms, 1:;8 )21 s,nopucdﬂ‘“'

ield (or dome),
gg:::: S'olcanocs. :rzl '1‘{;"” Volcanoes Tablthl‘;é" 17

ifting culuvauon, Taiga,
gl!:grl; l?ecs. see under Trees Tartass, 152 seendt Lass
Shotts, 61 Tangg Laketr
Shnmps, 180 Tea, b
Shrubs, 144 191



Teak, 124, 127

Temperature: 96-98, 106-107,
128-129, 135-136, 183; annual
range of, 149, 156; earth -, 96; grass
-,97; low—, 123, 124; mean annual,
87,135,136, 149, 163; mean daily,
98; extremes of, 148; diurnial range
of, 98, 136; range of, 87; shade
(atr)—, 97; uniformity of-, 116;—
inversion, 107

Tensional forces, 16

‘Terraces, 44; off-shore, 74,75

Thermal springs, see under Hot Springs

Thermometers: wet-and-dry-bulb, 98;
minimum and maximum, 97-98;
Six’s, 96

Threshold, 77

Thrust (or reverse fault), 17;
-plane,15

Thunderstorms, 61,135

Tides, 72,85

Tuli plains, see under Plains

Timber resoutces, 120

Time, 8,9; Greenwich mean time, 8,
9,10; local 8,9; dard,9,10;

Trapping, 174 Wadis, 56, 60

Trawlers, 180 Water, 105, 137; depth of 80; head of,

Trees, 150, 151; deciduous-,129, 158, 70; - supply, 70; - temperature, §0;
165; evergreen 118; short—, 129; ~vapour, 106; water-stonng
umbrella-shaped -, 129 devices, 129; waterways, 53

Trenches, 86 Waterfalls, 39,41

Tropicof Cancer, 6,7,111,122,141  Wattle trees, 158
Trop\cofCapncom 6 7, [22 128 157 Waves, 72

Tropical raw matcnals. 191 Weather, 38,93-94, 105, 106; ~charts,
Tropical (zones), 80 83-84; - torecas!, 84
Troposphere, 105 ‘Weathering, 18, 56,57
Trough (of a wave), 72 “Whale-back™ hummocks, 52
Tsetse flies, 120, 133 Wheat, 136, 151, 152, 153, 166
‘Tsunamis (tidal waves), 26 Winds: Berg—, 98-99, 129, 158;
Tufts, 130 Chinook -, 107, 111112, 150, 158;
Tundra, 170, 183 Fohn-, 111; Harmattan, 129;
Twilight, 6,7 ocean-, 107; planetary -, 87,
Typhoons, 113, 156 109-111; rain-bearing ~, 141;
seasonal -, seasonal -, 122;Trade -,

Under-cutting, 57 55, 87-88, 110, 141-142; variable,
Uranium, 139 110; Westerlies, 110, 142, 150
Uvala, 63 Wind gap, 30, 35

Wind vane (or weather cock), 99
Valley, U-sha:éed 50 Windward slope, 108

Wine,

time zone, 9
Tobacco, 160~161
Tombolo, 76
Tongues, 22
Topography (or relief): 143; knob and
kettle—, 53; rolling -, 18
Tomadoes, 112-113
Torrential downpours, 108
Tourists, 131
Trade winds, see under Winds
‘Transhumance, 53, 146
Transpitional zone, 150
‘Transiration, 136
“Transport, 69
‘Transportation, 41

145
Vegclauon (natural), 107, 113, 136, Wmtcr,S 111 122,142, 144, 158, 164,
, 165; desert -, 136; equaanal— 165,1
118 Savanna, 130—131 tropical Wood pulp, 174
144

124; M ,
144-145; Steppe —, 150-151 ‘Woollen textiles industry, 168
Velocity, 39
Vent, 17 X ic {or drought-resistant)
Ventifacts, 58 136 144
Vertically, 20
Viticulture, 146 ‘Yardangs, 57

Volcanoes: active, 22; dormant—, 22;
extinct, 22; strato-volcanoes, 22;  Zebu (cattle), 131
shield-, 22 Zeugen, 57
Volcanic dust (or ash), 22, 86 :
Volume (of water}, 39












