UNIVERSAL
LIBRARY

OU_214790

Advddll
1VSHIAINN









Osmania University Lihrar:
Call No. 9 ’O Accession No,
Mm698 Pakiey
Author O% ek{ T m
Title glucﬂ\{ é}@w(ayck? *{

This book should be returned on or be the
marked below.













THE HOME UNIVERSITT LIBRARY
OF MODERN KNOWLEDGE

214

THE STUDY OF GEOGRAPHY



EDITORS OF

The Home University Library
of Modern Knowledge

GILBERT MURRAY, O.M., D.C.L., F.BA.
G. N. CLARK, D.LITT., FBA.
G. R. DE BEER, D.SC., FR.S.

United States
JOHN FULTON, M.D., PH.D.
HOWARD MUMFORD JONES, UTT.D.
JULIAN BOYD, LITT.D.



THE STUDY OF
GEOGRAPHY

J. M. MOGEY, D.&.

Lecturer in Geography, The University,
Reading

Geoffrey Cumberlege
OXFQRD UNIVERSITY PRESS
LONDON NEW YORK TCORONTO
1950



PRINTED IN GREAT BRITAIN



CONTENTS

| . INTRODUCTION
1. MAJOR LAND FORMS
[11. CLIMATE, SOILS AND VEGETATION .
V. ENVIRONMENT AND MAN
V. THE EXTENSION OF THE ENVIRONMENT
VI.  GEOGRAPHY AND POLITICS
V11.GEOGRAPHY I N THE FIELD
BIBLIOGRAPHY
INDEX

17
40

59

120
138
156
160



ACKNOWLEDGEMENTS

T H E author isglad torecord thehelp received from many
friendsin the preparation of this book and in particular
from Professor E. Estyn Evans, M .A ., D.Sc., my teacher
in Bdfast, from Mr. D. A. Hill, M.A., Director of the
L and Utilization Survey of NorthernIreland, whoread
the proofs and suggested several alterations, and from
Miss F. M. Taylor who made some of the drawings. The
illustrations have been specially prepared to show in
addition to their main title the effect of the choice of pro-
jection on the outline of the world. Permission to adapt
already published material has been received from the
Royal Scottish Geographical Society (figs, i and 5),
Henry Holt and Company (figs. 6, 7 and 8), McGraw
Hill Book Co. (fig. 2), and the University of London
Pressand Geo. Harrap (fig. 12). The maps accompany-
ing Chapter VI | have been based on the Ordnance
Survey and on the L and Utilization Survey of Northern
Ireland, with the permission of the Ministry of Finance

(N.1.).

Reading
February 1949

J. M. MOGEY



Fig.

© © N o oA w N

e N o
© N o g bk 5 N e O

ILLUSTRATIONS

MERCATOR'S PROTECTION
WORLD ACCORDING TO ERATOSTHENES
RHUMB LINE AND GREAT CIRCLE ROUTES

. FOLDED MOUNTAINS

EFFECT OF ICE ON A RIVER VALLEY

NATURAL VEGETATION REGIONS OF THE WORLD
SOCIAL GROUPS OF THE WORLD BEFORE 1500 A.D.
DRY LANDS AND CARAVAN CITIES

. FOOD PLOTS IN WEST AFRICA

SOME MODERN SOCIAL GROUPS

. WORLD SUGAR PRODUCTION

POLITICAL GEOGRAPHY AND THE WORLD MAP .

.BRAID VALLEY, PHYSICAL

BRAID VALLEY, GRASSLAND

BRAID VALLEY, ARABLE LAND

BRAID VALLEY, HEATH AND MOORLAND
BRAID VALLEY, SETTLEMENT
MARKET AREA OF BALLYMENA

o o1 w

25
37
49
63
68
75
105
no
i35
141
144
H5
147
148
152






CHAPTER |
INTRODUCTION

A L L sciences depend upon the inquiring mind and one
of the fundamental curiosities of man is the desire to
know about his neighbours and the type of land they
livein. Voyagersdown the centuries have tried to satisfy
this with tales truthful and otherwise until the very
name ‘'traveller's tale* has come to have a peculiar con-
notation. The more scientific curiosity of the geographer,
whose task it is to survey the world as a physical entity
and as a home for mankind, has a long record of useful
inquiry. Geography is one of the oldest of the sciences
and in the course of its history has sent out many off-
shoots which have now become independent disciplines;
geology, geomorphology, climatology and anthropology
are examples.

The parent subject has retained as its special sphere
the upper crust of the earth and the lower zone of
the atmosphere within which humanity moves. In
this wide field of study there must inevitably be some
subdivision and to-day two main components are recog-
nized: one, physical geography, concerns itself mainly
with the study of the land and water surface and the
lower atmosphere; the other, human geography, basing
itself on the findings of the physical geographer, con-
siders how the environment affects the life lived by
people in different parts of the earth and studies the web
of communications which links up separate human
groups.
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T he geographer isthusbrought into touch with many
different sdences and has his special contribution to
make to the progress of knowledge. He takes the facts
as furnished by the geologist, the meteorologist, the
physicist, and the anthropologist and considers them in
the special light of their influence over wide areas of the
world and on human society. It is the interaction of
land, sea, and air that makes human life possble and
the explanation of the distribution of land and sea
mass is therefore one of the basic studies of geography.
Each element in this complex field is studied in isolation
by a separate science. Geography links together these
specialist sciences and, using its own methods of study,
by maps and diagrams, interprets and rearranges their
data in an effort to reduce to order the complicated
pattern of surface relief and human activity throughout
the world.

* Geography', wrote the anonymous poet, 'is about
maps: history is about chaps.' The principal tool of the
geographer is the map and in fact there can be maps
about ‘'chaps. Not all maps, however, are good
geography. Indeed in one ssnse no flat map can be good
geography. For the earth is a sphere, as near as makes
very little difference, and it isimpossible truly to repre-
sent a curving spherical surface on a flat sheet of paper.
Most maps, it is true, do not attempt to represent the
whole of the earth's surface at once and the smaller the
areato be covered thesmaller the potential error. None
the less an under standing of the conventions and limita-
tions of maps is an essential beginning to any study of
geogr aphy.

Themap isasocial symbol, asisobvious when we con-
sider the fiction expressed in world maps that it is
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possible to see both ddes of a
sphere at once. It is only
possble to draw such outlines
by following a st of rules and
by believing that a presenta-
tion of part of the truth will
f auffice for certain purposes.
All maps are approximations
to the truth—in this context,
the actual surface of the earth.
-4 The departures from strict
accuracy in representation may
+— t involve changing the shape of
theland in order that therela-
PROJECTION. tlvegrea may remain constar_n;
] showing, for example, asguarish
afer Cakill, S.G.M- 26 (188) i qand in a triangular shape
but initscorrect area. Alternatively themap maker may
decide that for certain purposes area is unimportant but
that the outlineisvital. The most common world-map,
known as the Mercator map from its inventor makes
this assumption and grosdy distorts land areas away
from the equator. Thus Java (50,000 sg. miles) on
the equator is bigger than Iceland (40,000 sg. miles)
in 60° N. latitude but, because of the exaggeration
of land areas towards the poles, Iceland appears to be
at least three times the sze of Java on a Mercator map.
If we treat the British Isles as of continental size and
plot the outline on this type of map (fig. 1), the distor-
tion towards the north becomes evident.
The framework of any map is built up by drawing
representations of the lines of latitude and longitude on
the globe. The latitude of any point on the earth's

Fig. 1. MERGATOR'S
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surface is the distance of that point, measured in degreses,
north or south of the equator. The parallels of latitude
encircle the earth, the sze of the circles becoming pro-
gressively smaller as the poles are approached. The pole
itself is of course a point. Mathematically it is easy to
establish two podtions of latitude, the pole and the
equator, and it is a simple enough matter with modern
instruments to work out the latitude of intermediate
places. For the early Greek geographers this was more
difficult. Eratosthenesin attempting to measure the cir-
cumference of the world, which he knew was a sphere,
had to search until he found a place where the sun at
noon on the summer solgice (22 June) was vertically
overhead. He discovered a deep well near Asswan,
Upper Egypt, where the noonday sun on that day cast
no shadow on the floor and assumed that thiswas on the
Tropic of Cancer (23J° N. lat.). His calculation of the
circumference, despite several faults, was correct to
within a few miles. Other Greeks made calculations
that were less accurate.

The determination of longitude proved much more
troublesome for, as all the meridians are of equal length,
there are no fixed starting points. The problem was not
solved until the eighteenth century A.D. with the inven-
tion of a very accurate clock, called a chronometer.
After many conferences, the majority of countries agreed
to use the meridian of Greenwich which is called longi-
tude o°, but the French use the longitude of Paris
(2¥20° east of Greenwich) as their prime meridian and
some other European countries measure from an
imaginary place, Ferro, 20° W. of Paris. The determina-
tion of longitude depends on the fact that the earth
makes one complete revolution on its axis in 24 hours
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and that the highest point reached by the sun at any
place is midday by local time. Thus midday at Green-
wich occurs approximately five hours before midday at
New York and about hve hours after midday at Delhi.
As the earth turns from west to east through 15° in one

|
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Fig. 22 WORLD ACCORDING TO ERATOSTHENES.
after Raisx

hour (360° in 24 hours), the variation in time shows
that New York is 75° of longitude west of Greenwich
and Delhi is 75° east of Greenwich.

The representation of the lines of latitude and longi-
tude on a flat sheet of paper forms what is known as the
graticule of the map. Mercator, to return to our original
example, so arranged his map that the graticule is com-
posed of straight lines crossing each other at right angles.
The exaggeration towards the poles, referred to above,
arises from this method of construction, for the small
circles of latitude are all drawn equal in length to the
equator; while the poles, which are points on the globe,
would become the same length if they could be drawn.
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But Mercator increased his north-south distances along
the meridians in the same proportions as his east-west
distances so that the poles are at an infinite distance from
the equator and for that very good reason they can never
be shown.

Although it is not entirely in accordance with strict
mathematical procedure, the best way to visualize the
construction of such graticules as Mercator'sisto imagine
the globe enveloped in a cylinder of paper. If this
cylinder touches the earth along the line of the equator
this is the one line on the map that will be exactly the
same length as on the model. A light in the centre of the
globe will throw the shadows of the lines of latitude and
longitude on to the paper cylinder but will greatly
exaggerate their scales Most maps constructed on this
principle, that isto say based on cylindrical projections,
employ some method of modifying the graticule.

The cylinder is only one of the types of figure that can
be fitted approximately to the sphere and then spread
out to form a flat surface. Another great dass of projec-
tions is derived from the cone, which can touch the earth
along a line of latitude and thus, as in the simple
cylindrical projection, have one line true to scale on the
map. Conical projections are mostly used for small
sections of the earth, such as a single country. They
have been used more frequently than the cylindricals
and consequently even more variations exis. A common
development is the map in which each parallel isdrawn
true to scale; this can be visualized as made up of parts
of a series of cones each of which touch the earth on a
different line of latitude. The great international map
of the world on a scale of i: one million (i.e. one inch in
the map equals i ,000,000 incheson the ground or 16 miles
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approximately) is constructed on one of these modified
conical projections. On these beautiful maps the line of
the top of the map and of the bottom are both lines of
latitude, true to scale. The east and west margins are
lines of longitude, also true to scale. In this way the
four bordering sheets can be fitted to the central one for
any part of the world with aminimum of distortion.

Al these groups of maps have special methods of con-
struction and by slight variations may be made equal-
area or good-shape maps as desired. Zenithal maps
form the third great class. In these the net-work or
graticule of latitude and longitude is transferred to
a flat sheet of paper which touches the globe at one
point. The zenithals are likely to become particularly
important in this age of air travel for, despite Euclid,
the shortest distance between two points on the surface
of the earth isacurve, that part of the circumference of the
circlejoining the two points which has as its centre the
centre of the earth. In certain of the zenithals this 'great
circle' distance becomes a straight line and in air travel
it is the 'great circle* distance that counts. In the past
Mercator, a map designed for sea travel, has had most
attention. In this map alinejoining any two points on
the earth's surface, say the Scilly Isles and Panama,
crosses the graticule at a constant angle. A ship sailing
this course will eventually, if proper allowance is made
for drift due to winds and ocean currents, arrive at its
destination. Such aline, known as arhumb line, is by
no means the shortest way. A great circle course from
Scilly to Panama, to take the same example, departs by
hundreds of miles from the Mercator compass course.
On the Mercator projection this route looks very much
longer because that map sacrifices everything to the



8 THE STUDY OF GEOGRAPHY

rhumb line. A zenithal projection centred on south-
west England would show all places on the great circle
routes on the same straight line. In its turn, of course,
this zenithal projection disguises the fact that, in order
to follow the straight line, constant changes in compass
bearings must be made (fig. 3). Which is really only

- e GEEAT Dt
—— ALV L

Fig. 4. RHUMB LINE AND GREAT CIRCLE ROUTES,
BCILLY TO PANAMA,

another way of saying that only on a sphereisthereatrue
indication of the shape, direction, and distance apart of
places on the earth.

To the geographer the construction of maps is a most
interesting subject, involving only a knowledge of simple
mathematics and a certain amount of computing. For
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those who posess a knowledge of trigonometry a study
of the books on the subject which are recommended in
the book list at the end of this volume will be well
rewarded.

It isnot necessary, however, to know the mathematical
details of map construction before gaining an apprecia-
tion of geography but it isvital that there should be a
knowledge of the limitations of the map. We have men-
tioned some of the qualifications that must be borne in
mind and it should be remembered that theerrorswhich
can be introduced depend on the scale of the map.
Maps of the whole world, of continents, of a country,
\.hen reduced in size to fit within the compass of an
atlas or of such a book as this, need to be interpreted
with care. Roads, rivers, towns must be represented by
symbols out of all proportion to the size of the feature.
The most truthful representations of the earth's surface
are the large-scale topographic maps, such as the one
inch to the mile Ordnance Survey map of Great Britain.
Even on this scale a main road is usually marked as
i/ioth inch wide, which is a great exaggeration, for
i/ioth inch should represent 176 yards, whereas few
roads are morethan 10 yards across. Maps of smaller
areas, which show fie'~ boundaries and acreages are
drawn to an even higher degree of accuracy but they are
often of more value to the surveyor than to the
geographer.

We have emphasized that the map is a social product.
The techniques required for its construction developed
rather latein human history. Therehave, itistrue, been
maps of a sort from Babylonian times, but they served
mostly to delineatefield boundariesasdid the estate maps
of eighteenth-century England. Some early thinkers

B
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even aspired to a representation of the world, but until
the nineteenth century their vison outran their com-
petence. Long before that the mathematicians had
worked out beautiful but complicated formulae for the
representation on a plane surface of infor mation gathered
on a sphere; but engineers and other field workers had
not the equipment needed to make exact measurements.
The name given to our topographic maps, Ordnance
Survey maps, shows that the detailed representation of
the countryside had to await not only the development
of surveying equipment but also the need for accurate
maps. It was the artillery that first required them, to
plot the results of the new field pieces, which had a
disconcerting habit of extending their range and power
just when wars had to be fought in new terrain, eg. in
India and North America. To fulfil this purpose the
exact topographic survey of Great Britain was begun
in 1791.

In closdly settled areas the topographic maps provide
a wealth of detail. As a scientific generalization the
modern map has no equal. It conveys the maximum of
information with the minimum of fuss The reaults of
the labours of the surveyor, the engineer, the archaeolo-
gist, and" the historian appear on it as well as those of
the geographer. Over most of the land surface of the earth
this work is by no means complete. Explorers are still
required and it is they alone who can bring back
material from uncharted country. Whilefew largetracts
of virgin country remain, the modern explorer can do
much to answer problems at present known only by
inference.

It is arelatively smple matter to make reconnaissance
maps of new territory or to fill in additional detail in
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lands where the outlines are known. No one need
be discouraged by the accuracy achieved by the
Ordnance Survey. With a standard prismatic compass
and a pocket barometer quite elaborate charts can be
constructed. Their accuracy will be sufficient when
due allowance is made for reduction in drawing. Note-
book maps of routes require some indication of direction
which the compasswill give. In this country the presence
of buried pipes, of iron gateposts and so on makes for
inaccuracy in compass readings. Objects off the line of
march like a mountain peak or a mill chimney can be
plotted by observing their compass bearing at the begin-
ning of the route and again from a convenient sighting
point later on. In theory when the map isdrawn the two
lines at the correct bearings from these positions in the
plan should crosson theexact spot of the peak or chimney.
This often happens in practice as well.

The second problem in map making is the measure-
ment of distance. Some explorers push a bicycle wheel
with a mechanical counter, a method which has both its
advantages and its drawbacks. For short distances
pacing can be quite effective; and for long marches, if a
steady pace is maintained at say 3 miles per hour, the
times of starting and stopping give a sufficiently reliable
indication. The measurement of distance is too familiar
to require elaboration. The sze of the paper and the
distance traversed will determine the scale on which
the final drawing may be made. This scale reduction
will compensate for some of the errors due to the use of
rough and ready field methods.

Only in the preparation of maps which show heights
and hollows will the pocket barometer be consulted. The
barometer falls approximately 1 inch for every 900 feet
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climbed above sealevel and by constant readings relative
heights may be obtained. Variations in barometric
pressure at sea level in these islands mean that this
method of height reckoning is not very satisfactory, but
in some other parts of the world it can be useful.

This digression isintended largely to assure the reader
that making maps is not a great mystery, closed to all
who have not had along and tedious training. Valuable
maps can be obtained by very simple means and with a
little practicein route traverses of the type outlined above
anyone may progress to the use of the plane table and the
construction of highly accurate and detailed maps of
local areas. A good map extends our knowledge of the
habitable globe more than dozens of descriptive
accounts.

The expansion of geography from the study of the
known world of the Greeks, as shown in fig. 2, to that of
the whol e surface of the globe has followed upon the pro-
gress of exploration from the late fifteenth century to the
present day. The exploration of the world really began
when Europeans equipped with plank-built sailing ships,
the compass, and an insatiable craving for spices, set out
onthestormy Atlanticinanendeavour to circumnavigate
the continent of Africa. Each nation state, as it set its
internal affairs in order, turned to the sea for an outlet
and, in turn, Portuguese, Spaniards, Frenchmen,
Netherlanders, and British, penetrated to all parts of
the globe that could be reached by sea.

Let us look at the atlas briefly and see the parts most
accessible to ocean voyagers. It was fortunate that the
explorersfirst set out on the North Atlantic ocean for, as
we see, into that ocean flow several of the world's lar gest
rivers. Bays and minor sas penetrate deeply into
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Europe and America. As a geographer | would suggest
that we state this the other way round, i.e. that the bays
and seas of Europe encouraged seamen and because of
this they ventured forth on the ocean. Into the Atlantic
flow waters from more than half of the earth's surface.
Though at first the sailors regarded the continents of
Africa and the Americas as barriers on the way to India
and the Spice Idands, their existence has bhecome more
and more important. The St. Lawrence and Missis
sippi allowed the French to make a brilliant pioneering
survey of the interior of North America at a time when
the English colonists had not yet thrust their way across
the Appalachians. On the other hand the exploration of
Africa was not completed until the latter part of the
nineteenth century, largely because Africa conssts of
high plateaux, with theriverstumbling over the edgesin
rapids or falls, and no easy route was available to the
interior.

The period 1850-1914 saw the end of the exploratory
stage over most of theworld. There are still afew isolated
mountain ranges in south-east and north-east Asia and
the continent of Antarctica which are known only
from reconnaissance surveys. While we know the frame-
work and have many facts about the surface, the world
is still far from adequately mapped. Outside Europe
and European settlementsin the temperate lands abroad,
maps on a scale of less than 1. one million are either
lacking or only approximately accurate.

It was in the period 1850-1914, too, that geographers,
buried under a mass of new discoveries snce 1492,
emerged into the light of day with something more than
a list of mountain peaks, capes, bays, principal towns,
and so on. The gazetteer type of geography was still
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common in 1914 but since that time it has given way to
the more scientific conception. The spread of the new
geography has, of course, been subject to the same con-
trols of distance and time-lag as other phenomena, and
I have no doubt that gazetteer geographers are still
teaching in outlying parts of the world: indeed | met
with one in western Ireland as late as 1942.

The pioneer workersin the analysis of geographic facts
included Humboldt and Ritter, both of whom emer ged
in the period before 1850. Humboldt, a great traveller
and a shrewd observer, studied the lands of Central and
South America and described from his studies of the
Andes the pattern of successve zones of vegetation and
settlement on the mountain sdes This interest in
asociations, in the interrelationships between plant,
animal, and human life and the landscape is the hall-
mark of a geographic mind. Ritter, a more academic
figure, studied the reports of other travellers and
writers, and brought forward the concept, which was
quite novel at the time, that the earth is a physical unit
made up of interrelated parts. From this standpoint
geographers have contributed much to the study of
land-forms in the new science of geomor phology.

Thepublication of Darwin'sbook The Origin of Species
(1859) gave a new emphasis to the study of life on the
earth. The idea of time was then added to purely
spatial study. |f physical geography ssems from geology
and physics, human geography developed side by side
with the study of plant, animal, and human life, re-
vitalized by the theory of evolution.

The binding thread of the studies of both the physical
and the human geographer istheregion. Herbertson, in
England, developed the notion of the 'natural region',
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that is large areas of the world over which climate,
soils, and natural vegetation are much the same; for
example the 'rain forests on either side of the equator
or the hot deserts. This gave a truly geographic frame
within which to weave together the varied strands con-
tributed by the independent sciences which studied the
environment of man.

Human geography, with which the later chapters of
this book deal, begins with this concept of the natural
region. Studying the relations between the environment
and man, it ssems natural that two major schools of
thought have developed. One, as represented by
Ratzel, Demolins, E. C. Semple, and Griffith Taylor,
lays sress on the domination of man by his environment,
and some disciples of this school have even gone so far
as to sugged that if history were to begin again the same
processes would inevitably be repeated in the same
localities. This extreme simplification may not do full
justice to this school of thought but in greater or les
degree it underlies much of their thinking.

The second school of human geography, which is now
the dominant one, holds that the environment presents
to man certain opportunities: the emphasis is on the
creative power of human groupsto modify the landscape
and, within certain broad limits, to evolve their own
society. The most important name connected with this
group of geographersis Paul Vidal dela Blache and the
name given to their philosophy, possibilism, as opposed
to the geographical determinism of the former writers,
derives from a work of the historian, Lefebre. With the
development of studies of human society in the past fifty
years the outstanding fact has emerged that man is a
social being, and the study of human society in diverse
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environments has shown how much the demands of the
human group affect itsrelation to the environment. One
has only to think of the demands on the same landscape
made by the aboriginal inhabitants and by the British
settlers in Australia to realize how important this social
aspect can be. Yet the same European stock settled in
Canada evolved a different landscape pattern so that
we must study both the society and the environment.

For such a wide subject it will be obvious that this
book can do little more than whet the appetite and point
the way to further reading and thus the book list is an
integral part of thework. It will be found, too, that the
examples given are much more easlly followed if the
reader keeps an atlas by him as he reads.



CHAPTER I
MAJOR LAND FORMS

BEFORE we allow our attention to be distracted by the
entry of man upon the scene, we can seize this oppor-
tunity to examine the nature of the setting in which he
is to perform. In this first glance we must include both
the distribution of landjand water and the variants in
form of the land surface whether plain, plateau, or
mountain peak.

The world-map shows that land and water are very
unequally divided. There is obviously much more water
than land; indeed, so far as is known, less than 30 per
cent, of the entire surface is above the ocean. The
water surface is continuous but the land is broken up
into many pieces. The larger land-masses lack a con-
ventional name. Thus the single block of land that
stretches from the Arctic Circle to the Cape of Good
Hope and from France to Kamchatka has been divided
by custom into three continents, Europe, Asia, and
Africa. Physically it is only the largest idand in the
world ocean. Beyond it lie the Americas and Australia,
the other significantly large pieces of land. We notice
too that nearly all the land lies in the northern hemis-
phere, locked tightly around the Arctic ocean. In the
southern hemisphere less than onefifth of the surface is
land. The southern continents taper southwards and a
certain balance is shown by the unexplored continent of
Antarctica around the South Pole, compensating for the
ocean at the North Pole.

For an answer to the problem sz by the distribution
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of land and sea we must turn to the geologists and the
expertsin geodesy or earth measurement. The problem,
however, istoo big to expect unanimity. Onetheory sds
off from the fact that the earth is not a perfect sphere;
the polar diameter is some 27 miles shorter than the
equatorial. Of all types of solid a sphere has least surface
area for a given volume. On the assumption that the
earth is cooling down and was once a perfect sphere,
some scientists hold that it is now tending towards a
shape that has most surface area in relation to volume,
a shape rather like two pyramidsjoined together at the
base, known as a tetrahedron. This theory helps to
explain the triangular nature of the continents but it
does not account for the greater area of the oceans. In
any event a tetrahedron is never a final sage in the
cooling of matter and presumably would give place to
yet another spheroid of smaller dimensions.

Amongst the many suggestions put forward to account
for the distribution of land and sea, possbly the most
widely accepted is that which regards the true crust of
the earth as the ocean floors. Above this the continents
are supposed to rise in uneasy equilibrium like rafts
above a water surface. The actual difference between
the highest and lowest points, some 60,000 feet between
the summit of Everest and the bottom of the Guam
Deep, would appear to scale on a globe of 10 inches
diameter as approximately i/iooth inch, so that in
terms of measurement the analogy of the raft is apt
enough. The little evidence we have of the rocks at the
floor of the oceans also tends to support this theory, for
those discovered are rather more dense than the average
of the continental rocks. Furthermore, if the deep-
seated continental rafts are in a state of imperfect
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equilibrium, we have an explanation of the known fact
of geological history that the sea has often invaded the
land. Such movements occur very sowly, but geological
time is an ample expanse where sudden events may in
fact take thousands of years.

In 1912 Wegener, after a dose study of climates in the
past and of the present distribution of plants and
animals, put forward the revolutionary suggestion that
the Americas had drifted off from the Old World at
some point in time. He pointed out that the great bulge
of Brazil would fit into the Guinea coastal bay of Africa,
that the east coast of North America shows a rough
parallelism to the Atlantic coast of Europe and that
many similarities of mountain form can best be explained
by assuming that America and the Old World were once
united. This idea of horizontal movement, as opposed
to the up and down movement mentioned in the last
paragraph, has aroused vigorous opposition, principally
on the ground that the force required to moveacontinent
is beyond our knowledge. The theory of Wegener is
mogt attractive but the verdict for the present must be
the cautious 'not proven*.

This discusson of fundamentals has had to be too
brief to do justice to the tremendous amount of pains-
taking collecting of fact and exactitude of measurement
that have preceded the attempts at explanation out-
lined here.! Here we as geographers are trying to ex-
plain the distribution of the land-masses and it must be
admitted that the explanation of the surface pattern of
land and water on the globe is not yet known. The fact

' The companion volume Geolo?]y in the Home University
Library incudes a discusson of these theories in reladon to
the origin of rock masss
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that there is a pattern and that a theory which will fit
all the factswill one day be evolved is not in doubt.

It is possible to arrive at more satisfactory conclusions
about the distribution of the surface features of the
continents. Weshall see that the mountain rangesform
patterns, often vague and half obliterated, and in order
to understand these patterns we must give some account
of the origin of the most widespread type, the folded
mountains. On the earth we saw the continents as tri -
angular massss raised above the general level of the sea
Once any land is elevated above sealevel, wind and wave
and weather all begin towork upon the surface, giving it
itsownindividuality. Geographerscall thiswearing down
of theland erosion and by this process, if continued suffici-
ently long and without interruption, the land surface
would be reduced to arolling plain not much above sea
level, called a peneplain.

Most of the material worn off the land is carried by
rivers and deposited under the sea; here it is laid down
in zones, the coarser material inshore, finer sands
further out and fine muds beyond that again. On the
floor of the sea in clear water the bleached bones and
shells of myriads of tiny sea creatures pile up and form
such rocks as chalk. In muddier water the same material
might form the blue-grey mountain limestone of the
Pennines or central Ireland. All these rocks, sandstones
or grits, mudstones or shales, chalk, limestone, etc., are
called sedimentary rocks and they are normally laid
down in beds or layers one on top of the other. Now it
will be obvious that if two such rock layers exist, the
bottom one must have been laid down first; and so, in a
series of undisturbed beds, the oldest occur at the foot
and there are gradations of age, which can sometimes
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be measured by the thickness of the beds, until the top-
mog strata are reached. Geologists who study this sort
of evidence have thus a rough and ready method of
calculating the age of the land surface of the earth.

They have shown that some parts of the land have
been exposed to the air from the earliest times of which
we have any record. Other portions of the earth have
moved up and down many times, as shown by the
variety and age of the beds now at the surface. As might
be expected from what was said above about erosion,
these veter an lands should naturally form low peneplains
and the majority do, but others have been re-elevated
into plateaux in comparatively recent times, i.e. recent
in comparison with their agewhich may be 1,000,000,000
years. These stable blocks are shaded in fig. 4 and
arefound in north Canada, north Europe, and Siberia:
in the southern hemisphere stable areas at a higher
elevation occupy much of the eastern bulge of South
America, mogt of Africa, the peninsula of India, and
western Australia.

Throughout the long geological history of the Earth
there has generally been little disturbance of the surface
and rivers, rain, wind, and ice could proceed at will with
their work of erosion. In contrast to this normality, on
at least four widely separated occasons great earth
sorms have swept the planet: the beds of rock on the
sea floor have been twisted and bent and forced up into
high mountains. We e to-day the strata which were
originally horizontal or nearly s, contorted into fan-
tastic shapes. In ail these tremendous upheavals the old
stable masses, or shields, remained firm and the moun-
tain-building movements piled up the contorted strata,
folded into ridges and valleys, against them. That is
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why a knowledge of the shidds of the world is necessary
to an understanding of the trend of the folded mountain
systems.

Little now remains of the earliest of these mountain
sydems. Worn down to sea level, re-elevated and worn
down again several times throughout the ages, only a few
uncertain remnants survive. The first reasonably com-
plete mountain sysem is known as the Caledonian,
since the re-elevated ranges now form the Highlands of
Scotland. In Europe the Sgns of this disturbance follow
a great arc from Greenland to North Gape; mountains
formed at thistime extend in a NE.-SW. direction from
North Capeto Clew Bay in Ireland. The Caernarvon-
shire peninsula of Wales and the Wicklow Hills of
Ireland also follow this trend-line. Mountain building
dated as Caledonian can be deciphered upon all the
continents; the direction and amount of the folding
varied, but, in general outside Europe, these mountains
are not of especial importance to the geographer.

At the end of a long period of quiescence, during which
new limestones and the coal beds were laid down, a
second period of mountain building took place. In
Europe the mountains formed at this time are known
by many names to the geologists, taking our cue from
Professor H. H. Read we shall use the term Hercynian
to refer to the complex. These mountains, now no longer
a continuous sysem, run across Europe from west to
east. Folding of this age determines the direction of the
long inlets of south-west Ireland, of the south coast of
the Bristol Channel, and of the peninsula of Kent;
examples from the mainland of Europe arethe Ardennes,
the Harz (whence Hercynian), the Erz and Reisen
Gebirge, and the platform of low hills that forms the
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northern edge of the Carpathians. A cross fold, at right
angles to the main trend-line, is responsble for the
Pennines which form the backbone of England. If we
have this sysem firmly in mind the location of the
major coalfiedds of Europe is a smple matter: the more
important fields lie along the northern flank, in South
Wales, in France, Belgium and Holland, in the Ruhr pf
Germany, in Saxony, Slesia, and far to the east in the
Donetz valley of south Russia. In America the Appala-
chian mountains, formed of sediments laid down in a
great trough-like sea, are for the most part comparable
in age to the Hercynian mountains of Europe. We
find that, as in Europe, the richest coalfields occur
on their flanks in Pennsylvania, West Virginia, and
Alabama.

The last and most recent earth revolution has given
us the highest and most continuous mountain rangesin
the world to-day. This is not because it was more
violent than the preceding ones but simply because the
forces of erosion have not yet had time to bring about
much reduction in the height of the peaks or the extent
of the ranges. We call it the Alpine revolution, and the
ranges associated with it run across the south of Europe
from the Pyrenees to the Caucasus. The ranges run
parallel for the mogt part, but at two or three places they
have coalesced to form a complex upland region called a
knot. Switzerland lies on the fringes of the Alpine knot.
From this, ranges spread out—as for example the moun-
tain lines of the Apennines, which are continued through
Sicily and the Atlas mountains of North Africa. The
sequence is briefly broken at the Straits of Gibraltar and
extends as far asthe Sierra Nevada of Spain. In thenorth
of Spain the mountain chain of the Pyrenees once
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continued to meet the Alps. To the east of Switzer-
land two main chains diverge; the Carpathians sweep
in a great arc enclosing the plain of Hungary, while
the Dinaric mountain ridges form the backbone of
Yugoslavia and Greece. The Dinarics are drowned
at the edges on the Adriatic sa and southwards
they dip under the Mediterranean to reappear in
Crete. Extensons of both the Carpathians and the
Dinarics traverse Turkey and unite with the Caucasus
to form the Anatolian knot. Mountain arcs from this
sweep round the southern end of the Caspian and south-
eastwards along the flanks of the Tigris-Euphrates
valley tojoin again in the complex of high mountains
in north-west India, known as the Pamir knot. The
Alpine folds do not stop there; they continue eastwards
asthe great wall of the Himalayas which, on meeting the
western outposts of the old stable hill mass in south-
eas China, break southwards in the many folded ridges
of Burma and Malaya to the East Indies. Mountains of
the same age form the backbone of Japan and continue
northward as the island arcs of eastern Asia where they
link up with the outposts of the American sygemsin the
Aleutians. The magnificent mountain ranges of the
western cordillera in Canada and the U.S.A. with their
continuations in Central America and in the Andes of
South America exhibit the same type of successon,
single arcs coming together to form knots at intervals.
These mountains are the result of recent folding that is
not quite contemporaneous with the Alpine revolution
in Europe. Only the latest phases which thrust up the
Coast Range coincide in date with the Alpine of Eurasia.

Associated with the Alpine storm are many other
physical features of the earth's surface. The mountain
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arcsin their elevation drew with them large tracts of the
older rocks: the Meseta of Spain, the plateau of Tibet,
the intermont plateaux of the U.S.A., and the Bolivian
highland are examples. Occasionally these old blocks
were shattered by the strain of uplift and so we get
such mountain-girt depressons as the plain of Hungary
and the basns of the Mediterranean Sea. That the
direction of the folds is controlled by old stable masses
outside the mountain arcs can be seen not only from the
eastern Himalayas but alsoin North America, where the
increase in width of the mountain zone is clearly evident
south of the Great Lakes once the control of the Cana-
dian Shield is relaxed.

Several land-forms of lesser magnitude stem from the
shields and the folded mountains. A moment's reflection
will show that a compensating trough or valley must
follow the edge of these major earth features. The rim
of the Canadian shield is marked by a line of lakes,
Great Bear, Great Slave, Lake Winnipeg, the five Great
Lakes (Huron, Michigan, Superior, Erie, and Ontario),
and the St. Lawrence valley. The gulfs of Bothnia and
Finland together with Lakes Ladoga and Onega mark
the edge of the Baltic shield. Trough valleys lying below
the outer folds of the Alpine system are numerous: the
Rhdne, the Po, the Tigris, the Indus-Ganges-Brahma-
putra depression, are all of this type and a study of the
atlas will indicate many others.

Although the tremendous forces which uplifted the
mountains are not yet fully understood, the effects are
evident. Their action upsets the stability of the con-
tinental rafts. To balance the great mountain piles, a
wide underground zone, like the root system which sup-
ports a tree, must exist. We have evidence that at the
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base of the mountain ranges molten rocks such as
granite are extruded from deep layersin the crust. This
type of rock occasionally forced its way up in a molten
state to form volcanoes and lava flows, and the inter-
ruption of the stable equilibrium of the earth often
manifests itself by earthquakes. For example, the moun-
tains of western America from Chile to Alaska have
many active volcanoes, and the most severe earthquakes
have a habit of frequenting these folds whether it be
at San Francisco, Tokio, or Turkey. Older mountain
building, too, was accompanied by the same phenomena
and on the outer perimeter of the shiedds much volcanic
activity has taken place in the past. Such disturbances
are attested by mineralized beds and these old rocks,
poor in soils, have produced rich mining areas; nickel
at Sudbury (Canada), and near Petsamo (Finland), gold
in South Africa and West Australia, tin in Bolivia, all
exemplify the general principle.

Deep sub-continental roots holding aloft the mountain
ranges, volcanoes and the movement of molten
rocks underground, are all phenomena on a world
scale. The interpretation of the mysteries of their
formation is properly the field of the geologist. The
geographer can help and has helped by attempting to
apply principles worked out in local field-studies to
other areas of the world, by the discovery of anomalies
and new problems, and by plotting distributions on a
map which shows up correlationsor demonstrates the lack
of agreement. The greatest contribution of geographers
to the study of thephysical features of the earth's surface
has been in the examination of the minor features of the
landscape. Unobsessed by origins, they have progressed
from a classification of different types of terrain, plain,
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mountain, plateau, valley, & ¢, to adynamic conception
of weathering under different climatic cydes*

Attention has been concentrated on the river basin
and on the hills separating the catchment area of one
river from the next. The wearing down of the land to
the complicated surface levels that we s to-day has
been the collective result of the agents of erosion. The
most important of these is running water, whether in
the form of rain, subsurface water, or rivers. Each river
cuts its own valley, using pebbles, sand, and finer
particles to wear away its bed. The work it does is in
direct proportion to the volume of water and the speed
at which it flows. Thus it is mogt effective in wearing
away its bed in the upper parts of its course after heavy
rain. The valley sdes tend to be undercut and to be
washed down by rain so that they dope evenly to the
stream giving a V-shaped cross section to the valley. As
the greatest cutting action takes place in the upper
section of streams they tend to push their headstreams
back over a period of time and occasionally one stream
will capture the headwaters of the less vigorous stream,
by deepening its valley more rapidly than its neighbour.
Such quick erosion is commonly associated with the
presence of beds of rock softer than the normal for
an area. The Yorkshire Ouse, working backwards
in the soft rocks of the Vale of York, has captured
the tributaries of a river that formerly flowed to the
sea at Flamborough Head. The characteristic of river
capture is the presence of an 'elbow' turn in the
stream at the point of capture; one of the best examples
in England isthe turn of the Witham at Lincoln.

In a damp climate the collective action of all the
streams, reinforced by raindrops, erodes the whole
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surface of the landscape in a uniform manner and, as we
have said before, the end result is a peneplain. To reach
this condition requires a very long period of absolute
stability in the relations of land and sea, for obvioudly if
the sea level drops (or the land rises, which has the
same effect) rivers will have a seeper gradient and will
recommence to cut away at their beds in a vigorous
manner. In a world which has emerged comparatively
recently from an earth revolution there are few fully
developed peneplains, although good examples may be
found in the U.S.S.R.

In deserts or where rivers flow across arid plateaux the
banks are not worn away to the same extent asin moister
lands. The raindrops and the mantle of soil are wanting.
The river, however, as it flows along continues to cut
down into its own floor and so instead of a V-shaped
valley we get steegp-sided canyons. The Grand Canyon
of the Colorado river is the most magnificent of these;
its great depth is due entirely to the cutting action of
the Colorado river but this action has been continuously
rejuvenated by the dow uprising of the land surface.

In mountains or on the plateaux, then, rivers are
actively engaged in wearing away the surface of the
earth. The section of a river in the hills is called the
youthful section, and rapids, waterfalls, and seep
V-valleys are all dgns of youth. So too are lakes, for in
the nature of things they get filled up with the sand and
mud transported by a river which upon entering a body
of still water has the speed of its flow suddenly decreased
and can no longer carry a load of sediment. The outlet,
too, is constantly being worn away and the level of the
water lowered so that inevitably lakes are temporary
features of the landscape.
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Similarly the carrying power of riversisdiminished at
the foot of the hills and in this section of their courses,
the mature section, rivers are building up land by the
deposition of sediment. Thus along the southern dopes
of the Himalayas there is fir¢ a zone of sones and
boulders dropped by the rivers as they dacken speed on
reaching the plain, forming an infertile jungle strip
known as the terai, and then a fertile, gondess alluvial
plain which stretches for hundreds of miles. In time the
building-up action of a river becomes as important as
its wearing-down action and together, of course, they
reduce the average height of the land.

Great rivers have built up wide stretches of fertile soil
in their lower courses. These are known as flood plains
because they are little above water level of the streams
and subject to floods from time to time. On these un-
consolidated sediments the river, deflected by minor
obstacles, swings about freely in 'meandering' curves.
Flood waters, increasing by their volume the rate
of flow, often cannot take time to round all the
bends and straighten up the river channel, leaving the
former bends as temporary lakes or swampy depressons
in the midst of the flood plain. These flood plains
because of their great fertility and their easily worked
soils are very desirable places for farming. The control
of the river is the principal difficulty. By building
earthen banks or levees it may be confined within
its channel but then, deprived of the opportunity to
drop itsload of mud on theflood plain, theriver deposits
it in its own bed and the levees have constantly to be
raised. After some decades the bottom of the river
channel may even run above the level of the plain in
sections, a condition of some delicacy. Great floods
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can ensue when levees such as this are broken, for
once free the river may carve for itself a new channel
dsawhere on the gently doping flood plain. The
Hwangho (China's Sorrow) did thisin 1852, ploughing
a new valley through field, farmstead, and town and
moving its outlet to the sea by some 300 miles,
from the southern to the northern side of the Shantung
peninsula. Theflood plains and theriversin these idands
are much smaller and we are not so crowded on the land
as the Chinese, but more or less ssvereflooding is endemic
to the lower courses of our streams.

Some flood plains have been built on land originally
planed away by rivers, but others have been built up as
additions to the land surface. When a river carrying a
load of sediment enters a tideless sea or a lake it deposits
its burden and in time the accumulation forms what is
known asadelta. Thisnew land is often fan-shaped and
is nearly always only, slightly above the level of the sea
or lake, but in the course of centuries it can be built up
so as to be out of danger of flooding. Former deltaic
deposits which now form extensive plains are those of
Lombardy, where Ravenna, a Roman naval port, is
now ten miles from the sea, and the Tigris-Euphrates
where, within the period of written history, these two
streams once entered the sea by separate mouths, whereas
now the joint stream, the Shatt-al-Arab, is 123 miles
long. The Rhine-Maas delta, which includes mogt of
Holland and part of Belgium, has been formed in a
strongly tidal sea but at a point where two tidal currents
meet offshore and neutralize each other.

We have referred earlier to the collective action of all
the streams in a region, and before we leave this subject
a word must be said on the types of rivers that can
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exist. Imagine a piece of land composed of alternating
beds of hard and soft rocks, which has just emerged from
the sea. The firg rains will flow in parallel channels
directly to the sea and the stream valleys so formed are
classfied as consequent. As erosion proceeds tributary
streams join these original rivers from right and left.
These subsequent streams usually excavate their valleys
in the softer rock strata. In time such a union of streams
will form a pattern on the map rather like atreetrained
againgt the wall, a trellis pattern. Therivers of the Weald
of south-east England have developed in this fashion on
either dde of the original anticlinal land surface. The
consequent sreams have maintained their original valleys
by cutting gorges through the North and South Downs at
the same rate astheir sources removed the chalk highland
that formerly covered the Forest Ridges. There have been
anumber of ingancesof river captureand somer outeways
through the Downs are now no longer occupied by rivers.
Moretypical isthewater gap with its bridge and market
town to collect trade and travellers from both sdes of
the hills, such as Guildford, Dorking, Lewes, or
Canterbury.

Although rivers are most effective agents in wearing
down the land, other forces are at work. In dry lands
without running water the alternation of heat and cold
from day to night eventually splits up the rocks. The
different mineral crystals comprising the rock expand
and contract at different rates, and their pressure after a
time breaks down the surface Water in deep cracks,
frozen at regular intervals, also exerts a considerable
strain and may force large fragments away from the
parent rock mass. In the deserts this rock waste accumu-
lates as an untidy apron at the foot of the hiljtf and fills
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up the valleys that have been cut by occasional thunder-
showers of the cloudburst type. Under temperate condi-
tionsthis material would lose its angular appearance and
be carried by rivers towards the sea. Herein the water-
less lands the wind is the principal mover and it can
transport only the smaller particles. These sand grains
pile up as moving dunes in the basins between the hills.
The curving line of the hills, photographed with a low
sun so that in the absence of vegetation every tiny
surface irregularity is accentuated and the tracks of the
camel on the crest loom like mountainsin the foreground,
is favoured asthetypical desert scene. In fact only about
one tenth of the Sahara is composed of erg or sandy
desert and mogt other deserts have even les

The wind may carry the finest of the dust beyond the
desert borders where it is deposited on the windward
side of any obstacle. This fine dust forms a soil known
as loess, mogt important in north China on the lee of the
vast, dry, interior lands of Asia. In temperate lands
the wind can have little effect as the mat of vegetation
prevents the soil being used as an eroding agent.

An earth modelling force that works morerapidly than
all these has been ice. Following the last great epoch of
mountain building most of the northern hemisphere
pased through a period known as the Tee Age, or, to
be more pedantic, the Pleistocene Glaciation. Great
glaciers accumulated on the hills and after several
centuries much of Europe and North America were
blanketed by ice sheets several thousands of feet thick.
The weather did not stay uniformly cold throughout the
Ice Age: there were at least four periods of maximum
cold and maximum ice cover, separated by long inter-
glacial periods of warm sunny weather. Indeed some



34 THE STUDY OF GEOGRAPHY

stientists believe that the present time, less than 9,000
years since the great glaciers finally retreated from north
Europe, may be yet another interglacial period. Rem-
nants of the ice shest remain in Greenland and there
are a few tiny glaciers left in the high mountain valleys
of the Alps, Norway, Alaska and other places, an un-
usual state of affairs in geological history.

Although, in terms of time on a world scale, the Ice
Age occurred but yesterday and lasted only for a brief
period of a few millenia, there is no doubt that as an
excavator of rock and soil and as a transporter of the
material excavated, ice has proved itself a most effective
agent. As the glaciers advanced, whole regions were
swept bare of soil. Masses of rock and rubble frozen
into the base of the ice filed away the mountains and
enlarged the valleys. The tremendous volume of soil,
sand and rock waste was left behind as the ice melted
or retreated, forming adeposit known askameor ter minal
moraine. Ifthe Ice Age had been a simple matter of one
advance and retreat, we should find a wide area swept
bare of soil and large dumps of this morainic material
laid down on others. But because of the several phases
of ice advance we find many complicated sysems of
terminal moraines and their asociated features. So
complex were the ice movements that recent research
has tended to divide each of the four ice advances into
two parts, and the last episode—the Wurm advance—
into three. Summer melt-waters flowing from the ice
front flooded over the loose morainic material and
spread out finer soil as an outwash plain. Rocks and
finely ground dust from the base of the ice were dropped
in many places as boulder clay, and the fossl beds of
rivers that each summer flowed in tunnels within the
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glaciers can be seen as long sinuous ridges of sand and
gravel called ekersor Osar. InEurope these phenomena
occur in an irregular sequence, moraines and outwash
fans on the north German plain and the Baltic States,
boulder clay in eas Denmark and south Sweden and
ekersin central Sweden and Finland.

Smaller glaciers in the mountains at the close of the
period, filling perhaps just onevalley, have over degpened
and straightened the original river valley, giving it a
U-shaped cross-section asin fig. 5. The head of such a
glacier frozen into the rocks of the hill gives rise on its
disappearance to an armchair shaped hollow known as a
cirque (cwmin Wales, corriein Scotland) which isoften in
part occupied by a lake. Tributaries enter the main
valley by water falls and themselves occupy 'hanging
valleys, so that an ice-deepened valley conssts of four
distinct parts: (a) thecirque, (b) the deep, straight trench,
(c) the shelf or 'alp' of the former river with its hanging
valleys, and (d) the terminal moraine of the glacier
responsble for the whole operation at the end of the
valley. These glacial troughs are of some importance in
mountain regions as ways of communication; the passs
which connect onevalley with another across such moun-
tainsasthe Alpsare also ice eroded. The changein dope
inthetributary streamsasthey drop steeply intothemain
valley are being used for hydro-electric stations, and
these are particularly important if the stream is fed by
alakeon the'alp',actingas a natural reservoir, to givea
constant flow of water.

We need not go to the Alps, Norway nor North
America to sse examples of glacial activity. One of the
most striking of terminal moraines runs across England
from Shrewsbury to York, or in Ireland from the
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Gurragh, just south of Dublin, in a curving line as far
as the mouth of the Shannon. Sheds of boulder clay,
left by ice from Scandinavia, cover wide stretches of
East Anglia, of Holderness, and occur as far north as
Caithness. In Ireland the piling up of boulder clay, sand,
and gravel on a peneplain surface of gently flowing
rivers completely disrupted the drainage, and in later
times there developed wide shallow lakes and peat bogs.
All the sages of valley glacier erosion can be found within
the British lsles: in the Highlands of Scotland almost
every valley has been modified by ice, and the beauty
of the Lake District depends upon the long, narrow lakes
which liein rock basins cut by ice.

We have spoken earlier of changes in the relative
levels of land and sea. During the Pleistocene period
when Europe and North America were covered by vast
sheets of ice at least 10,000 feet thick, and when minor
ice sheets were found even on the equatorial mountains,
vast quantities of water were locked up and, as a result,
the level of the sea became lower. The weight of ice_
pressng down on the continents depressed them a little
so that on final melting and consequent raising of sa
level there was a great flooding of the land. Since that
time the land has gradually risen to its present height
and in the Baltic is continuing to rise at the rate of half
an inch per century. Traces of former sea levels can be
found in fosdl wave-cut beaches now high and dry. The
highest of these is 100 feet above sea-level in Scotland,
and others are found 50 feet and 25 feet above sea-level.
They can be seen along most European coasts The
western parts of Norway, Scotland, Ireland, and ese
where have a remarkable number of drowned glacial
valleys known as fjords or lochs. There has been much
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controversy over the origin of fjords but it is now
generally accepted that they are ice-cut valleys drowned
by a change in sea level.

Before we leave this discusson of the effects of ice on
the landscape, mention should be made of another con-
troversy. Some physiographers hold that running water
is the most effective agent of eroson and taking the
world as a whole this is probably correct. The work of
ice is, however, much more rapid and drastic than river
action and if we remember the localized nature of the
ice sheets and the relatively short span of their existence
there is no doubt that in that time they accomplished
much more erosion than any sysem of rivers could have
done.

The Pleistocene ice sheats had other effects than me:e
moulding of the physical landscape. When Europe was
covered by ice, no plants could grow; the wet winds
that now cross the British Ides blew further south and
transformed the Sahara into a waving grasdand, with
tree-lined river courses. After the melting of the ice,
trees, plants, and animals which now included man,
moved back into Europe from Asia and Africa but many
species of plants could not recross the Mediterranean
areas and the Alpine fold mountains. Consequently
both the flora and fauna of north Europe lack much of
the variety to be found for example in North America,
where the mountains run generally north to south and
where no water barrier such as the Mediterranean cuts
off the temperate lands from the tropics. In the last two
centuries numerous ecies of trees, native to North
America and to eas Asia, have been introduced and
flourish in Europe, showing that there is no climatic
barrier to their presencee. The horse chestnut is a
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common tree in these idands although a recent introduc-
tion from the U.S.A.; the western plane, common on
City streets, also comes from the U.S.A. On the Continent
many trees and bushes, now growing wild and very
common are recent introductions: the mogt striking of
these is the false acacia {Robinia pseudacacia), as common
now in Europe asthe hawthorn in Ireland but not more
than three centuries on the continent.

This firgt glance at the surface features of the earth has
allowed us to se the broad outlines. The great contin-
ental rafts, the ancient shields, and the mountain ranges,
form the framework within which both the forces of
weathering and the drama of human life are confined.
The work of the agents of erosion forms a continuous
cycle, from ruggedness to the smooth undulations of a
peneplain. For its completion this cycle requires long
eons of time and there are many dgns that it has been
interrupted by movements of the land or sea many
times in the past. It is this unfinished nature of the
peneplanation that gives such complexity and variety to
the landscape. Each regional study in physical geo-
graphy traces remnants of these fossil peneplains, as yet
untouched by the work of modern rivers carving the
surface down to present-day sea level.

Water is not only a vital geographic force on land, it
is also important as an element in the atmosphere. Its
effects under the cold weather conditions of the glacial
period have already been mentioned and we must now
turn our attention to its effect, as an element in climate,
on the impermanent surface covering of the planet, the
snilsand vegetation.



CHAPTER I I'l
CLIMATE, SOILS, AND VEGETATION

T H E surface of the earth is rarely naked. Between the
solid rock and the windy atmosphere the soil and the
vegetation interpose themselves and in turn exert a
strong influence on the life of man. |If the solid rock
was not broken into soil by the agents of weathering
and if the climate prevented the growth of the necessary
plants, then human life could not exist. Geographic
facts such as this admit of no argument The study of
geography in directing our attention to the influences
that underlie in many subtle ways the growth and
development of human civilization, influences that have
determined the nature of the struggle necessary by human
groups to ensure their survival in different localities, has
all the fascination of dealing with fundamentals.

The soil and the vegetation covering of the skeleton of
the earth are so much a product of the atmosphere that
we must here turn our attention first to that most fluid of
the envelopes surrounding the hard core of this planet,
Thereader will, however, be awar e by now that geography
studies its phenomena as parts of a whole and it will be
no surprise to find remarks on the vegetation and the
soils interspersed with descriptions of the different type
of planetary climate.

The Ice Age has shown that the climate of Europe ha
changed much in the last 10,000 years. That is too lonj
a time span for most purposes. Climate is so importan
that a special branch of science has grown up to stud;



CLIMATE, SOILS, AND VEGETATION 41

it, climatology. In modern times aircraft depend on
accurate predictions of the weather for knowledge of the
winds at their aerodromes and along their routes. We
are all familiar with the daily variations of atmospheric
conditions in these idands; rain, sunshine, high winds,
fog, and calm succeed one another often with startling
rapidity. Such day-to-day variations make up the
weather, and in view of the speed with which conditions
may change the daily forecast gives predictions only for
24 hours ahead. Yet in addition to day-to-day events
everyone knows that the seasons recur with certain
regularity; that, in fact, the average conditions for any
month in the year are very like the average conditions
for the corresponding month in other years. These more
general changes are referred to as climate and thus it
would be fair to define climate as average weather.

Climate determines much of the life of this planet.
Recent work in the U.S.S.R. and the U.S.A. has tended
to show that climate, or weathering under different
climatic conditions, tends to produce much the same
type of snils no matter what the parent rock may be.
And it should never be forgotten that about two-thirds
of the people of the earth are farmers and thus directly
dependent on the interaction of soil and climate for their
livelihood. TheBritish farmer hasto deal with a climate
that is cool and moist, the winds blow most frequently
from the south-west and the year falls into four main
LANS.

Such equability of temperature and of moisture condi-
tions is rare and other regions of the world experience
great extremes and a completely different seasonal pat-
tern. Some generalizations can be made, however, for
most people take it for granted that places closer to the

D
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pole, that is higher in latitude, are colder and that the
climate becomes warmer if we proceed towards the
equator. In a previous chapter the distribution of the
mountains and the physical features of the continents
was shown to follow patterns and in the same way
climate varies according to definite principles.

Thefirst of these concerns the different heating powers
of land and water. The oceans absorb heat slowly from
the sun and give it out again slowly; land heats up
quickly and cools down as quickly once the sun's rays
are withdrawn* This is exactly the principle that
determines the superiority of the hot water bottle as a
bed warmer over the hot brick. Consequently, as land
and water are unequally distributed, the climates of the
continents show considerable differences: and since
there is moreland in the northern hemisphere than in the
southern, northern climates are more varied. As the
earth makes its yearly circuit round the sun and as its
axis is tilted at an angle of 23%®, the noon-day sun
shines vertically overhead at different places at different
times of the year. During our spring the sun is directly
overhead at the equator on 21 March and by 22 June
itisvertical at the Tropic of Cancer (23}° N. lat.).
From 22 June to 22 December the vertical noon-day
sun is shining at points to the south of Cancer and by
the latter date has reached its southernmost limit, the
Tropic of Capricorn.

At the equator, then, the sun is always high in the
sky at noon. As it beats down on land and sea both are
heated and the air in contact with them becomes hot
and rises up. Equatorial lands are lands of calms,
known in the days of the old sailing ships as doldrums,
for on the surface winds rarely move quickly. The hot
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damp lower air ascends to colder regions in the upper
atmosphere and drops its moisture as heavy thunder
showers. One day is much like another, the sun rises
within a few minutes of 6 a.m. and quickly dissipates
the nighty mists, the day is a time of increasing sultry
heat, eased slightly by a heavy thunderstorm in the early
afternoon, and by 6 p.m. the sun has s&t. There are no
sasons and the monthly variation of temperature
throughout the year is not more than a few degrees.
Under these conditions of heat and moisture vegetation
grows apace and at the equator the most magnificent
vegetative growth in the world is found. This is known
as the rain forest where trees and undergrowth are so
tight-packed that life is difficult for the larger animals
and only small tree-dwelling creatures like birds,
monkeys, and snakes are numerous. Despite the premise
that man has probably developed from a hairless
tropical primate, biologically attuned to this type of
climatic regime, human life is difficult in these regions;
man has tended to be crowded out by the vegetation.
In the hot steamy atmosphere decay is rapid, disass
abound, and mog primitive peoples find life a hard
struggle. Even the modern European, with all the
resources of a complex civilization to draw upon, has
not yet mastered the art of living comfortably in this
environment.

Onlyduring the equinoctial ssason does this equatorial
climatic zone extend evenly on either side of the equator,
although 5° N. to 5° S. latitude is never outside its
scope. Consequently, on either side of the equatorial
rain forest there is a belt which has a dry season as well
as a wet season, and as we go farther from the equator
the length of the dry season becomes greater until
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around the tropics in West Africa it occupies almost all
the year. Therainy season does not commence on the
first day the sun attains the vertical, there is a certain
time-lag, best expressed by the saying that 'rain follows
the sun'.

At Lagos, 6° N., the mean temperature of the coolest
month is 75*7° F. and of the hottest 82'0° F., so that the
mean annual range of temperature is only 6-3° F. The
daily range may be a little greater, as much as 16°.
In relation to the experience of other parts of the world,
thee temperatures are not high and the thermometer
rarely exceeds 90° F. in any equatorial land; but they
are very trying because of the dampness and the lack of
seaonal change. Rain at Lagos shows already the
effects of the movement of the belt of maximum rainfall
with the sun. It receives 72¢2 inches per annum, with
rain during every month of the year, attaining a maxi-
mum in two rainy seasons once the sun has passed
overhead. There isa major rainy season in May, June,
and July with 57 per cent, of the annual precipitation,
and a minor wet season in September and October
with 20 per cent, of therainfall. It must be remembered
that although three-quarters of the rain falls in five
months of the year every month is wet.

Where no rain falls or where rain falls so irregularly
that plants cannot rely on it, bare ground with only
occasional specialized plants is found. These lands, of
less than 10 inches rainfall per annum, are the deserts.
They lie in the belt of the Trade Winds, steady winds
flowing from the desert regions of high barometric
pressures, towards the equatorial band of low barometric
pressure to compensate for the rising air currents in the
doldrums. Owing to the daily rotation of the earth on its
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own axis winds tend to be deflected to the right in the
northern hemisphere and to the left in the southern
hemisphere. A point on the equator makes a complete
circuit of about 25,000 miles in 24 hours, a speed of just
over 1,000 miles per hour, whereas near the polesasimilar
point makes a turn of only a few miles in length in the
same period. Thus, winds blowing towardstheequator in
the northern hemisphere come not from the north but
from the north-east. They aredrywindsin North Africa
because they originate over the land and lack moisture.
Further west after the North-east Trades have crossed the
Atlanticthey bring rain totheWest Indiesand the north
coast of South America. Consequently, in the latitude of
the tropics we find deserts on the west coast of a continent
and wet conditions on the east coast. This generalization
appliesto both hemispheres. In fig. 6 note the limita-
tion of the hot deserts to the tropics and to the west
coads in Australia, South Africa, and South America.

In the Sahara the thermometer reached a world
maximum of 136 '4° F. at Azizia, 25 miles south of
Tripoli, in 1922, yet the annual range is not excessive.
At Biskra oads for example, 35*55° N. latitude in
Algeria, themean annual rangeisonly 38'3°, from 51*i°
F. in January to a maximum of 89/4° F. in July. The
daily range however isvery great: the sun beating down
from the deep blue skies scorches the bare surface
between the scattered desert thorns, and the air quivers
with reflected heat. Midday shade temperatures are
often over i00° F. When the sun goes down no blanket
of clouds developsin thedry air, the land codls rapidly to
temperatures in the region of 40° F. or below. It is not
unusual for buckets of water out of doors at night to
freeze during the cooler months of the year. No wonder
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that desert peoples developed the sandal to protect the
foot. The Sahara getsvery littlerain or cloud: steady dry
north-east winds are the rule. Such rain as falls comes
normally as summer thunderstorms but there is no
regularity in its coming, and many parts may be without
rain for years. At Biskra the total annual fall is 6*9
inches, with only April showing a rainfall of over one
inch. In technical language we would say that in
desrts therainfall efficiency is at itslowest. To determine
the efficiency of the amount of rainfall, its regularity and
seasonal distribution is compared with the evaporation
caused by the temperature in order to find out how much
is available for plants.

Polewards of the steady Trade Winds there is another
zone of low barometric pressurein the North Atlantic and
the North Pacific. Winds here blow more stormily than
in the equatorial low pressure and by deflection appear
off the coadts of Europe from latitude 40° northwards as
south-west winds blowing on-shore from the Atlantic.
This warm damp airstream is the dominant feature of
our climate. On the American continent within the
same latitudes, the winds, blowing from the north-east,
are cold and this influence is reinforced by the water
from the Arctic Ocean flowing along the coagt of
Labrador and Newfoundland. Cold Arctic water is
prevented from migrating southwards towards the
Atlantic coast of Europe by a submarine mountain ridge
from Iceland to Norway and the south-west winds urge
warm Atlantic waters polewards. |n consequence of
this the western seaboard of Europe has milder winters
than any other comparable area of the world.
Murmansk, within the Arctic circle, does not freeze up
in winter whereas the St. Lawrence river in latitude
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50° N., the same latitude as Cornwall, is frozen for three
to four months each year. The coast of British Columbia,
on the west of North America, has a milder climate,
similar to that of the British Ides, but high mountains
prevent the maritime influence from penetrating inland.

To illustrate the climate of cooler lands to the north of
40° of latitude, we may give rainfall and temperature
figures for a town of western Europe. Valencia in
south-western Ireland may be taken as typical, with 56
inches of rain per annum, 58 per cent, of it falling in the
winter half year. The congtant on-shore winds from the
Atlantic bring moisture at all ssasons with rather les in
summer than winter. The total, as we know from our
experience in Great Britain, is ample for most purposes.
Temperature too shows a marked constancy: in summer
the heat of the sun is tempered by cloudy sies and the
moist airflow from the relatively cool ocean. Winter is
kept mild by the same winds now blowing from an
Atlantic that is relatively warmer than the land.

A mild winter means that there may be the possibility
of growth out of doors all the year round, with the con-
sequent enrichment of life in the environment. For this,
the important temperature is not 32° F., the freezing
point of water, but 42*6° F. the zero of plant growth, and
to allow for daily variations the mean monthly tempera-
ture of the coldest month should not fall below 44° F.
This condition is fulfilled on the coastal districts of
south-west Ireland, in the tip of the Cornish peninsula,
and in the Scilly Ides. At Valencia the annual range is
only 14*6°, the mean annual temperature never drops
below 44° F., and killing frogs are rare. Autumn is
warm compared with spring, a characteristic feature of
a maritime climate.
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It isinstructive to contrast with this the effect of land
and s on the east coagt of continents. Asia affords the
most extreme examples as it is the largest land-mass of
middle latitudes. In summer it heats up and a vast
low pressure is found on the Siberian plains; a smaller
but more intense low pressure develops beneath the
Himalayan and Sulaiman ranges in the Punjab. This
latter low pressure system has far-reaching effects. It
attracts the heated, moisture-laden winds from the
Indian Ocean and is even strong enough to draw in the
south-east Trades from beyond the equator. The winds
arrive at the coasts of I ndia at much the same date each
year and drench the mountains with rain. They swing
across the Bay of Bengal and travel along the Ganges
valley: hillsjutting across the main track, such as those
of Assam, are soaked: Gherripunji tea station gets 428
inches of rain in the year, mog of it (65 per cent.) in
June, July, and August. This wet monsoon brings life
to the rice fidds of the lower Ganges, to the spice
gardens of the west coasts of I ndia; though irrigation is
extensively usad it is not always because of lack of rain,
but to create the artificial swamp conditions on which
the cultivation of paddy rice depends.

Monsoonal rain arrives in summer when it is of
maximum use for plant growth and these lands support
by their intensive agriculture the densest populations in
the world: approximately half of the two thousand
million people in the world live in the monsoon lands of
south-east Asia, from the Indus to Japan.

'Monsoon' comes from an Arab word meaning a
season, applied particularly to the season for sailing to
India. Aswe have discused above, the summer or wet
monsoon blows from the south-west. Thewinter monsoon
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on the other hand blows from the land to the sea. The
continent of Asia, and the subcontinent of India, cool
down rapidly as all land-masses do when the sun does
not shine strongly: cold land chills the air and cold air
spreads out from the heart of the continent. The coldest
places on earth during winter areto be found in Siberia
and from there bitter winds sweep out over China. The
north Chinese say of the days when these winds blow,
'This is a three-coat day*. Indiaisprotected by Tibet
and the mountain wall of the Himalayas from these cold
airs, but again over India the winter winds blow from
thenorth or north-east and, originating on land, they are
dry winds, except for the particular case of Madras
Province, where north-east winds before reaching the
coast have crossed the Bay of Bengal and have accumu-
lated a certain amount of moisture.

A monsooaal climate then originates from the distribu-
tion of land and sa and from the fact already stated
that land and sea absorb and radiate heat at different
rates. The year can be divided into two main seasons,
awar m wet ssason and a dry winter, cool or cold depend-
ing on latitude and local conditions. These two divisions
are separated by shorter seasons a hot, dry period
before the rains come, usually calm but often in coastal
districts accompanied by violent storms called variously
typhoons, cyclones, or hurricanes, and a cool, calm
sason before the onset of the winter monsoon.

The mean annual range of temperature varies from
3 degress in Ceylon near the equator to 73 degrees
in north China, but in all casss the rain comes in the
hottest months of the year. It takes more rain to be
effective as the temperature increases. more is lost by
evaporation and also by transpiration from the rapidly
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growing vegetation. In India or south China 40 inches
pf rain is needed to produce a luxuriant vegetation and
60 is desirable. This amount of rain falls on the coastal
strip of western India from Bombay to Ceylon; hill
stations here record around no inches during the
monsoon. Eastward of the crest of the Ghatsis a district
of scanty rains, the famine region, where the descending
winds have log almost all their moisture and annual
rainfall drops from an average of 75 inches to 20 inches
or les The second area of abundant rains in India
(i.e. over 40 inches) extends from the Ganges delta to
the Central Provinces and continues along the foothill
strip of the Himalayas as far as Amritsar. Between the
summer monsoonal rains of the Ganges and the irrigated
~doabs of the Punjab lies the Thar or Indian desert.
Rain-bearing winds circulate around it but it remains
waterless, an outlier of the great arid wages of the
Sahara and Arabia.

Asiatic monsoons are important because they influence
the lives of half the world's population. On the opposite
side of Asia, for Europe is but an extension of Asia, is a
climatic regime important not because it influences many
people but because the foundations of European civiliza-
tion were laid in these lands. Thisisthe Mediterranean
1 climate found in lands around that sea and on the west
coads of other continents between 30°-37° latitude, in
California, in Chile, in South Africa and in western and
southern Australia. Lands with this type of climate are
found as an intermediate zone between the hot deserts
and the cool, maist, oceanic lands with gentle rain at all
sasons. The peculiarity of the Mediterranean climate,
and we shall confine our discusson to the homeland of
thisvariety, is that the bulk of the rainfall occurs during
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the cool sason so that plants have either to complete
their life-cycle during this period or develop special
methods of withstanding the heat and dryness of summer.
A simple explanation is that these lands are affected by
the movement of wind belts as the overhead sun passes
from the northern tropic to the southern tropic. During
the winter season of the northern hemisphere the
Atlantic westerly winds blow to the south of their
summer track, they too 'follow the sun’, and so bring
rain to the Mediterranean coastal littoral. That, how-
ever, is perhaps an over simplification. These Atlantic
winds as we all experience them are not a simple air
flow. They arrive in Great Britain as part of a series of
weak low pressure sysems, formerly known as cyclones
but now called depressions. Each depression brings its
own sequence of weather: a 'front' of warm continuous
rain and cloudy skies, followed by a period of much
cooler and stronger winds, heavy showers and patches of
blue sky between the scurrying black and white clouds.
Depressions are composed partly of warm, moist Atlantic
air and partly of cold air from the Arctic regions. The
weather they bringisnot invariably as described above:
there are many alternativesto that pattern.

In winter, as the continent of Europe cools down, the
Mediterranean remains relatively warm and local
depressons arise over the basins of that ssa. Damp
Atlantic air is drawn in and brings winter rainfall to
these lands. As the winds blow in a clockwise direction
the western dopes of the peninsulasreceivemorerain than
the eastern. Thisrain rarely penetrates far inland and
thetypical winter rains of the M editerranean countries,
the former and the latter rains of the Old Testament,
occur most reliably on the seaward dopes of the hills.
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In contrast to the cool winter, the summer is a period
of heat and drought, the area being then under the
influence of the dry north-easterly winds. These are the
Etesian winds that carried the Greeks to Egypt and blew
Egyptian barges up the Nile against the current. A
theoretically ideal description of the climatic regime of
the Mediterranean would make no mention of summer
rain, emphasizing rather the dry sand blas from the
Sahara, such as the Sicilian srocco. In the world of
reality there are always some exceptions to the rules, and
along the northern margins of the Mediterranean occa-
sonal summer rains are brought by stray depressons
from the stream along the northern dopes of the Alps.

A typical Mediterranean station is Athens where the
temperature risss from 46*4° F. in January to 80-6° F.
in July, amean annual range of 34*2°. Annual rainfall is
15*4 inches, almost all arriving in the winter sx months,
October to March. The controlling factor in plant
growth is therefore water rather than temperature, in
contrast to Europe north of the Alps.

Vegetation must be highly specialized in these
countries to withstand the long summer drought. The
natural growth isnot a great tall forest as at the equator
or in the regions of monsoonal rains but a thickly matted,
low, scrub forest, known as the maquis.

As we go northwards in Europe, winters become
colder; the dominant feature of the climatic year becomes
neither the mild Atlantic breezes nor the hot Saharan
winds but the cold air from Siberia. At Leningrad
only the five months from May to September have
average temperatures of above 42 ° F. This cold winter
is typical of the interiors of all large continents and
is directly due to distance from the moderating influence
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of the sea. The cold winter high pressure is replaced
in summer by a low pressure as the land warms
up. In Europe at Leningrad most (58 per cent.) of the
annual 19 inches of rain falls in the summer months
and is derived from Atlantic depressions voyaging towards
the low pressure of the continental interior.

Thus far we have distinguished several different
climatic zones, dependent on distance from the equator,
distance from the ocean, and position on the eas,
interior, or west of a continental land-mass. The business
of a geographer is not primarily to study the mechanism
of climate—that, as we said, is the field of work of the
climatologist; geographers are concerned to work out
the limits of climatic regions and, of course, to do this
some knowledge of the climate and of the determinants of
climate is necessary. The drawing of [imitsin thisworld
is a task of great delicacy for nowhere are there sharp
divisions; even high mountain zones may lack precise
boundaries because of foothill ranges, skirting plateau
blocks, and so on. One type of climate shades into
another and therefore it is not surprising that many
different maps of the world have been constructed to
show climatic provinces. Most agree in their major
divisions, though the exact delimitation of the boundaries
may vary.

For the geographer climate is but one important
factor in the life of man on the earth. Another most
important section of the environment is the soil. The
landscape, the climate, and the vegetation all help in
the production of the soil cover. At first the solid rock
breaks down into large pieces through chemical weather-
ing and through the action of frost and other physical
factors. These broken rock masses are eventually
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reduced in size and some plants begin to grow. From
that point onwards the soil is enriched by the decay of
roots and leaves, by bacterial rotting, and by the work-
ing of earthworms and insects. The soil is a complicated
blend of living and dead matter.

Given a long period of stable conditions and a land-
scape composed of plains or gently rolling country, the
evolution of the soil is more dependent on climate than
on the characteristics of the underlying rock. A mature
soil, such as this, can never develop on a hill slope
because fresh layers of rock detritus and plant remains
are, under the influence of gravity, slowly slipping down-
hill, nor can it develop on a river flood plain for there
fresh deposits are constantly being added.

Pedology, or soil science, is arelatively new branch of
knowledge. Its development occurred, significantly
enough, not in western Europe where much of the soil is
based upon a haphazard mechanical mixture left by the
recent lce Age, but in the great continental expanses of
Russia and the U.S.A. In these countries there occur
vast areas where the blanket of soil pass almost without
change over several types of rock, and this has focused
attention on the effect of vegetation and climate on the
rock particles. These mature soils require either plainsor
country with gentle undulations for their emergence, and
in their evolution three processes are important. Some
of the rain falling on the surface sinks into the ground
and, unless the underlying rock is porous, builds up a
water-saturated layer at varying depths. In its passage
from the topsoil to the underground water table, this
water performs the first two of these soil forming pro-
ceses. (@) the washing dow-

\Jie deeper layers, thus g
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texture, and (b) the removal of soluble chemicals such as
lime, potash, and phosphate from thesurface. Thethird
action is the accumulation of the decayed vegetable
matter called humus.

Theconsiderablevariety of climate, of types of vegeta-
tion, and in the dope of the land, together with the
effects of the Ice Age, river flooding and wind-blown
dust, all combineto produce a considerable complication
in the soil map of theworld. The topic is, however, of
considerable interest and importance because all animal
life depends on the vegetation produced by the inter-
action of soil and climate, and agriculture depends on
the co-operation of man working within limits st by
these forces. Vegetation is not merely a result of thif
mixturebut isan active agent in the establishment of the'
characteristics of the soil. It isthe vital contribution of
geography to the stences to be able to embrace such
complex syntheses as these and, by plotting their spatial
relationships and considering their distribution in rela-
tion to other factors, to makeitsown interpretation.

In such a book asthiswe can do no more than hint at
proceses and give selected examples. Her e we may con-
sider mode of formation of the soils of the grasdands as
typical. Grassisthe natural vegetation cover wherever
therainfall isinsufficient for the growth of trees: it thi:
tends to occupy the two zonesof transition between the
equatorial forests and the hot deserts and between the
desertsand thebr oad-leaved forestsof temperatelatitudes.
From the point of view of soil formation the special
characteristic of grasdands isthat they producefar more
vegetable matter per year than aforest: theannual decay
of roots and gems in the absence of a heavy rainfall
enriches the humus content and consequently grassand
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soils are dark in colour. One of these soils, the chernozem
or black earth, has been called the richest soil in the
world. It is often up tothreefeetindepthwith all levels
impregnated with the fertile humus. While the topsoil is
often composed of relatively coarse particles, the rainfall
isjust sufficient to carry fine material and mineral salts,
principally lime, to the lowest layers where they accumu-
late and add to thefertility. In regions of heavy rainfall,
as in the tropical forests, both the decayed vegetable
material and the mineral salts are washed into the deeper
layers and eventually out of the soil into therivers. Thus
tropical soils, with the exception of river flood plains,
are often yellow or red in colour and infertile.

Black earths are only formed under the most favour-
able conditions. To-day they supply the granaries of the
world, in the Ukraine, in North America, in Argentina,
andinAustralia. Graingrowingisasoimportant on the
margins of this special soil type. In the U.S.A. there are
great areas of black prairie soils differing only from the
chernozem in being slightly shallower (20-24 inches),
and in having a slightly higher concentration of lime and
other soluble materialsin the subsoil. Asiatic Russia has
a wide expanse of short grass steppe where the soil colour
reflects the short herbage by being chestnut-brown rather
than black in colour.

Until quite recently it has been customary to write
about natural vegetation before human interference as if
there was some intrinsic virtue in the simple environ-
mental response. Now we consider man as an integral
part of nature and his influence on the plants and
animals of a landscape is as cardinal as that of the virgin
vegetation. A recent study by an American scholar has
put forward the thesis that all the grasslands of the world

E
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may have been created by man. This is supported by
an intensive study of the prairies of North America since
the close of the glacial period. The effect of the use of
fire by primitive hunters during a period when the
climate was becoming drier was to oust the trees and
encourage the grasses. |If this theory receives general
acceptance then there can be few areas of the world in
which the influence of man on the vegetation has not
been considerable.

. The major natural vegetation regions are shown in
fig. 6. In this diagram the relative sizes of the land
areas are correct and their shapes are little distorted but
this is only achieved by many breaks in the graticule.

Human groups have existed in all environments from
the equator to the poles. Man has lived happily on the
sandy wastes under the hot, dry sun of the tropical
deserts and in the long, cold Arctic night. Farmers have
ploughed fields in grey soils, leached of their fertility by
constant rains, in red soils under an equatorial sky, on
the deep black chernozem, and in the ocases. The topo-
graphy of a country, whether rugged or unbroken plain,
the type of climate, the potentialities of the soil and
vegetation, all these physical factors are of great import-
ance and together they constitute the field of study of the
physical geographer.

As we have seen, we may study as an end in themselves
the distribution of the mountains, of climates, of soil
types, or of natural vegetation. To a human geographer
they set the stage for man and it is in the light of human
activity that we in this book must try to understand all
these factors.



CHAPTER IV
ENVIRONMENT AND MAN

THUS far we have been considering the physical factors
that influence the earth, mighty forces folding, twisting
the surface, splitting and tearing it apart; drenching the
continents with life-giving rain or parching them with
scorching heat, wearing away the mountain peaks, cut-
ting down the valleys. In face of these the individual
man appears puny and insignificant. Man is such a
parvenu that his influence on the earth could easily be
negligible. 1t will be often easier to trace his destructive
operations than his achievements. So if he has drained
the Zuider Zee or built the Boulder Dam he has aso in
his passing left great tracts of once fertile grassiands to
be scoured to deserts and wiped out desirable species of
valuable land and sea beasts. But to see these efforts
in proportion we must line in man's attempts to
adapt this earth to his purposes. This chapter will
be devoted to the attempts made by peoples who
had not the entire planet at their disposa and had
perforce to live on the products of certain lands, their
homelands.

There have been men like us in the world since the
closing stages of the Ice Age and, as they appear in the
record fully developed and of severa distinct types,
probably they existed from near the beginning of the Ice
Age. Allin all, however, the time-span in years is not
much over 500,000, a mere yesterday in comparison
with the age of the planet. Nature works very, very
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slowly and in the opening scenes of human history man's
role in altering his environment must have been so slight
that it might appear unimportant.

In far-away corners of the globe we find human
groups not much advanced in the arts of society. They
occupy portions of the earth which other men with more
skill in obtaining food did not desire or had not reached
before the Europeans discovered them. Let us look at
some of the places where they are found and at the type
of life they lead, remembering that basically they live
much as our own ancestors did down to about 4,000
years ago.

All these primitive people are exploiters of difficult
environments. They have no knowledge of growing
crops or of herding animals: that is to say they pick their
subsistence from day to day, very occasionally gorged so
full of food they can hardly move, but usually hungry.
Each community lives in small family groups, meeting
for the most part once a day in the evening for a meal.
The men then bring in the spoils of their hunting to be
shared among all the families of the party. This sharing
ensures that no meat shall be wasted, that everyone is
certain of a meal and that success in hunting, which one
day may go to one man and another day to another, is
equally desirable to any man. The women and children
contribute the roots, berries, and insects they have
collected during the day. All these hunting and gather-
ing peoples eat everything that is edible—roots, berries,
flowers and fruit, insects, grubs, birds, fish, and game:
in times of scarcity they will even eat the soil itself.
Planting nothing, taking everything from nature's store-
house, struggling with inadequate tools against a hostile
landscape, they yet lead happy lives and in most cases
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die out rather than adapt themselves to meet new
circumstances.

The continent of Australia was such an isolated
habitat, protected by island barriers and dangerous sess
from the millionsin south-east Asia. The blackfellow, a
cheerful, happy-go-lucky type, with no thought for the
morrow, has declined in numbersfollowing contact with
white civilization. New diseases have taken a heavy
toll; meases wiped out complete tribes, who had not
previously had any need for immunity nor any oppor-
tunity to acquire it. They make good herdsmen on a
sheep station, confident and alert to every movement in
the countryside. When they return to their own tribal
group they put off new ways of living like agarment and
return to the old. Any presents of livestock are no longer
regarded as domestic possessions but fair game and soon
killed for a great corroboree.

Similar groups, tucked away from early movements of
tribes, are to be found in South Africa. The Bushmen of
the Kalahari were pushed off the game-abounding veldt
in the last thousand years by the better armed and more
advanced cattle-tending Bantu peoples. Hunting groups
exist aso in the great rain forests of the tropics. The
fringes of thesevirgin forests have been settled by farmers
but the innermost recesses are fastnesses where the
vegetation was proof against the axe. Here in the
Congo basin we find the elusive pygmies, skilled hunters,
expert trappers, and collectors of wild products. To-day
they require iron for knives and arrowheads: the diet of
the surrounding negro farmers is lacking in variety and
they love meat, so the pygmies exist as meat suppliersin
return for iron goods and to a lesser extent grain and
cultivated vegetables, such as the yam. In the Far East,
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too, there are groups at the same stage of development,
sometimes tail and hirsute like the Australian black-
fellow, sometimes dwarf and Kkinky-haired like the
pygmy. They exist in Ceylon, in Malaya, in Borneo, in
the Phillipine islands, and new groups are occasionally
discovered as the islands are more fully explored. In
Arabia, too, there is a community of skilled gazelle-
hunters, the Solubbi, who have the double function of
supplying meat to supplement the grains and dates of
the oases farmers and of acting as travelling tinkers.

For peoples who are food gatherers and hunters the
world is, as the Bible says, 'all overgrown with thorns
and briars' in the sense that every wild plant is
either a thorn or a briar, that is, unwanted by cultiva-
tors. Even in the most favoured localities nature gives
an uncertain maintenance; population islimited not by
the periods of seasonal plenty but by the longer seasons
of scarcity. The numbers of individuals must remain
small. It has been said of California where, before the
sixteenth century, there lived about 150,000 collectors,
'there were very few Californians and in proportion to
the size of the country almost as few as if there had been
none at all'. In the whole of Australia there were prob-
ably never more than 300,000 blackfellows. For support
by the collection of nature's 'bounty' every individual
requires almost a square mile of country. The isolation
and loneliness that this imposes are difficult to imagine.
The great ceremonies at the yearly season of plenty may
gather together for a fortnight or three weeks some 500
persons, and at most in the favoured south-west of
Australia 3,000. If we compare these ephemeral annual
contacts with the weekly range of meetings of a European
farmer at church or market, we may gather some
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idea of the isolation of the food gatherer. Further,
these collectors will be divided into small groups
speaking mutually unintelligible languages, following
different customs according to their ages and sexes.
Even in a small area like the Andaman Islands, out
of a population of 500 in 2,000 square miles, there
were nine hostile tribes and three language-classes, each
group within a tribe speaking dialects not all of which
could be understood by their neighbours. A similar
state of affairs would be found in the British Isles if the
population of each village formed a tribal group with
its own language, flag, and other sentiments of loyalty;
if each street within the village spoke a separate dialect
and was kept conscious of its separate identity by a
body of customs and traditions, including the refusa to
marry foreigners from across the village green.

As more and more of the earth is brought within the
influence of white civilization, these groups tend to dis-
appear. The Tasmanians have already gone as a pure-
blooded race and others are almost sure to follow. Their
fate throughout the ages has been to be pushed away
from lands wanted by other people, into the hot steamy
unhealthy equatorial forests, into the deserts at the
southern tip of Africa, into the frozen wastes of the
Arctic, where the Eskimo, happy seal-hunters, live in
contentment despite great hardship. Othershavefound a
corner of the world far off the main routes of prehistoric
travel such as Australia, eastern Brazil, or California.

Another primitive form of social organization has sur-
vived on the grasslands of the Old World. These are the
herding peoples who, since the domestication of animals
in antiquity, have been the dominant exploiters of this
environment. Only a few wild species were found to
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multiply in captivity; of these, cattle, sheep, the horse,
and the camel are most important. The domesticated
varieties, protected and improved by the herders, are
now incapable of a separate existence. Together with
the human population, who likewise could not live in
these areas without the animals, they exist in a complex
adjustment to the landscape. Let us ook for a moment
at one of these areas. In central Asia even to-day, with
the extension of the grain-growing areas of the U.S.S.R.
on to the Siberian black earth soils and wi th the construc-
tion of irrigation works in Turkestan, there remains a
vast acreage suited only to nomadic herding. Thisisthe
Kazak steppe between the Caspian and Lake Balkash, an
austere environment left until recently to the aboriginal
inhabitants. Physically it is gently rolling or level
country about 1,000 feet above sea level with some hills
on the southern border which may rise to 4,000 feet.
Around t. se granitic hills spread great fans of rock
waste and out on the plain there is much bare ground
between the scattered clumps of vegetation, both signs
of arid climatic conditions. On the northern border there
is a wide corridor where the grasses form a continuous
turf, where no tree breaks the monotony of the skyline,
but where the rainfall is insufficient for the growth of
‘cereals. The Kazak steppe lies in the heart of Asia,
midway between the Arabian Sea and the Arctic
Ocean; the climate, in consequence, is one of extremes.
Winters are long and cold; 70 or 80 degrees of frost is
not uncommon. Snow falls abundantly but high winds
on the tredess plain blow most of it away so that it
piles up in deep drifts in the depressions and river
valleys. Spring comes suddenly in April and in two or
sthree weeks the snow is gone; the ground, frozen in
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winter to a depth of 6 feet, thaws out gradually, new
grass appears and the depressions hold the melt-water as
temporary lakes. By late June the sun has risen high
overhead and heat and desiccation set in. Temperatures
run up to 104° F. during the summer days and occa-
sional heavy thunderstorms bring only temporary relief.
Such rain as falls arrives in early summer from the
north-west as thunderstorms, but it is most irregular
and absolute droughts of two years or longer are not
uncommon.

For the herding peoples the great problem is water
for the beasts at the height of summer. During spring
and the early part of summer the steppe is dotted
with pondsfilled by the melted snow. Occasional ponds
may last through the summer but they become more
and more salty. Access to the five permanent rivers is
eagerly sought, although all these streams are subject to
sudden severe flooding in spring and all drop to a mere
trickle by the end of summer.

The use of such an environment by pastoral nomads
involves them in constant movement for much of the
year. Grass is insufficient for large herds; the richer
areas that might have supported larger numbers of
animals have now disappeared under the plough. Only
during the winter can they live a stationary life for a
few months, a cramped existence in rectangular huts
(kstau) built of withies and reeds and covered with earth
or sods. These structures, surrounded by corrals for the
animals, occupy a permanent site in some sheltered
river valley, usually in one of the hill-masses on the
southern edge of the steppe. With the coming of spring
in mid-April each family slips away quietly with its
flocks to take advantage of patches of herbage on the
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barrens located by its horse riders. Once the grassy
plains are reached the early summer pastures and
abundant water allow the animals and the men to put
on weight after the rigours of winter feeding. In the
heat of summer the drying up of the water supplies
makes rapid movement necessary over the parched
pastures. Summer rains and cooler conditions in late
September and October permit a slowing up of the rate
of movement, and at this season of comparative plenty
the ceremonies and the tribal gatherings take place.
Soon, however, comes the rapid dash back to winter
quarters. A single family may move 500 miles in the
course of a year.

The Kazak, called Kirghiz by the Russians to distin-
guish them from the Cossacks, were able to follow this
itinerary only because they had evolved suitable equip-
ment. The cylindrical domed yurt or ooi was the summer
dwelling-place, built on an expanding lattice framework
and covered with felted material. Their whole wealth
lay in the herds of fat-tailed sheep, cattle, and horses.
Camel breeding was aso important. In Turkestan was
the one-humped camel or Arabian dromedary; further
east the two-humped, bactrian, camel replaced this as it
had a rougher coat and so was better adapted to with-
stand the colder winters of central Asia. Moving from feed-
ing ground to feeding ground, herding their animals con-
stantly as a protection against wolves and other nomads,
limiting their material equipment to the essentials that
could be easily carried, these people had little time for
gathering wild products even if they were available. As
Aristotle said, 'the herder farms alivingfarm'. Thestaple
diet ismilk in one form or another;sweet and sour boiled
milk cheeses are made from cow's or sheep's milk. The
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rich alone can enjoy kumiss, fermented mare'smilk. Airan
(milk and water) is the common drink and the diet is
supplemented by unleavened bread fried in mutton fat.
Millet grain for bread and porridge isobtained by trade
from the sedentary peoples of the oasss on the southern
border of the area. The nomads bring in hides and
craft products such as finely-worked leatherware or
ornamented felt, fruits of their long leisure whilst the
animals graze peacefully. Although they lead lonely

Fig. 8. DRY LANDS AND CARAVAN CITIES.
after Vidal delaBlache

lives there are many more people than in a similar
territorial area occupied by food gatherers, and every-
where through Asia and Africa the pastoral nomads of
the steppes and semi-deserts are in trading contact with
sedentary cultivators and depend on them for certain
luxuries, for tea, coffee, grains, and manufactured goods.
Fig. 8 shows the distribution of the major caravan cities
which these nomads visit. The only nomadic groups
wholly isolated from contact with agriculturists are
the reindeer-herders of the far north of Asia. Some
of the Kazak even attempt alittle rudimentary tillage
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ground their permanent winter quarters and all make
some provision for the winter by cutting and storing
meadow hay for feed. In recent years with the
collectivization of agriculture on the black-earth soils
under the successive five-year plans the Kazak steppe
and its neighbouring areas have been brought more
and more into contact with other forms of life. While
there is still a great area over which herds and herders
wander, the tendency has been to use these drier
lands for ranching. Breeds of cattle, sheep, and
horses have been improved by the introduction of new
strains. The herder still retains his pride in his animals,
in their quality as well as their quantity, but more and
rrjpre he is becoming settled and his stock is destined for
consumption in the rising cities of the Turkestan cotton
belt or the areas of heavy industry growing up in the
Ural-Kusnets-Karaganda triangle to the north. This
commercialism is a revolution in thought and practice
for these peoples accustomed to live on animal products
and to conserve the individuals in the herds, as signs of
wealth and prestige.

In the past the nomad herding band, accustomed to
co-ordinated manoeuvres in the rounding up of large
unruly herds of animals, inured to hardship, to facing
Budden emergencies of wild beasts and wilder men, was
a ready-forged fighting unit. As we have seen, the great
interior continental plains are subject to extreme varia-
tions in climate from season to season and even from
year to year; they are far from the moderating influence
of the sea and they are grass-covered because the rain-
fall is too scanty for the growth of trees. In such an
environment large herds, living under primitive condi-
tions, are subject to sudden fluctuations both through
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disease and starvation due to lack of pasture. Nomads
therefore often face sudden emergencies in their home-
land and they may react by thrusting out from the dry
interiors and trespassing on the morefertilefringing lands