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PREFACE

THE 1HIRD EDITION MAINTAINS THE THESIS OF FARLIER EDITIONS THAT ALL
students should acquire an understanding of the resources at man’s disposal and
the natural conditions under which their utilization may be achieved.  This thesis
is more pertment than ever in the world of today whercin all countries are near
neighbors and where economic events in one country may, and usually do, have
repercussions in many others.  While an undorstandmg of the nature of natural
resources and the conditions that aftect their utilization is paramount to all
thoughtful citizens, 1t is particularly mportant to those whose future fields ot
artivity may be in the broader aspecets of business or politics, as well as to those
w ho aspire o become professionals m such fields as economics, sociology, history,
m law.

Modern geography is partly a physical and partly a social science. It sccks,
among other thmgs. to relate facts of the natural environment to facts and prob-
lems of the socio-econonue environment.  In tlis respect geography is one of the
fow scrences that attempts to bridge the apparently widening gap between the
physical and the social sciences.  Its position. although a difficult one, is of rapidly
mereasing importance in the modern world.  Economic geography is a subdivision
ot social geography in the broadest sense.

Scononne geography in estigates the diversity of basic resources and of major
productive activities of the diflerent parts of the world. It tries to evaluate the
effects that duflerences m physical environment have upon utilization of these
resources. It studies diflerences in basic economic development in various regions
or countries of the world, as well as the nature of the trade which may result frog
this diflerential development.  As is true of any science, economic geography is
partly descriptive and classificatory, but its major function is to analyze, corrclate,
and interpret. It may deal with a specific cconomice-geographic prob]em over u
large arca, or it may treat the interrelated cconomic-geographic problems of a
small region.

This book has been written primarily for students from the freshman to the
senior vear. The phrascology, we trust, is clear and accurate and not unncces-
sarily techmical.  While the book is not intended for the specialist in geography,
we hope that the geographic approach to the complex problems of utilization of
natural resources, including the problems Jf their conservation, will be of interest
to professionals in related fields, and to others who wish to have a realistic ap-
proach to today’s world problems.

Since the main purpose of the book is to aid students in developing an under-
standing of the fundamentals of economic geography, a few chapters are in-
cluded which belong essentially under the heading of physical geography. Even

v



vi PREFACE

these, however, are oriented to their cconomic significance. The authors, atter
long experience in college teaching, are convinced that most students profit by
a briet exposition of the facts and principles of physical geography that are basic
to the study of economic geography.

While in essence this book is a genceral economic geography, the effects of cli-
matic and other physical conditions upon distribution of the world's agricultural
production are so pronounced that, for purposes of comparison, it was found ad-
vantageous to base the chapters dealing with agricultural resources and activities
upon a limited number of large-scale climatic regions.

In the introductory chapter the authors have sct forth the general objectives of
cconomic geography. These objectives imply a knowledge of tundamental geo-
graphic facts, conditions, and principles that aflect the processes whereby the
peoples of the earth make their living.  While they must necessarily be consid-
ered from the viewpoints of varving individual levels of living, they must also be
considered from the point of view of group living. for man lives not for and by
himself alone. Theretore, first attention is given to the distribution of population
over the carth, raising not only the question of where the majority of the world's
peoples live, but also why they live there and what changes in this distribution
may occur in the tore sceable future,

The introductory chapters are followed by others that deal with the general
aspects of the carth surtace, such as land forms, mineral resources, and soils, par-
ticularly in their relation to Jand use.  These are followed by chapters that discuss
the major climatic regions ot the world from the point of view of general produc-
tion capacities and specific production possibilities, with emphasis upon physical
and other causes of similarities and difterences.  In this manner the geography
of the world’s agriculture in its relation to worldwide well-being is brought into
clear focus.

The third division of the book emphasizes the mineral resources which man
uses to produce the tools of production as well as many consumption goods. Here
are treated the rocks and minerals which serve as raw materials in nature’s proc-
esscs of soil formation and with which man builds structures and machines.
@nder this heading come the power resources which serve as the basis for modern
industrialization, together with the fashioning of metals into forms whereby power
can be harnessed and put to productive use. In these chapters attention is called
to the fact that through the use of natural power resources modern industry attains
high per capita production, thus making possible high standards of living. Man,
whose expenditure of cnergy was formerly the chief source of power for the pro-
duction of goods. has become a director instead of a source of power.

The fourth division emphasizes manufacturing and commerce, the two processes
whereby goods are made and widely exchanged for the benefit of an ever-
increasing proportion of the world's populatlon

Throughout the discussion emphasis is put upon the fact that maintenance of
present high standards of living depends upon wise use of resources. Conserva-
tion implics such use. It maintains that waste, physical or economic, is inexcus-
able, but it does not advocate withholding resources from utilization. The prin-
ciples of conservation of natural resources apply most obviously to soils, petroleum,
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natural gas, coal, the metallic mincrals, and forest resources, but it should be
understood that they apply to human resources as well.
The authors have tried throughout this volumne to focus students™ attention upon
a gencral objective, fo think upon a basis of fact. To use facts as a basis of
thinking rather than as mere items of memory provides incentive toward develop-
ment of habits of thought that will endure.  This is an educational objective of
highest significance.  “Study without thought is wasteful. Thought without
study v dangerous.”  (Contucius)
NEeLs A. BENGTSON
WiLLiaM VAN Roven
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Chapter Qne

THE FIELD AND FUNCTION

OF ECONOMIC GEOGRAPHY

MAN HAS BEEN THE SLAVE OF HIS
matctial needs for untold generations.  This
15 true especially in those parts of the world
where Nature was niggardly in her produc-
tion of natural substances directly suitable
for food, and where the existence of a win-
ter season necessitated protection against
cold and provision against seasonal defi-
ciencies in food production. The idyllic
life of the proverbial South Sea island,
where throughout the year food is available
merely for the barvesting. where clothing
is essentially decoration and shelter necds
to be little more than a roof, where there
is an abundance of time for play, song,
laughter, and the cxercise of all the artistic
talents, has been possible only in a few of
the world’s most favored spots. Even there
it was possible only so long as people did
not become too numerous.  Everywhere else
man has had to go at the business of mak-
ing a living for himself and his dependents
in dead earnest. In many parts of the
world this business was grim indeed, fre-
quently involving physical effort from sun
to sun.

-In all cases man had to make this livinF
by applying labor—most of it physical,
some of it mental—to the resources at hand.
Natural resources occur everywhere in vary-
ing kinds, quantitics, and qualities, but
hardly any are available and ready for in-

1

stant use and are so abundant—such as air
—that they constitute free goods. Most
of them are found in limited quantities
and acquire utility—or becone “utilities” in
economic parlance—only as man exploits
them, that is, makes them available and
suitable for the satisfaction of human de-
sires. Only thus may resources become
real economic goods or wealth.

Unused resources are not real wealth, but
merely potential sources of wealth. For
thousands of years the vast coal deposits of
North America did not constitute wealth to
the native inhabitants, and even at present
part of these deposits do not constitute
wealth, as they may be undeveloped, or
may be too decp for present successful ex-
ploitation. However, if unused resources
are recognized as potential sources of
wealth, they may be exchanged for eco-
nomic goods, and thus acquire value.

The creation of wealth—production—is
based upon man’s utilization of natural re-
sources. As nearly all of these resources
are limited in quantity and some are of
mediocre quality, and as the total number
of inhabitants of this world is increasing
rapidly, notwithstanding modern wars, it
is highly desirable that such utilization be
as efficient as possible with a minimum
of waste of the resource involved and of
needed energy.
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Comfortable living based upon an opti-
mum per capita wealth for the entire pop-
ulation of a region is largely a function
of available resources, man’s ingenuity in
adapting them to his own use, the physical
energy at his disposal, and the total number
of people whose desires have to be satisfied.
Since the prior satisfuction of certain mate-
rial needs is indispensable to the develop-
ment of many of man’s higher capacities,
material production is hasic to the existence
of all types of society, primitive as well as
modern, simple as well as complex.

HNowever, man, depending on his own
physical power for the necessary acquisition
and transtormation of raw materials. even
supplemented hy the power of domesti-
cated animals or the small-seale use of

rater or wind, can produce only at a slow
rate and in small quantities. Thus, for
thousands of vears he could cat his bread
only by the sweat of his brow.  The average
man was never far trom a margmal to sub-
marginal mode of existence; his worldly pos-
sessions were few, his moments of leisure
were brief and rare.  Before the so-called in-
dustrial era, agriculturc was by far the most
common occupation in the world and the
source of a large proportion of the wealth.
In fact, individual wealth could generally be
amassed most successtully by large, landed
proprictors.

Since no ordinary person could produce
much above his own basic needs for sub-
sistence purposes, there had to bhe a large
number of primary producers. Mcthods of
manutacture were simple and laborious.
Though the quality of the manufactured
goods frequently was high—sometimes cou-
siderably higher than that of modern ma-
chine-made products—the quantities pro-
duced were small. Thus the amount of
manufactured goods available per capita
was small, ans‘, comparatively speaking,
prices for manufactured goods were high.
Each community was nearly self-sufficient,
because it could not demand and did not
feel the necd for many outside products.

Power and production. In order that
the average man may live well, and have
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comforts, leisure, and even a few luxuries
at his disposal, not only are large amounts
of tiansformable materials necessary, but
the production processes must be carried
on with the aid of much power and at a
rapid rate.  This is especially true where
people are numcrous and where Nature
forces higher minimum needs on man, as
in the middle and higher latitudes.

The human eftorts, physical and mental,
which are directed toward the production
of goods and services, we commonly call
labor.  As a result of man's technical prog-
ress, labor now can be supplemented by
natural power resources—huge stores of
encrgy which were practically unused dur-
ing the ages prior to the nincteenth century.
Through the use of coal. petroleum. natural
gas, and hydro-electrically harnessed falling
water, every average American family has
at its disposal, indireetly and directly, the
equivalent ot 120 theoretical horses working
8 hours a day, 6 days a week.!

In the factory. Because of these power
resources, it has been possible to reduce the
working hours for imﬁustria] employces in*
this conntry from 12 or 14 hours a day to
8 hours, and in some cases to only 6 hours
a day.

The extensive use of power, applied
through an enormous variety of machinery,
permits high specialization of tasks. Al-
though this specialization results in certain
evident disach antages for the individual as
well as for society as a whole, it also results
in production of greater surpluses which
may be exchanged, through the medium of
money, for the diversity of things implied in
the expression “a high standard of living.”
Notwithstanding the dec-ease in workix:{;
hours, the daily wage has not suffered.
The worker receives more ia real wages for
his 6 to 8 hour day now than did his prede-
cessor of Revolutionary times for his 14
hours of toil. The W()Kers in the mills and
factories have, on the whole, better working

! Energy Resources and National Policy. Re-

rt of tzo Energy Resources Committee to the

ational Resources Committee, Washington, D. C.,
1939, p. 8.
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conditions than they ever had before, and
they enjoy luxuries in food. clothing, and
recreation such as were unattainable for
most people before the industrial era.

On the farms. Large-scale usc of power
has greatly simplified many of the onerous
tasks of farming. The advent of the auto-
mobile and the truck brought a great saving
of the time formerly spent n hauling
products by means of horse-drawn vehicles.
However, the most {fimdamental change
m this country, and what may be said to
amount to the first real agricultural revolu-
tien in the history of civilization, did not
come vntil the middle nineteen-twenties
and the carly thirties. with the invention
of the general-purpose or row-crop tractor
with power take-ofl, power-litt, and low-
pressure pnoumatic tires.

Up to the end of 1938 about scven and a
half million hoises had been displaced in
this country by power equipment, probably
five million of them by tractors.  Between
the end of 1938 and the begnmmg of 1947
there was another decrease in the number
of work horses of approximately 4.600,000.
1t is estimated that there is a sav mg of about
65 hours a vear in labor needed for cach
horse displaced by tractor power, and that
the average number of horses displaced per
tractor is about 44 Thus it can be seen
that by substituting tractors for horses the
total reduction m labor utilized in mainte-
nance of farm-power units runs into the hun-
dreds of millions of man-houars. Besides,
it is estimated that the average tiactor saves
850 man-hours per vear on all kinds of work
needed on the faim.  The number of trac-
tors on farms in the United States has in-
creased from 920,000 in 1930 to 3.150.000
on January 1, 1948. The real agricultural
revolution is upon us!

Power, transportation, and economic
distance. As long as horse-drawn carriages
or wind-propclles ships were the fastest
modes of travel and freightage, the earth
seemed large. Places a few hundred miles
away were remote, and only nonperishable

s of high value could be exchanged.

All transportation was slow, and land trans-
portation was both slow and costly. World
markets for the agricultural products of in-
terior lands were out of the question, and
only products that would not easily spoil
could be shipped by sea. Production of
most goods needed by man was in close
proximity to the places of consumption.
Supplies of foods and raw materials con-
sisted chiefly of what was locally available.

The world consisted essentially of a large
number of small, ncarly closed regional
cconomiies.  With the development of rapid
means of transportation and communica-
tion, all this has been changed. Express
trains, stcamships. trucks, automobiles, air-
planes, telephones, and radios have brought
changes more 1evolutionary than most of
us realize.  Though its miles remain un-
changed, the world has indeed become
small. From the viewpomts of trade, com-
munication, and politics its size is but a
fraction of what it was in the days of Wash-
ington and Jefferson. Then, the voyage
across the Atlantic involved weeks and
sometimes months of discomfo:t; now, it
can be made by airplane iu less than a day.
The changes have made all continents into
close neighbors instead of areas of little con-
cern to one another because of unbridged
distance.

Factors of production. The relatively
high standards of living which have been
characteristic of the so-called industrial
countries under peacetime conditions are
the results of man's use of the machine,
whereby he employs for productive pur-
poses the energy of coal, petroleum, natural
gas, and falling water. By utilizing and

irecting this energy through the machine,
man has been able to produce tremendous
quantities of goods, in contrast with his low
}:er capita productivity of a century and a

alf ago, The use of natural energy also
has enabled him to move himself and espe-
cially his goods fast and far, in comparison
with the snail's pace of former centuries.
Because of these circumstances the changes
in the modes of living which have come to
the people of the United States and other
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industrial countries have been far-reaching
and profound.

In our modern industrial cconomy, in-
stead of having to deal with the four classi-
cal tactors of production—natural resources
(“land” of the cconomists). labor, capital,
and entreprencurship—we really should take
into account five factors: (1) those natural
resources which we translorm into con-
sumer and capital goods, including land;
(2) power derived trom natural resources;
(3) capital goods; (4) labor; and (5) man-
agement.  The tremendous amounts of nat-
ural encrgy which man has learned to tap
have made possible both the construction
and the extensive use of cver larger and
more ingenious machinery, thus greatly ex-
panding the role played by capital goods in
our modern economy.

The importance of natural resources.
Machines have been known for hundreds
of ycars. The Romans knew and con-
structed machinery. Machinery was used
duriug the Middle Ages and succeeding
centuries before the so-called “industrial
revolution.” What is new is the use of
power, first through the use of wind and
wood, later through that of coal, oil, gas.
and, in the near tuture, perhaps atomic
cnergy. This use of natural power has
made it possible to create our modern type
of cconomy. which is essentially a “power-
machine” economy.  For the creation of the
complicated capital equipment it needs, and
for the ever more complex consumers goods
it produces, not only large quantitics ot re-
sources are necded, but also an ever increas-
ing varicty of resources.

The subject of economics deals primarily
with three important phases of everyday
life: (1) production, the creation of eco-
nomic goods; (2) the distribution of eco-
nomic goods; and (3) the mechanism of
exchange of goods for goods. This latter
phase, in its multifarious aspects such as
value, media of exchange, prices, and the
working of laws of supply and demand un-
der varying market comi]itions, has had a
great part of the attention of students of
economics.” But since the problems of pro-

ductiou are more basic, they are becoming
more pressing as a result of incrcasing
specialization of production and the rapi
increase in the total population of the
world. Basic to production are resources,
of many kinds zm(l of varying qualitics, and
these are affected in many ways by the
natural conditions under which they occur.
Thus, a study of resources from the eco-
nomic geographic point of view—that is,
taking into account their distribution as well
as the numcrous ways in which the natural
environment affects their quality and their
usetulness—is basic to any thorough under-
standing of modern cconomics and modern
cconomic problems.

Man and the natural environment. So
great has man’s technical progress been
during the last one Inmdred and fifty ycars,
50 much has his iisight into Nature deep-
ened and lus abiity to utilize Nature in-
creased, that he is sometimes inclined to
the beliet that his ingenuity has finally
given him the whip hand and that the
physical envitonment is at present some-
thing of secondary importance, something
essentially passive and existent only to segve
him as he sees fit.  While it is, of course,
foolish to believe that Nature ever deter-
mined man’s mode of life in the strict sense
of the word, it is equally foolish to believe
that modern man thmugh Iis high technical
development has become independent of
Nature. Witness the recurrent activity of
our major and minor “dust bowls.” Wit-
ness our rapidly silting reservoirs, the diffi-
culties we {:avc with our river floods, and
our inability significantly to “improve” our
weather and climate. Notwithstanding all
the artificialities of modern life, especially
modern urban life, man and his various
activities can never escape the direct or in-
direct limiting effects ot the natural environ-
ment—and we use the term here in its
broadest sense.

The importance of a differentiated nat-
wural environment. 1 the natural environ-
ment were uniform throughout the world;
if there were no differences in relief, rocks.



FUNCTION OF ECONOMIC GEOGRAPHY 5

soils, climate, natural vegetation and crops;
if power, metal, and other resources were
cqually distributed throughout; tl{cn the
production of material goods, particularly
in our modern power-machine cconomy,
which must draw on so many different sub-
stances, would be infinitely simpler.  Al-
though physically such a “world without
gcngmphy" would be of deadly monotony,
econonues and other social sciences would
have the advantage of being able to concern
themselves only with the problems resulting
trom the nonhomogencity of human mate-

A striking illustration is the Eskimo, because
his Ife is so different (1ius. below). He
must hve under conditions which do not al-
low tor sedentary crop agriculture.  He cats
mostly the meat ot wild animals, blubber
and fish, occasionally supplemented by ber-
ries and leaves. He must have a sturdy
dog team and sledge to obtain these sup-
plies, as well as the raw materials for the
rather elaborate fur and skin clothing which
must protect him against the low tempera.
tures of the long Arctic winter. And every
fall an igloo or stone house needs to be con

Courtesy Lomen Brothers, Nome, Alaska.

Life m the Arctie.  Siberian Eskimos in front of their summer dwelling.

nal and the general problems of cfficiency
of production. The sciences.of society
would be simpler; the problems of society
might be slightly easier of solution. How-
cver, as things are, with profound regional
differences in the natural environment. none
of the social sciences can afford to ignore
or treat lightly the basic geographic reali-
ties.

Differences in kinds of production and
productive activities. llustrations of dit-

ferences in kinds of production and eco-

nomic activities due to basic differences in
the physical environment are so numerous
and varied that no brief list of examples can
reflect the diversity of existing conditions.

structed or reconstructed with considera-
ble care and ingenuity so as to shelter the
family against the winter storms. Never-
theless. even here the environment does not
entirely dictate man's economic activities.
In the Furasian Arctic, tribes living under
fairly similar conditions have succeeded in
taming the reindeer and exploiting the graz-
ing 1csources of the Arctic lands in such a
manner that their life is somewhat less haz-
ardous than is that of the Eskimos.

The forest Negro of Africa lives in an
apparently much friendlier environment.
Temperatures are such the year around that
necds for clothing are at a minimum.  Such
clothing as is worn often constitutes more
protection against insects than against the
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clements.  Simularly the needs for adequate
shelter are much less compelhng A good
roof overhead as protection agamst the
beating tropical rams is perhaps the prime
necessity and is casily coustructed with a
varicty of Nature's materials (1lus. below).
The growing scason may last all year, or at
least as long as raintall is sufficient, and
tillage agnealture can be caried on with

ages of discase. For example, yellow fever,
once the scourge of the American tropics,
has been nearly eradicated.

The physical environment does not deter-
mine the economic activity and the mode of
life of man. In the Great Plains area, for
example, the prehistone Indans were semi-
sedentary agriculturalists, the Indians of his-
toric times were mostly nomadic hunters

Courlesy Agence keonomgue de PAfrique Occidentale Frangasc.

Lafe m the Tropies

relatively little eftoit. - While the hunt may
provide  supplementary animal tood, the
staft of life consists of plant foods. Lite
appears much casier, but the tropical cli-
mate 15 often debilitating, and diseascs may
take a heavy toll, thus creating scrious
obstacles against a more efficient use of
the available resources. However, modern
tropical medicine and modern sanitation are
doing much, and may do still more to make
lite in the tropics less subject to the rav-

A Negro village in the northern Sudan.

after their acquisition of the horse, and in
the same environment the white man is pri-
marily a sedentary agriculturalist although
he carries on a multitude of other economic
activities. Still, basic differences in the
physical environment cannot be wiped out
cven by the advance over the carth of
the modem power-machine economy. The
modes of life of the nomadic Arab of the
Near East, the fellahin of the Nile delta,
the wheat farmer of the High Plains, the
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fisherman of Norway, the longshoreman of
New York, the factory worker of Detroit
or Pittsburgh. or the coflee grower ot Brazil
will never be the same. In each case the
physical environment, though it does not
determine a man’s activities, puts certain
limnits upon the types of things he can pro-
duce and the kinds of cconomic activities
in which he can successfully engage.
Indirectly, through differences in - cco-
nomic activities and modes of life, difter-
ences in the natural environment may cven

and alertness.  Thus, through the centuries,
the stern requirements of lite in this north-
ern land have had their effects upon the m-
habitants, only those who could meet them
having survived. The Norwegians of to-
day—virile, agile, alert, and sincere—have
been influenced as a regional group by
many of the factors of the physical environ-
ment.

In southern Europe are a people, the
Spaniards, whose mode of life and trends of
thinking are quitc diffcrent.  The contrasts

T

. Photo by N. A.

Aalesund, Norway. An important commercial center and the home of a large fishmg fleet.  The rug-
gedness of the coasthue leaves but httle room for busmess blocks and residences.

contribute to fundamental differences in
thoughts, ideals, and character.

The Norwegians, for example, are noted
tor their vigor and thritt as well as for
their prowess in scamanship. In Norway, a
country of mountain ruggedness with thin
and stony soil and a short growing season,
the people must face an unusually difficult
problem in making a hving upon the land.
The adjacent sea has heen friendlier than
the land, and consequently along the west
coast numerous Norwegians have turned to
it (Illus. above). For success, however,
the sea has demanded courage, strength,

in the activitics and characteristics of the
Norwegians and the Spaniards are due to a
complexity of factors, but among these the
importance of a different physical environ-
ment and the availability of different re-
sources cannot be denied.  The Spaniard ot
the most favored parts of the country—the
productive districts of the southern regions
—is quite diflerent from his brother of the
bleak Castilian platcau. The fertile and
sunny coastal plains and valleys have al-
ways (frielded abundant produce and have
lacked the sternness with which Nature has
faced the Castilian.
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But one need not go to distant lands to
gather examples of important cultural dif-
ferences that stem from differences in eco-
nomic activities. The business heads and
clerks who work in the financial district of
New York City may speak glibly ot “mar-
gins,” “soft markets,” “accept profits,” and
“stop-loss orders”—terns which must sound
ominous and mysterious to the corn farmers
of Towa. Yet the lowa tarmers are keen
judges of soil, pigs, and cows and are as
expert on farm practices as some New York-
ers are on stock-market activitics. The
sugar planters of Louisiana live in a world
quite unlike that of the sheepherders of
Wyoming or the coal miners of Pennsyl-
vania. In each case diflerences in environ-
ment lead to difterences in activities and
products, and often to diflerences in culture,

Differences in capacity of production.
Diflerences are not limited to kinds of pro-
duction; there are vaving capacities ot
production as well. - Some areas have great
actual or potential productive capacity; oth-
ers have but little, even with the wd of
all the most modern means of exploiting the
natural resources and moditying the natu-
ral landscape. To some extent these difler-
ences are expressed in the great extremes in
density of population throughout the world.
Sharp contrasts in density of population are
the rule rather than the exception. Parts
of Britain, France, Belgium, the Nether-
lands, and Germany, well-endowed with
good soils, a suitable climate, large power
and other resources have densities of popula-
tion which range from 125 inhabitants per
square mile to over 700 per square mile.
Northern Finland and northern Russia, with
poor soils, a short growing scason, few
suitable crops, and large forests show less
than ten inhabitants per square mile. Ex-
cept perhaps for limited arcas, they will
never equal in population density the bet-
ter parts of western Europe.  The plains of
Romania, with good soils but frequent
droughts, will probably never be able to
support as dense an agricultural population
as will parts of the Netherlands and Bel-
gium, where the soils may not be quite so

tertile, but where the climate is more de-
pendable and thus agricultural productivity
is lngher.  On the other hand, the 1sland of
Java, which is well-watered, {ertile, and can
produce two or even three crops per year
because of its year-round growing season, is
able to support a greater density of agrarian
population than are the Low Countries.
Still greater densities can be supported by
industrial districts such as the Ruhr, north-
ern France, central Belgiim, and the British
industrial districts.

In Asia, China proper resembles a bee-
hive in its population density, while the
deserts and semideserts of Mongolia and
Sinkiang and the highlands of Tibet are
open, empty spaces.  In Africa, the lower
Nile Valley presents a striking contrast in
population with the near-by Libyan and
Nubian deserts.

In North America millions of people are
crowded into the gicat industiial arcas ot
the cast, while the arid west has extensive
areas where people dwell miles apart (674
per square mile in Rhode Island, 1 in
Nevada).  Although contrasts m popula-
tion density may be due to many causes,
tundamental diflerences in the natural en-
vironment rank among the most impurtalft.

Differences in techuical development.
High standards of living are not by any
means universal.  The changes in mode of
living and the general rise in the standard
ot living that have come to the people of
the United States and the other industrial
nations using large power resources and
modern machinery have as yet been only
slightly characteristic of many other parts
of the world. Over much of the carth
people are still living about as they have
lived for centuries past, clinging precari-
ously to old. often primitive methods of
production, performing the same tasks,
thinking the same thoughts. spurred to the
same types of action by the same hopes and
fears as their forebears. Such conditions,
where the machiue is virtually unknown,
exist not only for the inhabitants of the
African forest, the savanna, or along the
rim of the world’s deserts, or among millions
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of people in India and China, but even in
parts of our own Appalachan Mountams.
The final conquest ot the earth by the
powcr-machi ne economy is yet to come, and
it and when it docs come. it may greatly
alter the present ceonomic putt(*rn of the
world and the existing distribution of popu-
lation.  These future patterns will probably
he nearly a. irregular as the extiemely ir-
regular distribution patterns of most ot the
Lasiv natural resources.

Increased exchange possibilities.
Changes of technique have aflected tre-
mendously the whole social strncture. The
mdustrial nations have felt the influences
most profoundly, but nearly all peoples of
th:e carth have been affected in some de-
gree. Onlv a small percentage of those
Invme in almost complete isolation, such as
some of the Indiuan tribes of the Amazon
basin, the Papuans of mterior New Guinea,
or some of the Aictic Eskimos, remain vir-
tually untouched  Now the world is small.
Ideas are exchanged with almost incredible
swiftness.  The telegraph, the  telephone,
and the racho comvey news to all parts of
the world m fewer minutes than the num-
ber of months formerly necessary.  Majo
events in any country are known in all other
countries almost as soon as thev occur.
The progress in the exchange of goods has
been almost as revolutionary as the progress
in commumication. The dimer in New York
may eat head lettuce from the Imperial
Valley, bananas trom Honduras, or papaya
trom Pucrto Rico at the same meal at which
he drinks coflee from Brazil or tea from

India. .

Specialization of human activities.
Differentiation of activities is an outstand-
ing characteristic ot the present age. In-
stead of oue man doing many things and
being inefficient in most of them, one man
does some one thing or manages some one
line of activity and docs that well. Tre-
mendously increased cnergies available for
power have increased the per capita produc-
tion manifoldly. Individuals, communities,
and states have ccased, though often grudg-

ingly and with trequent relapses, to hold to
the ancient idea of self-sufficiency, and, in
so tar as they have not been limited by arti-
ficial, restrictive measures, have tended to
become efficient surplus producers of a few
things. while satistving other wants by ex-
change for the surplus products ot other
regions.  On a world basis, a sufficieney of
every commodity essential to human lite
seems possible if world population does not
increase too rapidly and it population be
distributed more in accordance with the
economic potentialities of the difterent parts
of the world than 1s the case at present.

It will always be true that certain items
can be produced more advantageously in
some regions than in others, and that some
regions will have a surplus of a commodity,
while others will have a defieit or may not
be able to produce itatall. A much greater
degree of regional specialization in the
world than is possible at present under the
dense web of tariffs, quota, financial, and
other trade restrictions, would redound to
the henefit of all mhabitants of the world.
In tact, such specialization is necessary if
the world is to be able to feed and support
all its inhabitauts in a decent manner.  The
tulfillment of this need will depend not only
upon modern trausportation tacilities, but
also upon the efficacy of international social
and cconomic organization.

The importance of geographic studies.
The cconomices of regions or countries are
created by man and are therefore aflected
by numerous human factors. However,
they are conditioned to varying degrees by
the facts of the physical environment: by
regional difterences in that environment, by
differences in the distribution and qualitics
of the natural resources, and by such difter-
ences in the capacity of production as are
due to the natural environment, While the
cffectiveness of such influences usually is
clear in the case of agrarian regions, or of
industrial regions utilizing predominantly
local raw naterials, in other cases it may
not be quite so clear.  For example, even
such apparently completely man-made re-
gions as Greater London or Greater New



10 FUNCTION OF ECONOMIC GEOGRAPHY

York could not exist without the easy acces-
sibility conferred upon them by the physi-
cal environment and further improved by
man. It may be truthiully said that no
analysis of the economic life ot a region

an have validity nless it explores thor-
oughly the g.,eograp]no facts and factors.
Some of these tucts and factors are physical
in nature. A basic nndeut.mdmg_, ot the
physical environment remains an essential
condition for a correct appreciation of the
cconomic and  social superstiucture, not-
withstanding the highly developed techm-
cal skills of modern man—in final analysis
he still must live off and wath Nature.

Modern geography is in part a physical
scicnee, in part a social science.  As, among
other things. it attempts to relate facts of
the physical environment to those ot the
social enviromment, it is one of the few sci-
ences which tries to bndge the apparently
widenmg gap between the two great groups
of the physical and the social sciences.  Its
position 15 a difficult one, but an extiemely
unmportant one.

Physical geography embraces studies of
cartography, the clements of weather, cli-
matology. land torms or morphology of the
land, water bodies and drainage, soils, nat-
ural vegetation, and animal hie.  Social or
human geography embraces economic ge-
ography, social geography in the strict sense
of the word, political geography, histori-
cal geography, and certain other phases of
geography.

Economic geography in estigates the di-
versity in basic resources of the difterent
parts of the world. It tries to evaluate
the effects that differences in the physical
environment have upon the utilization of

these resources. It studies differences in
economic development in different regions
or countries of the world. It studies trans-
portation, trade routes, and trade resulting
trom this diffcrential development and as
affected by the physical environment.

The problems of progress. Industrial
civilization of today depends upon the utili-
zation of power and mineral resources.
These resources are the keynotes to efficient
production.  Through them, it rightly used,
the world can progress trom scarcity to
measured abundance, from poverty to rela-
tive prosperity. Wrongly used, tor milita-
ristic purposes, these resources can com-
pletely wreek all that man has achieved
thus tar. Through them lesure can be
made possible.  Rightly used. this Jeisure
may give opportunty for the development
ol a fine tvpe of culture; wrongly used, lei-
sure and luxury may become forees leading
ultimately to the decay and destruction of
civilization.

The best use of resowees is—or, at least,
should be, the basis of all modern economic
activity, especially in view of the rapid in-
crease of the population of the world. It
requires a sound understanding of the, na-
ture of national resources, of the various
factors of the natural emvnonment and
their relationships to vanous types of ccon-
omies in the world.  The goal of economic
geography is to contribute effectively to-
ward such understanding. It should lead
the student to become a more efficient
worker in the economic realm and, more
important, it should cnable him to meet
more intelligently the problems of citizen-

ship.



Chaptcr Two

DISTRIBUTION OF POPULATION

THE MOST STRIKING FACT ABOUT
population distnbution 15 its great uneven-
ucss. Insome places people hve so crowded
togetin r that we are melined to wonder how
they can be comfortable, while m other
plu'(-(-.s thev are so widely scattered that the
isolabon mught appear  depressmg. The
density of population varies from that of
Manhattan Island. Gireat Britam, or the
teeming lowlands of eastern China, to that
of the vast. sparselv peopled expanses of
northern Canada or the Amazon lowlands.
Such contrasts raise questions. “Just how is
mankmnd distributed®  Why 1s the distribu-
tion so meven? s this unevenness a per-
manent feature of human geography or will
the people gradually spread out evenly?
Are the differences in density mereasing?
Are some arcas growing in population while
others are declining?  And what do these
differences mean to us?”

Personal meaning of various densities.
Figures of population density will have
more significance it you will try to imagme
how vou personally would teel living un-
der various conditions Do vou live in a
crowded section of a city? In a suburb?
In a small town or village? On an inten-
sively cultivated small truck farm?  Or out
in the great open spaces on a ranch? Do
vou live in an apartment with neighbors on
three sides of you, above, and below, as on
Manhattan Island (population density 85,-
836 per square mile)? (Illus. p. 20.) Or

11

do vou live m the suburbs where there is a
house for each tanmly and a plot of ground
for lawn and garden around each house?
(Illus. below.) Are you on a ranch in
Montana (density, including towns, 4 per
square mile ), where your nearest neighbor

Courtesy British Information Service.

Suburban housing at Great Yarmouth, south-
castern England.  Cottages prefabricated of steel
frameworks and concrete slab walls to conserve
wood which has to be imported. This project
was completed m 1947 as a partial answer to the
wartime damage of homes in Britain.
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may be several miles away.  (Illus. p. 14.)
The differences in mode of living suggested
by these questions affect the economic ac-
tivities, the social practices, and the whole
outlook upon life of the individuals con-
cerned.  The ranchman can hardly be ex-
pected to understand fully the cconomic
problems or to have the social viewpomt of
the man who lives in the congested  city.
Nor can the urbamte be expected to un-
derstand fully the environment, economic
roblems, and social conditions that con-
ront the ranchman on the plains. Never-
theless, we all are one nation, and citizens
of the same world, and to live in peace
we must try to have some common under-
standing,

Advantages and disadrantages of dense
population. People who live close to-
gether usually form a wider cirde of ac-
quaintances than do people who live in
areas of sparseness. Under such condi-
tions, men who have more than ordinary
initiative are likely to become leaders of
groups and partics. This development ot
a spirit of group activity or teamwork, and
the development of individuals into leaders,
are commonly classed among the most im-
portant results of dense population. It is
understandable that much of the political,
social, and religious leadership of today
comes from the city.

The ready exchange of ideas encourages
some types of literary and scientific de-
velopment. The enistence of a large com-
pact market favors division of labor and
attracts outstanding specialists in many
ficlds. Nearly everyone, whatever his in-
terest or ideas, can find like-minded people
in a large clt]y Furthermore, dense popu-
lations are likely to have an aggregate
wealth that promotes educational, medi-
cal, and social facilities. Modern utilities—
electricity, gas, and sometimes even central
steam plants—are facilitated by the close
spacing of the housing wmits. Freed from
some of the physical chores of existencc.
many of the city dwellers have time for
cultural development.

Densencss OF population in urban areas

entails certain disadvantag(-s, too. Hous-

“ing space per family is likely to be small,

air impure, and sunlight insufficient. In
many neighborhoods there is insufficient
space tor adequate outdoor excreise. In
crowds, disease epidemics can sprcad fast,
and insufficient exercise and poor light help
1o weaken resistance to disease.  Traffie
congestion has become a leading problem
of many cities. Dense rural population
(Mus. A, p. 13) docs not have tLesc urban
problems.

From the social viewpoint, there is con-
siderable question as to the desirability of
city environment {or rearing children. The
individual adult, unless he is a leader, is
likely to be submerged m the crowd and is
in dunger of losing some of the wdepend-
ence of thought and action characteristic of
the countryman.  In times of cconomic de-
pression, city dwellers, most of whom are
emplovees, are severely aflected and have
no natural products of the land to fall back
upon for tood it uncmployed.  Recreation
is largely commercialized, and some indi-
viduals are likely to spend their leisure
time in passive recreation rather than in
quiet visits with family and triends tor
readmg, thmking, and hiendly com drsa-
tion.  Such treasured and mspiring mo-
ments are more characteristic of the country
than of the city. ’

Advantages and disadvantages of sparse
population. The availability of abundant
sunshine, pure air, and space and freedom
to exercise are some of the advantages of
sparscly populated areas from the health
viewpoint. The farm (of some types) com-
monly provides an abundance of food
at reasonable costs, and more roomy living
quarters, 5o that children are more likely to
be welcome than in a city apartinent.  The
tecling of closeness to nature is an indefin-
able satisfaction of living where sunrise,
sunset, woods, and streams can be seen in
all their beauty.

Certain phases and types of farming have
been conducive to philosophical and reli-
gious thought. Some ot the greatest books
of the Bible were developed by the shep-
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herds of Palestine as they watched quietly
over their flocks at night. In other Medi-
terrancan lands, like Greece, the clear
nights provided a fascinating canopy of sky
tor the shepherds to study, and trom this
arca come many of the myths associated
with heavenly bodies.  The solitude of the
country rather than the bustle of the city
is conducive to this type of thought.
{Mlus. below.) In countries of winter
snows the winter is sometnnes a pvriud of
comparative leisure, during which people
can develop their intellectual and social
prochvities

One of the major natural handicaps of
sparsely populated areas is the expense,

group activities. People who live isolated
lives can hardly be expected to develop the
art of eloquence: they are likely to be quiet
and somewhat reticent in conversation,
though quick to act when occasion de-
mands.

Since sparse and dense populations both
make their distinctive contributions to the
life of socicty, and areas of moderately
dense population present still other condi-
tions, 1t 1 necessary at this pomt to examine
more closely the actual distribution ou the
earth of populations of various densities.

Present distribution of population.
Europe 1s the most densely settled conti-

Phato by N. A. B.

Sheep herder north of Hardim, Montana

often prohibitive, of providimg some of
the utilities that make life more pleasant
or efficent. With houses far apart, it is
seldom feasible to lay sewer systems, gas
lines, or, in some cases, even to provide for
electricity or running water. (Illus. B, p.
13.) Again, because of the distances m-
volved, there are likely to be no doctors or
hospitals readily accessible, and thus undue
reliance may be placed on nostrums and un-
qualified medical advice. In many rural
areas the farm employees and tenants, as
distinguished from the owners, find highly
inadequate housing.

Because recreation involving groups is
limited, emphasis is likely to be placed
upon the weekly trip to church, occasional
fairs, and other special opportunities for

nent. Austraha the least, as the tollowing
hst shows:

\pprovumale Number ol People
per Square VMaile

Waoild 12
Europe 110
Asia 67
North Amenca 20
Afriea 11
South Amenea 11
Austraha 2.0

While it is interesting to know about such
broad differences, they mask the facts ot
actual distribution because cach continent
has different proportions ot deusely settled
and sparsely scttled land. Though North
America as a whole has 20 people per
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square mile, the United States has 48 (i
1949). and within the United States Rhode
Istand has over 600, wherecas Nevada has
1.2 per square mile. The map on page 16
shows actual world distribution of popula-
tion regardless of international boundaries.

The densely settled lands. The map
on page 16 shows that three parts of the
world stand out above all others m density
of settlement: southeastern Asia, central
and northwestern Europe, and northeastern
United States.  Southeastern Asia has by
far the lagest population: nearly halt the
inhabitants ol the world.  The people are
concentrated especially m the great river
vallevs and coastal plains of India and
China and on the islands of Japan and Java.
Tue denaty figures for China as a whole
(aboat 140 per square nule ) and India (215
per square mule) obscure the fact that
densities exceed 1,000 per square mile in
the best farmland arcas i those countries.
Japan has 530 per square mile and Java.
with still less wasteland, has 940.

In northwestern and central Europe Eng-
land Teads the procession with 750 people
per square mile and 1s tollowed by Belgium
with 711 and the Netherlands with 661.
Only slightly less crowded are Germany
(432). Raly (372). Switzerland (267), and
Denmark (227). Poland, Czechoslovakia,
Austria, and Hungary belong to the 200-
300 zone, too.

In the northeastern United States, the
arca between Baltimore and Boston com-
pares with the dense populations of north-
western Europe: Rho(%e Island (614), New
Jersey (590), and Massachusetts (561) all
rise above 500 per squarc mile. Most of
the industrialized district adjoinmg and
between New York and Chicago attains
similar  densities, though the inclusion
of sparsely settled areas within the state
boundaries leaves the ratios for the entire
states somewhat lower (Counccticut 395,
New York 286, Pennsylvania 232, Maryland
202, Ohio 186, and Illinois 149).

In addition to the “big three” areas of
dense population, there are many smaller
areas of equally crowded conditions: islands

such as Bermuda (1.759 per square mile),
Barbados (1,266). and Puerto Rico (544);
areas in the immediate vicinity of large
citics; and intensive agricultural oases like
the Nile valley. It would be a valuable
exercise to note and explain the spots of
dense population shown on the map.

Causes of dense population. What
powerful magnets have attracted so many
people to the areas of dense population,
when only a short distance away are areas
almost uninhabited?  Although every area
15 unique as to the exact combination of
tactors operating withiu it, there must be
some factors both of environment and of
social institutions favorable for the develop-
ment of a dense population.

Favorable environmental tactors may
consist of good land with climatic and
water conditions suitable for crops; the
availability of usctul minerals; and a loca-
tion favorable for trade or industry. The
population of southeastern Asia depends
prunarily upon its excellent soil, well situ-
ated for supplemental irrigation during dry
periods and enjoying a ycar-round warm
climate (moist at least in summer) favor-
able tor crop growth. Though valuable
minerals exist. they have been developed
only to a slight extent, and foreign trade,
too, is insignificant in proportion to the
population.

In western Europe, soil and climate are
moderately favorable for crop production,
though winter dormancy is a limiting tactor.
More important in explaining the great
population density in Europe is, first, the
existence and mining of coal, iron, and other
minerals, and the use of the minerals for
intensive manufacturing; and second, the
excellent location of these countries facing
the North Sea and Atlantic Ocean, with
natural ports for carrying on trade with one
another and with the rest of the world.
For little countries such as the Netherlands,
Belgium, and Switzerland the factor of loca-
tion at crossroads or outlets of large coun-
tries with active trade is particularly im-
portant. The northeastern United States
rescmbles northwestern Europe in depend-
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ing for its great population more upon the
exploitation of miuneral resources and au
excellent natural location for wmild trade
than upon its larmland. though it too has
some cacellent local {farming tracts.

While environmental tactors may be said
to set the linnts of dcvclupuwnt in an area,
social and historical factors are extremely
important in leadmg how the geography
of population shall develop.  The technol-
ogv of a people is 1 major tactor: the ability
to practice large-scale utilization of ma-
chine power m manutacturing, tor example,
1y st as important for Europe and the
United States as the existence of the po-
tential sonree of power in the form of coal.
Japars, with much poorer soil resonrees than
China. nevertheless developed a dense pop-
ulation atter Commodore Perry opcncd
the door that admitted Western technicues
of mantacturing and trade. The sheer time
tactor, toc, plays its part: people with tech-
mical bachgrounds have been Inmg longer
in Europe than in the United States, espe-
cially m the interior and west of the United
States, and the population has been produc-
ing goods and multiplying tor a longer time
in Europe.

In an agricultural area, dense population
over a loug period of time presupposes an
adjusted, intensn e form of land use, such as
that developed in China and Java.  Low
living standards have contributed to the
possibility of existence of so many people in
the Orient: if every Chinese demanded the
living standards of the average Americun,
ruthless competition would fast decimate
the economically weaker among them.

Modern technology in the field of health,
hy decreasing the death rate, has played a
large part in population increases, not ouly
in modern European and American coun-
tries but also in arcas administered by these
countries, such as Java and Puerto Rico.
The attitude toward size of families is an
overwhelming factor in population geog-
raphy. The craving of the Chinese family
for numerous sons, social and religious pres-
sures for large families in other areas, and
pressure and propaganda by political lead-
ers (Hitler and Mussolini, for example) for

bigger crops of potential soldiers so that
they can conquer more land to take care of
their bigger crops ot boys and girls, all
play their part in building up the popula-
tion. The degree of cffectiveness of such
propaganda may be open to question, but
that it can be a factor of some importance is
generally conceded.

Another factor that has been particularly
important in maintaining the dense popula~
tions of northwestern Europv has been the
ability to obtain outside income, that is, to
draw upon the resources or aid of other
countries to feed and supply the home
population.  Such income is the so-called
“invisible exports” bringing in revenue from
merchant shipping, expenditures of tourists,
income from investments in other countries,
and gifts and loans from abroad. World
War II reduced the income of northwesterm
Europe from all these sources.  Before the
war, for example, the British merchant flect
was twice as large as that of the United
States. Now the ratio is reversed and the
United States” merchant tonnage is twice
that of Britain. While the United States’
shipping increased 350 per cunt, Japanese
merchant shipping declined 80 per cent
owing to the activity of American sub-
nirines.

It is perhaps not a mere coincidence that
the three most densely settled countries of
Europe are the heads of rich colonial em-
pires, a turther possible means of chan-
neling outside production to the home-
land.  The most densely settled independent
country in the Orient, too, was in the midst
of developing a huge colonial empire when
World War 11 began. Following the war,
Jupan lost her empire, the British gave up
India, the Dutch hold upon Java weak-
ened, and of the countries mentioned only
Belgium appears to have retained intact its
overscas empire, the Congo. Even in the
United States the ability of the northeastern
area to draw upon the production of the
West and South through its capital invest-
ments has diminished, partly as a result of
the wide dispersion of industry throughout
the country during the war. To the dense
populations, the reduction of their outside



18 DISTRIBUTION OF POPULATION

income may be a serious matter in terms of
living standards.

The thinly settled lands. Study of
the map ot world population (page 16)
shows that the most thinly settled areas,
those with less than 2.5 people per square
mile, cover about halt the land of the world.
Areas with less than 70 per square mile
would include perhaps 75 per cent of the
land.  These lands are shunned largely be-
ause of the physical enviionment: social

A sheep

teaus of the United States, and the dry
lands of Atacama and Patagonia in South
America, inhospitable through excessive
dryness; and (3) the tropical rain-forest
clmates of the Amazon Valley, New
Guinea, and northern Australia, inhospita-
ble through the combination of excessive
heat cnd humidity and the resulting char-
acter of the soil. Rugged mountamns and
cold high platcaus, notably Tibet, should be
added to the list of sparsely settled areas.
Where there is not cnough heat o1 water to

Courtesy Ofheral Secretary for Australe m U S A, New York

“station” or ranch m the sparsely settled grazmg area east of the mterior dry lands m Queensland,

Austraha

and historical factors have httle bes aring on
the situation. It we compare the map of
world population with the map ot world
climate, it is clear that three kids of cli-
mate are associated with most of the blank
areas: (1) the polar and subarctic climates
of Sibena, northern Scandinavia, northern
North America, and Antarctica, mhospi-
table because of their cold; (2) the desert
and near-desert climates, including the Sa-
hara and Kalahari deserts of Africa, the
Arabian, Turkestan, and Mongolian deserts
of Asia, the Great Australian Desert (Illus.
above), the Great Basin and mterior pla-

raise crops, or where there is an eacess ot
both heat and water, only exceptional and
Jocal combinations of other tactors will re-
sult in sizable settlements.

Arctic and subarctic conditions are re-
flected in the population density figures for
Iceland (4 persons per square mile), Can-
ada (3), Alaska (1 person tor 10 square
miles ), Greenland (1 person for 50 squaie
miles), and Antarctica (0). Deserts are
largely responsible tor the densities of 2.5
people per square mile in Australia, 6 in
Oman, 1.5 in Mongolia, 1.5 in Libya, 5 to 8
in the Somalilands, 1 in Southwest Africa,
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0.3 in Rio de Oro, and 1.2 in Nevada. In
the United States all five of the Western
intermountain states, plus the northern
plains and mountain states of Wyoming,
Montana, and the Dakotas, have less than
10 people per square mile. The dry west
is the principal area of sparse population in
this country. Represcntative ot the tropi-
al arcas are the Guianas. ranging from 1 to
1 people per square mile, French Equa-
torial Africa with nearly 4, and Dutch New
Guinea with 2.1. Most of the African
tropical land. including the Belgian Congo,
has about 15 to 25 people per square mile.

For most Arctic areas, little can be done
to mcrease the number of self supporting
settlers, except  through  development  of
local mincral resources or transportation
centers.  Desert soills can support  large
numbers of people per square mile only
where water is availuble {rom more humid
areas. as in the Nile valley, small areas
in Russian Twkestan, and our Imperial
Vallev, Reno. and Great Salt Lake arcas.
The United States is singularly blessed in
having the well-watered Sierra Nevada and
Rocky Mountains alongside its deserts, but
the utilization of their water 1o support oasis
populations  in the deserts is commonly
contingent upon control of water by means
of man-made dams. Even it all available
water were used, vast tracts of dry land
still would be unirrigated. In tropical
rain forests there is theoretically the possi-
bility of developing productive farms with
dense agricu]tnrul populations.  Such de-
velopment has actually occurred only in
limited areas under exceptionally favorable
natural conditions and expert management
from outside, as in Java, the coastal plains
of British Guana and Surinam, and Ni-
geria.

Areas of intermediate population den-
sity. Between the small portions of the
world with dense populations ranging above
200 per square mile and the vast realms
with less than 25 per square mile, transi-
tion is abrupt in the Orient. From the
teeming plains of the Ganges in northern
India or the Yangtze in central China

one climbs the adjacent mountains and
finds himself at the cdge of virtually unin-
habited expanses. Ouly in the zone be-
tween India and China is there a sizable
oriental area with moderate population
densities, between 50 and 100 per square
mile. Here Burma, Siam, and Indochina
constitute the area where there is a surplus
production of the staple oriental grain. over
and above the needs of the local producers.

Around the European and United States
population nuclei, on the other hand, there
is a gradual tapermg in density away from
the center. The European “inner penum-
bra,” countries with populations between
100 and 200 per square mile, includes,
in a clockwise direction, Ireland, Scotland,
southwestern U.S.S.K., Romania, Bulgaria,
Yugoslavia, Greeee, Spain, and  France,
Most of these countries are largely agricul-
tural, raising enough food for themsclves
and sometimes having supluses to send to
their more  closely populated  industrial
ucighbors.  The “outer penumbra,” with
densities between 50 and 100 per square
mile, includes such diverse areas as the
southern halt of Sweden, Turkey, northern
Algena, and Morocco.  Here agriculture is
approaching the physical margin ot pro-
ductivity so that most food is consumed at
home, except for the wheat and wine of
Algeria.

Around the New York-Chicago broken
nucleus, the population penumbra talling
within the category of 50 to 100 people per
square mile, includes the corn belt and the
u(lljoining cotton belt states, and southern
Ontario in Canada: areas with large agri-
cultural surpluses to supply the nuclear dis-
trict.  Only as we get into the Texas-Kan-
sas-Minnesota belt do densities drop below
the 50 level.

In South America, Atrica. and Australia,
moderate population densitics are tound
only in small, widely scattered areas, mostly
along the outer rims ot the continents.  Ex-
amples include the Santos, Pampas, Valpa-
raiso, Callao, and Caracas centers of South
America; South Africa, Nigeria, the Gold
Coast, and Liberia in Africa; the Perth,
Sydney. and Melbourne areas of Australia;
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and New Zealand.  In the East Indies. the
Philippines, Sumatra, and Timor densitics
are moderate; but most of the other islands,
except Java, are thinly settled areas of trop-
ical rain forest and mountains.

Is a moderately dense population prefer-
able to a dense or sparse population? Is
life more pleasant there, and frictions less?
Such questions caimot be answered flatly.
There seem to be balanced cultures in areas
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of course two aspects of the same people.
The availability of abundant man- (and
woman-) power favors the development of
manufucturing industrics in an area. As
cach new industry is established or each
old one enlarged, purchasing power of the
area becomes still greater and there is a still
larger market for manufactures, agricultural
products, and services. The higher the
productivity and wages of labor—as a re-

Comtesy Thomas Arvicus, Baysidi . New York

Stuyvesant Town and Peter Cooper Village, recemt apartment house projects replacing a blighted area in

New York City

of ahnost every shade of population density,
and spots of misery in areas of as many
shades, too.

Economic-geographic effects of popu-
lation densities. The personal effects of
dense population have already heen sug-
gested.  From the impersonal economic
viewpoint, the existence of a dense popula-
tion is important as furnishing an abundant
supply of labor and a large consuming
power. Production and consumption are

sult of adequate resources, skill, technology,
management, and capital—the larger the
market will be.  This compounding process
helps explain the population incrcases of
new industrial areas.

One of the great handicaps in develop-
ing industries or commercial agriculture in
sparsely scttled areas is the lack of adequate
manpower with which to start the industry
and the lack of a sizable local market to con-
sume the products. As a result, valuable
products that can stand the expense of ship-
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ment to distant markets are sometimes the
first commercial products to come from
such areas: as furs before lumber.

The works of man are protoundly at-
fected by population densities. In a
crowded city. the chiet problem 1s how to
squeeze homes. factories, stores. streets,
traflic, and trwsportation terminals mto a
Imuted space (Jllus. p 20). But, in rural
arcas the problem is how to provide the
mininmin essentials of utihties, roads, and
services in view of the expenses resulting
trom wide spacing of homes and the low

g

not be easy to find. Perhaps the three
herdsmen (with help) can drill a deep well,
install a modern pump, and irrigate cnough
land to support 100 people per square nule.

Nutritionists have cstimated  that  the
product of about two and one-halt acres is
needed to provide an adequate standard of
living for a human being.  There are many
variables and unknowns mn this rough tor-
mula, but it gives us some sort of yardstick
for estimating adequacy of land.  There are
in the world not more than tour Inlhon
acres of arable land for the slightly more

Photo by N. A. B

Ranchar s cabm northwest of Rawhins, Wionung

revenues of Tocal political umts because of
Imnted tax revenues (1us. above and B, p.

13).

Overpopulation. How many people
per square nnle must an arca have to be
overpopulated?  To this question there can
be no one answer: when people applymg
their best skills to the resourees of an area
are unable to attain an adequate standard
of living, that area might reasonably be
called overpopulated. It a semarid land
can support only two herdsmen per square
mile, three persons per squarce mile would
be too many. But it an industrial district
with 2000 people per square mule pays
good wages but still cannot get enough
workers, that district is underpopulated.
When it comes to applying this formula to
a specifie arca. however, the answer mav

than two billion people: not quite two acres
per capita.  This would suggest that the
world as a whole is overpopulated. It 1s
certamly true that a large percentage of the
billions do not have an “adequate” standard
of iving.  Diflerences between countries in
the per capita amounts of arable land are
of course profound. If we compare three
great countries having about 450 million
acres of arable land aprece, we find that the
United States has more than thhee acres of
arable land per capita, the Soviet Union
close to two and one-halt, and India and
Pakistan a little more than one. Even
without other factors, these diflerences help
to explain the semistarvation that prevails in
India, the adequacy of tood supply in Rus-
sia and America, and the cxistence of an
exportable surplus in the United States. In
China, with not quite one and one-half
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acres ot arable land per capita, it is esti-
mated that 100 million people have died of
starvation in the last one hundred years.
Some authoritics believe that the popu-
lation of China reached its present level
about one hundred years ago.  In industrial
northwestern Kurope, there is still less
arable land. The United Kingdom, Bel-
gimn. and the Netherlands have just over
one-fourth acre of arable land per capita,
Germany two-thirds acre, and Ttaly and
Greece  three-fourths  acre. Yet,  wide-
spread starvation is not the rule in north-
western Enrope because it has heen able to
draw surplus tood trom all the continents of
the earth by one means or another to teed
the people who did not enmgrate. In par-
ticular, power machine technology has en-
abled Europe to sell manufactures in ex-
change for needed food and raw materials.

Kemedies for overpopulation. What
can be done to solve the problem of misery
and starvation resulting from inability of a
given people to obtain sufficient income?
It scems clear that erther resource utili-
zation must be imprm('(l to support the
people who already exist, or the population
must be decreased. The problem is com-
plex. but certam partial sohutions have been
used and are being used constantly.

More adequate resource utilization. As
the centurics have rolled by, man has
learned more and more about how to obtain
larger production trom his resources. The
raising of livestock and the practice of agri-
culture resulted in greater and more de-
pendable output of food per acre. Im-
provement of farm machinerv: use of ter-
tilizers and discovery of ways of obtaining
or manufacturing fertilizers; use of green
manures and compost; improvenu-nt of crop
rotations and putting the right crops on the
right land; development of breeds of plants
and animals that produce more per acre;
development of better control of insects:
such methods have increased production in
the past and have possibilities for further
development and, especially, for further
extension. It has been estimated that the
application of proper conservation methods

alone would increase crop production in the
United States 20 per cent; the development
and use of hybrid corn has increased yields
in our corn belt perhaps 20 per cent be-
tween 1936, when it was just getting estab-
lished, and 1948, when nearly 100 per cent
ot corn planted in the corn belt was hybrid.
Such increase in yields has made it ossible
for America to send additional food to the
deficiency areas of Europe.

Vast increases in the world's food still can
be made if the crowded farmers of Eu-
rope and Asia will systematically use the
best modern techniques and plant varieties
adapted to their conditions.  The Food and
Agriculture Organization of the United Na-
tions has been carrving on with considerable
success an educational and aid program to
spread  throughout the woild high-yield
crops and animals. methods of disease con-
trol. sound crop rotation, and erosion con-
trol.

For an individual country, the develop-
ment of industries through which man-
power can be applied to raw materials, and
thereby turned into manutactures, provides
one means of getting an income from which
purchases of food can be made abroad.
ivery increase in our knowledge of mére
cffiaient ways of utilizing power resources
and other resources makes the world more
able to support mankind. This truth was
the basis of Europe’s ability to draw food
and raw materials from the rest of the world
to support its densc population, and for the
ability of the northeastern United States to
obtain sufficient food from the rest of the
country. It is also the basis for the dense
population of Japan. Such an application
of industrial knowledge, however, requires
the use of capital, or social savings, and is
therefore difficult of application in coun-
tries such as China or Greece where the
people live too close to the margin of sub-
sistence to have accumulated savings. The
reason for capital loans from the United
States to Europe are obvious even in.normal
times. The tremendous destruction of ac-
cumulated capital equipment from bomb-
ings during World War II is of course a
powerful added reason for great capital
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needs in Europe since the war. It is esti-
mated that the patiently accumulated capi-
tal of one hundred years was wiped out hy
the Fascist and Nazi invasion and occupa-
tion of Greeee, and in Yugoslavia the de-
struction was about cquallv great.

Industrialization results temporarily in
a burst of growth in the population of a
country.  The European  countries have
passod that stage.  Would mdustrialization
of China and India mean still further large
increases in their population?

Solutions involving the people them-
selves, 1. Exncrarion.  When  people
feel too crowded to obtain an adequate in-
come, many of them in the past haye simply
lett their homelands and struck out for the
fromtiers - the carth—arcas where there
was plenty of farmland per capata or plenty
of demand for industrial labor.  The New
World was populated in tlns wav trom all
parts of Ewrope  The amount of inumigra-
tion trom individnal countries has fluctu-
ated in accordance with changmg pres-
sures: at the time of our last census the
United States had 3414 million white people
who Lad been born abroad or who had one
or both parents born abroad. The most
numerous groups according to origin were
from Germany (5.2 million). Italv (4.6).

United Kingdom (3.2), Poland (2.9). Can-
ada (2.9), Russia (2.6). Eire (2.4), Sweden

(13), and so on. Other frontier lands
have been similarly settled from densely
populated lands: Spamal ds and Ttalians in
Argentina, Chinese in Manchuria, Russians
in Siberia, British and French in Canada,
and British in Australia. Such émigration
may temporarily relieve population pres-
sures at home, but this method of relief is
becoming less and less available; as the re-
ceiving countries have grown in population,
they have shut or closed to a sinall crack the
door to prospective immigrants.

Some shifts of population are still to be
expected, but most areas of scant population,
with the possible exception of the tropics,
are not asaptable to supportmg many im-
migrants. The influx of Jews into Palestine

its new state of Israel has shown that

there are parts of the semiarid lands of the
world in which the application ot moderr.
production techniques, with the aid of
abundant (.dpihll and skilled population,
an enormously increase the capacity of the
land to support peoplc California. very
much like Palestine in environment, expen-
enced a similar upsurge ot production with
the aid of people and capital from the more
developed parts of the United States.

Just betore and during World War 11
great shifts of population occurred in Rus-
sia, chiefly from the southern grain belt to
new industrial centers across the Urals.
stimulated by the release of farm popula-
tion through the introduction of large-scale
machinery and, during the war, by th(' Nazi
imasion of the grainland. Within the
United States sharp movements of popula-
tion have been under way ever since the
Atlantic coastal area was settled from Eu-
rope  In seven years after the census of
1940, including the period of World Wi
I and the immediate postwar yvears, the
three Pacific states showed Iage gains of
p()pululmn, Oregon increasing 50 per cent
and Calitornia and Washmgton only slightly
less.  The states with the biggest percent-
age declme in population during this period
were not the densely settled eastern states,
all of which showed substantial increases,
more than 15 per cent in Connecticut.  The
big declines came in the northern Plains
states: North Dakota, South Dakota, and
Montana all dropped 10 to 15 per cent.

2. REDUCED LIVING S1ANDARDS.  Another
so-called solution of overpopulation, which
is really not a solution, is to submit to a
gradual decline of living standards. That
is actually what has happened in the Orient,
to the point where turther appreciable de-
cline has become impossible. Starvation,
epidemics, and mmery are the ultimate re-
sults of this “solution.”

3. LoweR BiRTH RATE. A decrease in the
number of people from causes other than
emigration is an important possibility. The
Malthusian theory that disease, starvation,
and wartime slaughter normally may be
expected to keep population numbers in
check is not consistent either with man-
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kind’s humanitarian ideals or with our mod-
ern knowledge ot disease prevention, high
per-capita  production techniques, and
means of communications which. rightly
used. could enable all peoples to under-
stand one another’s problems.  Once we
recognize the impossibility of supporting
decently an unlimited number of people, the
question arises whether it is really the pa-
trotic thing to encourage high birth rates
that must result in still further crowding of
an overtaved world.

Northwestern Enrope, alone among the
great populated arcas of the carth, has
reached the stage where births and deaths
are approxmmately in balance.  In Germany
and Italy betore the war itler and Musso-
lini made frantic eflorts to bribe and en-
courage the people to have moe children
so that their countries would be able to
wage successtul war.  The United States
before the war was rapidly approaching the
balauced birth-death ratio of northwestern
Europe, but the ratio of births rose sharply
durmg the war. The Ingh birth rate of
thinly settled Russia (with about 23 people
per square mile in 1919) was a striking phe-
nomenon before World War 11, However,
the huge losses of manpower during the
war, equal to the combined losses of all
other combataut nations except China, gave
the Russian rate of increase a sharp sethack,
although even betore the war the birth rate
had begun to decline somewhat.  In the
Orient, where the population pressure is
most severe of all, reduction of rate of
hirths would be a merciful development.

‘onvineing the people of the desirability
of limiting the number ot hirths encounters
the difficult obstacles of tradition and prej-
udice on the part both of the givers and the
receivers of the education.

Significantly, there is a running argument
hetween the biologists, who say we must
reduce the birth rate or submit to brutal re-
duction by pestilence, disease, and war, and

the technicians in the field of agriculture
and resource utilization, who stress the vast
increases in production possible as modern
research progresses and as its findings be-
come more and more univ ersally applied.
To the gvogmpher concerned with a bal-
anced cconomic development of the carth's
surface, it appears that resources and popu-
lation must be considered simultaneouslv.
A sound geographic goal would be a pupfn-
lation in every area balanced at a level
where it could be adequately supported on
the basis of resources available locally and
through trade. The attaiment of such a
goal 1s a challenge to the best knowledge
and patience of mankind.
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Chapter Threc

THE EARTH AS

THE HABITAT OF MAN

IN "1HE PRECEDING CHAPTER WE WI'RE
introdh.ced to the distribution of population
on the earth and some of the causes and
eflects of vneven distribution. Our con-
cern was primarilv with people and with
the problems of life and ot Tand use that
have resulted from Inig crowded together
or widely scattered.

In this chapter we shall deal with some of
the major aspects of the planet carth on
which we fud ourselves.  The {form of the
earth, together with its motions and the
great divisions of air, water, and land, are
fundamental not (m]y to our existence but
to our ways ot making a living. The earth,
in its broad sensc, includes the air we
breathe, the water we drink. and the rocks
and mincrals which give rise to our soils,
our plains, and our mountains. It includes
the resources we use for building homes
and factories, manufacturing pots and
pans. Te Irigerators, furniture, automobiles,
air pl.mes and the ¢ ;.,relt occan liners.  The
varth is a vast organism upon which man
lives and does his work. In the present
and succeeding chapters we shall try to
become better acquainted with it as the
home of man.

The nature of the earth and its relation-
ship to the sun are ot utmost importance if
we wish to understand the material basis
for human lite upon the globe. The sun is

the principal source of energy for lite on the
carth.  The continual changes between day
and mght, summer and winter, the great
diflerences in chmate in various parts of the
world, the existence of the mineral {ucels, the
character of soil and organic lite, all these
and many other factors that directly affect
manhind are the results ot the piace : and the
movements of the earth in the solar system.

Limited observation led early man to be-
lieve that he inhabited a flat carth, cither
round or oblong. Tong betore the Chris-
tian Era, however, keen observers decided
that the carth was a sphere.  Pythagoras, a
Greek philosopher who lived about 500 B.c..

scems to have been the first exponent of
this conception, on purely philosophical
grounds.  Aristotle, who lived about 350
n.c., first drew attention to various phe-
nomena which indicate a spherical form for
the earth.  Columbus did not originate the
theory of a spherical earth: his great contri-
bution was his willingness and ability to
apply the theory to daring action.

Today we know that the earth js almost
spherical, with a diamcter of nearly 8,000
miles and a circumierence of a little less
than 25000 miles (Illus. p. 26). As the
carth bulges slightly toward the equator,
we usually refer to it as a spheroid. As a
celestial body, the earth is but a speck of
dust in the endless universe. To man who
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travels about on the speck, however, it
scems huge.  The volume ol the carth is
about 260 billion cubic miles; its surtace
arca is about 197.000,000 square miles.
We could spend a lifetime wandering about
and see but a fraction of what the world
has to offer.

Earth spheres. Our planct, the carth, in-
cludes an envelope of air and great expanses
of water as well as solid land.  We can thmk
of the earth as consisting of three roughly
concentric spheres: the fithosphere (rock

NORTH POLg

Sourw POLE

Poles, mendians, parallels, and equator
tve view of carth globe

Perspec-

sphere). the hydrosphere (water sphere).
and the atmosphere (gas sphere).  Plant
and animal life occur in all three of these
spheres.  There is no life in the decep in-
terior of the earth nor in the higher part of
the atmosphere, and but little, it any, in the
ocean deeps. Biological activity, including
human activity, flourishes most ncar the
zone of contact between the atmosphere
and the other two spheres. This zone of
lite, where plants and animals find optimum
conditions for food and the other essentials
of existence, is the principal concern of
economic geographv.

Tue ArmospHERE. The atmosphere en-

velops the lithosphere and the hydrosphere,
but it is just as integral a part of the planet
as is rock or water. Except for the difter-
ential movemnents of winds, the atmosphere
rotates along with the lithosphere. The at-
mosphere is a substance of economic im-
portance. It is the substance that supports
airplanes in flight. ~ Air in motion, or wind,
may be utilized as a source of power in pro-
pelling ships or in turning windmills. ~ Air
in cxcessive motion, as in hurricanes or
tornadocs. may be one of the most destruc-
tne forces of Nature.

Thongh the atmosphere extends more
than 200 miles above sea level. its density
decreases rapudly upward.  The baiometer
proves that one-halt of the air, by weight,
hes between sea level and 3.2 miles above.
The lower part of the atmosphere, where
most of the weather phenomena take place,
1s known as the troposphere (sphere ot
change).  The relatively quiet air of higher
clevations is called the stratosphere (lay-
cred sphere). The mass. or weight, ot
the atmosphere is estimated to be about
1/1.200,000 of the mass of the solid earth
and 1,270 of that of the hydrosphere.
Man lives and n )ves near the bottom of
this atmospheric ocean, the presencd of
which is so unobtrusive that he forgets its
existence except when he feels the wind.
Nevertheless, it is an essential ingredient of
lifc for all warm-blooded animals, including
man. The geographic aspects of the at-
mosphere in their relationships to climatol-
ogy and to human activities are discussed in
Chapters Five to Sixteen.

Tue HyprosPHERE. The hydrosphere, or
water sphere, exists for the most part in the
depressions of the rock sphere, but because
of its penetrative qualities some water is
found in the pore spaces of rock, and much
exists in the troposphere in the form of
water vapor. The great bulk of the water
on the earth forms the oceans, which cover
about 72 per cent of the surface. The aver-
age depth of the occan is more than two
miles. The greatest known depth, 35,400
feet, occurs east of the Philippine Islands in
the Pacific. In the Atlantic Ocean the
maximum depth so far discovered is in the
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Milwaukee Deep north of Puerto Rico.
where a sounding of 30,246 feet has been
made.

The waters in the air and in the ground
are vital to plant and animal life. Soil
moisture not only furnishes the solutions of
minerals necessary for plant food, but it also
turnishes the liquids for circulation among
and through piant tissues.

The earth’s water goes through an inter-
estmg cvele By evaporation trom the
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The most tavorable conditions for marine
life are found in the shallow waters border-
ing the continents. (Sce Physical Map ot
the World, frontis.) Here the contact
zone of water and ocean floor is within
reach of the heat and light transmitted by
the atmosphere, and the plankton and fish
populations attain maximum abundance.
Prominent examples ot such tavorable con-
ditions are the Grand Banks off the coast of
Newtoundland and the shallow waters of
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Contment m relation to ocean.  Epicontinental sea, overlymg shelf, is ordinarily less than 600 feet deep.
Most of ocean floor has water depth of more than 10,000 fect.

oceans and other water bodies, wid by tran-
spiration from plants and animals, water
enters the air as water vapor, a gas; winds
transport part of this water vapor over the
land; from the air, moisture is precipitated
upon both sea and land; on the latter it
forms lakes, streams, soil water, and ground
water; from the land it flows back to the
oceans, or returns directly to the air through
evaporation and transpiration. This inter-
relation of hydrosphere, atmosphere, and
lithosphere is vital to the continued exist-
ence of plant and animal life.

the North Sea, each the center of a great
fishing industry.

Geographic aspects of the hydrosphere
are discussed in some further detail in Chap-
ter Seventeen, and in the climatic chapters
preceding it.

Tue LrrnospHERE. The lithosphere, or
rock sphere, is the solid part of the earth.
Its surface is characterized by broad corru-
gations; the extensive higher portions are
known as continental platforms and the ex-
tensive lower lying portions as ocean basius.
Every continent has marginal areas that are
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covered by relatively shallow ocean wa-
ter; these shallow water arcas are known
as epicontinental seas.  The epicontinental
seas thus are distinet from the ocean basins,
and their floors or continental shelees really
are parts of the continents (1llus. p. 27).

What is the land?  People of difterent lo-
cations and pursuits would answer this ques-
tion in many different ways, though there
might be some agreement on the bookish
definition.  To the apartment dweller of
New York Citv. land is a material so scarce
that buildings have to grow vertically in-
stead of horizontally.  To the Eskimo, land
is a scasonally exposed material usctul as
a summer source of berries and carbou
meat to supplement the diet of fish and
blubber. The farmer of Norway thinks of
the land as hilly, stony. and hard to conquer,
whereas the farmer of Towa thinks of it in
terms ot abundant corn and hogs.

Pearl Buck's novel, The Good Earth, por-
trays an attitude toward the land that 1s al-
most poetic in its miensity.  In this novel
the soil and the elements are pictured as
the fickle masters over the life and death of
teeming millions of passive, helpless Chi-
nese.  Vivid pictures of Wang Lung and
O Lan ministering to the earth will come to
mind. Every growing plant receives the
tending care of their anvious hands. If the
land produces generously, a few onnces o
meat may be procured for a holiday; it it
yiclds niggardly, a young daughter must
perhaps be sold into slavery and infamy.
Wang Lung loves to walk in newly turned
soil, to feel the earth with his bare feet.  He
loves to rest and even to sleep in a sun-
warmed furrow so that he can feel and smell
the earth. He hopes to be buried in the
better carth.

Economists often use the term “land”™ to
include all natural resources, as distin-
guished trom labor and capital, the other
two factors of production. For our pur-
poses, land may be defined according to the
narrower and more widely used coneept, as
the portion of the surface of the lithosphere
not covered by watcr. Under this defini-
tion small bodies of water that do not domi-
nate the general landscape are considered

part of the land. Large rivers and lakes,
and shallow waters around the seashore, are
not included.  Land eaists because the un-
ceven surface of the lithosphere causes some
parts 1o project above the oceans. The
total area of the oceans is about 143,000,000
square miles, whercas the total arca of the
land is only about 54,000,000 square miles.

The foundation materials of the land.
The land and the occan basins are under-
lain by rock. The character of the rock
often affects the land forms and soils, and
thus rocks have a general importance quite
aside trom their direct economme importance
in mining.  The characteristics of rochs, in
turn, depend to a considerable extent upon
the types and arrangements ot the mmerals
of which the rocks are composed. To un-
derstand more fully the relation of 1ocks to
their economic uses. « briel intioduction to
the most common minerals will be found
helptul.

Minerals. A mmeral may be defined as
a natural inorganic carth substance witl:
a definite, essential chemical composition.
Minerals may contain also various nonessen-
tial constituents.  Ior example, quartz. the
most common single mineral of the land, is,
essentially a chemcal compound of sihcon
and oavgen.  Inats pure state 1t is colorless,
but most quartz has some color due to the
presence of impunties, such as non onide,
manganese compounds, carbon, rare carths.
and other foreign matter.

Although there are more than one thou-
sand different minerals, the bulk of the com-
mon rocks of the land are composed chicfly
of a very few minerals. Among these com-
mon rock-forming minerals are quartz, feld-
spar, mica, horublende, and calcite.  Miner-
als such as sulphur, comm:n salt (halite),
nitrates, potash, and phosphates are of di-
rect cconomic value but are unimportant in
rock forming. Their uses and economic
importance are discussed in Chapter Eight-
cen, and we shall limit oursclves herc to a
brief treatment of the importance of a few
minerals especially significant in relation-
ship to soils.
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Quartz, a hard, light, relatively insoluble
mineral, greatly improves triability in the
soil. It makes the texture relativelv open.
and theretore facilitates the ready move-
ment of ground water and air.  The physi-
cal condition of the soil is thus made much
more favorable tor penctration of plant
roots and for cultivation.

Feldspars are of great importance in the
formation of soils, being one ot the principal
sources for clays and for the mineral salts
which are essential as plant foods, as the
principal products of their decomposition
are clay, sand, and soluble salts.

Hornblende, the most common hard
black mineral, has no direct cconomic use,
but it has great geographic significance as
it is pr(‘sont in many rocks and decomposes
into sand. clay, and ‘soluble salts.

Calcite is important for soils because it is
the chicf constituent of chalks and lime-
stones.  The presence of lime in a soil may
greatly contribute to its fertility and suit-
ability for tillage purposes

Rock. In its broadest sense, rock refers
to any of the solid part of the carth. It
does not implv any particular degree of co-
herence or hardness.  Even sand, dust, silt,
and coal are rock in this broad sense.

On the other hand, the term stone in-
plies coherence and is used as a term tfor
some kinds of rocks, such as limestone and
sandstone.  Thus, ordinary sand, a phase of
rock, is called sandstone it the sand grains
are found cemented together so as 1o form
coherent rock.

In a restricted sense, rock is a natural
carth substance with a specific, characteris-
tic mincral composition.  All rock is com-
posed of minerals. The simplest types of
rock are made up of one predominant min-
eral, while the most complex rocks contain a
Jarge number of minerals. A complex rock,
such as granite, contains certain characteris-
tic minerals, but the proportions of the dit-
ferent minerals vary widely and cannot be
represented by exact, uniform ratios or for-
mulac such as are used in indicating the
chemical composition of minerals.

Bedrock. The sohd zone of the litho-
sphere is commonly reteried to as bedrock.
In most places the bedrock is covered by a
mass of loose material varying trom a few
inches to many feet in thickness.  As this
debris overlies the bedrock, it is known as
mantle rock. 1f formed through weather-
ing from the bedrock underneath, it is
called residual mantle rock; among the vari-
ous types of deposited mantle rock, allu-
vium is perhaps the most important.
Mantle rock is not itself soil, but it is the
parent material out of which soil may be
developed through the action ot various
weathering  processes and by changes
brought about by organisms. The mantle
rock, although often erroneously referred to
as soil, is merely the raw material for true
soil.

There are comparatively few common
types ot bedrock, and their principal char-
acteristics can be summarized casily. As
bedrock is the fundamental material ot
which the land is made, and as it has certain
direct cconomic uses, it deserves at least
briet consideration.

Part of the cffect of bedrock upon the
configuration of the land results from difter-
ences in susceptibility to weathering and
erosion. When inclined strata of soft and
hard rock are exposed in adjacent position,
the soft rock commonly wears away the
more rapidly. forming va]loys and lowlands,
while the hard rock remains standing out as
ridges.  (Illus. p. 30.)

In excavating for construction purposes,
similarly, work can proceed more casily in
soft than in hard rock. The depth of bed-
rock below the surface of the mantle rock
also g,leatlv affects construction. Where
bedrock is close to the surface of the
ground, it impedes the excavation of cellars,
canals, and similar works. At the same
time, the bedrock provides a substantial
foundation for heavy buildings, bridge
piers, and dams; walls of cellars, ditches,
and subways need little artificial reinforce-
ment once they have been carved into the
rock. The hard bedrock of Manhattan Is-
land provides a firm foundation for the
world-famous skyscrapers of New York and
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gives permanence and security to its effi-
cient subways. though the cost of construc-
tion was high.

Where the bedrock lies decp below the
surface, costs of excavation in the mantle
rock are low, but costly foundations, floors,
and retaining walls may have to be con-
structed. Ditches, drainage canals, and
basements tor ordinary residences and busi-
ness blocks can be constructed at compara-
tively low cost.

The industrial uses of rock are dealt with

so tast that the minerals did not have time
to crystallize, and the result is a glassy rock,
such as obsidian.

When existing rocks have been broken
down into small particles by weathering
processes, these particles may be trans-
ported by an agency such as running water
and deposited m layers.  Such redeposited
rock is called sedimentary rock.  Clays and
shales, sands and sandstones. gravels, and
limestones are examples, though the latter
are generally of orgamc origm.

Photo by N. A. B.

Differential erosion of weak and strong strata m tilted position 1 mountain foothills of the tront range
of the Rockies, west of Loveland, Colorado

m Chapters Eighteen and Ninetecn.  Some
ot the principal types of rock are as follows:

CLassEs OF BEDROCK. Bedrock is cus-
tomarily classified, according to ats origin,
into three main groups: igneous, sedimen-
tary, and metamorphic rock. Igneous or
primary rocks are formed by the cooling
and solidifying of hot molten material
(magma) from within the earth. In most
igneous rocks, such as granite and ba-
salt, the diflerent minerals, in whole or in
part, have separated into individual crystals
which interlock with one another in the
rock. In some instances the magma cooled

Another type of rock is formed when
existing igneous or sedimentary rocks are
subjected to intense heat or pressure and
are therchy changed in character, or meta-
morphosed. These are the metamorphic
rocks. Thus quartzite is metamorphosed
sandstone, gneiss may be metamorphosed
granite, marble is metamorphosed lime-
stone, and slate is metamorphosed shale.

Major land forms and internal forces.
The configuration of the earth’s surface is
the result of two sets of forces: (1) internal
forces within the earth that have raised



THE HABITAT OF MAN 31

some parts of the earth’s crust and de-
pressed others, or that have folded or
broken (faulted) the crust, and (2) ex-
ternal forees that tend to wear down the
higher portions of the land and build up
the lower portions. The great continental
masses and ocean basins are results of the

of lava, such as andesite, tend to pile up
and form steep, lofty volcanic mountains,
like Mount Hood and Mount Vesuvius,
composed of alternate layers of solidified
lava and fragments from explosions (Illus.
below). More liquid types of lava, such as
basalt, often spread horizontally, and form

Photo by Mavy Tight e RU - Light Focus on Africa, Amencan Geographacal Socwety

Kibo, 19590 feet m elevation, the sumnnt of Mt Kihmangaro and the Inghest peak m Afnca.  Al-
though less than 4° from the equalor, the crater of this voleanie mountam 1s filled with an 1ce cap that
sends glaciers down the sides as Tow as 12,500 feet.  Above about 11,000 feet is a zone of Alpine gras-

ses, and below that the forest.

internal forces. The internal forces also
are largely responsible for the development
ot the major surface features of the land:
the plains, plateaus, and mountains.

The internal  forces are commonly
grouped under the headings of vulcanism
and diastrophism.  Vulcanism, named after
the Roman underground god of fire, in-
volves the movement of molten magma and
its outpouring in the torm of lava on the
earth’s surface, sometimes accompanied by
explosive releases of gases. Viscous types

plains or, if there are a great many succes-
sive flows, may build up plateaus like the
plateau of Iceland or the Columbia Plateau
of our own northwest.

The term diastrophism, from a Greek
word meaning distortion or detormation,
designates the internal forces that move
existing bedrock. These forces may pro-
duce a vast, gentle uplift or depression of
the earth’s crust, producing plains if uplitt
is moderate, plateaus if it is greater, and
ocean basins if depression is sufficient.
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More intense expressions of diastrophism
take the form of folding or fracturing of the
bedrock.  Folding is due to lateral pressure.
The Appalachians, Alps, and Himalayas
are among the numerous folded mountain
ranges of the world. Vertical movement
along a fracture or fault in the bedrock also
may cause mountains or troughlike valleys.
Thus, the Sicrra Nevada was formed by the
tilting of a mass ot bedrock along a fault
at its castern base, and Owens Valley de-
veloped as a trough at the eastern base of
the Sierras.  The upper Rhine Valley, the
Scottish Lowlands, and the Jordan Valley
are well-known examples of troughs where
sections of the earth’s crust have dropped
between parallel faults.

Plains, plateaus, and mountains.
Though these terms are useful and widely
used, it is difficult to draw sharp lines he-
tween each of these land forms. They may
be defined broadly on the basis of altitude,
relief, and steepness of slope.  Geographi-
cally speaking, the altitude of anything is
its height above sca level.  Relief, as ap-
plied to an area, is the average difference in
elevation between the highest and lowest
parts of that area. An undulating plateau
has low relicf, even though it may have
high altitude. Steepness of slope some-
times is even more important than elevation
or relief in affecting the cultivation of the
land or the building of transport routes.
Elevation can be 1epresented nuch more
casily on a small-scale map than reliet or
slope, and theretore it is the basis for the
world map in the front of this book.

Plains are lands of low relief and usually
low clevation and gentle slope (sce Physi-
cal Map of the World tollowing page xxviii).
Some arcas now called plains may actu-
ally consist of low hills that have been
croded from land that had less reliet in the
geologic past. On the physical map the
large green areas represent the principal
plains of the world.

Plateaus are areas of low or moderate
relief, lying at relatively high elevations.
They are set off from adjacent plains or
mountains by tairly steep descents or

ascents.  Among the world’s most extensive
plateaus is the high plateau (over 10,000
feet clevation) of Bolivia, the Altiplano; the
moderately high platcaus (about 5,000
feet) of the African lake district and Colo-
rado Plateau of the United States (Illus. p.
414); and the low plateaus (2,000 to 4,000
feet) of central India and Arabia. Differ-
ence in altitude alone is not the only dis-
tinction between plains and plateaus: por-
tions of the Great Plains of the Umted
States are higher than the low plateaus just
mentioned. On the other hand, certain
arcas, like the Appalachian Plateaus of the
United States, are called plateaus cven
though they consist in large part of steep-
sided hills and mountains.  They were pla-
teaus in the geologic past, but only small
patches and strips of the original plateau
surface remain, the rest havmg been cut
away by crosion. Geographically, such
areas arc mountain or hill lands rather than
plateaus.

Mountains arc lands of relatively gicat
reliefl and steep slopes, with small summit
arcas.  The highest known point of land
is Mount Everest, in the Himalayas, with an
altitude of about 29.141 feet. The lowest
land is the shore of the Dead Sea, in Jordan
Valley, 1292 feet below sea level. Tl
the extreme relief of the entire carth is 6
miles: a mere surface scratch compared
with the 4,000-mile radius of our globe.

The plains of the world. Fortunately
for man’s economic development, more
than half the world’s land consists ot plams.
About 55 per cent of the land area lies at
elevations of less than 1,500 teet, compared
with 27 per cent above 3,000 fect (1llus. p.
33). In most respects, plains have the
most tavorable conditions for plant and
animal lite and human occupance. Those
arcas contain the least stony and the most
productive soils, while lack of great reliet
or steep slopes insures relative safety from
crosion of their soil material. Road and
railroad transportation encounter no major
obstacles aside from water bodies; many
rivers are navigable.

It is no accident that by far the greatest
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percentage of the world’s population hves
in plains areas, as in northwestern Europe,
sonthern Russia, central United  States.
northern India. and parts of China. In
the fertile alluvial lowlands of the Ganges,
the Brahmaputra, the Hwang Io, and the
Yangtze Kiang concentration of population
is particularly great. There are, of course,
some plains that are sparsely settled.  The
plains of northern Canada and northern
Asia are sparsely populated because ot long
winters, and those of Turkestan, because
of aridity.  Such plains may never be able
to support a densc p()pu]utiou. In tfact,

27 PER CENT

OVER 3000 FEET

% 55 PER CENT

UNDER 1500 FEET
18 PER GENT / .,

FROM 1500 FEET
TO 3000 FEET

Percentage of land surface at stated clevations,

according to a recent estimate, only about
30 per cent of the land surtace is sufficiently
level, warm, and moist to he considered
capable of producing ordinary crops. The
plains are the seats of greatest industrial
progress as well as of greatest agricultural
productivity. On them have been built
most of the cities of the world and on them
are found the principal centers of cultural
achievement.

Mountains and plateaus: distribution.
Although mountains occupy only a small
percentage of the carth’s surface, their
conspicuous and impressive appearance
attracts attention and they also have dis-

tinctive significance from the viewpoint of
cconomic  geography. A glance at the
Physical Map ot the World reveals that the
greatest mountain ranges of the earth lic in
two principal zones: one around the Pacific
QOccean, the other rmming cast-west thr(mgh
Asia and Europe.  The first zone carrics a
series of active volcanoes along the crest of
the Andes, through Central America and
Mexico, California, Alaska, Kamchatka,
Japan, and the East Indies, and is theretore
sometimes called the Rim of Fire of the
Pacific. Folding and faulting have built
up mountain walls in this zonc, which in-
cludes the Andes, Sierras, and Rockies of
western America.  Earthquakes are com-
mon in many sections. Lines of islands,
the peaks of mountains rising from the
occan, are Imks in this svstem of mountain
runges such as the Aleutians which run
from Alaska to Kamchatka, the Kurils from
Kamchatka to Japan, and the Ryukyus trom
Japan to Formosa.

The second system of mountain ranges is
commonly referred to as the Alpine system
alter one of its best-known members, the
Alps of Europe. It extends trom Morocco
and Spain 1o New Guinea. To it belong
such well-known mountains as the Ilima-
layas, Hindu Kush, Elburz, Dinaric Alps,
Carpathians, Apemnines, and Atlas. Near
and within it lie plateaus and plains, such
as the plateaus of Persia, Anatolia, and
Spuin, and the plains of Hungary and
Walachia. Uplands not related to the two
main zones, such as the Appalachians, the
Brazilian Highlands, and the Scandinavian
Highlands, show lower altitudes or less
relief.

Economic aspects of mountains. From
the viewpoint ot economic geography, there
is an important distinction between moun-
tains which are covered with vegetation to
their summits and those which rise above
the trece and grass line. The vegetated
type provides more opportunity for forestry
and grazing, and, in addition, it is usually
less rugged and more rounded of slope,
thus {forming less of a barrier to movement
than the other type. To this tvpe belong



Courtesy U S Forest Service.
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(B.) Conditions above the tree line.
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such ranges as the Appalachian, Pacific
Coast Ranges (Illus. A, p. 34), the Jura, and
the Black Forest, all with wooded, rounded
slopes and sheltered coves.

Mountains with barren peaks rising
above the tree and pasture line are called
Alpine because of their resemblance to
the Alps ot Europe (Illus. B, p. 34). The
higher parts of such mountains often con-
tain permancnt jce fields trom which gla-
ciers move down toward the valleys.  The
unprotected slopes are attacked by frost
and insolation weathering, and sharp peaks
and ridges are the result.  While glaciated
zones oceur in very high mountains of all
latitudes (Mus. p. 31), and the tree line
and suow line get lower and Jower toward
the poles, until mountams near the Arctic
Occan have no trees at all and glaciers
reach all the wav down to the sea as in
Greenland and Antarctica,

Even m areas of rugged mountains there
are commnonly wayvs m which a sparse popu-
lation can make a living.  Agriculture ordi-
narily can be carned on ouly on the floors
of the lower vallevs  Animal industries are
more important in the mountains than till-
age agrnicnlture, In many mountams  of
Alpine tvpe there is a zone above the tree
line and below the snow line where grasses
and other forage plants flounish.  Thus veg-
ctation turmshes summer pasture for cat-
tle and sheep, and there develops a sea-
sonal migration between these summer
pastures and the winter headquarters in the
valleys below.  Such transhumance is com-
mon in the western United States as well as
in the mountains of Europe and Asia.

Mining is another common occupation in
mountains. Mountain arcas often “consist
partly of igneous and metamorphic rocks
which may be rich in ores of copper, gold,
silver, lead, zine, and other metals. In the
United States miniug is the principal pur-
suit in many districts of the Rocky Moun-
tains.

Possibly the principal economic role of
mountains is of a negative character.
Mountains form not only climatic barriers,
but also barners to transportation, and thus
to commercial intercourse. For centuries

China was practically isolated from the
western world by the mountain masses of
interior Asia. In Amenca the Appalach-
ians were long a barrier which hindered the
westward expansion of the early colonists.
In Europe the cast-west mountain barrier
tavored the independent development of
distinct cultures in the south and north.

Transportation across mountain regions
necessarily follows the relatively low pas-
sages. known as passes, which usually are
comparatively few in number (Illus. p.
36). Coustruction of roads or railroads
across steep passes is often difficult, and the
higher passes are blocked by heavy snow
during the winter season. With the ad-
vance of technical knowledge, man has
learned to build better roads and to pierce
nountain ranges by means ot tunnels, some
of which are many miles long. Construc-
tion of such tunnels, however, is an arduous
and costly undertaking. Mountain ranges
will always remain economic obstacles
to commercial intercourse. Even when
crossed by modern roads and railroads, the
upkeep of the routes and the extra power
and tuel needed to overcome the steep
grades remam a continuing expense.

Although mountains are not of great di-
rect economic value, we should not forget
that, as a result of their height, they receive
large amounts of precipitation in the form
either of snow or of rain, and that this
moisture is often indispensable to the plains
below them.  The cotton raising of Russian
Turkestan depends upon the snows of the
Tien Shan and Hindu Kush Mountains for
urigation water, just as the fruit and rice
production of the Great Valley of California
depends upon Sicrra Nevada snows. The
height of the mountains also results in a
coolness that makes them a refreshing sum-
mer retrcat for people from the hot low-
lands. In addition, the steeply descending
rivers are available for generating hydro-
electric power.

Plateaus vary greatly in altitude. In
warm, tropical regions plateaus of moder-
ate elevation offer the best sites for human
activities. The high plateaus of Kenya,
Tanganyika, South Africa, and Ethiopia
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have a healthful climate which facilitates
agricultural development.  The plateaus of
southern Brazil are the most densely popu-
lated part of the entire country. In Co-
lombia the plateau of Bogota is a denscly
scttled arca, with diversified agriculture,
industrial activity, and cultural progress.
Some extensive plateaus, like the Mongolian
platcau of Asia, are dry as a result of the
surrounding mountain barriers, and support

The cosmic order, howevcr, recognizes no
such thing as permanence, and cven the
most majestic mountain systems are subject
to that fundamental law of Nature which
decrees everlasting change.

Wherever bedrock is exposed to the air,
it is attacked by forces which lead to its
disruption. Other forces transport  the
rock fragments downlill.  Some mountain
peaks, apparently consisting of solid rock,
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a sparse grazing industry and limited iniga-
tion.

Land forms and the external forces.
With the limited vision imposed by his
short tenure of life, man is inclined to look
upon the mountains of the earth as symbols
of eternity. Among some primitive peo-
ples the mountain tops are thought to be
the sites trom which the spirits of the de-
parted forever watch over their descend-
ants. In Japan, Fujiyama symbolizes all
that is old and hallowed by tradition and all
that lasts while generations come and go.

Barrier efieet of high mountams clealy shown

are so thoroughly decaved at their summits
that a famous Alpinist once exclaimed:
“Give me a crowbar and I will lower them!”
(Hus. p. 37.) Mountains—and  whole
mountain systeis—wear away, although at
a rate so slow that only by studving the re-
sults can man grasp the significance of the
forces and processes involved.  In Europe,
the Jow mountains and hills of Belgium,
Brittany, and central France once probably
reached Alpine heights. In the United
States, the Appalachian mountain systemn
has suffered immense erosion in the course
of its long existence.
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From the point of view of economic ge-
ography it is fortunate that mountams are
not the permanent features of the landscape
that they are commonly beheved to be.
Most of the mantle rock of the earth is the
result of the slow decay of mountam
masses, and the mantle rock gives rise to
soil, the essential base for plant growth and
agriculture.

Rock decay or weathering. The lirst
step m wearmg down mountams 15 rock

Weathering 1 mountams

Cloud descendmg on ndge near summut of Long's Peak

tenscly by solar radwtion. This unequal
heating leads to unequal cxpansion and
results either in the scaling off of the outer
surface or in fragmentation of the rock,
especially when the heating during the day-
time is followed by rapid cooling at mght or
by a sudden downpour of cold rain water.
The unequal rates of expansion of the con-
stituent minerals also causes fragmentation
of such rocks as granite and gneiss. This
zlltcrnating expansion and contraction is an
mportant factor in desert regions and in

Photo by N. A. B.

Temperature

changes and freezmg have cansed crumbling of rock

decay, or weathering, induced by exposure
to the elements and by the attacks of organ-
isms  Weathering may mnohe - only the
breakmg up of rock masses into smaller
partwle.s. or it may invohve cmnl)let('
changes in the composition of the constitu-
ent minerals of the rock. The mechanical
type of weathering 15 termed disintegra-
tion; the chemical tvpe, decomposition.
DisiNntEGRATION.  Like most substances,
rock expands when heated and contracts
when chilled.  Just below the surface, tem-
perature changes are slight. During the
day, a rock surface may become heated in-

lngh mountain areas where a protective
vegetation cover is absent and where there
are sharp contrasts between day and night
temperatures.

Moisture is often present in the voids and
cracks of rocks. Upon freezing it expands
about onc-eleventh ot its volume. In
gaining this additional volume it exerts
tremendous pressure.  Voids and cracks
are enlarged, and the cracks penetrate
deeper and deeper into the rock, paving
the way for complete disintegration. This
type of weathering prevails where moisture
is abundant, where temperature changes
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above and below freezing point are fre-
quent, and where there is little or no vege-
tation cover to protect the rock. Such
conditions exist above the tree line in (Illus.
B, p. 34, p. 37) high altitudes and in high
latitudes.  Much trost weathering occurs
even in middle latitudes during the winter
season.

Decomrosition. Water is the chief
agent in crumbling rock by chemical proc-
esses. Pure water 15 chemically inactive,
but water usnallv contains other matter
and often occurs in ionized form. As the
raindrops descend from the clouds, they
gather carbon dioxide and oxvgen, as they
percolate through the soil, hunue aaids and
other chemicals may be incorporated.
Water so fortified can eftect the crumbhng
and eventual wasting away of any 10ck.

Chemical weathermg practically ceases
at temperatures below freczmg  This tvpe
ot weathermg therefore is ummportant in
Ingh mountam or polar regions.  Since
relatively high temperatures accelerate it,
chemical weathering 1 most active in the
warm and moist tropics. where rock some-
times weathers to depths of over a hundred
teet. In regions such as the Congo or the
Amazon basins, outciops of solid 1ock are
rare and are usually tound only in stream
beds.  Because this is generally true even
for arcas of considerable reliet, exploration
for minerals is difficult in tropical rainy re-
gions. In desert areas, chemical weather-
ing plays only a mmor role because of the
lack of moisture.

Erosion and deposition. As soon as
rock has been broken into smaller pieces
by weathering, the force of gravity starts
moving the weathered material downhill.
The movement may occur either directly or
through the medium of an agent of trans-
portation such as running water, wind,
waves, or ice. The processes of reduction
of the land, especially the transportation
aspect, are known collectively as erosion,
from a Latin word meaning “to gnaw out”
(“rodent” comes from the same root). The
products of erosion cventually come to rest
as deposits at lower levels.

The direct work of gravity is apparent in
the sandy dcbris that covers the ground
around the basc of granite or sandstone
rock outcrops. If cliffs are high, large frag-
ments break off and pile up in steeply
sloping accumulations known as falus at the
base of the cliff (Illus. below).

Less spectacular but really much more
important than mountain rock falls, is the
downhill mass movement of mantle rock
thiough the processes ot landslides, slumps,

Cowrtesy U S Geological Suivey, Washwgton, D C

Fhoto by I Howe

Talus slope on south side of Sheep Mountam,
Colorado.  Note badly weathered bedrock above
the talus

or slow creep.  This direct work of gravity,
together with surface washing of particles,
produces rounded slopes and transports to
streams the material that makes up the
greater part of their sedimentary Joad.
Streams and other agents ot transporta-
tion can carry the rock debris much tarther
than gravity aloue. Besides transporting
detritus great distances, the transporting
agents also do some rock-carving of their
own, with the aid of their corrasive load,
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wearing down their beds and cutting away
their banks. (Illus. below.)

The results of erosion may he either
harmful or beneficial to mun’s economic in-
terests.  In high mountain rcg,i()ns which
are usually sparsely populated, crosion does
relatively little direct damage to human
interests; in lower, hilly areas much good
soil may be carned away by water, to the
detriment of agriculture.  In southeastern
United States, for example, aceelerated ero-
sion, so-called sheet erosion, resulting from

Boulders m sticam bed of Big Thompson Creek actoss front range, Colorado
noved when the water 15 Ingh but remam lodged durmg low-water stages

directly or indirectly by erosion from adja-
cent mountain arcas. It should of course
be understood that these are processes that
involve geologic ages, not time as usually
measured by man in decades or centuries.

Erosion and deposition by water.
When moisture falls upon the ground,
gravity immediately causes it to seck lower
levels. Surface run-off and ground water
result, both giving rise to streams. Many
small streams, intermittent as well as per-

Photo by N A B

These boulders are
When moved they scrape

he stream bed and are reduced m size by the cotrasive processes,

unwise land use has become a serious prob-
lem.

On the whole, however, normal erosion is
more useful than harmtul to man. because
what rivers, ;.,]acierﬂ or wind transport.
they must deposit somewhere. All the
val]ev bottoms and most of the plains areas
of the world have resulted from the deposi-
tion of rock waste removed from higher
slopes.  For example, much ot the upper
bedrock and mantle rock of the Great Plains
ot North America and of the lowlands oi
northwestern Europe was derived either

manent, unite to form rivers which may
drain large arcas of land. Most of the
water of these streams ultimately reaches
the sea. In dry climates, some drainage
basins have interior drainage: that is, they
have no outlet to the sea.

Streams are the most important agents of
erosion and deposition over much of the
carth’s surface. The erosive capacity of
streams depends upon their size and their
velocity. Those that have steep gradients
are swift and can carry great loads of
boulders, gravel, sand, and finer particles.
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This load corrades the stream bed vigor-
ously if the stream is swift. The streams
thus deepen their valleys and extend them
headward tarther back into the uplands.
At the same time the network of minor
streams becomes more dense: as a plant
constantly £rows new roots, so a river grows
new tributaries. Thus all the higher land
finally is dissected by river valleys, and the
hills and mountains in between are slowly
worn away. Dowustream, where the
gradient is gentler, the velocity of the
stream decreases, and part of the load is
dropped.  The deposits tend to be sorted
according to size of fragments.  The largest
stones, sometimes weighing several tons,
are deposited in the stream bed in the

poorly drained basins where the finer mate-
rials, silt and clay, are deposited. Flood-
plains, with their deep alluvial soils, arc
some of the most densely settled agricul-
tural areas in the world, Jike the valleys of
the Nile, Ganges, and Yangtze rivers. 1
for some reason a stream that has been
building a floodplain begins again to cut
downward, the old floodplain may become
a terrace (Illus. below). Because of their
safety from floods and their good dramage.
\allev terraces are important not only as
farmland but also as sites for towns and
lines ot tmuspmtzm(m.

Alluvium deposited at a river mouth in
a lake or sca forms a delta.  The delta may
gradually project tar beyond the general
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upper part of the streamn in or near the
mountains  (Ilus. p. 39). Gravel and
sand are deposited in or near the stream
channel farther downstream. The finest
particles, silt or clay, may be deposited
some distance from the channel when the
river floods, or they may be carried out to
sea. Any rock debris d(‘POblth by running
water is called alluvium, a speua] type of
mantle rock.

Where alluvium is spread out upon the
land by successive floods of the river, the
resulting land feature is known as a flood-
plain. T loodplams usually are hlghest
clese to the river, where part of the load is
dropped when the river velocity is first
checked by friction when it overflows its
banks. Back of the natural levces, thus
formed along both sides of the river, are

and terraces

coastline. In the course of successive
changes of channel, the river builds m the
delta a series of radiating branches called
distributaries, with natural levees along the
chamels and marshy arcas in between.
Such land may be extremely fertile when re-
claimed, as witness the rich. densely popu-
lated deltas of the Rhine River in the Nether-
lands, the Red River in Indo-china, and the
Si Kiang in China.

The difterences in the economic problems
in different parts ot a river system are well
illustrated by the Missouri-Mississippi sys-
tem. The Missouri rises in the northern
Rockies and flows across the western Great
Plains at an elevation of nearly one mile.
Here steep gradients result in high veloci-
ties, and active downcutting ot the strcam
channel results. The farmers of this arca
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are interested in holding back the swift
waters with dams and using them for irriga-
tion. Below the mouth of the Missouri, the
Mississippi River has a very gentle gradient
and is aggrading rather than degrading,
Here the people are most concerned with
preventing floods and with maintaining a
navigable channel. Near the delta the
river is in places 10 to 15 teet above the
level of the floodplain. It is confined to its
bed by natural levees supplemented by
man-made levees  As the river tends to
build up 1ts bed by deposition, the protec-
tne dikes must be buit higher and higher,
or the stream must be confined to a nar-
rower channel by jetties so that the in-
creased velocity will sluice the  channel
clear.

In :rid areas. where streams dwindle
away before reaching the sca. the entire
load ot ¢ tritus is deposited on the land.
Steep allavial cones and gentler alluvial
fans are built at the mouths of mountam
canvons, where stream velocity is checked
as the streams emerge from the mountains.
Alluvial fans and other natural barriers
sometimes ereate basinlike areas, in which
water collects atter rainstorms or during a
series of wet vears, only to dry up during
long drv spells, leaving glaring white flat
expanses of accumulated salts.  Such in-
termittent bodies of water are known as
playa lakes.

A special set of land features sometimes
develops in humid areas where the under-
Iving rock is limestone or some other easily
soluble aterial.  Here the principal ero-
sive action is duc to the solution of the
rock by water containing carbonic acid.
As the water percolates through cracks in
the rock, it dissolves vertical tubes into
which the surrounding surface 1naterial
crodes, forming funnel-shaped depressions
in the land known as sinks. Some sinks
develop into lakes without surface outlets.
Surface streams are scarce or even lacking
in such areas: surface water drains through
the porous rock, through widened joints or
sink holes, and flows away underground.
As it flows underground, the water, by
means of solution, creates winding caverns,

resulting in some of the world’s most spec-
tucular natural wonders, such as Mammoth
Cave in Kentucky and Carlsbad Caverns in
New Mexico. The exposed surface rock
in such areas may be dissolved along joints
into a series of rough corrugations.  Areas
where rock solution dominates the land-
scape arc known as karst, from an area in
Yugoslavia where they were first described
in systematic detail.

Still other types of land teatures resulting
from water action are those caused by
waves. Here again both crosion and dep-
osition arc important. The waves, espe-
cially along the seacoast during storms, may
pound against the land with great violence.
The coast is thns cut back, leaving steep
cifs. The debris eroded from the land is
carried to sea by the undertow, and drifts
along the coast with the currents and
waves. The platform cut by the waves is
thereby extended out from the coast by a
built platform, and if the land later is raised
or the sea recedes, a marine terrace is left
exposed.  The detritus carried along the
coast by waves and currents may be rede-
posited as sandy spits projecting across the
entrances of bays, or may torm barrier
beaches backed by lagoons along the main-
land side, as is true of much of our Atlantic
coast.

Erosion and deposition by wind.
Whereas water crosion is most active in
humid regions, wind erosion is more eftec-
tive in arid and semiarid lands.  In deserts
and near-deserts vegetation is sparsc, active
weathering provides much loose material,
and the particles are too dry to adhere to
one another. Coarse sand and fine gravel
are swept along the surface by strong
winds, while the finer particles—such as
fine sand, silt, and clay—are carried sus-
pended in the air.  As a result of the wind
action the desert surface tends to become
rocky. sandy, or silty.

Rocky deserts, known as hammada in the
northern Sahara, develop when the finer
particles have been blown away by the
winds leaving bare bedrock and boulders

on much of the surface. Sand grains can
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be moved by the wind, but are not usually
carried very far at one time. They tend
to be deposlt(‘d on the leeward sides of
deserts, or on rising slopes, where they form
sandv deserts known as ergs in the Sahara.
Ergs are generallv less extensive than ham-
madas in the world’s deserts.

In any area of abundant unpr()k-(t(-(l
sand. .tl(mg beaches as well as in deserts,
the wind creates hills of sand known as
dunes.  Dunes slowlv move across the Jand
as the wind carries the sand particles up the
gentle windward slope and drops them on
the steep leeward slope of the dune  The
largest areas of sand dunes are lound in
the great desert segions ot the world: the
Sahara. and the deserts of Arabia, Mon-
golia, and Russian and Chinese Turkestan.
One of the large dune areas in the United
States is near the Colorado River in Cali-
fornia. There are extensive dune areas,
now covered in varving degrees by bunch
grasses. in parts of the Great Plans region
of the Umted States, notably the Sandhills
Region of Nebraska (Ilus, right).  As these
dunes have reached virtual stability, they
are called fixed dunes. Along scacoasts
where beaches are sandy and the winds are
mostly onshore, sand dunes sometimes de-
velop and move inland. In northwestern
Europe the westerly wmds are thus respon-
sible for the dune areas along the coasts
fiom southwestern France to Denmark.
Along the southern California coast the
westerlies have provided similar dune fields
convenient for Hollywood Saharan scenes.
Low dunes occur along the Atlantic sea-
board trom Cape Cod southward.

Because of its movement, porosity. and
relative sterility dune sand is immical to
vegetation.  Attemipts  to  anchor  dune
sands have met with varying degrees of
success. In a relatively humid climate, as
in western Europe and parts of the United
States, some kinds of grasses and even trees
can be grown, but watchfulness is necessary
if plantings are to survive.

Material finer than sand may be carried
by the wind, as dust storms, over consider-
able distances and upon deposition may
give rise to extensive deposits of loess.

Loess includes material which ranges in
fineness trom clay through silt to very fine
sand and does not show regular stratifica-
tion; in some places it has been reworked
by water, in which case it resembles alluvial
mantle rock.  The most striking character-
istic ot loess is its porous but coherent struc-
ture, which enables 1t to stand vertically in
cliffs, with little tendency toward shding
and slumping,

Loess deposits occur in three types of re-
gions: (1) on the margm ot desert areas.
(2) in the near areas that have been sub-
jected to continental glacation and (3)
adjacent to the vallevs of some  major
streams. The occurrence of loess under

Photo by N A, B

Grass-covered dunes and sandy road in the” Ne-
braska sandhidls

such widely different conditions suggests
that it may have been blown (1) out of
desert areas, (2) out of tormerly glaciated
areas betore vegetation had 1e-estabhshed
itself, and (3) out of wide Hoodplams.
The most extensive loess regions are found
in northern China, southern Russia and
Siberia, and the central part of the Mis-
souri-Mississippi drainage basin.  Loess de-
posits have given rise to some of the world’s
most fertile soils.  Their principal handicap
from an agricultural point of view is that
they occur mostly in semiarid or subhumid
regions of undependable preciprtation.

Glacial erosion and deposition. Ero-
sion and deposition by ice protoundly
modified much of the surface of the carth
during the Ice Age, and still continues to
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do so in the polar regions and m the high
mountain areas of the middle latitudes.

In high areas and polar 1egions. snow
may accumulate from yeur to year, torming
snow fields  Gradually the snow is com-
pacted mto ice, and as the 1ce mass becomes
thicker and heavier, some ot it begins to
flow outward from its source in long
tongues called glaciers

In mountam areas the glaciers follow
the mountam canvons and vallevs.  The
weight of the glaciers. and the stones and
grit embedded metheir lowest layers, ren-

——GLACIAL MANTLE ROCK

was covered. In North America the ice
spread froi three centers: the Cordilleran
m the northern Rockices, the Keewatin west
of Hudson Bay, and the Laurentian cast o
Hudson Bay. The evidence shows that
probably four successive ice advances oc-
cuned, each extending varying distances
into what is now the United States, and
separated by long, practically ice-free pe-
riods. The carlier sheets advanced some-
what farther south than did the later ones.

The forward movement of these enor-
mous masses of ice resulted in a thorough
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Upper section shows scoured glacial plain, lower section illustrates
a glacul dnft plain.

der them very potent m scouring and goug-
ing the surface over which thev pass.  The
glacial vallevs become U-shaped through
tlns cutting and sappimng action, and striking
bowl-shaped amphitheaters called cirques
develop at the heads of the glaciers.
Extensive glaciation of |:1rge land masses
has occurred at various times in the Instory
of the carth.  The last of these periods is
commonly referred to as the Iee Age or the
Glacial Period. During the glacial period,
huge ice sheets, probably several thousand
feet thick, formed in the northern parts of
Europe and North America, and spread
southward until one-halt of cach continent

scouring of the surface, especially near their
centers of origin. - Mantle rock and promi-
nent bedrock masses were ground up and
carried away (Illus. above). Basins were
excavated in the bedrock.  Asa result of this
glacial crosion, arcas like Finland, northern
Sweden. and the Laurentian upland ot
north central and  northeastern  North
America have extensive areas of exposed
bedrock, sparse mantle rock, and myriad
lakes. In such areas agricultural possi-
bilities are limited and forest represents
the most economical use of the land.

In a wide belt near the margin of the ice-
covered area, deposition prevailed over ero-



44 THE HABITAT OF MAN

sion; and with the meltmg of the ce ats
rochy burden was left as a mantle of varving
thickness (lower Mus. p. 43) A large area
m North Ameirea, between the Great Lakes
and the Ohio and Missouri rivers, and m-
cludimg most of New York and all of New

Ingland, was covered by a heavy mantle of
glactal debris. In Lumpf' similar material
{orms the surtace of much of the northern
part of the continent and all but the south-
ern part of the British I<les.

Glacial debris is of varied content. 1t

Glacial morame topography m southeastern Michigan

dnft may be very stony and sandy, espe-
crally 1 arcas of more recently deposlt(-d
drift. Sandv glacial areas occur m north-
ern Michigan, northemn Wisconsin,  and
northern Minnesota. From an agricultural
pomt ot view such regons arc distinetly
marginal.  In New England the numerous
glacial boulders made tillage difficult.  The
colonial farmer with unending patience
picked out the stones, Targe and small. and
piled them into mile upon mle ol stone
fence. These stone fences are still one of

Photo by N A B.

Note rregular, hummocky Talls lett by melung

of e with consequent deposition of contamed rock debris

may be coarse or fine. dropped by the ice
dlrcctlv or by the waters which issued from
the ice thiough meltmg. The mantle rock
deposited by the ice is commonly reterred
to as glacial drift. 1t can e asily e distin-
g,lushe(l from alluvium, for alluvium 15 well
sarted accordmg to the size of its particles,
while glacial dnitt is an unassorted nisture
of rock fragments of all sizes.

Sometimes glacial drift is loamy (a mi-
ture of sand, silt, and clay), with large
and small boulders scattered thiough. In
areas of old dritt, most of the coarser mate-
rials have been broken down by weather-
mg, and nich, easily tillable, loamy soils may
have been developed. In other places the

the most characteristic clements ot the New
England landscape.

Wherever the front of a glacier remamed
stationary for a number ot years, either at
its fartheést extent or at a temporary pause
during the recession of the glacier, un-
assorted rock debris accumulated in sizable
nregular ndges paralld] to the frout of the
ice. These ridges, known as {ferminal
moraines and recessional moraines, stretch
tor nules across the lands of former conti-
nental glaciation (Ilus. above). Such mo-
raines run the leugth of Long Island, New
York. The blockmg ot dramage by such
woraines has resulted i the development of
numerous lakes.
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Conclusion. We have outlined bricfly
in this chapter the character of the carth as
a whole and of the hthosphere in particular.
We have glimpsed the numerous varieties
of bedrock and their geograplue sigmf-
icance as the foundation ot land {forms,
We have touched upon the major land
forms. their reduction by weathermg, and
erosion, and the rcdeposltmn ot their
weathered products as another set of Jand
torms offering varied ccononue problems
and oppor tunities.

In a book on economic geography the
physical tactors can be dealt with only
briefly. Readers mterested m a fuller un-
derstanding of this phase of geography wall
find that there eaists an abundance of mate-
ral to which thev can refer for turther
reading.
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Chapter Four

ECONOMIC ACTIVITIES AND

THEIR PHYSICAL BACKGROUND

IT SEEMS TIKDIY TITAT ANCLSTRAL
man began his upward climb into the realm
of thought and plannimg winle he was pri-
marily a gatherer of the products of Nature.
Ie thus responded to the urge common to
all lite, the urge to Ine.  To provide sub-
sistence is the primal necessity of lite, and
probably the first activities of man were di-
rected to this end by hunting animals which
would when killed provide meat tor tood
and skins tor raiment.  Fish in the shallow
waters along  scashores and in inland
streams would readily be suggestne of a
food source to hungry man. These were
undoubtedly the earhest forms of activities
wherchy man sought to assure himselt of
tood and raiment, and theretore they may
be termed the earliest economic activitics
of man. Broadly defined, economic activi-
ties are the various pursuits whereby man
makes his living ang carns the means for
satisfying his social needs.

From the clemental activities of gather-
ing, hunting, and fishing without equipment
other than such as were provided by Nature,
man has through_the ages gradually de-
veloped the complex activities of the mod-
ern industrial world. Hunting and fishing
still are important human activities but are
no longer defined as mercly subsistence
pursuits; now they range from sports and
recreation to highly commercialized fac-
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torv-type industrics, but even so they make
up but a small traction of the economic
activities of the people of any modern n-
dustrial nation.

At first glance one is tempted to thmk
that amy classification of the diverse eco-
nomic activities is likely to be futile  And
vet, it a general perspectne of the activities
of the modern world is to he 1ealized some
systematic: plan must be  worked  out
Closer study will reveal that man's gco-
nomic actnvities can be organized into a
relatively small number of main groups
or divisions, with each dinision having a
“golden thread”™ of common mterest extend-
ing through it. It will also be found that
cach group operates within rather closely
defined limits set partly by man and partly
hy Nature. One of the tunctions of geo-
graphic study 1s to describe and to evaluate
the interrclationships of economic activities
and the natural conditions under which
they operate.

Commercial bunting and trapping.
North America. on the advent of the white
man, was a hunters’ paradise. Besides of-
fering millions of animals of the eatable
kind, it was teeming with fur-bearing spe-
cies. The early fur traders were the first
white men to penctrate this continent in
scarch of the prized pelts. Trapping has



ECONOMIC

been carried on rather ruthlessly ever since
and is still the only means of livelihood for
some in the wilds of Canada. In the
Umited States  however, trapping is be-
coming more and more an avocation and a
pastime for youngsters.

The greatest hunting ventures are now a
matter of historv  In the beginning of the
nincteenth century whaling ranked among
the toremost lmn*mg expeditions.  In 1850
more than seven hundred American ships
scoured the oceans for this prized mammal.
Today whales are relatively scarce in north-
ern waters, 9("1]i11g was likewise once an
industry of major importance.  In its hey-
dav it vvas carried on so ruthlessly that tur
scals were virtually extinguished within a
century and a half. Whereas nillions of
seals formerly disported themselves on the
shors of Antarctic scas. todav thev are
50 scarv there that commercial sv.xhlm
has practically ceased.  The northern se (l]
barely escaped a like fate.  Thanks to the
United  States government,  unscrupnlous
killings were stopped just m time to sparce
the scal from the tate of the dodo  This
was accomplished through the initiative of
the United States with the co-operation of
Canada. Russia. and Japan.

As late as 1850-1870 the Great Plains of
the Middle West trom the Dakotas to Texas
provided pasture grounds tor countless
herds of American bison.  These were deci-
mated ruthlessly by no higher motive than
the lust to kill.” For generations the bison
had been hunted by the Indians for their
supply of meats, fats. and skins, a laudable
economic activity for subsistence; but when
white man camne with guns the hunt ceased
to be an cconomic a(.tl\’ltV it was mere]v
slaughter.

Fishing may be divided into inland fish-
ing and marine fishing. The former con-
notes fishing in inland waters. The re-
stricted areas of such waters and the vigor
with which fishing is usually carried on
leads to rapid depletion of the fish popula-
tion. This has brought about the necessity
of stocking such waters through activities of
governments and private individuals. lu
the United States, millions of young fish are
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raised yearly in hatcheries for distribution
mto lakes and streams.  Various European
countries engage in this same procedure of
artificial propagation. With as great dili-
gence and care as we raise fine cattle or
poultry, even private fish culture is an im-
portant industry in some parts of China and
Japan, where fish are produced in areas
which otherwise would be economically
useless.  Much-needed tood is provided in
this manner.  On the other hand, vast fish-
mg enterprises on a commercial scale are
carried on in the middle and higher lati-
tudes.  The most prominent fishing grounds
are those of the North Sea. the fishing
grounds off the coast of New England and
Newtoundland, and the seas adjoining
Japan. (See the Physical Map of the
World.) These are discussed in Chapter
Seventeen.

Agriculture. Agniculture is perhaps che
oldest svstematic puisuit ot civilized man.
Reg: wrdless of whether early man was first a
herder of beasts or a tiller of the soil, such
activities inevitably led to a degree of co-
operation and group activity. Agricultural
activities refer to all of man's labors related
to the cultivation of the soil and to industries
which are directly dependent upon it, such
as the production of livestock.  These ac-
tivities are pmmpted by one of two main
purposes: (1) to supph local wants and
needs, or (2) to furnish that which other
p(-ople desire. The first-named type of ac-
tivity is termed subsistence agriculture and
the latter commercial agriculture.

The term subsistence agriculture is a rela-
tive one and varies in significance as to time
and place. Whereas all agriculture was of
this nature in its carliest stages, today we
find considerable variations because in most
areas agricultural production is partly for
local sustenance and partly for surpluses to
be sold on the market, the proceeds to be
used for purchase of other goods or services
Thus the farmers of the Corn Belt of the
United States do considerable home butch-
erin(iz and home curing of pork and beet
products for their own use; this aspect it
distinctly one of subsistence agriculture.
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On the other hand. the larger proportion of
their crops of gram and forage are sold
cither as such or aftter having been con-
verted into fattened hvestock or mto dairy
animals and dairy products.  This type of
mived agriculture is most widely prevalent
m nearly all the food-producing areas ot
the world.  In some areas of high density
of population, as in parts of Chma and
India, farmers consume directly with but
little processmg all the grain they produce,
they caunot aflord the luxury of feedmg

Courtesy American Geographical Socucty

Market gardens and orchards on delta of Rio Parana, near Buenos Aires
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and sea and air have widened the horizon of
trade and commercial relations. The corn
tarmers of Towa, the wheat producers ot Al-
berta, and cotton growers of Mississippi
exchange their products for coflee, cacao,
bananas, spices, and other agricultural
products of the lower latitudes.  Each re-
gion may now specialize in the production
of agncultural commodities  particularly
adapted to ats emvronment and exchange
surplus - products  with far-away  lands.
mamly for products of city enterprises such

Photo by 1 L Ruh

What do the small ficlds closely

sprced, mdicate as to mtersity of land use?

edible toodstufls to animals to be converted
mto meat, and their total production is so
low that there is never any real surplus to
be stored or exchanged for other goods.
These are among the most severe famme
belts of the world.  Subsistence agniculture
1s typical of agricultural areas that lack
means of exchange. It is characteristic ot
pionecr conditions where people are few
and transportation facilities wanting, and
of areas of extreme density of popula-
tion where total production of foodstufts
must be used directly in man’s dict:
Modern transportation facilities by land

as tactory goods, drugs, and medical serv-
ices.  Even the silk producers of Japan and
the tea producers of Chma. who raise most
of their own food products, are within the
orbit of commercial agriculture.
Commercial agriculture bespeaks speciali-
zation in the production of agricultural
products and in the exchange of surplus
products for the many other needs of the
producers.  Agriculture in most of the pro-
gressive, industrial nations is now on this
basis. The potato producers of Maine, the
cranberry producers of Massachusetts, the
ranchmen of Wyoming, and the coffee pro-
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ducers of Brazil are but a few illustrations of
this type of activity (Hlus. p. 48).

Forests as resources for industry. Civi-
lization owes a great debt to the tree. Mul-
titudes of instruments and devices are casily
made from it to till the soil and to kill the
beast or the human cuemy  Seaworthy
ships could not have been made by our fore-
bears without the products ot the forest.
The truits of trees are a valuable adjunct to
the diet of man. It is sometimes assumed

-
-
=g

A phase of loggmg

tanmin, wild fruits, and nuts. In addition,
let us not forget that wood itself is the most
important forest prn(]uct.

Forests generally occur in the more humid
portions of the carth. The tropical rain
forests of Central and South America,
Africa, southeast Asia, and northern Aus-
tralia represent the most heavily torested
areas of the world. So many speaes of
trees find these regions favorable for growth
that the resulting niuxed stand discourages
extensive forest exploilati(m in those warmn

2 :. o o R e
Courtesy Caterpillar Tractor Company, Peona, Il

Caterpillar tractors serve to keep logs moving m shallow water streams where rock

bottoms make wse of tractors practical.

that forest products, particularly wood, are
becoming less important. This impression,
however, is erroncous.  Our paper mills are
continually making greater demands  for
wood pulp. New and novel demands for
wood are arising which more than oftset the
declining use of lumber for building mate-
rial and other purposes.

Forestry may roughly be divided into
logging and the segrch tor forest products.
The more important trees tor loggmg pur-
poses are cedar, mahogany, teak, oak. pine,
fir, and spruce.  The more popular torest
products are gum, latex, cork, herbs, rosin,

and bumid lands. Poleward, where cli-
matic conditions are more severe, fewer spe-
cies survive, and solid stands of the most fit
result. This is a factor of high cconomic
significance in Jogging and lumbering opera-
tions.

Mining and mineral products. The ex-
tractive industries reter to the enterprises
which withdraw irreplaccable natuial re-
sources trom the earth for human use.
Since many minerals are limited at or near
the carth’s surface, local depletion is inevi-
table.
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Mining, quarrying. and drilling are the
more common methods of gaining the de-
sired mineral substances. Mining may be
carried on either by surface operations or
by underground workings. Iron ore is so
abundant at or near the earth’s surtace that
in many places it is obtained by stcam

Mechiameal methods of mining coal are now common

make holes m the bed of coal

A pronment hole 1s indicated by the dark spot at the left of
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tion is termed quarrying.  Another group of
minerals, such as petroleum, natural gas,
sulphur, and salt arc obtained by drilling
and pumping.  The operations of oil wells,
quarries, sand and gravel pits, and clay pits
all are forms of mining and all are extractive
industries.

Courte sy Educational Department, Batummous Coal Institute,

Washmgton, D ( Viae from Gay Moung Company

Note the electneal dull bemg (?)cr.m'd to
the oper-

ator.  The loose coal m front of the nght wheel 15 caused by mdercutting the seam at the base.  Care-
tully prepared charg(-s ot (*\plmn es will be mserted mto holes being drilled and the face of the coal
seam will be blasted so skillfully that very httle fine coal will he produced

shovel operations.  Coal, although exposed
in many regions, is usually obtained by the
use of shafts and tunnels. Metallic ores,
such as copper, g()l(l, silver, lead, and alumi-
num are derived by either or both of these
methods,

The removal of stone. clay, sand, gravel,
or other rock material from its natural posi-

The mineral resources, the raw materials
upon which the development of most of the
extractive industries depend, are scattered
widely over the carth in spots or areas of
limited extent, not in broad zones as is gener-
ally the case with agricultural resources.
Exploitation of mincral resources therefore
follows a pattern of irregular design char-
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acterized by districts of intense activity and
concentration of population separated by
large spaces of little activity and sparseness
of population. Tllustrations ot these condi-
tions occur on cvery continent, as typicai
examples may be named the coal-mining
district of Kuznetsk in the Soviet Union,
the petroleum fields of Persia, and the cop-
per ore producig districts of Chile.

Manufacturing and repair. Manutac-
turing refers both to enterprises in which raw
or semifinished materials are converted into
finished or more nearly finished products
and also to tasks in which labor is applied
to the construction os repar ol things.
Converting iron ore to pig iron is a form of
manufacturing which uses natural raw mate-
rials and furnishes a semifinished product.
This semifimshed product, pig ron, then
becomes a raw material tor turther processes
of manufacture, such as the makmg of cast
iron, malleable ron, and steel. These prod-
ucts, in turn, are the raw materials used in
other industrics wherein the iron or steel is
fashioned into shapes needed in- instru-
ments, machinerv, tools, and tubes of van-
ous kinds.

Manuntactures are generally classified as
“heavv™ and “hght”™ types. In the heavy
manutactures the ratio of skill and cftort
expended in proportion to the volume,
weight, or value of the product is low.  For
mstance, m the construction of a freight car,
the amount of skill and effort applied to a
unit of weight or volume is much less than
in the construchon of watches and clocks.
Again, the sawing of lumber represents a
task of less skill than does the manutacture
of typewriters and adding machines. The
latter activitics represent light manufactur-
ing. The distinction between heavy and
light manufactures is a relative one. The
terms may also be applied to industries of
the same type, in which similar materials
are manufactured. In such cases weight
of product and skill in workmanship are the
criteria. Cotton goods, for instance, may
be of the heavy or the light kind, the former
term designating coarser, rougher, heavier,
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and cheaper goods. and the latter term in-
dicating light and more costly goods.

Generally speaking, the labor in heavy
manufactures is of a less specialized. less
technical nature than it is in light manufac-
tures  This is an important factor in the
mobility of these respective industries.
Heavy manufacture, with its less skilled
labor requirements, can shift more readily
as the exigencies of a changing industrial
world require.  Light manufactures, on the
other hand, tend to remain where skilled
workmen reside.  Strange as it may seem,
the latter are relatively immobile.

Manutactures are also referred to in terms
of manner of use to which they are to be put
as consumer goods and capital goods, the lat-
ter often being termed durable goods as well.
In the first-named category, processed food-
stuffs are the most direct and well-known
examples, including such items as breakfast
cereals, canned truits and vegetables, and
meat-packing products varying from steaks
to corned beef.  Consumer goods also in-
clude teatiles and wearing apparel because
of the relatively short life of such goods
when subjected to normal use. Capital
goods, on the other hand, include tools,
machinery, and other equipment designed
to promote production and income. Manu-
facturmg concerns must always set aside a
part of their income to be used in mainte-
nance and improvement of their plant.
The term durable goods is widely usedl.’ per-
haps in a less technical sense, to include items
of home equipment used principally to
add to the comforts of living; typical ex-
amples would be musical instruments for
home use, radios. refrigerators, and table
and kitchen ware.  In a stricter sense, most
durable goods would be included under
capital goods as well.

The building industry. Shelter not
only is one ot the primary human needs but
also is a conspicuous part of the geographic
landscape. Among most primitive people
the need for shelter is satisfied with huts of
poles covered with straw or skins, requiring
only a day or two to construct. As tech-
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niques and standards have led to demands
for larger. more permanent houses, building
has become a specialized industry with divi-
sion of Jabor among carpenters, bricklavers,
concrete workers, glaziers, plumbers, clectri-
crans, painters, and others, whose work ex-
tends over several months in the construc-
tion of the average residence.

Our modern homes of wood or brick are
the outgrowth of thousands of years of de-
velopinent in the Old World.  Egypt and
Bubylonia used sun-dried bricks (adobes)
over 5,000 years ago, and onc of the earliest
labor complaints on record came from the
enslaved Hebrews torced by the Egyptians
to make adobes. Today mud is still the
standard building material for large arcas
of the carth, such as dry portions ot the
Middle East and Latin Amecrica where
the climate does not support forests and
the brick tradition is strong.  Burned bricks,
made from a mivture of clay, sand, and
ashes, were widely and early used in the
wood-deficient Mediterranean lands, and
today are much used in areas of abundant
coal or cheap transportation.

Wood, the principal construction of the
American home today, was used in the
forested portions of Europe, first in the form
of logs and later in the torm of sawed planks.
The settlers on the Atlantic coast of America
brought with them their wood-using tech-
niques and found abundant raw material in
the eastern woodland of the New World.
Both in Europe and the United States burned
bricks are now much used for building
becausc of their greater resistance to decay
and fire. Most of our modern “brick”
houses, however, are fundamentally wooden
houses with a vencer of bricks instead of
paint.  Stonc has always been used to a
certain extent, though it requires special
skills and usually costs more than other
building materials. 1t is extensively used
for public display works such as the Wash-
ington Monument, the Great Pyramid, and
the Supreme Court building,

The most massive modern structures be-
ing built today, the great water-storage
dams, are made of concrete, a material that
has long been employed tor special uses such

as building cellars and finishing. Steel re-
inforcing adds to the strength of concrete
structures.  The modern shyscraper, fac-
tory building, or Jarge apartment housc has
a framework of steel and a finish of cement
or stucco. Though concrete and steel are
essential to large modern buildings, they
have not yet made much headway against
the lmmble traditional wood for ordinary
residences.

Transportation and communication.
Trausportation and comnmunication activ-
ities are the many enterprises which efiect
the conveyancee of goods of commerce, and
also of man and his messages.  The terms
should be interpreted broadly enough to
include the maintenance of the many plants
which are necessary for these operations.

The means of fruu.spurlulion and com-
munication have changed so greatly fiom
time to time that cnumeration is neither
feasible nor necessary.  Within historical
times, slaves furnished the motive power tor
crude vehicles and ships.  (lus. A, p. 53.)
Even now, as in parts of China and Japan,
human beings are used to pull or cany
loads—coolies with their rickshaws are well-
known examples. The use of beasts for
motive power marks an advance over Abe
human method of transportation. For this
purpose horses, asses, cattle, camels, dogs,
llamas, elephants, and remdeer are com-
monly used. However, the most advanced
means of transportation utilize power ob-
tained from mineral fucls or from falling
water. By means of steam, gas, or electric
engines, tours formerly requirmg years and
months of time can be completed in days
and hours. (Illus. B, p. 53.)

The importance of transportation is such
that most of our metropolitan areas would
be reduced to serious skortages in less than
a wecek if the importation of foods should
cease. Rural areas would likewise be re-
duced to a subsistence level if transportation
were discontinued.

Trade and commerce. Trade and com-
merce are closcly related to transportation
and communication. Where the latter
exist, agencies must be instituted to bring
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Couttesy Dr George B Cressey, Syracuse University.
(A Prmmtne transportation, a common sight m parts of Chima where wheelbanows
for freaghtage of goods e stll muse although antomobiles may be seen at the same time
ona fow ot the toads

Courtesy Eastern Airles
(B.) Modern passenger ]p](ln(‘q are swift-moving, safe, and dependable
speed, a

By inquiry learn hourly rate of
titudes of fhght, and passenger capacties of planes now m use.
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about an orderly exchange of the various
products that are available. The exchange
of goods—that is, buying and selling—and
the agencies which in part render possible
or encourage such activities are included
in the expression trade and commerce.
Among the more common institutions ot
this kind are import and export houses,
produce exchanges, shipping agencics,
wholesale establishiments, grain exchanges,
banks, insurance companies, and retail busi-
nesses.

Professional and public services. Posi-
tions in protessional and public services re-
quire either special training or public trust.
Scientists, engineers, educators, doctors,
lawyers, religious workers, and administra-
tors arc the outstanding workers in these
fields. Their professions are noted for the
public leadership they provide, and their
trust is a serious one. It should be a matter
of public concern to retain them at the Ingh-
est possible standards.

Domestic and personal services. No
classification of occupations wonld be com-
plete without mention of the distadl side of
lile. A poet once said, “Man works {rom
sun to sun, but woman's work is never
done.” It is submitted lLerewath that the
work of woman has been and is of such sig-
nificance that no writer needs to attempt to
appraise its importance,

Under personal services are listed occupa-
tions in homes, hotels, laundries, cleaning
and dyeing institutions, and muny others.

Relationship between economic activ-
ities and the natural environment of any
given area. Industrialization has not ren-
dered man independent of his environment.
In advanced society he may not be so di-
rectly dependent upon certain local aspects
as is the case in the primitive state of de-
velopment, but on the whole his interest in
the problems arising from environmental
factors is greater.  As illustrations, we may
recall the organized exploratory search for
new petroleum fields, new deposits of pot-
ash, nickel, and manganese, and now the
world-wide scarch for uranium. The iron

and steel industry centered around our
Gireat Lakes would suffer a body blow it
either the iron ore or the coal should be de-
pleted.  Again, the distribution of iron ore
over the world and its utilization are of
great significance to the American iron and
steel industry. Great new  development
clsewhere might readily lead to reduced
foreign demands and therefore necessitate
restriction of domestic production.

Tu the realm of agnculture the vital fac-
tors ot moisture, temperature, winds, sun-
shine, and length of growmg scason e
cflective in Ingh degree on all lands. - Upon
those tactors depend the possibility of one,
two, or three crops per year, and likewise
the hinds of crop that will be produced,
whether barley, wheat, corn, rice, or cacao.
Land torm is likewise unportant because
the use to be made of the lund is directly
aflected by it: for example, farming under
irmgation and the use of terraces to reduce
crosion and to maintam tillage agriculture.
In all these instances the factors of the
phvsical environment are broadly dommant.

Nevertheless, the haman tactor in the de-
\'clopm('nt of industral activitics must not
be underestimated.  Man may use the re
sources constructively or hie may allow them
to remain doumant, as he has done for u;f(-s.
Man himselt is a potent geographical fac-
tor, as evidenced by Ius clearing of forests,
1eplacing of prairies with ficlds of grain,
impounding of waters to form lakes. tunnel-
ing through mountains, and changing the
courses ot streams.  The presence of large
cities attests the extent to which man may
alter the details of environment, there the
details of the original natural landscape are
masked by the streets and structures built
by man.

It should not be presumed that human
adjustments in any place are perfect. New
resources or additional ones are being dis-
covered almost daily in some parts of the
world.  As their values become known, ad-
justments are set in motion wherchy the
rewards of exploitation may be secured.
Within certain broad limits, therefore, it is
evident that Nature must provide the re-
sources and the conditions for exploitation
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whereby man may, by mtelligent activity,
satisfy his needs and desires.

Relationship of natural landscape to
the cultural landscape. The natural en-
vironment in any given area is usually well
1eflected in the features of the natwal land-
scape. By that term we refer to the land ag
1t is with its varions kinds of surface forms,
its streams and lakes, its natural yegetation,

Natural Lindscape m unungated seetion of Nevada
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The true natural landscape can be seen
only where man has made no changes, such
as construction of roads, fences, or houses,
and where he has not visibly reduced or
changed the vegetatne cover.  Similarly
the cultmal landscape in its fullest sense
mplies complete fade-out of the features
ot the ongmal, natural landscape and its re-
placement by cultural {eatures so complete
as to hide even the tundament upon which

Courtesy U S Burcau of Reclamation, Washington, D C

Note that there 15 absence of any human activity.

Scattered brash due to low ramfall

and its native fauna. Through man’s ac-
tivities, changes are brought about, such as
plowmg up the sod, cutting down the
forests, planting vanous crops, straightening
or deepening stream channels, constructing
irrigation projects, and preparmg grades
for roads and railroads. In these and in
other ways the natural landscape is changed
in its details and rendered more adaptable
for use by man. By these means a cultural
landscape is created. (Illus. pp. 55 and
56.)

they stand.  Smce for most of us these ex-
tremes are not commonly available, we must
bear in mind that usually the landscape
before us is a combination of both: the
cultural features have been superimposed
upon the natural in varying proportions.
In grazing areas such as those of the south-
west or in parts of the Great Plains the prin-
cipal culture features are the fences, widely
spaced houses, and a few trails and roads.
In tarming areas man’s imprint upon the
natural landscape is more effective: there,
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cultivated crops have replaced grass and
forest; tarmisteads are close together and
comnected by telephone and perhaps by
power lmes; and 1oads le ad to near-by
towns. With all these chang(-s in detail,
the general topography remains virtually
unchanged as to flat lands, hills, and valleys.
In the aities, however, man's structural activ-
ities are generally dominant. Ihlls have

been reduced, grades lessened, and streets
and buildings conceal much of the ongmal
landscape.

S Burcau of Reclumation,
Washungton D C

Courtcsy U

Cultural landscape due to imigation, same see-
tion of Nevada as precedmg picture. Trees at left
were planted and wre mamtamed by ungation as
15 the alfalta field m the foreground.

In order to understand and appreciate the
relationships of the cultural to the natural
landscape, one must have some degree of
mastery of the facts involved, a mastery
which can be reached best through a defi-
nite and systematic organization of the es-
sential facts. It 1s suggested therefore that
the facts pertinent to the natural ]dndscape
be summarized rather defimtely mto si
major groups: (1) location, (2) climate, (3)
land forms, (4) water bodies, (5) land con-
tent, or soil and mnmerals, and (6) native
flora and fauna. 1f each of these toprcs 1s
adequately treated for uny arca on earth,
any intelligent person should be enabled to
visualize the natural landscape of that area.

Location. The location of any place
under consideration is not only a basic fact
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in itsclf, it is also a factor of high geographic
importance. Re&,ardless' ot whether arcas
are large or small, whatever may be true of
their land forms, types ot climate, soil and
mineral resources, native plants and ani-
mals, or man’s activities, location is impor-
tant in undcrstzmding the occupatl(ms. Lo-
ation in itself, regardless of all else, 15 often
a foremost factor in the possibilities of the
growth of a city or in the success ot a busi-
ness.  For example, it is clearly recogmzed
that small towns located near large aties
rarely grow into important trading centers
because of bemg overshadowed by their
greater neighbors.  Even m matters of cu-
rent events, location is always given in the
presentation of the story m order that the
reader may know where the scene ot action
is laid.  Such information 1s valuable in in-
terpreting the significance of the event and
m understanding 1ty causes and  conse-
quences.  Location, therefore, should he
carcfully stated m connection with every
geographic description, and in most cases 1t
15 equally important m cconomic reports on
busmess enterprises.  (1llus. p 57 )

W ater bodies. That boches of water are
mmportant environmental features is ewdvnt
to all.  What small boy m a country district
has not felt the spell ot the water hole or
has not expenenced the thrll ot catching
diminutive members of the fimy tribe which
later, as the stories were re-told, took on
greater and greater proportions?

The mdireet influence of water bodies
pervades all land arcas of the carth. The
water which falls as 1ain must have come
from the sea, wheuce it rose as water vapor
and made the voyage from source to desti-
nation in a gascous statc. Water bodies
modify temperatures over sea and land, in
greatest measure, of course, along coastal
areas, but m some degree also in the very
hearts of the continental land masses. In
addition to the effects of large water bodies
upon the chmate, there are important geo-
graphic relationships to transportation and
industry.  Ocean-borne connerce makes
the whole world kin. Through it we are
enabled to scll our goods in all parts of the



ECONOMIC ACTIVITIES

world and in turn to enjoy the products of
distant lands in our own scheme of living,

The influenee of water bodies as a feature
of our environment is not linuted to the
great seas and occans. The small lukes
which are peppered over the land in many
areas, and the networks of streams which
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ational activitics which represent  social
assets equaling or surpassing their economice
values.

Land content. The content of the land
should be thought of as consisting of two
major groups: mincral deposits and  soil
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mfuence ot the ity has prvcluded the growth of towns withim a considerable radis, exeept those of a

suburban character.

cover the land nearly evervwhere, are di-
rcctly cffective in every community. As
water supplics, as power resources, as drain-
age channels, or as transportation 10utes,
they are of economic significance to every
community. Furthermore, the lakes. ponds
and strecams furnish facilitics for fishing,
boating, canocing, skating, and other recre-

material.  This content is responsible for
the types of human activities in many re-
gions of the world.  Tnasmuch as this topic
is tully developed in later chapters of this
book, it needs but mention here.

Native vegetation. Native vegetation
refers to the natural plant growth which
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mantles the earth’s surface. In some places
the native vegetation is quite simple, as in
parts of the southern pine forests, where
large areas are made up ot only a few spe-
cies of plants. In other places it is exceed-
ingly complex, as in the low-latitude jungles
and in certain sections ot the Great Plains.
Inasmuch as most plants are practically im-
mobile—that is, they cannot move about—
they must depend entirely upon their im-
mediate environment. Where a number of
varietics are present, such species dominate
as are best adapted to the growth and main-
tenance factors of that locality. These
factors are soil, temperature, rainfall, drain-
age, and sunlight.

Crop plants cultivated by man are not
included under the term native vegetation.
Wherever man breaks the sod, cuts the
forest, or stirs the soil and cultivates crops,
he creates an artificial, a cultural, landscape.
Thus, plantations devoted to rubber, cotton,
cacao, or coconuts, and fields planted to
corn, wheat, tobacco, or sugar cane are not
clothed in native vegetation, but are farmed
areas constituting a phase of the cultural
landscape.

Native animal life. The native animal
life of any region includes all of the wild
life of the area; that is, not only the four-
footed animals such as are ordinarily
thought of, but also fish, birds, snakes, and
insects. Since animals subsist upon plants
or upon one another, the wild life of any
region is, in large measure, a response to
the environment. Yet the animal life is not
quite so directly and intimately a reflection
of the environmental conditions as is the
plant life, because animals have the power
to move about, some having developed this
ability to a high degree. Birds and some
species of fish rank foremost among those
with exceptional abilities of migration.
Among the land animals, the fleet-footed
kinds, such as the antelope, the deer, and
the rabbit, show greatest ability in moving
swiftly and covering distances. Hence
they can overcome envirommnental handi-
caps by escaping adverse conditions at vari-

ous times. In contrast with these species
are others whose power to roam is limited
to narrow confines.  They can progress but
slowly and only within restricted conditions
of environment. Examples are found in
the hippopotamus, characteristic of some
of the rivers and adjacent marsh areas of
Africa, and the alligators and crocodiles,
which, although fully equipped with powers
of locomotion, cannot travel great distances
from their water habitat. Many of the
insects have small capacities for flight.
These are the kinds of animal life which give
the clearest and most definite evidence re-
garding the environmental conditions which
prevail within an arca.

The native animal life may be classified
with respect to its relationship to man.
Some animuls are used for food, whereas
others are valuable only for the materials
which they furnish for clothing or shelter
purposes.  Still others have almost no value
to man, but present a negative relationship
in that their presence is mostly harmful.

Climate. Climate is usually defined as
the average of weather conditions prevalent
at any place or arca, with due recognition.
of the fact that deviations from the average
are often of equal or even greater sigraf-
icance to man. Since the weuther elements
of major importance include temperature,
humidity, winds, precipitation, and sun-
shine, climate is a résumé of their a\ crages,
and as such it is recognized as one of the
most cffective geographic factors. It is
generally conceded that climate 15 directly
connected with the health, happiness, and
well-being of man. Some climatic condi-
tions are energizing, whereas others are
enervating. Climate not only affects the
health of man, but it also influences many
of his activities, since it often virtually de-
termines where a certain kind of domesti-
cated plant or animal may thrive best. In
order to comprehend the economic life of
people in other parts of the world, one
should know the climatic conditions under
which they make their living. We can
always understand better what goods peo-
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ple produce and what they need to buy if
we have knowledge of the climatic condi-
tions under which they live.

Climate and agriculture. Agricultural
production responds directly to climatic
factors such as temperature, rainfall, sun-
shine, and wind, and thus the crops which
can be grown in any particular arca depend
largely upon the type of climate which pre-
vails there. Where the climate is favor-
able, potential agricultural production may
be high; where unfavorable, productivity
may be so low that agriculture is impossible
unless the climatic handicap can be over-
come by artificial means as, for instance,
overcoming aridity by irrigation.  (Hlus. p.
56.)

The intimate relationship between cli-
mate and food, shelter, and clothing is
generally recognized, and illustrations of
this relationship can be found everywhere.
In cold lands the houses generally are
sturdily built with thick walls, solid foun-
dations, and elaborate heating systems,
whereas in warm lands such features are or-
dinarily wanting. The dwellers of cold
lands clothe themselves in hides, turs, and
woolens, while those of warm lands wear
clothes that are light and airy. People in
the arctic regions consume great quantities
of fats and do so with evident relish,
whereas those in the tropics live on much
lighter diets, placing greater dependence
apon fruits and vegetables.

Climatic dissimilarity as one of the
fundamental bases of trade. The signif-
icance of climatic differences goes beyond
differences in food, clothing, and shelter,
however important these may be. That
the people of the tropical lowlands grow

and eat bananas and coconuts in abundance
may interest us, and we may even feel envi-
ous at times over their good fortune in this
regard; but the real economic significance
of these facts is that, through surplus pro-
duction and efficient transportation, ba-
nanas and coconuts have become available
in regions where they cannot be produced,
and thus they have become commodities of
world commerce. The same holds true for
a great number of other agricultural prod-
ucts. Thronghout the industrial world we
draw upon areas near and far for supplies
to be used as tood and as raw materials for
manufactures. Not a day passes but that
we are beneficiaries of the products of for-
cign lands. and daily our goods are shipped
abroad to serve the needs of other peoples.

Diflerences in climatic conditions are
among the fundamental causes of differ-
ences in production, and besides, give rise
to varving nceds and desires. In these
difterences lies one of the most fundamental
bases of trade, both intranational and in-
ternational. For example, the farmers of
lowa produce a surplus of agricultural
products, the sale of which enables them to
purchase manufactured goods from the cast
and citrus fruits from Florida and Cali-
fornia. Canada produces a surplus of
wheat, lumber, and furs and imports prod-
ucts of more southern climates; the people
of Central America are enabled to buy the
products of the north if they can scll their
surplus of bananas, coffee, and coconuts.
Thus, in large measure, the currents of
trade flow in response to climatic differ-
cnces. If we desire to comprehend the
fundamental bases of trade, we should not
neglect to study the climatic factors in-
volved.



Chaptcr Five

THE CLIMATIC FACTORS

“EVERYONE TAIKS ABOUT THE
weather but nobody does anything about
it” This oft-quoted statement by Mark
Twain concisc]ly expresses  the interest
which most of us who live in the middle
latitudes have in the daily weather. This
widespread mterest, so general as to be
taken for granted, is obviously duc to the
sudden changes which are characteristic of
our weather and the great importance of
those changes to our daily activitics. But
our interest often is more profound than is
indicated by the trifling remarks we make
concerning the weather conditions of today
and tomorrow. When planning visits to
other states or countries, or it contemplating
a change of residence, we are likely first to
inquire how cold the winters are and how
warm the summers, whether it rains much
or little, whether sunshine or cloudiness

revails. In other words, we scek to m-
orm ourselves concerning the climate of
our new place of abode.

Weather and climate. Whereas the
study of the weather—metcorology—deals
with the actual atmospheric conditions
which prevail at any given time, the study
of climate—climatology—deals with the
averages of known weather conditions char-
acteristic of a given area, as well as with
the frequency of significant deviations from
those averages. Thus the climate of a lo-
cality can be studied adequately only if
records of its elements—such as tempera-
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ture, precipitation, winds, and so on—are
available for many years. Long-time rec-
ords are especially necessary m the nnddle
latitudes, where not only the changes in the
weather from day to day may be great, but
where there is considerable variation from
year to year—mild winters and severe win-
ters, hot summers and cool summers, oc-
curring in irregular alternation and succes-
sion. In such regions, climate, as the aver-
age weather, often scems at first sight to
be a somewhat illusory conception, and de-
viations from the averages may become as
important as th(‘ a\’(‘l"dg(‘h thl‘l"s(']\’(‘b. For
cxample, in subhumid and sennanid regions
the variability of precipitation from year to
year may climatically be even more unpor-
tant than the average annual total.

In large parts ot the world, atmospheric
conditions are not so changeable, and
the principal characteristics of the daily
weather may be tforetold fairly accurately
by reference to the calendar. It may be
either always warm or always cold, always
rainy or always dry, or wet and dry seasons
may alternate with a considerable measure
of regularity. Such uniformity of daily
weather is especially characteristic of the
lower latitudes. Under such conditions
the weather generally is not the absorbing
topic of conversation that it is with us, and
records covering only a few years may suf-
fice to give a quite accurate idea of the
climate. However, even in thesc areas
conditions vary in some degree tron year
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to year. There arc likely to be differences
in the intensity and the length of the dry
and the rainy seasous as well as shifts in the
beginning and the end of these seasons.

In order to forecast the weather in the
middle latitudes with some degree of ac-
curacy, it is necessary to have available
basic  observations on temperature, at-
mospheric pressure, humidity, and other
weather clements for as manv places as
possible.  While formerly weather forecast-
ing was of importance primarily to shipping
and to agriculture, in recent decades air
transportation has greatly increased the
need for such basie observations, not only
at the surtace, but also aloft. In turn, the
airplane, the pilot balloon, and the radio-
sonde have begun to furnish increasing
quantitics of observations at higher levels
of the atmosphere which are incispensable
tor forecasting surface weather,

The number of meteorological stations in
the world has increased greatly. not only in
the middle latitudes, but also in the tropics.
This increase in the number of records
available has resulted in a better under-
standing of the climate of many parts of
the world.  Density of meteorological net-
works is, however, uneven. The United
States. with adjacent portions of Canada,
and Europe have the densest networks.  In
parts of South America, such as the Amazon
region, in parts of Africa, the Near East,
interior Asia, and the Polar regions statious
are widely spaced and records often are
brief and discontinuous. Thus our cli-
matic information on differeat parts ot the
world is not equally reliable and complete.

Behind the complicated difterences he-
tween weather and climatic conditions in
various parts of the world lie some simple
factors which govern the major traits of
distribution of heat, pressure, and airflow.
These factors are: (1) the sphericity of the
carth, (2) the inclination of the earth’s axis
and its parallelism during the revolution of
the earth around the sun, and (3) the rota-
tion of the earth.

The major traits of the distribution of
heat, pressure, and airflow are modified by
such other factors as frontal development,

distribution of land and water masses, oc-
currence of warm and cold ocean currents,
and major relief features, mountain ranges
and high plateaus, resulting in a compli-
cated climatic pattern, which is represented
in simplified form in the map Climatic Re-
gions of the World, at the end of the book.

Major Factors Affccting
Weather and Climate

Radiation and insolation. The sun
sends ont into space huge amounts of radi-
ant energy, of which a very small fraction
rcaches the carth. Some of this radiation
is visible, constituting light. The sun radi-
ates most of its energy within the visible
range, but some energy comes to us as ultra-
violet radiation and some more as infrared.

Insolation is the rate at which direct solar
radiant energy is received on a horizontal
surtace. The insolation received at the
surface of the earth depends upon the dis-
tance from the sun, the angle of the sun’s
rays. the duration of insolation, and the
amount of cnergy lost while the rays pass
through the atmosphere.

Insolation in relation to varying dis-
tance of the earth from tke sun. The
orbit of the earth’s revolution about the
sun is an cllipse rather than a true circle
and therclore the distance of the earth
from the sun varies during the year. In
December the earth is about 3,000,000 miles
nearer the sun than in June, but this difter-
ence in distance is so slight in comparison
with the average distance of the earth from
the sun (about 93,000,000 miles) that it has
no appreciable eftect upon the amount of
heat received daily during the year.  Thus
for ordinary purposes we may neglect dif-
ferences in distance between the earth and
the sun.

Insolation in relation to the sphericity
of the earth. The great diflerences in the
amount of insolation reccived annually at
places near the equator and at places re-
mote from it are due to the sphericity of
the carth. A bundle of solar rays will illu- .
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(A.) Diagram of the sun's rays strikmg the carth vertically and obhquely.  The diameters of the
bundles of rays (w) are cqual  Note that the diameter of the area over wlael the heat 18 distuibuted 1s
greater m B, and considerably greater m C

SUN'S RAY’'S

(B.) Sun’s rays striking the earth in different altitudes (during equinoxes ).
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minate and heat a much smaller area it it
shines upon a surface at right angles than
if it strikes it obliquely (Illus. A, p. 62). It
the rays are concentrated upon a smaller
area, the intensity of lighting and heating
is of course much greater than it they are
dispersed over a larger area. Thus, the
angle at which the rays of the sun strike the
carth’s surface is highly significant.

Near the equator the ravs shime almost
vertically upon the carth at noon, whereas
in the higher latitudes the noonday rays
strike the surface obliquely (1lus. B, p. 62).
Since the diameter of the carth is eveeed-
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sun’s rays cross the atmosphere more and
more obliquely, the amount of atmosphere
traversed and the loss of radiant energy sus-
tained is much greater than near the equa-
tor. Of course, the same phenomcnon can
be readily observed every day. In the
carly morning, when the sun stands low in
the sky, the sun’s rays must traverse a great
deal of atmosphere to reach the eye of the
observer. At that time it is possible to look
into the sun. At noon, with the sun much
higher in the sky, it is not sate to do so.  As
a logical result of the foregoing facts, aver-
age annual temperatures on the earth gen-
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ingly small in comparison with the distance
the rays of the sun must travel, we may,
for all intents and purposes, assume that
the rays reaching us are parallel. During
the equinoxes, in March and September, the
sun’s rays strike the equator at an angle of
90°, while they strike the 35th parallel at an
angle of 55°, and the 60th parallel at an
angle of only 30°.

On their way through the atmosphere the
sun’s rays lose some of their energy through
absorption, dispersal, and reflection. The
farther they travel through the atmosphere,
the greater this loss (Illus. above). It is
evident that toward the poles, where the

erally decreasc from the equator to the
poles.

Inclination of the axis and parallelism
during revolution. The amount of heat
which cach spot on the surface of the earth
receives varies during the course of a year.
This is a direct result of the fact that the
axis of the earth is not at right angles to the
planc of revolution but is inclined toward
it at an angle of 664°. Both the inclination
and the orientation of the axis are persist-
ently maintained during the entire revolu-
tion of the earth around the sun, so that in
any position of the earth in its orbit the axis
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is parallel to all its previous and prospective
positions. The North Pole of the earth
always points toward the North Star, Pol-
aris. This maintenance of orientation is
called parallelism of the axis. (Illus. be-
low.)

Seasons. Because of the inclination of
the axis of the earth toward the planc of
its orbit, the Northern and Southern hemi-
spheres arc alternately the more dircetly ex-
posed to the sun’s rays. On June 22 the
position of the axis is such that the Northern
Hemisphere is turned toward the sun.
(Ilus. p. 65.) Thus the rays ot the sun

/ mar

SEPT

Parallelism of the carth’s axis  In any point
of the orbit the axis of the earth 1s paralle] to
what 1t is m all previous positions.

strike this hemisphere’s surtace at relatively
large angles, up to 90°.  The high position
of the sun in the sky makes for greater in-
solation north of the equator, and conse-
quently the season is warm and is termed
summer by northern people. During this
same period the Southern Hemisphere is
turned away from the sun and the solar rays
strike it at comparatively smaller angles.
As the sun stands relatively low, the effec-
tiveness of its rays is less and temperatures
are lower. It is the winter of the Southern
Hemisphere.

Solstices and equinoxes. The inclina-
tion of the earth on its axis causes seasonal

variations in the apparent positions of the
sun in the sky. At noon on June 22 the sun
strikes at an angle of 90° in the latitude of
231°N. This parallel is named the Tropic
of Cancer. Conversely, on December 22,
the sun is vertically above the parallel of
231°S.. the Tropic of Capricorn.  (Illus. p.
65.) These dates are known as the sollices
because in connection with them are a few
days in each instance when there is only
slight change in the daily period ot sunlight.
June marks the period of the summer sol-
stice in the Northern Hemisphere and of
the winter solstice in the Southern Hemi-
sphere. December, on the other hand, is
the period of the winter solstice in the
north and of the summer solstice in the
south. Twice yearly, about March 21 and
September 22, the sun stands vertically
over the equator, midway between the two
tropics.  We speak of these dates as the
equinoxes, because dayvs and nights are
then each of tweh e hours duration all over
the carth.  Between March 21 and Septem-
ber 22 the sun rises north of cast and sets
north of west, whereas from September 23
to March 21 the sun rises south ot cast and
scts south ot west. Thus it is clear that
only in the area between the two tropics
can the sun appear in the zenith  A¥ the
equator the sun can never be farther {from
the zenith at noon than 23} ', while toward
the tropics this figure gradually increases
to 47°.

In higher latitudes the differences in the
angles of the sun’s rays are much more
significant. At 50°N., for cxample, the
maximum angle above the horizon in June
is 63}°, and the minimum angle in Decem-
ber, 16}°. By referring to pages 63 and
65 it will be clear that the eflects of these
different angles in the middle and higher
latitudes are much greater than in the re-
gion between the Tropic of Cancer and the
Tropic ot Capricorn.

The effects of rotation upon heat dis-
tribution. The rotation of the earth on its
axis once in 24 hours gives within that pe-
riod heat and light as well as darkness to
most parts ot its surtace. The sun appears
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to risc in the cast, to travel across the sky,
and then to set in the west. Actually. how-
cver, the carth is turuing in the opposite
direction, from west to east. Deception in
such matters is often experienced.  Who
has not had the sensation of moving while
scated in a Pullman, only to discover a little
later that the train on the next track was
slowly pulling out of the station?

The change from day to night causes
minor fluctuations in temperature. Dur-

nights would always be of equal length.
Since the axis is inclined at an angle of
235°, the respective lengths of day and
night vary in the course of the year.  In the
Northern Hemisphere in June the days are
longer than the nights; in December, the
reverse holds true (Illus. below).
Although near the equator the difference
between the length of 311)/ and night is rela-
tively slight, toward the poles it becomes
steadily greater until, beyond the polar

/NORTH POLE

NORTH POLE p

JUNE
SOLSTICE

DECEMBER
SOLSTICE

Angles at which the sun’s rays strike the surface on June 22 and December 22,

Note the

Tropies of Cancer and Capricom, and the Polar Circles. Also note day and night.

ing the day insolation ordinarily raises the
temperature about us. At night, part of
the heat accumulated during the daytime
is given off, radiated into space, and tem-
peratures drop. These daily fluctuations
are ot considerable cconomic importance.
They prevent excessive heating.  In many
parts of the world the nights give some
respite from the heat of the daytime. In
the spring, the daytime temperatures may
be favorable for plant growth, but the low
temperatures of the early morning otten
bring with them the danger ot frosts.

If the earth rotated on an axis standing
vertically to the plane of its orbit, days and

circles, there are both a polar day and a
polar night of increasing duration.

Thus, difterences in the length of day and
night accentuate temperature differences
due to the seasons. With increasing lati-
tude, summer insolation lasts a longer, and
winter insolation a shorter, period.

Seasonal changes in heat distribution.
Near the equator and approximately as far
north and south as the Tropics of Cancer
and Capricorn respectively, the noonday
sun is always high in the sky. The sun’s
rays strike at a fairly high an(%le and lose
little to the atmosphere. Besides, the days
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are never short. Consequently, this part
of the earth’s surface is relatively warmn all
year. The scasons are characterized not so
much by difterences in temperature as by
fluctuations in the rainfall during the course
of the year. Vegetative growth never eu-
tirely ceases, although in some scctions ot
this zone the occurrence of an annual dry
season may cause most ot the trees and
shrubs to shed their leaves, thus creating a
landscape similar in some respects to that
of the northern winter.

In the middle latitudes, there is a pro-
nounced temperature contrast between the

eriod during which the noon sun stands
high and that during which it stands low in
the sky. In these regions we have a true
summer and a true winter. The summer
is the growing season, the winter is the sea-
son during which the entire vegetation is
inactive for lack of sufficient heat. Near
the poles, the temperatures are so low even
in the warmer half of the year that veg-
ctation growth is impossible. These are
the areas ot perpetual ice and snow.

If the axis were not inclined. Were the
earth’s axis not inclined, there would be no
scasons and the world would be markedly
different from the one we inhabit. The
warm belt would be a narrow band of ex-
cessive heat gradually merging into cooler
areas to the north and south. There would
be no regions with alternating summers
and winters. The frozen wastes about the
poles would extend farther equatorward
than they do now. Days and nights would
be of equal length everywhere. At any
given place the daily insolation would re-
main unchanged throughout the year. It
is difficult to visualize such a world, one of
unending climatic monotony in contrast
to the stimulating diversity which is our
present condition.

Elements of Weather and Climate

The elements of the weather which are
studied separately and in combination for
purposes of weather forecasting are: (1)
temperature, (2) barometric pressure, (3)

wind direction and wind velocity, (4) hu-
midity, (5) cloudiness and sunshine, (6)
precipitation, and there are a few others.

For the description, classification, and
explanation of climatic conditions, as has
been mentioned before, we must depend
largely upon meteorological data gathered
primarily tor purposes of weather forecast-
ing. (Illus. p. 67.) Instead of using ob-
servations for one day or hour, average val-
ues arce calculated on the basis ot observa-
tions which may run over many years, ten.
twenty, and preterably more than twenty-
five years. It is clear that a tremendous
amount ot calculating is involved for each
station used.!

The elements of greatest interest for cli-
matic study are somewhat diflerent from
those of prime importance fo: the study of
the weather. In many cases also, the
phases of the elements concerned are difter-
ent.

For example, in the study of climate, bar-
ometric pressure is of subordinate impor-
tance, while in meteorology, 1t is of prime
importance.  One  reason is that men.
plants, or animals do not seem to be greatly
aflected by ordinary diflerences in pres-
sure. On the other hand, precipitation
looms large as a climatic element, hecadse
of its great importance tor agriculture and
other activitics of man. While tempera-
tures are important to both, temperatures
ot the upper atmosphere probably are not
quite so important in climatology as they
are in weather forecasting. Similarly, in
so far as humidity is concerned, vapor pres-
sure and specific humidity are impor-
tant to the meteorologist, whereas relative
humidity and evaporation are of great
direct interest to the student of climatology.

Temperature, air pressure and winds, and
precipitation are discussed at this point
because they are considered to be the most
important elements.

1. Temperature. Temperature is the
term used to express the intensity or degree

! Fortunately, modern tqu:h-cm'd methods have
proved a great aid in the use of available basic
statistics.
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exerts. Atmosphere as a whole would be
relatively calm if it were not for the unequal
distribution of insolation over the carth’s
surface. This unequal heating gives rise to
differences in pressure, which result in the
phenomenon of wind. The winds are
named as to the direction from which the
blow; thus, if air moves from the nort
toward the south, it is spoken of as a north
wind. The direction from which the winds
blow with greatest frequency at a given
place is called the direction of prevailing
winds. In ordinary accounts of wind veloc-
ity we are likely to find it referred to in ap-
proximate terms, such as calms; light, mod-
erate, or strong winds; and gales or storms.
Wind strength can be described more ac-
curately by means of the Beaufort scale,
which has 12 numerical divisions, ranging
from 1, calm (less than 1 mile per hour),
to 12, hurricane (over 75 miles per hour).
Climatologically wind strength is important
as it may have strong, direct eftects on crops
and vegetation and may greatly influence
rates of evaporation.

Wind direction is also an important cli-
matological criterion. In some areas winds
blow steadily from one prevailing direction
during most of the year, as in some parts of
the tropics. In still other areas, prevailing
wind directions during summer and winter
may be roughly opposite, as in the monsoon
countries. In the middle latitudes, the so-
called areas of the “prevailing westerly
winds,” the most important characteristic of
the climate in so far as wind is concerned is
really the fact that during practically all of
the year the wind may come from any of the
points of the compass. :

THE GENERAL CIRCULATION. The average
general distribution of air movement in the
atmosphere is referred to as the general cir-
culation. On the basis of the average dis-
tribution of winds, the earth may be divided
into a few large zones or wind belts. This
system of wind belts is represented in
highly schematic form on page 72. It
must, of course, be understood that the lines
between the belts are neither sharp, nor
straight, nor stable.

Since the annual insolation is greatest

near the equator, a belt of slightly below
average pressure (29.9 to 29.8 inches) en-
circles the earth there; this belt is known as
the equatorial belt of low pressure, or the
doldrums. The term doldrums is applied
most generally to the equatorial calms over
the oceans, but lack of any better term seems
to make it applicable to the correspond-
ing belt of calms and variable winds over
the lands as well. The belt varies in width,
and in places may cven temporarily be
absent. Part of the helt lies slightly north
of the equator, in Southwestern Asia.  Due

Wind rose characterishic of the tiade winds.
Fernando Noroitha Island, northeast of Recife,
Brazil.

to the persistent heating, ascending air
movements are prevalent. Thus, the dol-
drums are characterized by light, baffling
breezes, interspersed with prolonged calms.

On the poleward sides of the tropics lie
two belts where the atmospheric pressure
remains relatively high all year through
(from 30.0 to over 30.1 inches). These are
the so-called subtropical highs (horse lati-
tudes), which are most persistent over the
oceans. Two of these high-pressure areas
are permanent in the Northern Hemisphere:
one in the North Atlantic, approximately at
the latitude of the Azores, the other in the
North Pacific. The Azores High and the
North Pacific High are strongest in summer
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and weakest in winter. The other three
permanent subtropical highs are located
respectively over the southeast Pacific, the
southern Indian Ocean, and the South At-
lantic. In these regions, as in the doldrums,
calms are frequent (Illus. p. 71).

Along the surface—that is, to altitudes
from 10,000 to 30,000 feet—winds blow
from the subtropical high-pressure belts
toward the cquatorial belt of low pressure.
These winds, blowing from the northeast in
the Northern Hemisphere and from the
southeast in the southern, arc called trade
winds. Their velocities vary from moder-

.
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Wind rose charactenstic of the westerlies  Storn-
oway, Hebrides Island, off the coast of Scotland.

SE

ate to brisk, and their direction, particu-
larly over the oceans, may remain un-
changed for weeks at a time. A typical
wind rose! for a trade-wind area is given
on page 73, which shows, for an island in
the southeast trade winds, that wind direc-
tions are almost exclusively from southeast
to east. In the Dominican Republic, lo-
cated in the northeast trades, wind direc-
tions may be largely from the northeast or
east on the southern coast, even from the
southeast.

* A “wind rose” is a diagrammatic representation
of average wind directions in one place. The
length of the arms shows the relative frequency of
each main wind direction.

At higher altitudes there is a movement of
air from the Equatorial Low Pressure Belt
to the horse latitudes. These are the so-
called antitrades, which have a strong west-
erly component (Illus. p. 72). Sometimes,
when the Equatorial Low Pressure Belt is
very narrow, weak, and even temporarily
absent, the trade-wind systems from both
hemispheres may meet in the equatorial re-
gion. A surface of discontinuity forms in
that case, along which strong rain squalls
may occur. This is called the equatorial,
or intertropical front.

Poleward, beyond the subtropical highs,
lic the belts of the “prevailing westerlies.”
They are best developed in the Southern
Hemisphere, where air movements have trec
play because of the absence of large land
masses. In the northern hemisphere, the
presence of the North American and Eura-
sian continents causes many modifications
in airflow.

The surtace winds in these belts, espe-
cially in the northern middle latitudes, are
highly variable in direction and in velocity.
and airflow is characterized by the existence
of irregular, and often vast, whirl-like move-
ments toward centers of low pressure and
away from centers of high pressure.

The name “prevailing westerlies” for
these belts is somewhat misleading, particu-
larly if it is shortened, as is often done, to
just “westerlies.” As may be seen on the
lett, a wind rose for an island oft the
coast of Great Britain, winds trom the south-
westerly quadrant predominate in the
course of a year (in North America winds
from the northwesterly quadrant would be
likely to prevail), but the most significant
characteristic of these belts is that at any
time of the year winds may come from any
point of the compass.

The great whirls of low and high pressure
are called cyclones and anticyclones, re-
spectively. Their height varies between
two and six miles, and they have diameters
of as much as 500 to 1,000 miles. They
move generally from west to east, not in
straight paths, but in curving paths, deviat-
ing from a true west-east direction. The
cyclones, or “lows,” are most pronounced in
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winter, and at that time they are likely to
move most rapidly and go farthest south-
ward. Occasionally a “low” is observed
that makes the entire circuit, from Alaska or
the North Pacific, through Canada and the
United States, over the North Atlantic,
through Europe and northern Asia, and
back again to Alaska. Usually, however,
they weaken and disappear somewhere
along theroute.  The “highs” are more slow-
moving, and sometimes they even seem to
be stationary for a while, thus impeding the
freer movements of the lows. In the sum-
mertime, the lows and highs are neither so
pronounced as in the winter, nor do they
move so rapidly. Their paths lie, on the
average, farther north in this season.
The belts of the “prevailing westerlies,”
or the “cvclonic storm belts,” are really
areas of conflict between relatively warm
masses of air emanating from the subtropi-
cal highs, and masses of cold air, which roll
forward from the next belt to the north.
Beyond 65° to 70° mnorth or south there
exist most of the year large masses of cold,
polar air, which tend to move out of this
belt as northeasterly winds in the Northern
Hemisphere and southeasterly winds in the
Southern Hemisphere.  The nasses of cold
air, being heavier, tend to move under
masses of warm, subtropical air coming
from the south. Where they meet, a sur-
face of discontinuity is formed, a well-
marked and distinct surface of separation
between the two air masses, which are dis-
tinct in temperature, humidity, and other
characteristics. This surface is the polar
front. At the surface, cold air replaces
warmer air.  The polar front usually is best
developed in, or in association with, pro-
nounced cyclones. A rapid advance of the
polar front in the winter scason may bring
low temperatures far toward the subtropics.
There is a pronounced belt of low pres-
sure in the Southern Hemisphere between
latitudes 60 and 70. In the Northern Hemi-
sphere there are two areas of average below
normal pressure near the Polar Circle, one
in the neighborhood of the Aleutian Islands,
the other in the vicinity of Iceland. These
lows may be considered as incidents with-

in the belts of the prevailing westerlies.

While pressure over the north polar area
tends to be above normal, there is no perma-
nent high-pressure “cap” over the Polar Sea,
but rather a number of individual high-pres-
sure areas over adjacent far-northern land
masscs. In  Antarctica a high-pressure
“cap” seems to be permanent.

The pressure and wind belts are most
clearly developed over the occans, and it
is therefore easiest to estimate the part of
the oceans over which cach of the wind
systems discussed above prevails. The
doldrums exist over 9 per cent of the ocean
surface, the trade winds over 81 per cent,
the subtropical high pressures over 20 per
cent, the prevailing westerlies over 24 per
cent, and the polar systems over 10 per cent.
This leaves 9 per cent over which monsoon
currents predominatc.

CLIMATIC IMPORTANCE OF THE GENERAL
CIRCULATION.  There are many relationships
between climate and the general circula-
tion pattern.  For example, there are pro-
nounced differences between the Equatorial
Low Pressure area and the adjacent trade-
wind belts. Within the trade-wind belts
it makes a great difference whether the air
masses strike over level land or sea, or
whether they encounter mountain regions.
In the belts of the prevailing westerlies,
owing to prevailing wind direction, there
are profound difterences between east coasts,
which have predominance of land winds,
and west coasts, which have predominance
of sca winds.

As the wind belts tend to move north-
ward and southward with the sun (there is
a certain time lag, however), further cli-
maticcomplications are introduced. For ex-
ample, in subtropical latitudes—those be-
tween the tropics and the middle latitudes
—during the summer season the subtropical
highs or trade winds may predominate,
while during the winter the prevailing west-
erlies may control the circulation.

SEASONAL CHANGES IN WIND DIRECTIONS.
Warm air is less densc than cold air; hence,
areas of warm air are often characterized by
lower pressures than are areas of cool air.
In the middle latitudes, particularly in the
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northern hemisphere where land masses
are large, the interiors of the continents in
summer are considerably warmer than the
neighboring oceans. In winter they are
considerably colder. Over the continents
the air becomes heated in the summertime,
strong convectional currents develop, and
the air flows outward to the oceans at higher
levels. Thus, average below-normal pres-
sure is created in the interior, and air masses
tend to flow into the continent along the
surface from the cooler areas with higher
pressures over the adjacent seas. During
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Wind rose characteristic of the monsoon of
climate. Discovery—East Bank, Southeast of Bil-
liton Island, between Sumatra and Borneo.

the period of intense heating in summer,
these winds from ocean to land are well
developed; as autumn advances, the move-
ment slows down until a relative equilib-
rium is attained. Then as winter scts in
and the air above the land is chilled more
rapidly than the air above the ocean, the
processes are reversed. The air pressure
over the continental interiors becomes
greater than over the oceans, and thus sur-
face winds tend to blow outward from the
continental high-pressure areas toward the
low-pressure areas over and adjacent to
the oceans. These seasonal wind shifts are
known as monsoons (Illus. above). They

are best developed in eastern Asia (Illus. p.
77), but are also important in the Gulf area
of North America and the adjacent plains.

Humidity. Humidity is the moisture
associated with the air in the form of an in-
visible gas known as water vapor. It is
one of the principal elements of climate.
Absolute humidity is the quantity of water
vapor present in the air, expressed in the
number of grams per cubic centimeter, or
the number of grains per cubic foot. Spe-
cific humidity is the relationship between the
weight of the water vapor in a unit weight
of air and the weight of that air. For cli-
matological purposes rclative humidity is
more important than cither of the above.
Relative humidity is the ratio between the
actual quantity of water vapor in a unit
volume of air and the maximum amount
that could be held in that space at the same
temperature without condensation.

The point of saturation, known as the
dewpoint, is reached when any volume of
air contains as much water vapor as can
exist there without condensation.

Humidity is measured by an instrument
known as a psychrometer or a hygrometer.
Records of humidity are usually kept as
relative humidity in terms of percentages, as
40, 70, 90, and so on, in each case the satura-
tion point being 100. The capacity for con-
taining water vapor increases with tempera-
ture. For this reason the relative humidity
is often greater in cold weather than in
warm weather, even though the absolute
humidity, or actual weight of water vapor
in a given volume of the air, may be less.
Temperature and relative humidity have a
close relationship to evaporation. The
higher the temperature and the lower the
relative humidity, the greater the evapora-
tion. On dry, sunshiny summer days roads
and fields dry up quickly after a rain, while
in early spring or winter even small rains
give rise to a muddy condition which may
last a long time.

Relative humidity is a fairly important
climatic criterion, because of its relationship
to evaporation, and also because high rela-
tive humidity is sensed easily by the human
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body. “Muggy” summer days may cause a
greater sensation of heat than the thermom-
eter reading would indicate, while “raw”
winter days may feel much colder. Unfor-
tunately, climatic data on relative humidity
are much more scarce than those on many
of the other climatic elements.

4. Precipitation. It has alrcady been
pointed out that dewpoint is the tempera-
ture at which air is saturated with moisture.
Since the capacity of any given volume of
air for retaining water vapor is largely de-
pendcut upon its temperature, when warm
air is cooled. its capacity for holding its
moisture content is reduced. ' When dew-
point is reached, the surplus begins to con-
dense; that is, part of the invisible water
vapor changes into visible water or ice.  In
the atmosphere the surplus takes on the
form of clouds, fog, rain, snow, hail, dew,
or frost, depending upon the conditions un-
der which condensation takes place.

Clouds consist of fine droplets of water
or ice crystals. The droplets tend to fall
to earth but are often kept floating by up-
ward or transverse air currents. When
these droplets grow in size, rain may result.

The amount of rainfall is measured in
inches or millimeters.  The rain water may
be caught in any open, vertical-walled ves-
sel and its depth measured directly. The
standard rain gauge. however, is a cylinder
which drains through a funnel into a lower-
placed cylinder with a cross-section area
one-tenth as large as the upper one.  Thus,
the lower cylinder registers one inch for
each one-tenth inch of rainfall. In this
manner, readings of greater accuracy are
obtainable than through direct readings in
the larger (()ipen vessel.  Precipitation is best
represented on maps by means of lines of
equal precipitation, called isohyets.

The cooling of the air, necessary to cause
condensation of water vapor, may be pro-
duced in three ways: (1) adiabatic cooYing
—-that is, cooling by expansion as the moist
air rises or is forced to rise; (2) mixin% of
warm and cold air masses; and (3) cooling

contact with cold surfaces. Of these
three, adiabatic cooling is responsible for

most of the precipitation of the world. It
may be brought about (1) by convectional
currents which may give rise to convec-
tional rain; (2) by winds ascending moun-
tain slopes and thus producing orographic
rain; (3) by cold air masses wedging under-
neath masses of moist, warm air and forcing
them upward, or by warm, moist air being
forced to over-ride masses of cooler, heavier
air, in ecither case producing cyclonic rain.
The heavy rains characteristic of the equa-
torial belt and the summer thunderstorm
showers of the middle latitudes arc usually
of the convectional tvpe.  Mixing of masses
of warm and cold air may give rise to the
formation of light clouds. but it usually
results in little precipitation. Contact with
cold surfaces may cause condensation, as
dew, frost, or fog, but rarely produces rain.

WORLD DISTRIBUTION OF PRECIPITATION.
The type and amount of rainfall are closely
related to the pressure and wind belts of
the world, as well as to their migrations in
the course of a year (1llus. pp. 71, 73 and
79).

The total amount of precipitation during
the year is, on the average, greatest near the
equator. The equatorial belt of low pres-
sure has the heaviest rainfall, the convec-
tional type prevailing. As this belt moves
northward and southward with the sun, con-
vectional rainfall is brought to the adjacent
belts, where trade winds prevail during the
Jow-sun season.

In the subtropical high-pressure areas, air
is predominantly in downward movement.
Thus it is warmed, rather than cooled, and
relative humidity is low. Considerable
land arcas in the subtropics, and adjacent
portions of the ocean, have little precipita-
tion. In Africa the Sahara region and the
neighboring part ot the Atlantic Ocean as
far as 30 to 35 western longitude has very
low rainfall. A similar zone of scant pre-
cipitation reaches from Sonora and Baja
California in Mexico and southwestern Ari-
zona and southern California in the United
States to about 125° west longitude over
the Pacific.

In the trade-wind belts, also, precipita-
tion tends to be low, as long as the trades
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are strong and steady. During the high-
sun season, however, the displacement of
the trades by low pressures causes con-
vectional rains. Within the trade winds
proper, absolute humidity is not low. Thus
when these winds encounter high land
masses, considerable orographic rain may
result, as along the east coast of Brazil. on
the mountainous islands of the Caribbean
area, and in the East Indies.

In the belts of the prevailing westerlies,

western Furope, the moisture is carried far-
ther inland and precipitation is not so heavy
near the coast. In the belts of the wester-
lies, even the cast coasts are fairly well
watered, because of the moist air carried in-
land from the oceans by the east and south-
east winds which accompany the passage of
the cyclonic storms so characteristic of these
wind belts.  (See map below. )
PRECIPITATION AS A CLIMATIC ELEMENT.
From a climatological poiut of view, the
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precipitation is largely of the cyclonic type.
It tends to be greatest along the western,
windward margins of the continents.
Where the mountain ranges rise immedi-
ately back of these west coasts, as in British
Columbia and western United States, oro-
graphic precipitation on the exposed slopes
is heavy, whereas the eastern slopes are
dry. This contrast is especially marked in
the winter season when the eastward-mov-
ing air masses are rapidly cooled as they
pass over the cold mountain slopes. Where
there are no high bordering ranges, as in

average annual amount of precipitation and
the scasonal distribution are most impor-
tant. Also important are intensity of rain-
fall, variability, and presence or absence ot
Snow.

The annual amount of precipitation is
usually stated in inches or millimeters and
is popularly referred to as low, moderate, or
heavy. In actual practice, we think of
rainfall in the middle latitudes as being low
when it is less than 20 inches per year.
From 20 to 40 inches is moderate, and
above 40 inches is heavy. However, these
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figures do not hold true in areas farther
oleward or equatorward. In the former,
ow temperatures prevail and evaporation
is smaller. Thus, a small amount of pre-
ciYitation may still be sufficient to cause
relatively humid conditions. However, in
the tropical regions, with their higher tem-
{)eratures throughout the year, rainfall of
ess than 40 inches may signify subhumid
conditions with many xerophytic plants in
evidence. Seasonal distribution is referred
to with emphasis upon winter or summer
conditions, because in many cases the dis-
tribution of rainfall is fully as important
as the amount. For cxample, the agricul-
ture of the Mediterranean lands is based
on crops which mature early because sum-
mer is characterized by little rain there,
whereas in the Corn Belt of the United
States agriculture is organized on a basis of
summer rains and winter drought. Where
the frostless scason is of five months” dura-
tion or longer, and sunshine is abundant,
summer rainfall is conducive to corn as a
crop, whereas summer drought prevents
successful com production except under
irrigation. As a consequence, the Corn
Belt of the United States extends from Ohio
to Nebraska in the arca of summer rains,
while in Spain and Italy, where summer
drought is characteristic, early maturin(gJ
wheat predominates except in the humi
north,

The intensity of rainfall often determines
its usefulness. For example, gentle rains
soak into the ground and thus are much
more effective in promoting plant growth
than are torrential rains. The latter not
onli give rise to a lower percentage of
soak-in, but also cause heavy run-off and
resultant soil wash. A smaller amount of
rain falling gently is, therefore, morc effi-
cient in furthering agricultural activity than
is a larger rainfall of torrential type.

Variability of rainfall is another impor-
tant factor. In many areas the amount of
rainfall may be twice as great one year as
another. This is true in some parts of the

ics, where in one year the rainfall may
be as high as 140 inches and the following

year may drop to 70 or 80 inches. On a
percentage basis, however, variability is
greatest in many of the arid and semiarid
areas of the world. Even our humid eastern
United States is subject to damaging d
spells of unpredictable time ans len ?:
nearly every summer. Great variability,
especially in regions of light rainfall, gives
rise to difficult problems of agricultural
adjustment.

Rainfall is one of the most significant ele-
ments of climate. Water is the great sol-
vent by means of which plant and animal
foods can be converted into tissues and ac-
tive energy. Thus, where raintall is scanty,
the possibilities for all sorts of organic life
are less than where rainfall is abundant.
Vast areas of the land surface have little
capacity for production because of insuf-
ficient rainfall. In these desert or semi-
desert regions, vegetation is scattered and
is specialized to couserve every drop of
water. Leaves are small, often wanting,
in which case the stems performn the func-
tion of the leaves. Cacti and thorny bush
are characteristic examples of arid land
vegetation. Crop production may be im-
possible without irrigation. Over large
areas, agriculture must be chiefly of the
herdsman type. Fixed habitations are not
possible in a pastoral economy; in order to
live, animals and man 1nust be able to move
swiftly from place to place. It is the land
of the fleet and the wary, the gazelle and
the nomad. If flectness is lacking, defense
must be relied upon, and horny plates and
poison fangs come into play. The horned
toad and the Gila monster are forms of
adaptation to the land of little water.

Abundant rainfall coupled with high tem-
peratures is conducive to heavy vegetation.
Part of the Congo basin of Africa and
the Upper Amazon Valley of Brazil are
drenched with rain and covered with dense
jungle. In both areas, however, vegetation
is so luxuriant that it seems to smother
both animal and human life. A super-
abundance of precipitation may he a handi-
cap almost as severe as too little rainfall.

Comparison of rainfall and population
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maps shows that on the whole the extensive
dry lands of the world are sparsely peo-

led except in cultivated oases such as the
Nile Valley; the bulk of the world’s pop-
ulation lives where moderate rainfall pre-
vails. Where there is little rain, dearth of
foodstuffs is the limiting factor; where rains
are too abundant, man is overcome by vege-

tation and disease. (Illus. pp. 16 and 79.)

Summary. The climatic factors—tem-
peratures, winds, humidity, and precipita-
tion—have various aspects which are of im-
portance to the study and characterization
of climate. These aspects differ quantita-
tively over the world. The numerous
possible combinations lead to differences,
of great importance to natural vegetation
and animal life, to soils, crops, human ac-
tivities, and general modes of living.
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Chapter Six

CLIMATES, VEGETATION,

AND SOILS OF THE WORLD

EVERYONE KNOWS THAT EVERY PLACE
in the world has 2 climate peculiarly its
own, different in a tew or in many respects
from that of other sections. The suburbs
are reputed to have a better climate than
the city, and area near the water may have
a better climate than the adjacent hills, or
vice versa. Southern Florida and south-
ern California are said by advertising told-
ers to have pertect climates, while the cli-
mate of the Guinea coast and other parts
of the “deep tropics” is known, at least
from the movies, as something inimical to
the white man.

The general public, however, rarely tries
to apply a yardstick to such real and fancied
characteristics or differences. Climatology
attempts to do so, although students of
climate do not entirely agree as to what
yardsticks should be used. Some empha-
size average values of certain climatic ele-
ments, singly or in combination; some
emphasize eviations from the averages,
others, relative frequencies of specific
weather conditions, still others, prevalence
of certain types of air masses.

As does any other science, climatology
measures, describes, classifies, and attempts
to explain. All four of these go hand in
hand, and cannot be separated. Small
local climatic differences, such as those be-
tween a floodplain and neighboring up-

lands, or between the suburbs and the city,
are the subject of microclimatological study,
while difterences over larger areas are the
subject of macroclimatology, or climatology
“proper.” In this chapter we shall be con-
cerned only with the latter.

Classification of climate. Classifications
of climates can be based upon different
criteria and also can be made for different
purposes. For example, one might wish t0
classify the climates of the world or of a
continent from the point of view of aerial
navigation. For such a classification, the
criteria used would necessarily be difterent
from thosc needed to classify climates ac-
cording to the reactions of the human body
to atmospheric conditions.

From the economic point of view, the
most uscful classification is perhaps one
which emphasizes relationships between
the climatic elements and natural vegcta-
tion and crops. If one wishes to extend
such a classification over the entire world,
it is necessary to choose climatic clements
for which val.’Kles are available in sufficient
quantities. A classification based upon fre-
quency of types of air masses, for example,
is not as yet possible, for lack of adequate
data. Temperature and precipitation data
are most readily available for most parts of
the world, whi?; quantitative data on wind
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direction, wind stren%th, humidity, and
evaporation are much less numerous. For
this reason the major current climatic clas-
sifications depend primarily upon temper-
ature and precipitation data, used singly or
in combination.

One major factor affecting the growth of
natural vegetation and crops is soil mois-
ture. This is usually derived from precipi-
tation, although sometimes it is provided
by ground water or by irrigation. Direct
data on soil-moisture content are still very
scarce, and for purposes of climate classifi-
cation it is necessary to resort to precipita-
tion data, modifying the value of total
annual rainfall by taking into account aver-
a§e annual temperatures and distribution
of the precipitation over the year. Thus,
in the middle latitudes average anuual pre-
cipitation has to drop below about 20 inches
before conditions of semiaridity are en-
countered, whereas in the tropics semi-
aridity may result when rainfall is less than
35 inches. It is clear that a rainfall maxi-
mum which occurs during the warmest part
of the year will be less effective as a creator
of soil moisture than will a maximum dur-
ir:g the coolest part of the year. On the
other hand, if temperatures during this
coolest part of the year are so low that crops
cannot grow, then a rainfall maximum dur-
ing the late spring and early summer, when
most of the vegetative growth of plants
takes place, will be more beneficial.

Although the matter is subject to con-
siderable debate, it appears that on the
whole temperature distribution is more
basic than is distribution of precipitation.
Tropical vegetation and crops are radically
different from vegetation and crops of the
middle latitudes. No such sharp differ-
ences exist between the humid and dry por-
tions of each.

The major climatic zomes. On the basis
of general temperature distribution and
differences in the general circulation, we
can recognize the following major climatic
zones: the tropics, the two subtropical belts,
the two belts of intermediate climates, and
the two polar areas—seven major zones in

all. (See World Map of Climatic Re-
gions at cnd of book.)

The tropical climates have no frosts, ex-
cept in a few localities at relatively high
altitudes; in other words, as far as tempera-
ture is concerned, they have an all-year
growing season. The average annual tem-
perature is above 77°F. (25°C.) and, ex-
cept at higher altitudes, the average tem-
perature of all months exceeds 65°F.
(18°C.). We should not associate ex-
tremely high temperatures with this group
of climates, because, except in desert areas,
the thermometer rarcly reaches 100°F.
The tropics are characterized by monot-
onously warm and often humid weather,
with little change from day to night and
from month to month. Excessive tempera-
tures, such as those attained on the plains
of the interior of the United States in the
summer, are restricted to the arid portions
of the tropics. In the Americas, tropical
climates extend from Mexico and southern-
most Florida to a line roughly from Sao
Paulo, Brazil, to the southern tip of Para-
guay, and from there to Antofagasta, Chile
(see World Map of Climatic Regicns).

In the Old World the tropical climates
extend from southern Algeria, Egypt, north-
ern India, and northern Indo-China to the
southern part of Africa and north-central
Australia.

The subtropical climates have short, mild
winters and long growing seasons. There
is a period of one to four months wherein
freezing temperatures may occur, though
the average temperature of the coldest
month is above 43°F. (6°C.). The sum-
mer temperatures may be fully as high as
those of the tropical climates, but each year
there is a short period of cooler weather
wherein growth of plant life is arrested or
retarded. The winters, although not se-
vere, are sufficiently cold to break the mo-
notony of all-year warmth and to stimulate
human activity, thus making the subtropical
climates desirable from the standpoint of
comfort as well as of productivity. Dur-
ing the winter the subtropical areas are in
the belt of the cyclonic storms, while in the
summer they are located in the “root” areas
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of the trade winds. They are located im-
mediately to the north and south of the
tropical areas.

The intermediate climates are those
which prevail between the subtropical and
the polar, often having both the heat of
the one and the cold of the other. The
term temperate, which originated in west-
em Europe, has become well established
for these climates. However, climates such
as are found in the interior of the United
States or Eurasia can hardly be considered
“temperate,” and so it seems desirable to
discontinue the use of the word.

The intermediate climates are areas of
conflict between huge masses of cold air,
issuing from the polar regions, and masses
of warm air from the subtropical latitudes
(so-called “polar air” and “tropical air”).
They have cold winters and warm to hot
summers. They vary from areas where the
winters are short to those where they are
long and severe. They all, however, have
the common characteristic of a frost-free
and a frost-certain season. They are often
spoken of as the middle latitude climates
and, in the minds of most people, are as-
sociated with great annual range in temper-
ature and often great diurnal range. Thesc
are the climates of rapid weather changes,
caused by cyclonic storms. The most ex-
tensive areas of intermcdiate climates are
found in the northern hemisphere. In
North America, the southern border of the
intermediate climates lics in California and
from there runs approximately in the neigh-
borhood of the United States-Mexican
border to San Antonio, and from there to
south of Memphis and Montgomery in
Alabama, and Wilmington in North Caro-
lina. The northern border lies in northern
Canada.

In Eurasia, the intermediate climates
reach as far south as northern Spain and
Italy, the Balkans, Persia, and northern
China, and as far north as the rim of the
Polar Sea. (See World Map of Climatic
Regions.)

In the southern hemisphere, southern
Chile and southern Argentina have inter-

mediate climates, as also have Tasmania
and New Zealand.

The polar climates are characteristic of
the high latitudes. They have long, se-
vere, cold seasons and short summer pe-
riods of mild, rather than warm. weather.
Freezing temperatures may occur in all
months, and the average temperature of
the warmest month of the year is below
50°F. (10°C.). They have no true forests,
the poleward limits of tree growth being
accepted as marking the approximate limits
of the intermediate climates. The milder
phases of the polar climates are found in
the tundra regions of northern Eurasia and
North America, whereas the ice caps ot
Greenland and Antarctica represent the
most severe phases. The polar climates
are unfavorable to human life; only along
their milder margins can man live, and even
there the struggle is disheartening,

Effects of large water and land masses.
As has been stated on page 67, land and
water heat unequally. Air masses formed
over or moving over large water arcas or
uniform land areas gradually take on, at
least in their lower levels, some of the char-
acteristics of the surfaces over which they
move. Maritime air masses, origmating
over the oceans, generally contain consider-
able moisture and are relatively cool in
summer and relatively mild in winter.
Continental air masses usually contain less
moisture, and are rclatively warm in sum-
mer and cold in winter. These effects are
felt in the tropics and subtropics, as well as
in the middle latitudes, but are most pro-
nounced in the latter.

In the middle latitudes, marine climates,
characterized by small seasonal and daily
temperature ranges, are found on west
coasts, where maritime air masses predomi-
nate over continental air masses. Summers
are cool and winters are mild. Both the
winter minimum and the summer maximum
temperatures are usually delayed, February
being the coldest month and August the
warmest month of the year. High humid-
ity and prevailing cloudiness are two of
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readily tilled, and hence give rise to favor-
able agricultural conditions.

By structure we mean the arrangement
of tg’e soil particles within the mass. Stud-
ies during recent years have revealed this
as a most important property in accounting
for soil differences. It involves factors too
complex for detailed trcatment here, but
in a simple way we may think of soil parti-
cles as being arranged in thin layers or
plates, rough cubes, small columns, irregu-
lar granules, or as having no arrangement
at all. The water-holding capacity of the
soil, its adaptability to cultivation, and even
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its productive capacity are, in most cases,
directly related to its structure.

The color of a soil depends upon its
mineral and organic content. In general,
brown and reddish soils owe their color to
the presence of iron oxides, of which ordi-
nary iron rust is the most common example.
Dark-colored soils, approaching black, are
usually rich in carbon, generally referred to
as organic matter. Color in itself is not
proof of fertility, but generally people pre-
fer dark-colored soils because organic con-
tent is essential to vigorous growth of most
plant life.

In vertical section, we usually recognize
three more or less distinct layers commonly
referred to as the “A,” “B,” and “C” hori-

zons. (See Illus. left.) Near the surface.
plant and bacterial action tend to incorpo-
rate humus with the soil. In a period of
time the upper layers become so changed
that they bear but slight resemblance to the
original materials. is highly altered zone
is commonly termed the “A” horizon. It is
best developed, as to quality and depth, in
the soils of the temperate climatic belts in
which the rainfall is moderate.!

Below the A horizon is usually a layer,
termed the “B” horizon, of varying thick-
ness wherein only partial alteration of par-
ent material has occurred. There, how-
ever, some propertics have developed
which differ trom both the overlying and
underlying zones. There may be differ-
ences in texture, color, compactness, or
content which give rise to a well-defined
layer related to the parent material yet dif-
fering from it and bearing similar relation-
ships to the overlying more completely
altered layer. The B horizon is commonly
termed the subsoil.

Underneath the B horizon is the unal-
tered parent material, termed the “C” hori-
zon. In popular language, people often
say that the subsoil extends to bedrock.
Where the mantle rock is shallow, this may
be true, but where it is deep, as, for ex-
ample, on the extensive alluvial plains or on
the loess plains of the Middle West, the
lower portion is parent soil material rather
than subsoil and therefore should be re-
ferred to as the “C” horizon.

It has been generally recognized that
soils pass through cycles of development.
On the basis of this observation soils ma
be referred to as young, mature, or old,
according to the stage of development they
may have reached.

Young soils are incompletely developed
and often occupy slopes, where erosion
prevents further development, or they oc-
cupy floodplain areas where the cycle of
evolution is frequently interrupted by dep-
osition of new sediments.

Mature soils are those which, undisturbed
by erosion or deposition, have acquired
cgaracteristics distinctly different from

! Rainfall of about 25 to 40 inches.
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those of the underlying material. Such
soils occur mostly on well-drained, rather
level surfaces, on terraces, and on smooth
to gently rolling upland areas.

Old soils have reached a stage in their
development in which their characteristic
features are well expressed and exist where
they have remained undisturbed for lon
periods of time. Young, mature, and ol
soils may exist in the same region, side by
side, and represent only different stages in
the same evolutionary process.

Major soil groups. The evolutionary
processes are not the same in all ]parts of
the world. Various schemes of classifica-
tion have been suggested by different writ-
ers, most of them rather complicated in
order to accommodate the many types of
soils which are known to exist. The great
“zonal” soil groups, recognized first by
Russian scientists, have since been studied
in other parts of the world. The American
system of soil classification is in essence de-
rived from the Russian morphological clas-
sification and is based primarily upon visi-
ble and physical characteristics of the soils,
with secondary attention paid to the chemi-
cal characteristics.

The major soil groups of the world as
known at present are the following:

1. Tunpra sois. These soils have dark-
brown peaty layers at the surface, over
grayish horizons. Often parent material
underneath is permanently frozen. They
occur in high latitudes, under tundra vege-
tation.

2. Popzors. A thin layer with poorly
decayed organic material lies on top of a
badly leached grayish horizon, under which
lies a dark-brown layer, often quite con-
solidated. This type of soil occurs in
higher latitudes, in regions of cold and
moist climate. The natural fertility of
these very acid soils is low.

3. Gray-BROWN PoDZOLIC soiLs. The
arrangement of layers is essentially the
same as in the podzols, but the soil is not
so acid; the top layer is thicker and con-
tains more humus, which is not so raw as

in the case of the podzols. These soils
develop under deciduous and mixed de-
ciduous-coniferous forest, in areas of moist
climate with a cool to cold winter. Their
fertility is medium.

4. YELLow AND RED soiLs. These soils
have a rather thin layer containing organic
materials, which rests upon a yellowish
brown leached horizon, which in turn lies
on a deep-red or yellowish layer. The red-
dish soils were (f(:veloped primarily under
deciduous forest, and the yellow soils under
coniferous forest, in areas of moist and
warm climate of the lower middle latitudes.
Their fertility is from medium to low.

5. Laterrmic sois. These soils have
little organic material in the top layer, and
what there is is well decayed. Ieaching
has affected not only the plant salts and the
lime but has also attacked the silicates.
The upper layers have low silica content
but high content m aluminum and iron
hydroxides. They are soils of humid tropi-
cal regions. Their fertility is low.

6. Pramrie soiLs. These are deep., very
dark brown soils, which get lighter colored
at a depth of from three to five feet, where
they grade into lighter colored parent ma-
terial. They develop under the tall—grz}ss
prairies of the middle latitudes. where not
too humid conditions prevail. These soils
are nearly neutral in reaction, and of high
tertility.

7. Cuernozems. These soils have a very
dark brown, almost black top layer, which
is from one and one-half to four feet thick,
and is underlain by a light-colored horizon
rich in lime, and often with whitish lime
streaks. They develop under tall-grass
prairie of subhumid regions in the middle
latitudes. Their fertility is high, but their
Eroductivity is often considerably reduced

y insufficient soil moisture.

8. CHESTNUT AND BROWN soILS. These
are dark-brown to brown soils, decreasing
in thickness as the color becomes lighter.
The dark layer is underlain by a whitish
horizon rich in lime. These soils are typi-
cal for steppe regions in the middle lati-
tudes. Fertility is high, but productivity is
impaired by droughts.
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9. SIEROZEMS AND DESERT soms. These
soils are grayish and low in organic matter.
A highly calcarcous horizon often lies close
under the surface. The fertility of the
soils may be from medium to high, but in
order to produce, irrigation is necessary.

Soils rich in lime—that is, soils that are
lime-accumulating in the upper horizon—
are called pedoculs, whereas soils charac-
terized by a relatively high iron and alu-
mina content, and which are not lime-
accumulating as a result of leaching by soil
water, are called pedalfers. Pedalfers usu-
ally tend toward acidity, whereas pedocals
give alkaline reactions. In any mature soil
the amount of lime is dircctly related to the
moisture conditions under which the soil
has been developed. The mature soils in
arid and semiarid areas are generally rich
in lime, but in areas of abundant rainfall
they are deficient. Since rainy lands usu-
ally are forest covered, whercas subhumid
lands are prairies and steppes, the pedalters
are known also as forest soils and the
pedocals as grassland soils. But in such a
generalization we must recognize the cx-
ception of the prairies of the United States
which are grassland soils but are not lime-
accumulating.

Since lime is needed by most agricultural
crops, its presence in the soil is a mark of
fertility. Besides, if lime is present in
plentiful quantities, other soluble minerals
essential for plant growth—such as phos-
phates, nitrates, and potash—are usually
also available more or less abundantly.
Such soils rank high in fertility for two rea-
sons: (1) the essential mineral constituents
are present in such form and in such guanti-
ties that they can serve as plant foods, and
(2) the presence of such minerals is con-
ducive to a stable soil structure, favorable
for both tillage and plant growth. Acid
soils, on the other hand, are weak in the
essential plant foods named above, and
usually their physical structure is less fa-
vorable for tillage and for the production
of grain crops and legumes than is that of
the soils that are rich in lime.

Soil comservation. In order to obtain
the benefits of large and permanent pro-
duction of crops, man must conserve the
soil. In the first place, the soil itself must
be protected against sheet erosion, which is
an accelerated form of normal erosion, and
gully erosion. No greater quantity of soil
should be allowed to erode than is normally
replaced by soil-forming processes. In fur-
therance of this aim, steep slopes should be
used only for woods or pasture or, if culti-
vated, should be carefully terraced; even
gentle slopes should be cultivated in a
horizontal direction, the rows following the
slope contour instead of running up and
down the slope; and any gullies should be
promptly checked.

Even when the soil is kept in place by
such means, and in flat-lying soils not sub-
ject to erosion, there is need for another
type of soil conservation—the maintenance
of soil fertility. Any soil, except that an-
nually replenished by natural goods, will
eventually decline in fertility if crops are
removed year after year. e careful sav-
ing and return to the soil of all animal and
human excrement has long been the rule in
densely scttled farmlands such as those in
China and parts of Europe. Green ma-
nures and fertilizers are widely used in all
countries which carry on commercial farm-
ing. Rotation of crops may slow up the
loss of certain elements from the soil, which
so often results in chemical unbalance.
Where insufficient manure is available the
raising of plants that extract nitrogen from
the air (legumes) and accumulate it in
their root system as well as the plowing
under of green crops, help greatly to main-
tain and improve both the fertility and
structure of the soil.

The application of known methods of soil
conservation is dependent upon education
and help for the farmer: a process that has
made long strides in this country through
the use of such devices as land-use planning
in soil conservation districts.

From the foregoing it is clear that there
are close relationships between general cli-
matic conditions, major natural vegetation
formations, and the general characteristics
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of soils. Similarly, there are close relation-
ships between all of these and the major
types of agricultural activity that man can
carry on successfully, and the crops he can
grow, cven though in many regions certain
aspects of agriculture arce duc to prevailing
cconomic and social conditions.

Thus a classification of climate which
takes into account thesc relationships—as
docs the classification outlined in this chap-
ter—offers a suitable basis for a large-scale
regional division of the world from the
point of view of agricultural production.
Areas of similar climates, natural vegeta-
tion, and soils often have fairly similar agri-
cultural potentialities and often have to face
fairly similar basic physical problems. In
many such areas present agricultural pro-
duction—the result essentially of basic
physical conditions plus certain economic
and physical factors—may show points of
marked similarity.

It is for this reason that the discussion of
the agricultural resources of the world
which is contained in the following chap-
ters is based upon major climatic regions,
rather than upon such arbitrary physical
regions as coutinents or political divi-
sions.
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Chapter Seven

THE REGIONS OF

HUMID TROPICAL CLIMATES

THE WARM CLIMATES ARE OF SPE-
cial interest because they are so different
from those with which most of us are
familiar. We are accustomed to marked
temperature changes from summer to win-
ter; the tropical climates have no such sca-
sonal extrcmes. We are accustomed to
rapid changes from cold to warm or vice
versa; such changes are rare in the tropical
lands. When the bitter cold of winter
comes to the middle latitudes it is alluring
to think of a climate that is always warm.
Nevertheless, the monotony of the continual
warmth and dampness of the tropical rainy
regions is anything but beneficial to man,
whether he be white, brown, or black.

That man is greatly affected physically
by his climatic environment is beyond ques-
tion. For example, the temperature of the
inner parts of the body is about 99°F.,
while that of the skin is 92°. Thus, the
body loses heat to the skin, and if the out-
side temperature is below 92°F. the skin
loses heat to the atmosphere. This loss of
heat is necessary, as the body, even when at
rest, continues to generate heat to an ap-
proximate amount of 80 kilogram-calories
per hour. Without loss of heat, overheat-
ing, resulting in collapse and death, would
foﬁow. Normally, when outside tempera-
tures are considerably lower than 92°, man
loses a great deal of heat if not clothed.
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Heat is lost through the necessary warming
of food, drink and air intake, and through
the evaporation of water in respiration, but
on the average as much as 80 per cent ot
the heat loss is through the skin, by radia-
tion, convection, and evaporation of sweat.

Thus it may be seen that the necessary
heat loss takes place most casily in regions
of cold and cool climates, and fairly casily
in warm regions with low humidity where
evaporation rates arc high. In fact, in cold
weather, even when man is working hard
and thus is generating extra calories of heat,
excessive heat loss must be prevented by
suitable clothing. In very cold weather
heat—gencrating physical activity becomes
essential in order to prevent excessive heat
loss, no matter how heavy the clothing is.

In warm, moist climates it becomes more
difficult to lose the necessary amount of
heat, especially when much heat is gener-
ated as a result of arduous physical activity.
Losses through radiation are lower, and
particularly when the relative humidity of
the surrounding air is high, and there is
little air movement, the losses through
convection and evaporation of sweat are
greatly reduced. Thus, in the humid
tropics, even though man may be but partly
clothed, extra body heat developed by
muscular activity becomes disagreeable,
and dangerous even, much sooner than in
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areas of cool climate, as the excess often can
be lost only through more copious perspira-
tion.

It does not seem strange, then, that man
in the humid tropics is generally less ener-
getic and displays less initiative than does
his brother in the cooler and colder middle
and higher latitudes.

The humid tropical climates form a broad
equatorial band around the earth, extend-
ing beyond the Tropics of Cancer and
Capricorn in some areas, and not quite
reaching them in others.  (See World Map

may be so pronounced that it causes general
leaf fall and even cessation of ordinary agri-
cultural activities. Some of the less humid
portions of the humid tropics, especially the
drier margins of the areas of savanna cli-
mate, might even be classed as subhumid
because of the long duration of the dry sea-
son.

On the whole, the greatest amount of
annual rainfall occurs in the equatorial belt.
From here it decreases both northward and
southward. But even where the rainfall
exceeds 100 inches, most ot it comes as
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Regions of tropical climate in the Old World.

1 Tropical rainy type. 2 Tropical savanna type. 3

Tropical highland type. 4. Tropical steppe type. 5. Warm desert type.

of Climatic Regions, Map above, and Illus.
p- 7%) As to their general characteristics,
let us at the outset dispel two commonly
held notions: (1) that they are excessively
hot and (2) that they are always rainy.
Contrary to popular belief, temperatures are
not often excessively high. Higher tem-
peratures usually occur in the interior of the
United States during the months of July and
August than are ever encountered in most
Elaces near the equator. On the other

and, there is no cold period. The place
of summer and winter of the higher lati-
tudes is often taken by decided wet and
dry seasons. Sometimes the dry season

heavy showers, often in late afternoon or at
night, while brilliant sunshine prevails dur-
ing most of the daytime. This is an impor-
tant factor in accounting for the rapid
growth of vegetation in such areas. The
equatorial phases of the tropical climates
are often warm and humid month after
month, a condition that proves quite ener-
vating, particularly to those who are accus-
tomed to the invigorating influences in-
duced by quick changes from warm to cool
or cold.

Within the belt of humid tropical cli-
mates three major climatic types may be
recognized, each extending over large areas,
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These are: (1) the tropical rainy type
(areas marked 1 on the climatic map),
where all the months are warm and rainy
without any pronounced dry season and
where the daily and annual ranges of tem-
perature are slight; (2) the tropical savanna
type (areas marked 2 on the climatic map),
with pronounced wet and dry seasons,
sometimes subhumid in character and with
somewhat greater annual temperaturc
range; (3) the tropical highland type
(arcas marked 3 on the climatic map), hav-
ing all-year warmth, with somewhat lower
average temperatures, small annual range,
but marked diurnal range of temperature.

The Tropical Rainy
Type of Climate

(Arcas marked 1 on World Map ot Climatic
Regions, and on llus. p. 96.)

The principal characteristic that distin-
guishes the tropical rainy from other types
of tropical climates is the absence of a
pronounced dry season. In general, re-
gions having this type of climate are lo-
cated in the equatorial belt, ranging a few
degrees north and south of the equator.
The three major regions that come under
this classification arc: (1) the East Indies
and the adjacent portions of Asia; (2) the
Congo Basin and Guinea coast of Africa;
and (3) the Amazon lowland and Guiana
coastal region of South America. All owe
their climatic characteristics chiefly to their
location near the equator. Here, annual
insolation is highest, the heated, expanded,
moisture-laden air rises, and adiabatic cool-
ing produces heavy precipitation.

Smaller areas with essentially the same
type of climate occur along tropical east
coasts where the trade winds, blowing on-
shore from warm oceans, are forced to
ascend mountains or platcaus causing heavy
orographic rainfall, as in Brazil, the West
Indies, Central America, and eastern Mada-
gascar. In southeastern Asia, such strips
of high orographic rainfall are caused both
by the trade winds and the monsoonal
winds. In numerous instances the lowlands
up to 1,000 feet are desertlike, while the

higher slopes are rain drenched. This is
notably true along the north coast of Vene-
zuela and part of the east coast of Brazil,

Temperature characteristics. The tem-
peratures are not exceptionally high, averag-
ing generally about 75° to 85°F. Monot-
ony is the dominant feature. The differ-
ence between the average temperatures of
the warmest and the coolest month rarely
exceeds 5°, and in some cases is only about
2°F. The diurnal range is ordinarily
greater than the annual range, but in some
districts nights are less than 10° cooler than
the midday periods. Temperatures above
90°F. are not common, but on the other
hand even the coolest nights seldom drop
to 60°, and for long periods temperatures
of 75° or more may prevail at night.

Pressure and winds. The tropical rainy
type of climate is characterized by light
winds and calms. The middle portion of
this belt is the area of equatorial calms,
where the general air muvement is one of
slow ascent and surface winds therefore
are light and variable. Squalls and thun-
derstorms of short duration occur fre-
quently. Tropical hurricanes are not char-
acteristic of the all-year rainy areas; this is
a factor of great economic significance for
tropical commercial agriculture.

Rainfall and humidity. Relative hu-
midity is generally high. In many areas
it averages 80 per cent or more, and periods
of 90 per cent are not uncommon. The
total annual rainfall is ordinarily in excess
of 60 inches, and some places have 150 to
200 inches a year. The rain comes at fairly
regular hours during the day, mostly as
heavy showers which last but a short time
and are succeeded by brilliant, almost daz-
zling, sunshine. The more prolonged rains
occur at night, but the latter part of the
night is not rainy, and the morning hours
are usually clear. Even where the rainfall
is heavy the percentage of sunshine is high;
this combination of abundance of rain,
much sunshine, and persistent warmth pro-
motes the dense growth of vegetation so
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characteristic of areas having this type of
climate. In Singapore, as may be seen from
Illus. below, during practically all months
of the year average temperatures are close
to 80°F. This cven march of temperature
is caused partly by the fact that the city is
almost entirely surrounded by water bodies.
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Tropical rainy climate. Average temperature
and precipitation, Singa{)ure. Altitude 15 feet,
total precipitation 95 inches.

Also, the variation in monthly rainfall
is small. In French Guiana (see Illus.
right) the temperature march is not very
different from that of Singapore, but the
rainfall distribution shows distinct seasonal-
ity. However, the dry scason, in Septem-
ber and October, is rather brief, and the
rainfall during the largest part of the year is
so high that the climate still is in essence a
rainy, tropical climate.

The outstanding features of the tropical
rainy climate may be summarized as: winds
gentle, temperatures warm and monotonous
but not hot, and rainfall abundant, varying
seasonally and from year to year but with
most months quite rainy. Where so-called
dry seasons occur, they are neither pro-
longed nor severe, and some rain usually
falls even in the driest month, The monot-

ony of temperature and the lack of sharp
changes becomes tiresome especially to
the white man and the difficulty of adequate
body heat loss during the warmest hours
tends to reduce the desire of people—white,
brown or black—to work zealously and at
high speed. “Eternal summer” sounds de-
lightful, but in the long run the even tem-
peratures of the tropics are not so pleasant
as the ever-changing temperatures of the
middle latitudes. The variable weather of
the middle latitudes is invigorating; the
eternal summer of the tropics is enervating.

Native plant and animal life. The cli-
matic conditions just described quite nat-
urally result in a luxuriant growth of vege-
tation, varving from rain forests, where the
tree growth is so dense as to leave but little
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Tropical rainy climate. Average temperature
and precipitation, Cayenne, French Guiana. Al-
titude 18 feet, total precipitation 126 inches.

opportunity for underbrush, to the tropical
jungle, with its maze of trees, shrubs, and
vines. In the tropical rainy regions there
are no common periods of flowering and
fruitage for all tﬁe vegetation, and there
is no distinct seasonal leaf fall. Broad-
leaved evergreens characterize the land-
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scape. The forest consists of a mixture of
a bewildering variety of species quite in
contrast to the stands with one or a few
dominant species which are typical for the
forests of higher latitudes. (See Illus.
below.)

Since dense vegetation dominates the
land, much of the animal lite has adapted

Equatorial forest vegetation n the Belgian

Congo. Note dense undergrowth and the vine-
like lianas suspended from the branches of the
trees.

itself to living in the trees. The fauna in-
cludes numerous flying or climbing types—
such as monkeys, snakes, birds, and insects
—and there are few strictly ground-dwell-
ing species and almost no burrowers. The
birds and insects are characterized by bril-
liant, even gaudy, colors, among whicﬁ, reds,
blues, and greens are the most common.
The streams harbor reptiles and mammals
as well as many species of fish. Here is

the home of the alligator, the crocodile, and,
in Africa, the hippopotamus. Abundance
of vegetation ordinarily fosters abundant
and varied animal life, but the dense jungle
furnishes such admirable hiding places that
an uninitiated traveler is likely to see little
evidence of the numerous animals which
watch him from their sheltered retreats.
Thus the stranger in the jungle is led to
believe that the uncanny silence in which
he finds himself is indicative of scarceness
of animal life, while as a matter of fact his
every movement is being watched by many
eyes.

The soils of the rainy tropics. In the
humid, warm tropics, where average tem-
peratures are over 78°F., the destruction of
humus material tends to be faster than its
formation. Thus tropical soils are often
short in nitrogen, especially after the de-
struction of the forest, the main supplier of
humus. This low content in humus sub-
stances increases the case with which the
plant salts and also the silica can be re-
moved. Owing to heavy precipitation and
relatively high temperatures throughout the
year, the soils are subject to continual and
vigorous leaching. The leaching processes,
besides washing out plant nutrients, at-
tack especially the silica of the silicate min-
erals. If the process goes far enough, little
may be left but an infertile mixture of alu-
minium hydroxides and iron hydroxides,
with a very slight admixture of humus,
These processes of intense leaching are
characteristic of all regions of humid tropi-
cal climates, and they lead to the formation
of various types of so-called lateritic soils,
even of pure laterite, the infertile mixture
referred to above. While laterite probably
ranks as the poorest soil in the world, the
lateritic soils, in which the processes of
leaching have not yet reached the final
phase, also are usually deficient in many or
all of the essential plant foods and often
have poor physical structure.

The color of the lateritic soils is generally
ﬁellowish to reddish brown in their upper

orizon, except for a thin layer at the top
colored dark by humus. Below this fol-
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lows at varying depths a dark ochre-yellow
or mottled yellow and red horizon, which is
rich in iron and quite compact. Farther
down follows a still harder horizon where
the material has been cemented by silicates
washed in from above, Usually these soils
are heavy, and they become hard and com-
pact upon drying. In a few cases it is
necessary to use dynamitc in order to break
them up for proper aeration. Great care
must be taken not to plow or otherwise stir
them when they are too wet.

Some real laterites are found on old,
badly leached upland arcas in the rainy
tropics, such as in parts of Bornco and Su-
matra, in the interior of the Congo basin,
along the Guinea coast. in parts of the
Amazon basin, and in the Guianas. Fortu-
nately, true laterites, though widely scat-
tered, are not of large extent.

Where the lateritic soils periodically dry
out—that is, where a pronounced dry sea-
son occurs—the yellowish or brownish
colors of the upper horizon are replaced
by a bright red. Until recently this bright
red color was considered indicative of pure
laterite (Latin, later == brick), but at present
many of these soils are classified as tropical
or lateritic red soils. Their principal area
of distribution lies within the regions of
tropical savanna climate.

In general, tropical soils are not so fertile
as they have been described by some
writers, whose obscrvations were limited
to the young alluvial lands bordering the
streams. For successful agriculture, liberal
applications of fertilizer are desirable and
often necessary, and careful methods of
tillage must be employed if productivity is
to be maintained for more than three or
four years after the clearing of the virgin
forest.

In the tropical rainy regions there are,
however, two general groups of highly pro-
ductive soils: (1) the young upland soils
that result from the rapid weathering of
recent lavas of low acidity, and (2) the al-
luvial soils which have recently been built
up along many of the stream courses, or
which have been washed down from the
mountains and deposited as alluvial fans,
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in some cases merging into piedmont plains.
Java and the rainy slopes of the Hawaiian
Islands are well-known examples of the
former; and the eastern coast of Central
America, the famous banana land, is an
illustration of the latter. In both Java and
Ilawaii recent volcanics with varied mineral
content, but of low acidity, weather so
rapidly that agriculture is favored by un-
ceasing liberation of soluble salts. Such
lands produce abundantly, whereas older
soils, similarly tilled, give small returns.

Agriculture. The climate, the dense
forest, and the generally poor soils are the
most important environmental factors in re-
tarding agricultural devclopment  in the
tropical rainy regions of the world. Tropi-
cal forest areas are difficult to clear; trees
are large, much brush must be chopped
out, and unless constant vigilance is prac-
ticed, the latter soon reclaims the land be-
cause of its vigorous, incessant growth,

Although the virgin soil may be produc-
tive, the fertility is not such as to give large
viclds for an extended period of years.
The rapid decline in productivity of the
land is due primarily to the depletion of
the humus content of the A-horizon, the
decline in the amount of available nitrogen,
and the accompanying speeding up of the
leaching of other plant nutrients. Often
there is also considerable loss through soil
crosion. In native agriculture the gg_cl_i‘xi
is so rapid and severe that in most places
lands are abandoned after two to seven
years of farming. New lands are then
cleared and the old ones permitted to re-
vert to brush and jungle. This semino-
madic type of tillage agriculture, often re-
ferred to as “milpa” agriculture after condi-
tions existing in Yucatan, occurs over lar%e
areas in the tropics. In Africa particularly
this system is adverselg affecting soil con-
ditions and forest conditions in many see-
tions. Cattle are absent or scarce in many
of the tropical rainy regjons, and thus ma-
nure is not available. . The native has Iittle
knowledge of green manures, and he usu-
ally lacks the money to buy the consider-
able quantities of fertilizer which would be
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necessary to keep up the fertility of the soil,
particularly if he dprodum:‘s for home con-
sumption only and not for the world mar-
ket. Modern pedologic studies in the
Netherlands East Indies, the Belgian Congo,
and elsewhere have shown conclusively
that, regardless of luxuriant stands of forest,
most soils of the rainy tropics are poor
rather than rich. Maintenance of soil fer-
tility and increasc in soil fertility are prob-
lems which will require a great deal of sci-
entific study, both in regard to what is
physically and what is economically pos-
sible.

In the tropical rainy regions the greatest
densitics of rural population trequently
coincide with regions of recent volcanic
activity, where‘aé'ompositi(m of basic ash
and lavas occurs rapidly, and where these
volcanic materials are so young that leach-
ing has not yet succeeded in impoverishing
the soils. Tlus is well illustrated in Java,
Costa Rica, and Salvador. A still more
striking example is the island of Sumatra,
where population is dense on the voleanic
soils in some of the highland areas, and
where on the volcanic soils of Deli lies
one of the major areas of modern tropical
plantation industry in the world. By far
the largest part of the lowland arca of
eastern Sumatra, however, is sparsely popu-
lated, and the soils are so poor that the area
has little agricultural future.

Among other handicaps facing tropical
agriculture is the prevalance of plaut and
animal pests and diseases. Warm, humid
climates with a total absence of frost are
conducive not only to an abundance of in-
sect life, but also to the development of
fungi and all sorts of microorganisms.
Commercial plantations of various kinds
have been ruined because of the attack of
some diseasc against which the scientist has
proved yower]ess. The plantations of
“Arabian” coffee (Coffea Arabica) in Cey-
lon and the Netherlands East Indies were
completely destroyed at the end of the
ninetcenth century by a fungus, Hemilcia
vastatrix, and only replacement with hardy,
but less valuable Robusta varieties saved
the industry. The cacao plantations of
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Ecuador are threatened with destruction by
the dreaded witch broom disease. Entire
districts in parts of Central America have
had to abandon banana production because
of the ravages of the Sigitoka diseasc.
Furthermore, fungi and insccts quickly
attack stored products unless precaution-
ary measurcs, nearly always expensive,
are rigorously carricd out. Many tropical
products are highly perishable and must be
marketed promptly to avoid deterioration;
hence, long-time storage and orderly sale
in response to market demands, such as
characterize the marketing of grain crops
in the middle latitudes, are impossible.
The conditions favorable to insects and
microorganisms result in a high discase rate
among all kinds of livestock. ~ In large parts
of Atrica the occurrence of the tsetse fly
precludes the keeping of any livestock
whatsoever (see Illus. p. 102). _Dairy cattle
such as are kept in the middle latitudes
do not flourish in the rainy tropics and gen-
erally cannmot be kept economically. Cattle
must be resistant to discase, as are the wa-
ter buffalo of southeastern Asia and the
Brahma cattle of India.

_ Subsistence agriculture as carried on by
the native proples is primitive and mostly
of the patch farming or “milpa” type. (Sce
Hlus. p. 103.) The gen(-raF practice is to
make a small clearing and farm it for a few
years until the productivity falls so low that
it must be abandoned, and then proceed to
make a new clearing. Fortunately, under
the stable climatic conditions, crop failures
arc not frequent.  The population over most
of the arcas is relatively sparse, and the
standards of living are low. Rice, roots,
fruits, nuts, and game are the chief features
of the diet. Fish are generally plentiful and
but little other meat is needed. Where the
native population is dense, as on the
rich delta lands of southeastern Asia
or on the volcanic lands of the East
Indies, subsistence agriculture is of a
much more advanced type; agricultural
processes are more efficiently organized.
This is especially true in the regions
of “sawah” or “padi” rice agriculture.
Crop rotation may Ee practiced, methods of
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tillage are better, and the use of manures
is known.

Commercial agriculture in the rainy
tropics is mostly of the highly organized
estate or plantation type. This type is a
form of large-scale agriculture, which ne-
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corporated and the management is in the
hands and under the control of people and
capital from the northern climates. (See
Hlus. B, p. 103.)

In recent decades native agriculture in
many parts of the rainy tropics is turning

TROPIC OF CAPRICORN

After W. Frantzen: Matériaux pour Pétude des
calamités, No. 16, Geneva, 1928

Distribution of Glossina palpalis and Glossina morsitans (tsetse flies), carriers of the germs that cause
sleeping sickness. In areas infested by tsetse flies it is impossible to have any domestic animals on

account of the ravages of the disease.

cessitates heavy capital investment for ma-
chinery and equipment, keeps in close
touch with modern scientific developments,
and specializes in products for the world

market, such as sugar, bananas, tea, cacao,.

and rll_l‘)ber._ Under the estate éystem of
production the enterprise usually is in-

more and more toward production for the
world market. Cacao production in many
cases is essentially a small-scale native in-
dustry, as in the Gold Coast and in Brazil.
A considerable portion of the rubber pro-
duction of British Malaya and the Nether-
lands East Indies now comes from native
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rubber gardens. Also, the production of
copra from coconuts is largely a native, and
not a plantation, industry.

Plantation industry is still most success-
ful where scientific knowledge and skill,
high capital investment and careful prepa-

Photo by N A B

(A') Patch farmmg m the tiopies, near El Pato,
southwest of Lake Maracaibo, Veneszuela Corn
raised for human consamption Note the trop-
1wal ramforest m the background

ration for market are necessary, such as in
the case of bananas, sugar, coftee, tea, and
palm oil.

Establishing the plantation. ~ While
practices differ with crops and districts, the
procedures tollowed in establishing agricul-
tural plantations in tropical lands show
much similarity. The steps taken are usu-
ally about as follows: (1) the land is in-
vestigated carefully as to soils, slopes,
drainage, forest cover, and local climatic
conditions; (2) the land selected is then
surveyed, and the location, size, and form
of the field units are determined; (3) farm
headquarters are established and the neces-
sary construction program is iuaugurated to
provide water supplies, living accommoda-
tions for the white employees and native
laborers, pastures for draft animals, and
warehouses for materials and supplies; (4)
the underbrush is cleared with machetes
and small axes, and the slash is burned; (5)
the large trees are felled, and some of the
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logs are used for timber while others are
lett where they fall; (6) roads are built to
serve the individual farm units, and often
tramways are extended into the fields to be
used in hauling out the harvested products;
(7) in some cases drainage ditches must be
constructed, in others, ditches for irrigation,
and in still other instances both drainage
and irrigation must be provided to take care
of heavy floods during wet seasons and
droughts during dry seasons, either of
which may prove disastrous to the growing
Crops.

The most efficient use of the lands of the

Ccmrtes;; United Fruit Co.

(B.) Spraying the trees against disease on a modern
banana plantation. '

humid tropics involves scientific practices
of a high order. In addition to the steps
outlined, it usually is necessarv for the
plantation owners to provide medical and
hospital services, school facilities, and rec-
reation centers. Economic welfare is de-
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pendent upon the maintenance of a com-
munity wherein the white officials and the
native labor are healthy, energetic, and
cheerful. Facilities to promote such re-
sults involve expense, but general experi-
ence indicates that the outlays are econom-
ically as well as humanely sound.

The Tropical Savanna
Type of Climate

(Areas marked 2 on World Map of Climatic
Regions, and on Illus. p. 96.)

The tropical savanna type of climate has
a long rainy scason and a short but pro-
nounced dry scason. This distinctly sea-
sonal distribution of rainfall is the chict
difference between the savauna and the
tropical rainy type, although the savanna
also usually has a smaller total amount of
precipitation. A difference of lesser conse-
quence is the slightly greater seasonal tem-
perature range resulting from the higher
latitudes of the savanna areas. Toward the
outer margins the dry scason may become
so long and pronounced that the climate is
distinctly subhumid.

The map of Climates of the World, at
the end of book shows that the tropical
savanna climate is probably more extensive
than any other. On the whole, it occurs
north and south of the tropical rainy areas,
extending ten or more degrees of latitude
beyond them on either side, thus marking
the first stage in the gradual transition from
rainy to dry. The principal areas where it
is well developed are the southern Sudan
of Africa, parts of India and Siam, northern
Australia, the Brazilian campos, the Orinoco
Basin, the west coast of Central America,
and southern Mexico including much of
Yucatan. It will be noted that in the west-
ern hemisphere the areas of seasonal rainy
climates occur mostly along the west coast
and in the interior, and that much of the
east coast has the all-year rainy type.

Winds. The tropical savanna type of
climate extends far enough north and south
of the equatorial zone to include large por-
tions of the trade-wind belts. As already
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mentioned (page 64), the sun’s rays strike
the earth at constantly changing angles.
The noonday sun is overhead at the Tropic
of Capricorn on December 22, at the equa-
tor on March 21, at the Tropic of Cancer
on June 21, aud again at the equator about
September 22. Thus, in the course of a
year, all places on the globe have at least
one high-sun period and one low-sun pe-
riod; near the equator there are two of
cach, although the diflerence between the
high- and low-sun positions is not great. At
distances of 10° or more from the equator,
these periods are well marked. and of
course insolation is relatively great during
the high-sun period and appreciably less
during the low-sun period. As the sun’s
position moves northward and southward,
pressure and wind belts follow suit. Al-
though this shift is not great in the tropical
savauna regions, which are located rela-
tively close to the equator, it is sufficient
to bring about a slight seasonal rhythm in
temperature and a much more pronounced
rhythm in rainfall. During the high-sun
period, when the noonday sun stands prac-
tically overhead, insolation is-at its maxi-
mum. The heated air expands and rises,
and surface winds are weak and irregular
as the trade winds recede poleward. This
is the rainy scason. During the low-sun
or “winter” period the trade winds re-
assert themselves.  Since they blow toward
warmer regions, they give little or no rain
except where intercepted by mountains.
The low-sun period is therefore the season
of drought.

Temperature. Temperatures in tropical
savannas average above 65°F., as in the
tropical rainy regions, but the seasonal
range is somewhat greater. As a rule, the
highest temperatures immediately precede
the period of maximum rainfall. In the
Sudan the hottcst months are April and
May. In June, when the rains are quite
copious, temperatures drop. In Bengal,
rains are welcomed because they are ac-
companied bfy lower temperatures and thus
bring relief from the excessive heat of the
preceding weeks.
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Rainfall. The rainfall, although abun-
dant, is not excessive. The annual precipi-

tation in most savanna arcas is between 30

apd 60 inches. Marked secasonal concen-
tration is the most prominent characteristic
of the rainfall. While the record of Cu-
yaba, Brazil (see Illus. below), shows a
somewhat more irregular march of tempera-
ture than do the records of Singapore and
French Guiana, the greatest difterence lics
in the smaller rainfall total and in the ex-
istence and duration of a dry “winter” sea-
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Savanma climate. Average temperature and
precipitation, Cuyaba, south-central Brazil. Al
titude 495 feet, total precipitation 55 inches.

son. The length of the rainy season varics
in different sections of the tropical savannas
from eight to less than five months. The
dry season is comparatively brief near the
equator,’ increasing in duration po]eward.
During the rainy season, roads and trails
are muddy, in places almost impassable.
During the latter part of the dry season
the ground and air are parched and dusty,
wooden and leather objects shrink, and lips
crack. These pronounced seasonal changes
involve greater efforts at adjustment on
the part of man than are nccessary under
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a more monotonous regime of rainfall.
Storage of food for people and feed for
animals is necessary because the dry scason
is one of low productivity and resulting
scarcity. The population cannot lead the
hand-to-mouth existence that is typical of
so many of the inhabitants of the rainy
tropics.

On the whole, because of the range of
temperature and humidity, the regions of
the tropical savannas escape the extreme
monotony so characteristic of the tropical
rainy belt, and the climate is therefore
somewhat more conducive to physical and
mental activity.

Tropical cyclones—storms to be feared.
Parts of the savanna arcas are visited by
tropical cyclones, which originate over the
seas but which sometimes cause great havoc
on adjacent land areas. These storms de-
velop at sea in latitudes 10° to 20° north
and south of the equator and thence follow
roughly semielliptical paths, first westward,
then poleward and castward. They are
known in diflerent sections by different
terms. The term hurricane is restricted
to_the West Indies, the western South Pa-
cific, and Australia. In the northwestern
Pacific Ocean and the China Sea, storms of
this type are called typhoons; in the Indian
Ocean, cyclones.

While the atmospheric disturbance cre-
ated by the tropical cyclones may extend
over large areas, the really dangerous and
destructive center gencrally has a diam-
eter of less than 200 miles. Tropical
cyclones usually lose their violent energy
soon after striking continental land masses,
and therefore they generally bring heavy
downpours rather than high winds to in-
terior points. On the islands and along
the coasts the destructive effects upon crops
and buildings are often appalling. Wind
velocities exceeding 100 miles an hour are
frequently experienced; with such winds,
crops are ruined, trecs uprooted, and build-
ings blown down. This hazard is one of
the most serious handicaps to agriculture
within the areas subject to these tropical
storms,
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Native vegetation. The native vegcta-
tion in regions of tropical savanna varies
from decit_%uous forest to grass. The most
widespread type is the savanma—a grass-
land mantled with tall, coarse grasses, and
dotted with clumps of deciduous trees. In
some areas, the trees occupy such a large
percentage of the uplands that grass is not
abundant; elsewhere, only scattered trees or
clumps of trees break the monotouy of the
grassy plain, while along the courses of
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Native fauna. Since tropical savannas
have an abundance of trees and grass, of
water and sunshine, of herbs, roots, nuts.
and fruits, it follows naturally that animal
lite also should be abundant.  Within these
regions are the lands of big game in Africa
and similar areas of vaned wild lite in
South and Central America. In its more
humid phases this type of climate in Atrica
harbors the elephant, hippopotamus, rhi-
noceros, and zebra, while the girafte, wart-

Photo by N A B.

Short-grass savannas in northern Maracaibo Basin, Venezuela. Scattered deciduous trees on slopelands

major streams there may be dense jungle.
(See Illus. above.) This is the type of land-
scape that exists over large areas in the
southern Sudan and that forms the so-called
Campo Cerrado of Brazil. The marked dry
season causes general leaf fall and cessation
of growth on the ‘part of all broad-leaved
trees. Since there is somewhat greater simi-
larity of conditions and of products to those
of the higher latitudes, these climatic re-
gions do not furnish such a large variety of
products for the American and European
trade as are furnished by the tropical rainy
regions.

hog, and other animals that arc fleet of oot
inhabit the drier sections. In the jungle
areas within the savannas are found the
tiger and cougar, while in the tall-grass
savanna the lion is the king of beasts. In
general, the animals of the well-wooded
and tall-grass savannas are large and well
fed. The numerous varieties include ar-
boreal, aquatic, and ground types, not any
one of them strongly predominant. On the
whole, they are less arboreal than those of
the jungle and rain forest, and also less
fleet-footed than those of the dry savan-
nas. They include species larger and
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stronger than their neighbors of either
the humid or the semiarid bordering re-
gions.

Soils. The tropical savanna soils are
yellow or reddish, usually more deeply
colored than those of the tropical forest
lands. These soils are subjected to an
annual season of desiccation such as the
rainy tropics lack. The tropical red and
yellow soils belong to the group of lateritic
soils, and as such they are weak in humus
and soluble mineral plant foods. Since
they have developed in regions where rain-
fall is not so heavy, the savanna soils are
not so thoroughly leached as the soils of
the rainy tropics, and they have a some-
what better physical structure and a less
compact subsoil.  After the lund is cleared,
the soils are ordinarily quite productive for
a few ycars, but thev quckly deteriorate
unless manure or fertilizers arce applied.

Since the tmpicul savannas counstitute a
transition zone trom humid to semiarid
lands, there is a similar transition in soil
characteristics. The soils of the rainy
equatorward areas are lateritic; they are
more thoroughly leached than the soils of
the drier and somewhat cooler areas that
lie farther from the rainy belt. Since the
latter are subjcct to less leaching, the con-
tent of soluble salts is higher, the color
tends more toward gray than red, and the
subsoil is more friable. In general, the
soils of the drier parts of the savanna are
more fertile than are those of the rainier
arcas, and they are more- casily tilled. As
elsewhere, the alluvial lands along streams
or along mountain fronts are generally fer-
tile because their soils are the result of
deposition of the richest detritus washed
down from higher, weathered slopes.

Agriculture. The savanna climate is
favorable for agriculture. Its capacity to
sustain population is well shown in India
and parts of Africa. Population maps re-
veal extensive areas of moderate to dense
population where this climate prevails, in
contrast to the few areas of density in the
rainy equatorial belt. Although the areas
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of dense population within this climatic
type in southeastern Asia are not entirely
comparable with similar areas in Africa and
South Amecrica, they do indicate some in-
teresting possibilities for these latter regions
when pressure of the rapidly increasing
world population may provide sufficient in-
centive to overcome the natural drawbacks
of the savanna.

Arcas of this type of climate have a num-
ber of distinct advantages. The dry season
gives man more energy than does a con-
tinuously humid climate. Clearing the
land is casicr, since the forest stand, it any,
is less dense. The young trees, the dead
grass, and the slash trom clearing bush and
trees can easily be burned during the dry
scason, and the ground can be plowed and
planted at the beginning of the wet season.
Some types of grasses and grains can be
produced advantageously. The rainy sea-
son is the growing season.  The dry season
is harvest time, when the dry air favors
complete ripening and hardening of the
grain, thus rendering the stored products
less subject to attack by tungi or insects.
The grains typical of these regions are
many kinds of sorghum and millet, corn,
and, where irrigation is possible, rice.
Sugar cane is a staple crop for local sugar
production, and in some places cane sugar
takes high rank as an export commodity as
well.  Cotton is grown for local clothing
aterial, and its cultivation has impor-
tant commercial possibilities. The inedible
character of much of the wild grass, and,
in Africa, the tsetse fly, have hampered
cattle-raising. On the whole, the savanna
lands have a better developed agriculture
than the rainy tropics, particularly the agri-
culture of the farmer type in contrast to the
plantation system so important in the all-
year wet and warm regions.

The Tropical Highland
Type of Climate

(Areas marked 3 on World Map of Climatic
Regions and on Illus. p. 96.)

The tropical highlands differ from the
lowlands in hav!'ng lower average annual
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temperatures and greater daily range of
temperature. Because of the small number
of stations with long weather records lo-
cated within the tropical highlands, the re-
gions as shown on the map at end of book
have been delineated on the two-fold bases
of available climatological data and eleva-
tion above sea level. The areas of tropical
highland type of climate lic mostly at alti-
tudes between 2,000 and 6,000 fect above
sea level. but there are some notable excep-
tions where greater heights are reached, as
in Ethiopia and southern Mexico.

The largest arca is in Atrica, extending
from Lake Victoria southward and west-
ward across the headwater districts of the
Congo and Zambesi rivers; smaller areas in-
clude Ethiopia and the highlands of south-
ern Africa and of Madagascar. Important
areas outside of Africa occur in southern
Arabia, southern Brazil, and southern Mex-
ico (see World Map of Climatic Regions at
end of book).

Essential characteristics, Cooler tem-
perature in comparison with the adjacent
lowlands is the outstanding feature of the
tropical highland type of climate. The
average annual temperatures vary from
about 65° to 72°F., and the difference be-
tween the mean temperatures of the warm-
est and coldest months of the year is com-
monly less than 10°.  The warmest months
are of course associated with the high-sun
seasons, the temperatures then averaging
from 68° to 78°F. The coldest months
occur during the low-sun periods, with
averages from 45° to 65°F. (lllus. right,
representative of the tropical highland cli-
mate of Brazil). The difference hetween
daytime and night temperatures is fairly
pronounced. Warm to hot days and clear,
cool nights are typical; {rosts are rare but
may occur at the highest altitudes.

Rainfall is usually ample but varies greatly
in different regions, some regions having
only about 30 inches per year whereas cer-
tain others receive up to 80 inches and
more; 40 to 60 inches can be considered a
fair average. Periodicity of rainfall is pro-
nounced everywhere. The rainy season
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occurs during the high-sun period of the
year, the dry season during the low-sun
period. For arcas south of the equator,
July is usually the driest month, while the
rainy season lasts from October to April,
the rainiest month occurring within that
period but varying locally. North of the
equator opposite conditions prevail.

The trades are the dominant winds, and
they serve the doubly useful purpose of
bringing in moisture and rendering living

[
2 907
lzdl-itﬂ-e < 80
e i .'[-' ! | 700
1 60"
4] -H 507
12} - 409
10} 307
8] 201
¢ 14 10°
4 L 0°
4 “10°
z .-..I.I -20°
w[J[FM[AM[J[J]A]S]|O|N|D]ram

Tropical highland climate. Average tempera-
ture and precipitation, Bello Horizonte, north of
Rio de Janeiro, Brazil. Altitude 2,571 feet, total
precipitation 59 inches.

conditions more pleasant through their
steady breezes. On the whole, climatic
conditions are quite favorable for human
activities, a fact attested by the progressive
people who inhabit the highlands of eastern
Brazil and southern Mexico.

Native flora. The native vegetation var-
ies from forest to short grass and scrubby
bush, chiefly in accordance with differences
in rainfall. The rainfall, although fairly
heavy, is not sufficiently well distributed to
support dense forest except in some fa-
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vored localities. In general, scattered tree
growth. low, thorny scrub, and grass pre-
vail, as for example in Africa cast and south
of Lake Victoria. In Angola and northern
Rhodesia there are open forests with trees
thirty or more feet high, yet not dense
enough to suppress a grass cover. Some
kinds of trees form nearly pure stands, but
usually the trunks are crooked and twisted.
In other regions there are arcas where tree
growth is so sparse that the problem of ob-
taining wood for cooking purposes is a
handicap to scttlement. The high slopes
are usually forested, and the higher parts
of the plateaus are favored with a grass
cover wherever the tree stand is fairly open,
as on the Abyssinian Plateau and the moun-
tain slopelands above the Valley of Mexico.

The growth of grass, trees, and shrubs
bespeaks the prevalent fertility of the soil ot
these areas. This growth is due in no small
measure to the moderate amount of rainfall
and to its seasonal distribution, both factors
tending to conserve the soil and its soluble
clements.

Soils, The upland soils of the tropical
highlands are partly red and yellow soils
similar to those of the rainier sections of
the savanna lands; others have some char-
acteristics similar to those of the black soils
of temperate lands, especially where rain-
fall is low and a grass vegetation prevails.
This dark soil is usually very fertile.

As the altitudes are greater, valleys have
been eroded deele in most areas, and the
topography is much more rugged than that
of lower lands. As a result of the more
active erosion, the soils are younger and
are more directly related to the bedrock
from which they were derived. Fully de-
veloped, mature soils are not common in
rugged uplands, and thus the lateritic char-
acteristics are not so pronounced.

Many of the soils of the tropical high-
lands are derived from igneous rocks. The
mineral salts are released by weathering
under warm and humid conditions. Where
the bedrock consists of basic rocks, such as
lavas and intrusives, the resulting soil is
reddish in color and relatively fertile. Soils
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developed from acidic rocks are usually
less richly colored and not so productive.
It is a noteworthy fact that the most exten-
sive and successtul coffce plantations sup-
plying most of the world’s commercial
coffce are located on the reddish soils of
tropical highlands as in Brazil.

On the whole, the soils of the tropical
highlands resemble those of the savannas
but are generally less leached, more readily
tilled, and more productive. The applica-
tion of commercial fertilizers is necessary
except where active weathering furnishes
the soluble minerals essential for plant
growth.

Agriculture and white settlement. The
tropical highlands are, on the whole, rather
pleasant places in which to live. Tempera-
tures are moderate and characterized by a
diurnal rhythm which does much to relieve
the monotony of small seasonal changes.
Nights are usually cool enough to be in-
vigorating. The winds are just strong
enough to give a desiral.le freshness to the
atmosphere.  The rainfall, commonly 30
to 60 inches per year, is sufficient for abun-
dant plant growth, and its seasonal distri-
bution is conducive to well-defined periods
of tilling the land and harvesting the crops.

Both grain and cattle production are ac-
tively carricd on in many areas, and further
expansion scems assured. Corn is quite
generally grown, sorghuins and millets are
important in Africa, and the production of
wheat aud barley is common. The cattle
industry on the highlands of Africa and
Brazil has met with conspicuous success,
although some places are so remote from
markets that only the hides have commer-
cial value. Thus, agriculture resembles
that of the middle latitudes because of the
altitude of the tropical highlands. As a
result, these areas are perhaps the best
“white man’s lands” in the warm zone, but
they are handicapped economically by poor
transportation. The one outstanding ex-
ception to this gcneral statement is coffee
production, and for this reason the tropical
highlands are sometimes spoken of as the
world’s coffee lands.
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Chapter Eight

AGRICULTURAL PRODUCTS OF

THE HUMID TROPICAL REGIONS

FOR MANY CENTURIES THE HUMID
tropical regions were of importance to the
western world as sources ot luxury articles,
among which spices ranked high. When
ships were small and traffic on land and sea
was slow and hazardous, only products of
small bulk, high value, and excellent keep-
ing quality could stand the high cost of
transportation and the long delays.

Modern large-scale commercial agricul-
ture in the humid tropics became possible
during the past century when stcamships
developed for ocean traffic. Now these
regions supply many vital raw materials
and foodstufls to the industrialized regions
of the temperate zones. In turn, the tropi-
cal lands depend largely upon the middle
latitudes for the products of modern indus-
try. Tropical countrics arc at present pre-
dominantly agrarian in character. The
retarded industrial development in some
cases is due to insufficient power and me-
tallic resources, in some to insufficient tech-
nical knowledge, while in others it may be
attributed to political dependence upon
highly industrialized mother countries. In
many parts of the tropics industries such as
the manufacture of sugar in Java and Cuba
are associated primari%y with the products
of the soil. However, in some parts of the
humid tropics modern industry is begin-
ning to attain considerable importance. In

India the Bombay and Madras districts
have become major textile-manutacturing
centers, and the iron and steel industry ot
the Bihar-Bengal region is rapidly growing
in importance.  Brazil is building up im-
portant industries in the state of Sao Paulo
and the Rio de Janeiro region, especially
the cotton textile industry. It can be ex-
pected that in the future other modern in-
dustrial regions will develop, especially
where water or other power and raw mate-
rials are available, and where suitable
labor can be found, thus lessening the de-
pendence of the humid tropics upon agri-
culture.

Among the many products of the tropical
regions, bananas, cacao, coconuts, and rub-
ber are typical for the areas of rainy tropi-
cal climate. Of somewhat less prominence
in these regions are spices, medicinal mate-
rials and cabinet woods. Sugar cane is
grown in both the rainy tropics and the
regions with a savanna climate, while coffee
is produced in areas of tropical highland
climate.

Most of the products characteristic of
the tropics cannot be grown commercially
elsewhere because of their need for high
temperatures at all seasons. This is par-
ticularly true of bananas, cacao, and coco-
nuts. Some others, like sugar, are not
limited to the tropics, but yiclds are likely
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to be lower, and therefore costs of produc-
tion materially higher, when grown outside
the arcas of optimum natural conditions.

During the past half century the humid
tropics have become an integral part of
world economy, and in the future, as the
population of the earth grows. they are
bound to play a role of mcreasing im-
portance as purveyors of foodstufls and raw
materials for the arcas of dense population
farther poleward. Even now, events, such
as war, which seriously impede the ex-
change of products between the lower and
the middle latitudes have serious economic
consequences.  The great shortage of fats
in Europe during both world wars illus-
trated the fact that western Europe has
come to rely to an increasing degree upon
imported vegetable fats trom the tiopics.

As has been mentioned in the preceding
chapter, while much of the agriculture of
the tropical areas is still of the subsistence
type, during the last half century the planta-
tion or estate type has greatly increased in
importance. In many parts of the tropics
native production also 1s becoming more
and more oriented toward export crops and
world markets, or markets of the mother
countries in the case of certain colonial re-
gions.

Modern banana production is an excellent
example of large-scale plantation or estate-
type tropical agriculture, cacao is a typical
crop of native commercial agriculture,
while production of tropical vegetable oils
and rubber is in the hands of plantations
and native growers.

The Banana

The banana has long been a staple food
of the people in the humid tropics. In the
United States, the sweet banana is so com-
mon on the fruit stands as to lead people
to believe that it is the only kind grown;
they are surprised, therefore, to learn that
in the tropics there are hundreds of varie-
ties, differing greatly in size, color, flavor,
and uses. Some bananas are large, others
small; some are red, others light tan to deep
yellow; some are sweet and edible when
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ripe, while others are starchy and must be
cooked or roasted betore they can be eaten.
Still others, like Musa textilis, the source of
Manila hemp, are valuable for the fibers
of their leaf stalks. (See Illus. below.)
The large number of varieties makes
the banana of paramount importance in the
subsistence agriculture of the tropics. The
plant turnishes both food and materials for

Photo by N. A B.

View of the plataro or plantam. The platano
is a starchy banana that is eaten cooked or fried.
Its role m the diet 15 somewhat similar to that of
the potato in higher latitudes.

shelter and even for some forms of clothing
adapted to tropical conditions.

Climate and soil conditions. Bananas
require all-year warmth and abundant mois-
ture and sunshine. They will endure tem-
peratures as low as 48°F., but the optimum
is much higher, about 75° to 85°F. The
plant makes enormous demands for water,
and therefore is most successfully grown
where a rainfall of 80 to 200 inches is well
distributed throughout the year. In cer-
tain areas where rainfall is deficient during
part of the year, but where water supplies



AGRICULTURE IN THE HUMID TROPICS

are available, production under irrigation is
proving quite successful, garticularly since
in such areas the dreaded Sigitoka fungus

disease has not as yet appcared. This is
true especially along the west coast of Cen-
tral America.

Wind is another important tactor. While
the plant can stand fairly strong winds dur-
ing its growing period, a blow of 20 miles
an hour may prove disastrous when the
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but was brought carly to the Western Hemi-
sphere and is now found growing in the
humid lowlands throughout the rainy trop-
1cs.  The principal varicty is known as Gros
Michel, the fruit of which is large, well
flavored, and capable of standing s%ipment
—qualities which give it commercial leader-
ship. A less popular varicty is the red ba-
nana, known also as Baracoa and Red Ja-
maica. The truit is shorter and stubbier
than that of the Gros Michel, and the

== Dbunches are smaller.

s & 4\
Courtesy United Fruit Company.

A bunch of bananas nearing maturity. Note
that the mdividual bananas, the “fingers,” point
upward from the stem.

fruit is maturing. Finally, bananas require
fertile, friable, well-aerated soils. From
these requirements it is clear that the ba-
nana, though produced throughout the
tropics, generally finds optimum conditions
for large-scale commercial production in the
areas with a rainy tropical climate.

Principal commercial species of ba-
nanas. From a commercial standpoint, the
most important species of banana is Musa
sapientum. The species presumably was
native in the tropical lands of the Far East

Another species of the same family is the
Musa paradisiaca—Fruit of Paradise—more
commonly called the plantain or platano.
It 1s in common use in the tropics asa starch
food, like our potato, but does not enter into
world trade.  (THus. p. 112.)

Localization and international trade.
Major commercial producti(m centers in the
lands around the Carnbbean—near the
greatest consumer of bananas, the United
States (sce frontis., Physical Map of the
World)—such as Houduras, Guatemala,
Colombia, Costa Rica, Panama, Mexico,
Haiti, Jamaica, Nicaragua, and Ecuador.
Other important exporters are Brazil, the
Canary Islands, French West Africa, the
Cameroons (now partly in Nigeria, partly
in French Equatorial Africa), and For-
mosa. (Sce llus. p. 115.)

Because of the perishable nature of the
banana, large foreign shipments became
possible only after modern, tast methods of
transportation were developed, with spe-
cially built steamships, loading and unload-
ing equipment, warehouses, and railroad
cars.

Local production by unsupervised natives
failed to provide a supply of truit depend-
able both as to quantity and quality, and it
soon became evident to leaders in the com-
mercial banana industry that success could
be attained only through co-ordination of
production, harvesting, transportation, and
marketing processes. At the turn of the
century, great corporations were organized
on that basis, and since then the industry has
become a huge, integrated business involv-
ing complete co-ordination of all processes
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trom the planting of the “bit” in the tropical
lowland to the delivery of the ripened fruit
to the retailers in American and European
cities.

The banana plantation. The long
growing period before harvest, and the
expenses of cultivation in the meantime,
adl:l to the large-scale capitalistic character
of the commercial banana industry. In
most regions, profitable returns are not ex-
pected within two or three years after plant-
1ng.
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ready for cutting. It is thus from 14 to 18
months after planting before the first crop is
ready, and that crop is usually of little value
because the root systems have not devel-
oped sufficiently to produce the full-sized
bunches of large, plump fruit demanded
by the trade. (See Illus. p. 113.) While
the mother plant is maturing its bunch of
fruit, young sprouts known as suckers make
their appearance.  Soon after the bunch of
bananas has been gathered, the stem of the
plant is cut down, for cach tree bears but
one bunch or stem of fruit.  The suckers are
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The banana is propagated from rhizomes
and suckers. Plantations are first set with
pieces of rhizome or rootstock, called bits,
selected from vigorous, healthy plants.
During the growth of the plants, cleaning
must be done three to five times a ycar.
This consists of cutting away with a machete
the ever-luxuriant weeds and undergrowth.

A period of 11 to 14 months is necessary
for the banana tree to attain maturity and
develop its blossom, at which time it reaches
a height of 16 to 30 feet, depending on soil
and weather conditions. Three or four
more months are necessary for the develop-
ment of the fruit to the point where it is

then removed from the inner side of the
basal stem, only a limited number being al-
lowed to develop along the outer edge.
These suckers bear the first profitable crop.
After that, production is virtually continu-
ous during the life of the plantation, a
period varying in different regions from 5
to 15 years, or even longer. As the planta-
tion ages, the original single plant becomes
succceded by a sort of circular hill or mat.

Harvesting and marketing. The har-
vesting and marketing processes, as oper-
ated by the major fruit companies, a[:lproach
perfection in co-ordination of industrial
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technique. As the incoming ship ap-
proaches the port, radio instructions are
sent from company headquarters to the
local managers notifying them as to the
number of stems desired, the exact hours for
loading, and the destination of the cargo.
The local managers then instruct the super-
intendents of the banana farms by tele-
phone as to the number of stemns each is to
supply and tor what market the cargo is
destined. The probable number of days
that will elapse from the day of cutting until
the fruit reaches consumption centers is
estimated; cutters are advised accordingly,
and orders arc issued timing the work so
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Countrics of origin of bananas imported by the
Umted States.

that the fruit is delivered and the cars
loaded at the railroad sidings but an hour or
two before the engine comes along to make
up its train for the trip to the port. The
railroad trip may be 10 miles or it may be
60, but the work is so integrated that the
loading of the 40- to 80-thousand-stem
cargo is accomplished in 8 to 12 hours with-
out congestion or confusion. The clocklike
precision with which these processcs of har-
vesting and transportation are carried on.is
necessitated by the climatic conditions and
the perishable nature of the fruit.
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Cacao

Cacao is one of the crops most typical of
the areas of rainy tropical climate. The
cacao tree (Theobroma cacao; Theobroma
= food of the Gods) is a native of the
American tropics, and its cultivation has
spread to tropical parts of other continents.
The tree is restricted to tropical lowland
areas, for it requires an average temperature
of at least 75°F. and a minimum tempera-
ture that does not fall below 60°F.  Humid-
ity ranging between 80 and 90, and rainfall
of 50 inches or more per year, are essential.
Commercial success is not possible where
there is a marked dry scason. In many
regions it has been {ound advantageous to
provide shade Ly interplanting other, taller
trees, reterred to as madre de cacao (or
cacao mother) in Latn America, in order
to prevent excessive ovuporation.

The damp, warmn climate required for
commercial production of cacao, unfortu-
nately, favors plant discases, and cacao has
probably suffered from these more than has
any other commercial crop of the tropics.

Cacao production. The cacuo tree
blooms continuously, and always carries
some ripe fruit. Usually, however, there
are one or two principal harvests during the
year. The fruit is a pod containing a
number of seeds, the cacao beans. The
beans are shelled from the pod, are sub-
jected to a fermentation process and dried,
and then are ready for shipment. The
processes of preparing cacao ior market,
therefore, are essentially simple and do not
require costly equipment. Once the beans
are prepared, they keep well and no special
transportation facilities are needed. Thus
cacao does not need to be grown on large
plantations but can be produced in satis-
factory qualities by small, native farmers.
(Sec Illus. p. 116.)

In preparation for consumption the beans
are cleaned, dried, and roasted. Choco-
late is produced by adding some sugar to
the finely ground beans. Cocoa is made
by removing most of the vegetable fat, the
so-called cocoa butter, which is in great
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(A') Pricking cacao pods on a plantation in Ecuador.  Note pods attached to trunks of trees
Women m foreground are shelling the cacao beans from the pods

i,

valley in Ecuador.
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demand for the preparation of cosmetics.
The rapid increasc in consumption of cacao
during recent decades is due to the produc-
tion of cheaper sugar and a general rise in
the standarcg of living.

Distribution. Most of the cacao that
enters world trade is derived from two
types of cacao, the Criollo and the Foras-
tero. The Criollo type, planted principally
in America, furnishes a cacao of superior
grade, in great demand for blending pur-
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By 1920 this arca had definitely outstripped
the old centers of production in the Western
Hemisphere.  (See Illus. below and p. 118.)

About two-fitths of the world’s cacao

_ crop comes from the Gold Coast, in Africa.

Other portions of the tropical rain-forest
belt that skirts the Gulf of Guinea also
produce cacao. Along the coast of Nigeria
the cacao industry is steadily increasing in
importance, and sufficient land is available
tor considerable expansion. The French
have established an important cacao in-
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poses, but the tree gives rather low yields
and shows little resistance against disease.
The bulk of the world’s cacao, including
the African crop, is produced by the Foras-
tero type. The trees arc hardy and yield
well, but their product has an aroma de-
cidedly inferior to that of the Criollo.
Tropical South America, especially Ecua-
dor, and the West Indies were for centuries
the world’s main source of cacao. In the
latter part of the nineteenth century a new
area of production began to develop in
Africa, first on the islands in the Gulf of
Guinea, and later on the Guinea coast itself.

dustry in the Ivory Coast, the bulk of the
output heing shipped to France. Producers
of lesser importance are Spanish Guinea,
Togoland; Saint Thomas and Principe
islands, selling their cacao through Lisbon;
and the Belgian Congo, cxporting chiefly to
Spain. In Africa, the cacao plantations are
mostly in the hands of the natives, with only
a minor percentage of European estates.
In America the principal centers of pro-
duction arc much more scattered. The
newest and at the same time the most im-
portant producer is the_state of Bahia,
which makes Brazil second only to the
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Gold Coast in world output. The cacao
is grown on the river flats and lower hills of
the coastal strip, where temperatures are
high and where the southeast trade winds
provide abundant precipitation. Brazilian
cacao is comparable in quality with that
from the Gold Coast and brings only
slightly higher prices. Another important
producer of ordinary cacao is the Domini-
can Republic.

Superior grades of cacao are exported by
Trinidad, Venezuela, and Ecuador. In
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cacao imports, the United States alone tak-
ing ncarly two-fifths of the total. More
than half of our imports of cacao beans
come from Africa; most of the rest originate
in Latin America, especially Brazil. The
chief competitors of the United States in the
purchasing market are the United Kingdom,
Germany, the Netherlands, France, Bel-
gium, ltaly, and Switzerland. The Nether-
lands have a highly developed cacao indus-
try and eaport considerable quantities of
cocoa, cocoa butter, and chocolate.  Switz-
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Principal cacao producing regions of the world.

Venezuela the majority of the cacao planta-
tions are located in the narrow coastal strip
east of Puerto Cabello and in the region
around the southern end of Lake Maracaibo.
In Ecuador the industry centers in the val-
leys north of Guayaquil. Ecuador once
was the world’s principal cacao producer.
With the expansion in other areas the coun-

lost its predominance, and since 1922 the
advent of witches’ broom, one of the most
dreaded cacao diseases, for a time threat-
ened to annihilate the industry. Other
Eroducers of some importance are Colom-

ia, Costa Rica, Granada, and Panama.

International trade. Europe and North
America account for most of the world’s

erland is known as an exporter of chocolate
and chocolate products.

Tropical Vegetable Oils

Fats arc an indispensable part of the
human diet, and many kinds of fats and
oils are necessary for a multitude of modern
industrial processes. In some parts of the
world climatic conditions are such that it is
cither impossible or impractical to produce
animal fats. In regions of dense population
the production of animal fats is relatively
expensive, and with the continued increase
in the population of the world, the
shortage of animal fats is becoming
ever greater. In world trade the im-
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portance of vegetable fats is already far
greater than that of animal fats, and the
world production of vegetable fats is in-
creasing at a rapid rate. Particularly, the
densely populated countries of Europe have
been looking more and more to the tropics
as an important source arca for vegetable
tats. Coconut palmns, oil palms, sesame,
and peanuts are the principal oil crops
which are produced successtully in the
tropics, and there arc a large number of

A coconut nursery

other crops that hold great promise for the
future.

The coconut palm. The coconut palm
is one of the plants indispensable to primi-
tive native economy in many parts of the
warm humid regions. Its products are so
diversified that a small grove suffices to
assure tropical man of all he needs for sur-
vival: food and drink, implements, shelter,
and a little clothing. During recent dec-
ades, however, the importance of the coco-
nut palm has extended far beyond the
tropical lands; its fruit has become one ot
the principal sources of vegetable oils for

Coconuts are mmbedded m most sand
husks
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the inhabitants of the industrialized tem-
perate regions, and for the manufacture of
soap and margarine.

The coconut palm (Cocos nucifera) is a
true child of the tropics: it requires much
sunshine and continuous warmth, (See
lus. below.)  Although 1t can stand brief
periods of temperatures as low as 60°F., it
does not thrive where average annual tem-
peratures are below 75°F.  igh humidity
and high annual precipitation, preferably

Courtesy Departement van Landbouw, Netherland India

Note youag sprouts growing Girough the

over 80 inches per year, arc essential; per-
iods of drought have an unfavorable influ-
ence both on the palm itself and on its pro-
duction of nuts. While the outermost limits
of its distribution lie between 26°N. lati-
tude and 22°S. latitude, the areas with
climates favorable for commercial produc-
tion do not reach much farther than about
20° on either side of the equator.

There is a native saying that the coconut
palm needs the sound of the human voice to
thrive. One might add that it also needs
the voice of the sea: it is an inhabitant of
the coasts of the tropics. It grows on the
little atolls of the Pacific, which appear to
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risc out of the ocean as groves of palm trees;
it fringes nearly all the shores of the islands
and mainlands within the low latitudes.
The coconut palm begins to bear fruit from
8 to 10 years after plauting, otten reaches a
height of more than 80 feet, and may live
to be a hundred years old. The fruit con-
sists of an outer fibrous cover enclosing a
hard, woody nut lined with “meat.” This
mcat is valuable commercially because of
its high content of vegetable oil. Not only
is this oil an excellent soap stock, but its
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times the extraction of the oil takes place in
or near the areas of production, but much
copra still is shipped long distances to the
consumer countries in the middle latitudes.

In all producing arcas the coconut in-
dustry is primarily a native industry; little
western capital has been invested in pro-
duction. In part, this is because copra is
essentially a raw material where quality
does not count heavily. Furthermore, the
growing of coconut palms docs not require
= knowledge of specialized agriculture.  Its
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Exports of copra by the principal producing countries of the world. Average 1936-1939.
Data for Oceama, East New Guinea, and Thailand: average for 1936, 1937, and 1938 only.

Postwar data are incomplete.

chemical composition is so closcly akin to
that of butter that, after being refined, it
can be made into high-quality oleomar-
garine.

Commercial production. After the fruit
is gathered, the outer husk is removed and
the nut split open. Then it is dried in the
sun, over a fire, or, in a few cases, with the
aid of modern drying apparatus. As a
result of this process the meat loosens from
the hard shell. The dry meat, copra, con-
tains 50 to 60 per cent of oil and thus is a
relatively concentrated commodity, Some-

growth is thus an ideal economic activity
for the natives, who can sell their copra
when prices are favorable or can wholly or
partially withdraw from the market when
prices are low.

The centers of commercial coconut pro-
duction are the Netherlands Indies, the
Philippines, the islands of the western Pa-
cific (especially New Guinea and the Fiji
and Solomon islands), Ceylon, and Mozam-
bique (see Illus. above). In the Philip-
pines the iudusl'rz is concentrated in the
eastern and southeastern sections of the
islands, where rainfall is high and where
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there is no prolonged dry scason. The
Philippine insustry is strongly dependent
upon the American market. Large quanti-
ties of copra and coconut oil are shipped
to the Pacific ports of the United States,
especially to Berkeley, California, where
an jmportant oil-crushing industry exists.
Smaller quantities are sent dircctly to At-
lantic ports. An important oil-crushing in-
dustry has developed in Manila, the only
center in any of the producing areas where
the oil is extracted on a large-scale basis.
Because of the tavorable economic and poli-
tical connections, the oil normally is ex-
ported directly to the United States.

In the Netherlands Indies the commercial
coconut industry is most important in the
sparscly populated Outer Provinees, espe-
cially in Celebes, Western Borneo, Sumatra,
and the Moluccas. The exports are sent
mostly to European markets.

The principal consumers of copra and
coconut oil are western Europe and the
United States. In this country most of the
oil is used for various technical purposes.
such as the manufacture of soap. In Eu-
rope, on the other hand, much of it goes
into the manufacture of olcomargarine, the
cheap butter substitute of the densely popu-
lated, highly industrialized countries.
Dried, shredded coconut meat is used in
confections and pastries.

The only other coconut product of com-
mercial value is the fiber of the outer husk,
known as coir. It is used in the Orient for
the manufacture of rope and other cordage,
and it serves in Europe for the manufacture
of coarse but strong matting. It is used in
small quantities in the United States for
the manufacture of doormats.

Whole coconuts are not of great impor-
tance in international trade because they are
too bulky and of too low value to stand
long-distance transportation. In the United
States the whole nuts come mainly from
the near-by Caribbean lands.

Oil palm. The Atrican oil palm (Elaeis
guineensis) is a competitor of the coconut
in the markets for vegetable oils in the
middle latitudes. Like the coconut palm,
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the tree requires a rainy tropical climate.
It needs high humidity and a rainfall of
over 80 inches and cannot stand a pro-
longed dry season.

In Africa the trees are found scattered
through the humid forests of the Guinea
Coast and the Congo basin, and from time
immemorial they have furnished the Negro
with a food and an unguent. In clearing
the jungle the natives have generally left

urtesy Official N

herlands
Information Burcau smw U. S A

Harvestng fruit of the oil-palm. The fruit,
which hangs m buuches, 1s ncgl in ml. Imme-
diately atter bemg harvested it is crushed, and
produces palm giease and palm oil.

the oil palms standing. Protected by the
Negro farmer, these palms have multiplied
until in many regions they have developed
into solid groves. Oil-palm forests are
especially extensive in the moist coastal
lands of Nigeria and Dahomey, and a belt
in which they are common stretches west-
ward along the entire Guinea coast as far
as the French colony of Senegal. Toward
the south, oil palms arc plentiful in the
Cameroons, the Congo, and Angola.
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The {ruit of the oil palm is small, from
one to two inches in diameter, ycllowish
white, and grows in bunches which may
contain as many as 1,000 to 1,500 each. It
consists of a soft yellow pericarp and a hard
kerncl, of which the former contains the
palm oil proper, the latter, the palm kernel
oil. (See Illus. p. 121.)

The oil is pressed from the pericarp with
the aid of primitive native equipment, otten
simply by means of treading.  While much
of the oil is used locally, a large surplus is
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The oil produced on the estates is more care-
fully prepared than native oil can ever be.
It has a low content of free, fatty acids and
is, therefore, in great demand.

The centers of consumption of palm oil
are western Europe and the United States.
The United States imports come principally
from Sunatra, though Africa, especially the
Belgian Congo, furnishes some. Most of
the palm kernels are shipped to Europe,
where the oil is extracted and used in the
margarine industry.

NETHERLANDS INDIES

NIGERIA

T r+r o+ 1 v vt 1v 1 1. 11 v 7§ ¢vor1 17T

i
I
|

| 1934-1938 |
|
|
I

| |

| l

I |

o |

- ! ot I

CAMEROONS, FR MAND R | | | , L RNEL |

FRENCH_EQUATORIAL M | | ' |

AFRiCA EE.] N B e [N AN A (N TR WY NN S NN SO S T Y FERT S !

THOUSAND METRIC TONS O 50 100 150 200 250 300

Exports of palm oil and palm kernels from major producing countres.  Average 1934-1938.  Postwar
data are still mcomplete.

available for export.  The hard kernels keep
well, contain about 45 per cent of oil, and
are shipped mostly to northern countries.
Principal shippers of oil and kernels are
Nigeria, Belgian Congo, French West At-
rica, especially Dahomey, the Cameroons,
Angola, Togo, Sierra Leone, Sao Thome,
and Principe. (Sce Illus. above.)

In Africa, the processes of oil production
are primitive and transportation often is
slow and difficult. Much of the oil so
produced is of such low quality that it can
be used only for ordinary soap stock. Yet,
Nigeria and Sierra Leone depend almost
entircly on the exports of oil and kernels
for their revenues.

In recent years extensive plantations of
oil palms have been established under west-
crn management in the Netherlands Indies
(Sumatra) and British Malaya. This new
plantation industry has proved to be a dan-
gerous competitor of the African industry.

Rubber

One of the most spectacular develop-
ments of the twentieth century is the
growth of the rubber industry from a primi-
tive gathering_activ_it&_camed on in the
equatorial rain Torests, into a major planta-
tion industry of the tropics.

Rubberlike substances are known to exist
in many plants of the intermediate as well
as of the tropical regions. Thus far, how-
ever, the largest and most satisfactory rub-
ber-producing plants have been found in
warm regions where rainfall and humidity
are high throughout the year. Among the
numerous actual or potential producers, the
Hevea_tree (Hevea brasiliensis) has at-
tained pre-eminence because of its high
yields and the excellent quality of its rub-
ber, The bark of this tree yields a ready
flow of latex, a_milky juice not unlike that
of the American milkweed. It requires a
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rainy tropical climate; a pronounced dry

season is decidedly unfavorable, because
it interrupts the flow of latex.

The Hevea grows wild in the extensive
tropical forests of the upper and southern
Amazon basin, where the latex was known
to the Indians under the name of “Cahuchu”
(wood tears) and was used by them to
weatherproof their moccasins. Cahuchu,
or caoutchouc, became known in Europe
about the middle of the eighteenth cen-
tury, and for more than a hundred years the
commercial value of the product was based
mostly upon its property of erasing pencil
marks (“rubber”).  Although the invention
of the vulcanization process by Charles
Goodyear in 1839 paved the way for large-
scale use, rubber did not become of major
industrial importance until the rapidly de-
veloping bicycle and automobile industries
created an enormous demand for it.  With
a large part of the civilized world riding on
pueumatic tires, rubber has become one of
the raw materials indispensable to our pres-
ent industrial age.

Change from wild rubber to planta-
tions. The ~'inhospitable tropical environ-
ment and thé scattered distribution of the
trees through the forest proved to be great
handicaps in the exploitation of the: wild
rubber resources of the Amazon basin. It
soon became evident that the supply of wild
rubber was not sufficient to satisfy the ever-
increasing demands, During the latter por-
tion of the nineteenth century, efforts were
made to introduce the Hevea in other parts
of the world and to cultivate it in planta-
tions. These attempts were highly success-
ful, and at present more than 95 per cent of
the world production of ‘rubber is derived
from these plantations. The wild rubber
output of Brazil has fallen to a negligible
percentage, though World War II stimu-
lated some increase, at least temporarily.

Labor needs. Tapping the trees is la-
borious _and requires considerable skill.
(See Tllus. above.) In order to have each
tree tapped every other day, an abundant
supply of low-priced labor is a necessity.
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Hence, plantations have been successtul
only in those sections of the Far East where
an ample supply of cheap labor is available
or can readily be imported. Thus, British
Malaya and the Netherlands Indies have
become the largest rubber producers in the
world,

Methods of preparing rubber for ship-
ment are relatively simple.  In the Amazon
region the latex was treated over fire and

Courtesy Official Netherlands
Information Burcau mm U. § A

Tapping a rubber tree. Preparatory to tapping,
an oblique incision is made in the bark. The
rubber “milk” flows slowly into a cup fastened tem-
porarily to the tree with a bamboo string,

made into smoked balls. Coagulation of
the rubber in the latcx can be brought
about also by the use of weak acids. Much
rubber is made into thin, crépy sheets, and
some of it is even shipped as latex. The
capital equipment necessary for the prep-
aration of good sheet rubber is neither
very complicated nor exceedin gly expensive.
An’ acceptable product can be made by
relatively simple means. Thus, rubber
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can be produced successfully on plantations
and by small native growers alike.

Rubber plantations in the Far East.
In British Malaya the plantations are mostly
on the low coastal plains; a few are in the
hilly belt farther inland. Climatic condi-
tions are ideal, but much of the labor
is importe‘d, mostly Tamils from India
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become an important factor on the world
market. The native producer has few over-
head expenses. He need not worry about
the labor problem, since usually the mem-
bers of his own family and a few immediate
friends do all the work; he does not have
above him a board of directors and share-
holders clamoring for dividends. Thus, he
can tap his trees whenever prices are favor-

Courtesy Officral Netherlands nformahon Bureau m U. S A.

“Limburg,” rubber estate in East Java, south of Malang. The plantation headquarters arc surrounded
by young and old rubber plantings.

and Chinese trom the southern part of
China. ’
In the Netherlands Indies rubber is C{)ro-
duced in all the western islands. Modern
rubber estates involving heavy investments
of French, English, American, and Dutch
capital exist in Java and Sumatra. (See
Ilus. above.) In some parts of the islands
the natives have followed the example of
western capital and have planted large areas
to rubber trees. The product of these
plantings, the so-called “native rubber,” has

able, and when the market goes down he
can discontinue tapping without incurring
serious losses. True, the rubber he pro-
duces is of inferior quality, and its color
is muddy and unattractive in comparison
with the beautiful creamy white sheets
produced by the European plantations.
Nevertheless, it brings only slightly lower
prices.

This native competition raises a serious
question for the plantation rubber industry. ~
After all, rubber is only a raw material of
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industry, and it does not need the extreme
care given to it on the estates. The Hevea
is a hardy tree and lends itself well to the
rather shiftless methods of native cultiva-
tion. On the other hand, the plantations
can carefully select high-yielding trees and
graft parts of these on low yielders. Tt is
possible, however, that in the rubber, as in
the coconub industry, the largest share of
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in Liberia on the west coast of Atrica; and
there are smaller plantations at Belterra in
the lower Amazon Valley. In all these
areas the labor supply seems to be the
problem most difficult to solve.

Some wild Hevea rubber from the Ama-
zon basin still reaches world markets. This
is the so-called Para rubber, a highly es-
teemed smoked rubber prepared according

Photo by A. Eagle.

Harvesting sugar cane with machetes m Cuba.

the world production may eventually be
contributed by native growers, provided
synthetic rubber does not become so cheap
and good as tomake natural rubber produc-
tion economically impossible.
Considerable quantities of rubber are
produced also in Ceylon, British Borneo,
southwestern Siam, French Indochina, and
India. Indochina and India are handi-
capped by the existence of a pronounced
dry season. A little Hevea rubber, some-
what less than 1 per cent of normal world
production, is now produced on plantations

to the old laborious processes of Brazilian
native tappers.

Guayule (Parthenium argentatum), a
bush of the dry regions of Mexico, has been
exploited commercially for some time in
Mexico, contributing a fraction of 1 per
cent to world production. Expansion of
this industry, however, seems to be possible.

Most synthetic rubbers are derived basi-
cally through polymerization processes from
a small group of hydrocarbons of which
butadiene is perhaps the best known.
These “dienes,” since they are hydrocarbons,
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can be derived from coals, crude petroleum,
and even from alcohols, which thus consti-
tute the major basic raw materials of this
industry. Qualities of some of these rub-
bers are good, some of them being more re-
sistant to oils and to abrasion than natural
rubber. However, natural rubber can still
be produced the more cheaply, and has cer-
tain valuable qualities which the synthetic
product does not possess.

In all modern countries rubber is used in
large quantities and for many purposes.
The United States, with its vast numbers
of automobiles, is by far the most important
consumer of rubber, chiefly for the manu-
facture of tires. The city of Akron, Ohio,
is the principal center of the rubber-manu-
facturing industry.

Sugar Cane

The sugar cane (Saccharum officinarum)
is a native of southern Asia, probably of
India, where it was known in earliest times.
During the later Middle Ages, it was grown
in the countries around the Mediterranean,
but climatic conditions were not favorable
enough to induce any large-scale develop-
ment of the sugar industry there. From
the Mediterranean, however, the crop
spread rapidly westward, first to the islands
off the African coast, thence to the newly
discovered American continents, where a
flourishing sugar industry, based primarily
upon imported black slave labor, became
established in the Antilles and Brazil. As
a result of this development, cane sugar
ceased to be a luxury and became an article
of common consumption.

Climate conditions. Although some va-
rieties of sugar cane ripen within a period
of about eight months, most of them require
a long growing season, from 12 to 24
months. As frost is detrimental to cane, the
cultivation of this crop is generally limited
to the frost-free areas of the world. Fur-
thermore, the continuous high temperatures
which the plant requires, above 70°F. and
preferabl{ around 80° to 85°F., restrict
successful cultivation to the warmer parts of

the earth.
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During the growth of the cane an abun-
dant supply of moisture is essential, either
as rain or, better still, by irrigation. A
combination of much sunshine and a damp
tropical atmosphere is most favorable for
the development of thick, tall cane, rich in
sugar. (See Illus. p. 126.) During the
period of ripening, dry weather is essential
—heavy rains during this critical period
lead to an appreciable dilution of the juice,
and hence to a lower percentage of sugar.
Sugar cane, therefore, cannot be cultivated
to economic advantage in the very humid
tropics, as for example in the Amazon or the
Congo basins. The world’s commercial
sugar plantations are therefore confined
principally to tropical lands where there is
a short dry season.

In both hemispheres, but especially in the
northern, sugar cane reaches well into the
subtropics, as in northern India, southern
China, and southern United States. Therc
the shorter growing season results in cane
of smaller size and lower sugar yield per
acre than in the tropics.

Production and distribution. In the
commercial production of cane sugar, one of
the principal problems arises from the fact
that cane is a raw material of great bulk,
and during a brief harvesting season huge
quantities must be transported quickly to
a central crushing plant, where the raw
sugar is extracted. Commercial production
of sugar cane therefore tends to be con-
fined to lowland areas where transportation
is easy. Most plantations are large, so that
efficient transportation systems can be es-
tablished. Such systems usually consist of
a network of narrow gauge tracks over
which small engines can draw long trains of
heavily loaded cars. In many regions, ad-
ditional cane is grown by natives and sold
to neighboring “centrals.” (See Illus. A,
p. 128.

The modern processes of sugar refining
are rather complicated and require costly
machinery as well as a high degree of tech-
nical skill. The commercial manufacture
of sugar is therefore largely in the hands of
large corporations with ample capital at
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Pifto by A Lagle

(A.) Loading cane from modern field cart to special railroad cars for shipment to the mll

Photo by A. Eagle

(B.) A typical Jarge Cuban sugar mill. Note loaded cane cars in the foreground.
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their disposal. In contrast to the rubber
and copra industries, the sugar industry
thus far has had little to fear from native
competition. (See Illus. B, p. 128.)

The two outstanding surplus producers
of cane sugar are Cuba and Java. The
conditions under which cane is grown in
these two islands are vastly different. (See
IMus. p. 130.)

Except for the occasional occurrence of
severe droughts, Cuba enjoys a climate that
is ideal for sugar cane. Only 12 to 15
months are required to mature the crop, and
once the cane is in the ground the root-
stocks continue to send out new shoots for
a number of ycars, thus eliminating the
cost of replanting the ficlds after the har-
vest. Fertile land is abundant and cheap.
On the other hand, the population is rather
sparse and labor is high priced. The cane
farmers or “Colonos,” who sell their cane
to the numerous large mills, give only in-

TABLE [

ProbucTioN oF CANE SUGAR IN
Princirarl PropuciNG COUNTRIES

In 1,000 Quintals
Countries AN " yg13. | 1041 | 1915
e [
38-39 1944 19045 1946

Cuba. . 26,729 40,511 {33,035 | 37,279
United States | 3,615 | 4,222 | 3,705 | 4,087
Mexico 2,978 | 3,902 | 3,729 | 4,236
Puerto Rico. .| 7,910 | 6,200 | 8,270 | 7,570
Donunican R

Republic. ..| 4,112 | 4,520 | 4,376 | 4,240
Argentina....| 3,993 | 4,098 | 4,590 | 4,470
Brazil........ 10,395 | 12,546 | 12,500*No data
Peru ........ 3,958 | 4,183 | 4,231 |Nodata
Formosa..... 10,786 | 8,900* 5,000% 1,600*
India........ 32,112 | 35,651 | 33,411 [32,841
Java ........ 10,805 | 4,968 842 250*
Philippines. . .| 8,570 19 6 m
Mauntws. .. | 2,790 | 3,107 | 1,996 | 1,390
Union of South

Africa.. ...| 4,087 | 5311 | 5,572 | 5,017
Australia... .| 7,068 | 5,003 [ 6,113 | 5,456
Hawaii, 8,324 | 7,418 | 6,962 | 5,936

* Estimates.

Source: International Yearbook of Agricultural
Stalistics, 194142 to 1945-46, Bureau of the
IF.A.O. in Rome, Vol. 1, Rome, 1947.
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different care to their crops. As a result,
the yields of sugar per unit of area are low.

Since Cuba gained independence, the
sugar industry has expanded rapidly be-
cause of the influx of American capital
and the preferential tariff accorded by the
United States to raw sugar imported from
the island. In recent years the industry
has spread from the central provinces to the
level lands of the east, but large areas are
still available for future expansion. The
United States is the principal market. The
sugar is imported raw to be refined in or
near the North Atlantic ports, especially
Philadelphia, New York, and Baltimore,
or the Gulf port of New Orleans.

In Java, sugar cane can be grown success-
fully in the low coastal and interior plains
of the central and eastern portions of the
island, where a brief dry season, the so-
called “East Monsoon,” insures the neces-
sary concentration of the juice. As Java is
densely populated, only limited areas are
available for the cultivation of sugar cane
by plantation methods. The sugar com-
panies have to rent land from the natives
and can do so only for periods of time just
long enough te produce one crop. There-
after the land is returned to the owners and
other areas are rented. The entire system
is under strict control of the government ot
the Netherlands Indies, which is interested
in reserving an adequate amount of land
for the production of toodstuffs. Although
the volcanic soils are fertile and labor is
cheap, the high price of land and the neces-
sity of planting each crop are distinct handi-
caps to the Java sugar industry. These
handicaps have been met by a highly in-
tensive system of agriculture and close co-
operation between planters and scientists.
The annual yield of sugar per acre is much
higher in Java than anywhere else in the
world. Most of the crop is refined on the
island and subsequently exported to India,
parts of the Far East, and Egypt. The es-
tablishment of a high protective tariff on
sugar in India was a sudden and severe
blow to the Java sugar industry, resulting
in a great decrease in production and caus-
ing large capital losses. In recent years,
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AGRICULTURE IN THE HUMID TROPICS

increasing quantities of sugar from Java
have gone to the European markets owing
to decrease in Japanese demands and the
Indian tariff.

Among the other producers of cane sugar
in the Western Hemisphere should be men-
tioned Hawaii, Puerto Rico, the Dominican
Republic, Peru, Brazil, and Argentina.

The Hawaiian Islands have an oceanic
climate with rather modcrate temperatures,
so that the cane requires a growing season
of 20 to 24 months. On the northeast or
windward side of the islands precipitation
is abundant, while on the dry leeward side
the scanty rainfall must be supplemented
by irrigation. The rugged topography has
necessitated expensive engineering works
for irrigation and transportation, while
much of the labor has to be imported from
various parts of the Orient. Practically the
entire Hawaiian export is sent to the United
States, to the refineries on the Pacific and
Atlantic coasts.

In Puerto Rico the sugar is produced in
the low coastal plains, cspecially those of
the north coast, and the surplus is exported
principally to the United States. The Do-
minican sugar industry is concentrated in
the low southern coastal plain. In South
America, Peru is an important sugar pro-
ducer and exporter. There the cane is
grown under irrigation in the valleys of
numerous rivers which cross the coastal
desert. In view of the limited quantity of
available irrigation water and the competi-
tion of other crops, such as cotton, little tur-
ther expansion of the sugar industry can be
expected. Brazil, though it has important
production, exports but little sugar, while
Argentinian production is entirely for the
domestic market.

In continental United States, southern
Louisiana has the major sugar cane district.
Florida's production is much less but is
increasing. Though important from a na-
tional point of view, United States produc-
tion is of little consequence from the stand-
point of world supply.

The Philippines, Formosa, Queensland,
Natal, Mauritius, and Réunion are commer-
cial producers in the Eastern Hemisphere.
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In the Philippines, sugar became an im-
portant crop because of tariff preference on
the American market; more than 95 per
cent of the exports were sent to this coun-
try. The largest sugar estates are on Ne-
gros, Cebu, Luzon, and Leyte. It remains
to be seen how promptly and to what extent
there will be recovery from the damages
resulting from World War II, and for what
length of time the United States will con-
tinue to give high customs preference to
Philippine sugar.

Mauritius and Formosa produce sugar
chiefly for export, the latter exclusively %or
the Japancse market, at least beforc the
war. The sugar industry of Australia is
concentrated in the narrow eastern coastal
plain of Queensland and is unique because
white labor is used exclusively.

Important contributors to world produc-
tion are India and southern China. As far
as the quantity of sugar produced is con-
cemned, India ranks in importance abeve
Java and Cuba. A considerable portion of
the crop is not refined but is consumed in
the form of brown sugar, the so-called
“gur.” In recent years, however, the pro-
duction of modern refined sugar has in-
creased greatly, and with this ias come a
significant increase in commercial acreage
of cane.

The sugar industry furnishes some excel-
lent examples of how man’s interference
through tariffs and import ¢1uotas can
greatly diminish or even completely neu-
tralize the physical and other advantages of
certain regions, or how it can keep in pro-
duction other areas which, under a system
of really free enterprise, would not be able
to grow sugar on a competitive basis.

Coffee

Of the numerous nonalcoholic beverages,
coffee ranks first in commercial importance,
followed by tea and cacao. Well over
three billion pounds of coffee beans are ex-
ported annually from the major Froducing
countries, a convincing measure o the mag-
nitude of this trade. _Tropical America is
the principal source of the world’s coffee

supply.
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Natural conditions favorable for coffee
culture. Coflee is a typical highland crop
of the tropics. It does best at altitudes of
1,000 to 6,000 feet, where the days may be
quite warm, 90°F. or more, but where the
temperatures at night may occasionally
drop as low as 40°F.  Coffce requires much
moisture—an annual rainfall of 50 to 90
inches—but a relatively dry period during
the picking season is desirable. In general,

Information Burcau in U. S A

Coffea robusta. Plant with berries and flowers.
hillsides rather than valleys are preferred as
sites for plantations, because coffee grows
best where air and water drainage are ade-
quate. -

Rich _sails are needed for coffee produc-
tion. Inasmuch as heavy rainfall, which
causes loss of soil fertility by leaching, is
nevertheless a plant requirement, it is ap-
parent that not all the areas with a tropical
highland climate are good coffee lands.
The soils most favored for plantations are
those of volcanic origin, where weathering

Courtesy Officwal Netherlands

AGRICULTURE IN THE HUMID TROPICS

is actively breaking down lavas and liber-
ating the essential plant foods. The finest
coffee lands of Java, Sumatra, Brazil, Co-
lombia, Central America, and Mexico all
have rich and deep, loamy soils derived
from young volcanics. On the best coflce
lands in Central America and Brazil, the
loose mantle rock is said to reach depths of
over a hundred feet.

Although many species of trees and
shrubs belong to the genus Coffea, only a
few have been found suitable for coffee
production. These are Coffea arabica and
Coffea robusta, both tall shrubs, and Coffea
liberica, a small tice. The first named is
probably a native of Abyssinia and grows
best in tropical highland areas, whereas the
latter two are natives of the Congo basm
and of Liberia and do well at somewhat
lower altitudes. Most of the commercial
coffee crop ot the world is a product of dit-
ferent varicties of Coffea arabica, prized
because ot the superior flavor of the bever-
age made from the beans of this species.
Coffea robusta, because of its resistance to
fungus discases, is grown extensively in the
East Indies, while some liberica is still
grown in Africa. (See llus. left.)

/

Present distribution of the coffee in-
dustry. From its original indigenous home
in the highlands ot Ethiopa, coflec culture
gradually spread to Arabia, India, the East
Indies, and the Western Hemisphere.  The
carly Red Sea port of Mocha, from which
coftee first was introduced to Europe, and
the later center of production in Java, have
left their names in coffee terminology.
After about 1880, however, fungus diseascs
destroyed most of the Javanese and Ceylon
plantations, and the cultivation of Coffea
arabica became unprofitable in the East.
The chief centers of production shifted to
their present location, in South and Central
America and the West Indies.

At present, the commercial crop of the
New World comes largely from the well-
watered highlands of southeastern-Brazil,
Colombia, Venezuela, Central America,
southern Mexico, and the higher slope lands
of Haiti, Puerto Rico, and Jamaica. In the
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Old World the principal regions of produc-
tion are the Netherlands Indies, the Ivory
Coast, Angola, Madagascar, Belgian Congo,
Kenya, Ugands, mﬂlm&aTyTEa ~Small
quantities are produced inYémen (Ara-
bia), India, and Abyssinia. (See Illus. p.
133.)

South America contributes from 70 to 73

per cent of the coftee exports of the world”

Among the exporting - counties, Brazil
easily rauks first, although its traction of
the total world exports declined from about

AGRICULTURE IN THE HUMID TROPICS

nating tactor in the world’s coftee markets.
In the state of Sao Paulo the light green ot
the plantations is the most conspicuous tea-
ture of the cultural Lmdscape The prm-
cipal producmg region is the southeastern
plateau, a hi _&ﬂand arca which s]opcs West-
ward from the Coast Ranges toward the
Parana River in the interior, particularly in
Sio Paulo and adjacent sections ot Minas
Geraes.  On this plateau, at altitudes of
1,000 to 2.500 feet, are thousands of square
miles of rich, red soil capable of producmg

Courtesy Memill Lynch, Pierce, Fenner, and Beane

General view of a large coffee plantation m Brazil

75 per cent in 1906 to 52 per cent in 1945.
Colombia in recent years has turnished
about 20 per cent of the total coffee exports.
while El_Salvador held third place with
about 4 per cent. Coflee production in the
Netherlands Indies, which formerly held
third place, has been low in recent years,
owing to postwar political disturbances.
The share of Africa in the world’s coffee
exports has increased steadily from about 5
per cent in the early nineteen thirties to
over 10 per cent in recent years.

Brazilian production is still the domi-

several times as much coffee as the world
needs. The rainfall, about 60 to 75 inches
per year, is mostly favorably distributed.
the major part occurring during the grow-
ing season of the coffee berry, while the cool
period of the year, May to September, is
relatively dry. This is the ripening and
picking_season. The coffee crop reaches
maturity and is ready to pick early in May,
and picking lasts until September. Inas-
much as coffee picking can be done only by
hand, this one-period harvest involves a
larger labor need than where the ripening
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period is more prolonged, as is the case in
some of the regions of northen South
America. (See Illus. p. 134.)

Since coffec is the principal support of a
large part of the population in Brazil, it is
obvious that failure of the crop or a pro-
longed period of overproduction will result
in cconomic distress.

Because of the large profits which were
formerly realized by the Brazilian growers,
the acreage in coffee plantations was enor-
mously increased. Lack of careful study
of potential market demands, and lack of
planning in accordance with demands, led
to overexpansion, overproduction, and dis-
astrously low prices. The Brazilian gov-
ernment therefore resorted to a system of
price control, buying up large stocks of
coffee with the idea of holding them until
prices improved and then releasing them
gradually. In its earlier stages, this su-
called “valorization” scheme met with con-
siderable success.  Soon, however, the arti-
ficially sustained Brazilian prices made it
profitable for other countries to increase
coftec production. The accumulated Bra-
zilian surpluses could not be absorbed by
the existing markets, little was done to de-
velop new markets, and for years it was
considered necessary to destroy large stores
of coftec without any return. The at-
tempts ot any single nation to increase pros-
penity through a permanent policy of de-
struction scems doomed to failure in the
majority of cases and in addition hurts
the world standard of living. Planning
through international co-operation on a
sound economic basis is necessarv even
where one country holds such undisputed
leadership in production as Brazil holds in
cofice.

Every country of the Western Hemi-
sphere from Paraguay to southern Mexico
produces some coffee. Production has
been increasing on the highlands which
extend from Venezuela and Colombia
through Central America into southern
Mexico, because of the favorable soil and
climatic conditions and the fine-flavored
coffce grown there. Increased plantings

have been fostered by the high price of
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coffee, the low prices of suitable land, and
the accessibility of the American markets.
It seems probable that further expansion
will occur in these regions.

Commercial production is also important
in the Greater Antilles: Cuba, Haiti, the
Dominican Republic, Puerto Rico, and Ja-
maica. Haiti has a well-developed market
in France because of former colonial ties.
Cuba can expand her production, although
sugar has been in a better competitive posi-
tion and hence has received principal at-
tention. Puerto Rico is favored by an
abundant labor supply and close trade
connections with the United States. The
Blue Mountain coffec of Jamaica has the
reputation of being cqual to the world’s
best and commands a premium in Euro-
pean markets.

In the Eastern Hemisphere, the Nether-
lands East Indies led in export trade before

TasLE 11

Lxrorts oF PriNcipAl COFFEE-
PronpucinGg COUNTRIES

In 1,000 Quintals
Countries 1931-
1938 | 1913 | 1944 | 1945
Av.

Costa Riea. . 2321 212 188 | 218
Guatemala 473 198 [ 5H13 H3
Hait1 . 278 | 258 | 231 | 300
Mexico 365 313 357 357
Nicaragua ... . 153 | 120 131 122

Dominican
Republie. .. 103 | 106 8| 177
Salvador. H1 | 561 | 631 | 577
Brazil 8,718 6,067 | 8,133 | 8,503
Colombia 2,208 | 3,150 | 2,954 | 3,090
Ecuador 137 | 123 | 145 | 100
Venezuela . A77 | 290 | 200 ] No
data
Netherlands Indies| 845 | No No No
data | data | data
Angola .. . 164 | 293 | 238 | 309
Belgian Congo. 155 | 221 149 | No
data
Kenya and Uganda] 262 | 273 | 224 | 224
Madagascar. . .. 240 | 124 | 453 | 269
Tanganyika. . . 148 | 110 158 | 146

Source: Inlernational Yearbook of Agricultural
Statistics, 1941-42 to 1945-46, Bureau of the
F.A.O. in Rome, Vol. 11, Rome, 1947.
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World War 1. The coffee is grown mostly
in the mountains of eastern Java and west-
ern Sumatra, chiefly between altitudes of
1,000 to 3,000 feet. The principal species
planted is Coffea robusta, because of its
resistance to fungus diseases, although in
some districts Coffea arabica is still grown.
In Arabia coffee is produced under irriga-
tion in the coastal kingdom of Yemen,
where the processes of cultivation, picking,
and curing are under the supervision of
British experts. Arabian coffee is consid-
ered to be of superior quality and generally
commands high prices in European mar-
kets. Thus, the British. though more
widely known for their tea, produce fine
coffee in both Arabia and Jamaica.

International trade in coffee. For a
long time the world trade in coffee flowed
principally from the West Indies and
Netherlands East Indies to Europe. Now
the world’s chief coffee stream is from San-
tos and Rio de Janeiro to New York, with
lesser streams from Cartagena and Puerto
Colombia (Colombia) to New York, from
Brazil and the East Indies to western Eu-
rope.

Nearly half of the coffee exports of the
world go to the United States. Our con-
sumption has risen from threc pounds per
capita in 1830 to an average of over 15
pounds for the period 1940-1947. Since
more than half of the United States imports
come from Brazil, the commercial and cco-
nomic ties between the two countries are
close. The increase in imports from more
northern tropical countries has slightly re-
duced the percentage received from Brazil,
owing to the preference in the United
States for a larger admixture of mild coffees
in the blends.

Cofiee, an inexpensive luxury, has
achicved mass appeal as a beverage. It
cheers alike the laborer, the student, and
the society matron. Its introduction had
to overcome religious, political, and physio-
logical prejudices, and in many countrics
even now its usc is hampered by economic
barriers in the form of taxes and duties. It
has, however, won such universal favor that

AGRICULTURE IN THE HUMID TROPICS

its position as one of the great commercial
products of the world seems permanently
assured.

Spices

In the minds of many inhabitants of
middle and high latitudes, spices are more
intimately associated with the tropics than
is any other product. This association of
ideas is, however, chiefly a survival of times
past. The spices now are only a minor por-
tion of tropical products entering world
trade.

In many tropical countrics the food of
the natives is highly seasoned.  Spices have
been known and used for untold cen-
turies in the warmer regions of the earth.
Whether this is a physiological response
to climatic conditions or whether it is the
result of the tastelessness of the native diet,
particularly of rice, remains an open ques-
tion.

Even in pre-Roman times small quanti-
ties of spices reached the West, and, ac-
cording to some, became immenscly pop-
ular among the rich because of the otten
doubttul quality of the meat in a region
with hot Mediterrancan summers and
withont means of refrigeration. “ The later
famous spice trade was partly responsible
tor the wealth of Venice and Cenoa, tor the
discovery voyages of Portuguese and Spau-
ish, and for the foundation of Colonial em-
pires, such as those of Great Britain and of
the Netherlands.  Spices were compact and
very valuable, and they kept well. They
were therefore eminently suitable for an
early trade which could deal only in lux-
uries because of slow, hazardous transpor-
tation and the small size of a camel’s load
or even of a ship’s cargo.

Most of the spices which once brought
their weight in gold are now common
kitchen ingredients; and although they have
lost their dominant place in trade with the
tropics, the volume of shipments of many
spices is vastly greater than it was in the
sixteenth and seventeenth centuries.

Distribution. Among the spices, pepper
(Piper nigrum) stands first. It is a vine
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which, like ivy, fastens itself to a support—
a pole or a living tree with not too dense a
crown. The pepper plant can be grown
only where temperature and humidity are
constantly high. The fruit is a red berry
which grows in bunches of 20 to 50; each
berry contains one sced, the real pepper-
corn. If picked green and dried, the
berries become dark and wrinkly, the peri-
carp adhering to the sced.  This is the so-

St
Courtesy Official Netherlan,
Information Buwean m the U S A

Picking pepper — The pepper s mthe form of
berries which are first green, then 1ed, and then
vellow, when they are npe.  After bemg picked,
they are dried on mats m the open air and finally
turn black.

called Dlack pepper. In white pepper, the
pulp has been removed from the seeds.
(See Illus. above.)

The Netherlands Indies is the principal
producer of pepper, accounting for more
than 70 per cent of the world production.
The pepper gardens are mostgf in the hands
of the natives, but the trade in pepper,
which centers in Batavia, is dominated by
Chinese.

India produces small amounts of pepper
on the warm and humid Malabar Coast,
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the “Pepper Coast,” which was one of the
principal goals that led Vasco da Gama to
make the first direct sea voyage from
Europe to the Orient. Minor centers of
production are fgfind on the southwest
coast of French Indo-China, Sarawak, Cey-
lon, and British Malaya. Malaya shows
unexpectedly high exports. A large per-
centage of t]wse exports, however, orlginute
in the near-by Netherlands East Indies and
arc sold through the important Malayan
trade centers of Singapore and Penang.
Cloves are the dned flower buds of a
tropical tree  (Eugcnia  caryophyllata),
found originally in wild state in the Mo-
lucca or Spice Islands. During the seven-
teenth and eighteenth centunes the Dutch
had a virtual monopoly on the trade in
cloves. This monopoly was broken by the
French, who succeeded in transplanting
some clove trees to their island possessions
in the Indian Occan (Réunion). At pres-
ent, most of the cloves entering world trade
are produced on the little islands of Zanz-

i bar and Pemba, on the east coast ot Africa,
which enjoy a warm and very humid ch-

mate.
Cinnamon is the inner bark ot a small

| tree (Cinnamonum zeylanicum), cultivated

principally in the damp lower hills and
coastal plains ot southwestern Ceylon,
while Java 1s a minor center of production.
Since the amn of the cinmamon industry is
to obtain as much bark as possible, the
plant is pruned to bush form. During the
rainy season branches of a certain length
are cut, and the bark is carefully pecled oft
and dried. Closely related to the Ceylon
cinnamon is cassie, a product of wild or
cultivated varieties of cinnamon trees which
grow in India, the Netherlands Indies,
French Indo-China, and southern China.
This is inferior to the Ceylon product, but
it is often used as a substitute for it.

The nutmeg tree (Myristica fragrans)
also requires a truly tropical climate and
is grown mainly in the Netherlands Indies.
Once one of the highly valued spices, the
nutmeg has lost much of its former popu-
larity.

The vanilla plant is an orchid which en-
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twines itself around trees. Because it
needs dry weather during the flowering pe-
riod, it is best adapted to the marginal areas
of the tropics, where pronounced dry sea-
sons prevail. The principal producers of
vanilla are southern Mexico, Réunion, the
humid north and east coasts of Madagascar,
and neighboring islands. In recent years
the industry has suffered greatly from the
competition of synthetic vanilla, which has
a much stronger flavoring power than has
natural vanilla.

Among other essentially tropical spices
should be mentioned ginger (Zingiber of-
ficinale)—the rhizome of a plant which is
cultivated in the marginal districts of the
tropics, and even in the subtropics (south-
ern China, India, Jamaica )—and the Cay-
enne pepper or chili of Central America, the
West Indies, and Mexico.

Medicinal Products

The tmpical regions are important sources
of a number of medicinal products, among
which quinine is undoubtedly the most
valuable. Quinine and mosquito netting
are in many parts of the world practically
the only means to combat that great scourge
of humanity, malanal fever. Quinine is
extracted from the bark of the cinchona
tree, which grows wild in the forests of the
eastern slope of the Andes Mountains. It
is a tree of the tropical highlands occurring
mostly at altitudes between 3,000 and 8,000
feet. As a result of the inaccessibility of
the Andean forests and the destructive
methods formerly practiced by the native
searchers for bark, there has developed a
plantation industry whose output has super-
seded almost entirely that of the wild tree.
This industry centers in the East Indies,
especially on some of the mountain slopes
of western Java, and now supplies more
than nine-tenths of the world’s quinine.

Outside of the Netherlands East Indies,
cinchona plantations are found in India on
the slopes of the Himalayas and at Madras,
while small quantities of South American
cinchona still reach the principal markets.

The leaves of the coca bush ( Erythroxy-
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lon coca). which is grown on the eastern
slopes of the Andes between elevations of
2,000 to 5,000 feet, are chewed by the In-
dians during work and on the march. The
stimulating eftect of the leaves is duc to
their content of cocaine, an indispensable
drug to the medical profession. though
dangerous and habit forming when wrongly
used.

Similar but much less dangerous stimu-
lating alkaloids are contained in the kola
nut. This is the seed of the kola tree
(Sterculia acuminata), which is grown ex-
tensively by the natives of western Africa
at the edge of the tropical forest. The kola
nut is the chewing gum of Atrica, and in
polite Atrican society it plays the same role
that a cigar or a bhox of candy plays in our
Western culture sphere.

Tropical Woods

Perhaps the greatest resources of the
areas of rainy tropical climate are the im-
mense tropical rain forests which cover
with a heavy mantle of everlasting green so
much of northern South America, Central
Africa, and the Australasian islands. These
forests, in contrast to most of those in
higher latitudes, consist almost entirely of
hardwoods. Softwoods—that is, conifer-
ous trees—grow in some places, particu-
larly on plateaus and higher mountain
slopes, but their total acreage is small in
comparison with that of the hardwoods.
(See Map of World Vegetation p. 88.)

The tropical rain forests have no pro-
longed annual period of rest. Conditions
throughout the year are so favorable for
assimilative processes that many species do
not show the pronounced growth rinﬁs
which are so typical of the trees of the mi
dle latitudes. Many tropical woods have
a fine, even texture, and some are remark-
ably hard and heavy. Various types of so-
called “jron woods,” with a specific gravity
greater than that of water, are common
throughout the rainy tropics.

Commercial production. Notwith-
standing the excellent quality of some of
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the wood. only a very small percentage of
the tropical timber resources is commer-
cially exploited at the present time. In a
few regions agriculture, in its search for
new virgin crop lands, is making extensive
inroads into the rain forest. Such is true,
for example, in the cacao districts of the
Gold Coast, where the British colonial
government has considered it necessary to
declare parts of the tropical forest perma-
nent reserves. Similar reserves have been
set aside in the Netherlands Indies and are
being gradually expanded for the protec-
tion of the watersheds. Nevertheless, the
tropical rain forest is as yet a reserve of
timber which is relatively untouched.

For several reasons the tropical hard-
wood forests have not gone the way of
most of the hardwood and a considerable
part of the sottwood forests in Europe
and North America. In the rain forest, al-
though they are not completely absent,
pure stands of trees rarcly occur. In an
acre of tropical forest one will find, as a
rule, dozens of different species of trees.
Such greatly mixed stands seriously handi-
cap commercial  exploitation.  Further-
more, a certain percentage of the timber,
because of too fast growth, may be of rather
poor quality, with coarse or uneven tex-
ture. To this must be added numerous
difficultics of a physical nature: unhealth-
tul climate, undergrowth, and soft, swampy
ground. Transportation is laborious and
expensive, and shipping points are usually
far from the centers ot consumption.

Under such conditions, and as long as
great quantitics of timber for ordinary pur-
poses can be cut at relatively low cost in
the middle latitudes, the “utility” hardwoods
of the rain forest cannot compete in world
markets. Only those woods which excel
because of grain, color, hardness, or fra-
grance, the so-called precious or cabinet
woods, can stand the high cost of produc-
tion and marketing. Of these, a consider-
able number, under greatly varying names,
reach the western markets. One of the
principal handicaps of the trade in tropical
woods is that, from a botanical point of
view, the forests are still imperfectly
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known; wood of widely different species of
trees may have similar popular or trade
names and similar appearance, yet have
greatly different properties.

Some of the precious and semiprecious
woods have been made the objects of wide
search, and their names have become famil-
iar in most of the Western World. Ma-
hogany, cedar, and teakwood rank foremost
in this respect.

Distribution. True mahogany (Swie-
tenia) is much sought after for fine cabinet
work. It is moderately hard, has a beauti-
tul grain and a rich color which improves
with time, and can be applied as a veneer.
It occurs only in southern Mexico, Central
America, the West Indies, and northwest-
ern South America. At present, Mexico is
the largest shipper of mahogany, whereas
Honduras and British Honduras have al-
ways been noted as producers of exception-
ally fine types of this wood.

Several species are closely related to
Swietenia, of which the wood is similar and
to which the name mahogany is often ap-
plied. Among the mos: important of these
is the African mahogany (Khaya ivorensis)
of the Guinea Coast forests. The Ivory
Coast is the principal exporter of this type
of wood. Southeastern Asia also produces
some woods that resemble true mahogany.

A type of wood that always conjures up
pictures of tropical lands is ebony ( Diospy-
ros ebenum). Ebony, slaves, and ivory
once were the principal products of trade
in tropical Africa, and ebony was sought
after as early as the days of King Solomon.
The wood is very hard, usually coal black,
and exceedingly fine grained. The trees
that produce it are found in the forests of
southeastern Asia, Africa, and Madagascar.
Several other woods closely resemble ebony
and often are sold under that name.

Where accessible, the tropical cedars
(Cedrela) have been exploited to the verge
of extinction. Cedar wood is reddish, soft,
and fragrant. Especially because of the
fragrance it is in great demand for the
manufacture of cigar boxes. Cedar trees
have a wide range, from southern Mexico to
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southern South America. The cedar trees
of the Fur East (Toona) are closely related
to the true cedar, and their woods are prac-
tically identical. Central America, Brazil,
and Mexico furnish most of the tropical
cedar now used.

Teakwood (Tectona grandis) is in great
demand for its strength and durability.
The teak tree does best where there is a dry
season of several months duration. It is
found, therefore, most abundantly in the
deciduous monsoon forests of southeastern
Asia, especially in Burma, Siam, castern
Java, and the Philippines. Since teak
occurs in pure stands, it can easily be ex-
ploited. At present some of the principal
stands of teak trees are under scientific
silvicultural management. such as the “djati”
forests of Java.

Among the large number of other tropi-
cal woods may be mentioned sandalwood,
satinwood, and roscwood.

Other important economic products of
the tropical forests are the resins and nuts.
the harvest of which in many ot the more
sparsely settled districts constitutes the
principal source of cash income for the
native popu]ation. Among the various
kinds of resins, the best known are the hard
copals and the soft copals or damars, tur-
nished by a number of different species
throughout the tropics. The hard copals
are used cxtensively in the manufacture of
varnishes and are exported mainly trom
East Africa, Madagascar, the Guinca Coast,
the Congo region, and southeastern Asia.

Southcastern Asia is the principal source
of rattan, the stem of a liana, used in the
manufacture of chairs and cane scats tor
chairs. Among the nuts of the wann rainy
forests the best known are tagua nuts,
corozo nuts, and Brazil nuts. The first two
furnish the so-called vegetable ivory used
in the manufacture of buttons, while the
latter is an edible nut in high favor in
American and European markets.

The Cattle Industries

In the warm lands cattle are raised chiefly
for noncommercial purposes, for power.
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meat, and milk. India outranks all other
countries of the world in total cattle popula-
tion, having about 200,000,000 cattle and
water buffaloes, compared with about 68,-
000,000 in the United States. The great
majority belong to the humpbacked or zebu
species. The bullocks are used as draft
animals, the cows furnish a little milk. The
Hindus are forbidden by their religious be-
liets to kill the cattle or to cat the meat.  As
a result, calves and cows that cannot be fed
are allowed to perish: an appalling waste of
animal products.

In the countries of the southern Far East,
as far north as the valley ol the Yangtze
River in China, the zebu and the water
buffalo are the only two types that can
stand the climate. In China the great
density of population necessitates the tull-
est possible use of the Jand for the produc-
tion of crops suitable for dircet human con-
sumption; therefore few cattle are kept,
and those few are used mostly for draft
purposes.  The Chmese are not restrained
by religious scruples tromn keeping the cat-
tle population within reasonable bounds.

In Atrica, the principal cattle lands are
the savannas and tropical steppes of the
Sudan and the grasslands of the, east Atri-
can plateaus. The majority of the cattle
there also belong to the humpbacked spe-
cies. Am(mg many N(-gr() tribes cattle are
kept only tor purposes of social prestige.
Their milk is used eatensivelv, but they are
considered too precious to be eaten except
on occasions of cxtraordinary importance.
Over large areas of Africa, especially in the
lowlands, stock raising is impossible on
account of the prevalence of the dreaded
tsetse fly which is the bearer of sleeping
sickness, a disease deadly to cattle as well
as to man.

In tropical South America cattle raising
is subject to the same difficulties as are en-
countered clsewhere in the warmer regions
of the earth. Animals of a rather inferior
taurine type are produced extensively in
the llanos or savannas of Venezuela and
Colombia, but there, as in central Brazil,
the aggregate financial returns are still rela-
tively low. Other regions, toward the
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Chapter Nane

THE REGIONS OF DRY TROPICAL CLIMATES

A CLIMATE MAY BE CLASSIFIED AS
dry wherever the rainfall is not sufficient
to support trec growth on the uplands.  Al-
though other factors may contribute to the
absence of trees, aridity is the fundamental
cause for the existence of most of the tree-
less areas in the warm climates. As
pointed out in preceding chapters, the
equatorial belt is rainy. On cach side of
this rainy zone, in latitudes roughly 20°
to 30° north and south of the equator, lie
belts where little rain falls. (See World
Map of Climatic Regions at end of book. )
These dry belts, crossed by the Tropics of
Cancer and Capricorn, are often referred
to as the tropical desert areas. The middle
portions are extremely dry, in places ahnost
rainless, and are bordered by semiarid belts
which mark the transition to the more
humid climates on cither side. Equator-
ward lie the subhumid tropical savanna
areas, while poleward lie mostly areas of
subhumid Mediterranean climate. On the
basis of winter temperatures, considerable
portions of the poleward sections of the
Dry Tropical Climates (4 and 5 on map at
end of book) should have been classified
with the areas of Subtropical climate.
These differences in temperature, however,
are subordinate in comparison to the main
criterion: a high degree of aridity through-
out all or nearly all of the year.

From a causal point of view, the semiarid
to arid conditions near the Tropics of Can-
cer and Capricorn and the heavy rains in

the cquatorial regions are associated with
differences in atmospheric pressure.  While
the equatorial belt is characterized by com-
{)aratively low pressure, ascending air, and
ieavy rainfall, in the high-pressure belt
along the Tropics the air generally is de-
scending and little rain falls.

Where the rainfall in the Tropics suffices
to support only bunch grasses and thorny
bush, sometimes interspersed with a few
scattered, very hardy, drought.resisting
trees, the climate is classified as semiarid.
Where the raintall is so slight that vegeta-
tion is sparse or wanting, where the animals
are dormant most of the time and the land-
scape is characteristically brown rather
than green, there is the desert, a product of
the arid type of climate. Although the
amount of annual rainfall is not a reliable
criterion, since magnitude of potential
evaporation should also be taken into ac-
count, it may be said that the deserts of the
tropical zone generally have less than 15
inches of rain per year, whereas the warm
semiarid lands receive an average annual
rainfall of 15 to 35 inches. The rainfall
in the desert is slight and irregular and
the landscape acquires a greenish tinge
only for brief periods following infrequent
showers. In semiarid lands, where the
rainfall is somewhat heavier, the short grass
or scattered shrub vegetation presents a
green landscape regularly for a few months
each year.

Inasmuch as low rainfall is the critical
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factor in arid and semiarid lands in both the
low and the middle latitudes. it seems ad-
visable to use a nomenclature that clearly
reveals this fact. The term desert is uni-
versally used as a term for dry lands in all
latitudes. It seems justifiable to use the
term steppe in similar manner for semiarid
lands, whether they occur in middle or in
low latitudes.

The Tropical Steppes

The largest areas of warm, semiarid lands
are in Africa, where the “Sahel” of Tunisia,
Algeria, and Morocco, the Sudanese Sahel
and the Kalahari steppes are prominent ex-
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Kalahari ranges from a pure grass steppe in
the southern section to mixed acacia, bush,
and grass in the central part. Westward it
merges into true desert, the Namib, while
northward it merges into the deciduous
forest lands of Angola and northern Rho-
desia.

In Australia, the semiarid belt borders
the arid interior, being the transition zone
between the rainier coastal strips and the
almost rainless interior. In South America,
the most extensive area of warm, semiarid
land lies in eastern Brazil, where consider-
able portions of the northeastern states,
such as Piaui, Ceari, Pernambuco, and
Bahia suffer from insufficient rainfall,

= <

Regions of dry tropical chimate in Africa and adjacent parts of Asia.
4. Tropical steppe climate. 5. Warm desert climate.

amples of this type. The Sudan steppe
lands extend entirely across the continent,
from Senegambia to Somaliland. (See
Illus. above.) Although varying consider-
ably in their aspects from place to place,
they possess the common characteristic of a
native flora of bunch grasses, scattered
thorny bush or other xerophytic plants,
while along the permanent and intermittent
water courses there are some trees.  South-
ward, the Sudan steppe merges impercepti-
bly into the tropical savanna lands; north-
ward, it merges into the desert. The steppe
lands of French North Africa and Libya con-
tinue eastward into the steppes of Mesopo-
tamia, Persia, and Baluchistan. Parts of
these areas experience some cool to cold
weather during the winter months. The

Smaller areas occur in northern Argentina
and southern Bolivia—the Gran Chaco—
and in southwestern Ecuador.

In North America the areas of warm,
semiarid steppes include parts of Lower
California and of the Plateau of Mexico.
(See World Map of Climatic Regions at end
of book.)

Since the larger areas of warm, semiarid
steppes are in Africa and Australia, the dis-
cussion which follows is-based on condi-
tions there. In North and South America
conditions are broadly similar but differ in
detail.

General characteristics. The most
prominent features of the warm, semiarid
type of climate are the low annual rainfall,
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usually less than 35 inches and often less
than 25, and its distinctly seasonal distri-
bution (see 1llus. below). The dry season
lasts from six to nine months. with some

months that are virtually rainless. Ex-
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cept in the areas poleward of the descrts,
the rainy season is generally associated with
the high-sun period of the year, while the
drought is most intense during the low-sun
period.  The tropical savannas have a simi-
lar seasonal distribution of precipitation,
with summer rains and winter drought.
The difference between steppe and savanna
is one of degree rather than of kind.
Temperatures, on the whole, show a
greater seasonal rhythm than in any of the
more humid climates thus far discussed.
This is due chiefly to the greater distances
from the equator at which the dry steppe
lands occur, although the greater dryness
of the air is an important contributing
cause. The hottest season of the year
usually occurs during the high-sun season,
just before the rains begin. There is but
little cloudiness to reduce the intensity of
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the sunlight, and high temperatures dur-
ing the daytime are the logical result. At
night, in the absence of clouds to retard the
escape of heat, radiation is rapid and rela-
tively low temperatures usually ensue.
During the high-sun periods the warm
semiarid climates are characterized by vari-
able winds and light rains, mostly of the
convectional type. The rains are rarely
of long duration, although they may be
heavy while they last. In the northern Su-
dan, northeasterly winds prevail during the
dry scason, blowing from the high-pressure
area of interior northern Africa toward the
“low” which lies along the Guinca coast, a
strong local manifestation of the trade
winds. These dry winds give rise to a
hazy, dusty atmospheric condition, but, be-
cause they promote evaporation, they fecl
cool and bring a sense of relief from the
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oppressive moist heat of the rainier period.
These northeasterlies, known as the harmat-
tan, are sometimes referred to as “the doc-
tor” because of their bracing or energizing
influence upon human activity. This in-
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fluence, with equally favorable results, ex-
tends southwarg into the more humid areas.

The shifting of the winds from the calms
and variables of the rainy season to the
steady winds of trade-wind type during the
dry scason is common for all the warm
semiarid regions. These regions are in
gencral characterized by fairly well defined
wind shifts and accompanying moderate
temperature  changes. Nevertheless, al-
though the weather conditions are suffi-
ciently varied to prevent the encrvating
monotony of the humid tropical type of cli-
mate, they can hardly be called pleasant
and agreeable. High daytime tempcra-
tures, brilliant sunshine rarely cloud-ob-
scured, hazy atmosphere laden with dust,
dry parching winds, and little rain consti-
tute a fair résumé of the prevailing weather
of the semiarid tropical lands.

Native vegetation and animal life.
The ground zone of vegetation is low, con-
sisting of grasses and low acrophytic shrubs,
cither or both, with bare ground showing
conspicuously in places.  (Sce pp. 86-88.)
The grasses are mostly of the bunchy types,
rather coarsc stemmed, although in some
arcas fine short species thrive, providing
forage tor numbers ot grazing wild animals
such as gazelles and antelopes. The
ground zone of vegetation is surmounted in
many places by scattered bush or even
occasional small clumps of low, thorny
trces. The shrubs are characteristically
thorny, and the term “cat’s claw,” often
used in describing them, is truly expressive.
In general the leaves arc small and leathery,
so constructed as to conscrve moisture and
at the same time carry on the processes of
transpiration and tissue building. The root
systems are shallow but extensive, thus
being adapted for rapid absorption of such
soil moisture as becomes available after the
showery rains. On the uplands the land-
scape presents broad views when observed
from low hills or other eminences. Al-
though the water courses are dry most of
the time, tree growth and thorny bush
along them are plentiful because of the
supply of ground water. These strips of
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bush aud forest may be junglelike in their
density.  The bark of the trees usually is
thick, the leaves are narrow, and spines and
thorns are numerous. The wood generally
is hard, with twisted or gnarly structure,
which makes it difficult to split or saw the
logs into boards.

In most places the warm semiarid steppes
have some sort of timber well suitecF for
such simple construction purposes as build-
ing huts for people and corrals for livestock.
Acacias and various tree cacti are common
and usetul for such purposes. The fuel
needs are not great, and the supply of tree
and bush is usually ample. Grazing is the
most economic use that can be made of the
land, the type of grazing being dependent
upon the quality of feed available. Edible
shrubs are the chief forms of vegetation,
and since they are not abundant, only goats
and camels prove successtul. On the other
hand, where grasses abound, together with
the more palatable species of shrub and
bush, sheep are favored. The old adage,
“goats on the lean lands, sheep on the fat
lands,” is quite literally fulfilled in man’s
use of dry steppe lands for grazing pur-
POS(‘}S.

Soils. As the rainfall in regions of warm
semiarid climate is insufficient to produce
heavy leaching, the soils are generally rich
in lime and other minerals, and therefore
belong to the pedocalic group. The color
ranges from chestnut brown to gray as
desert conditions are approached. In some
areas, where grasses are abundant, soils so
dark as to resemble chernozems have been
found. Where leaching is slight, there is a
tendency for sodium salts to become con-
centrated in the upper parts of the profiles
of semiarid soils, this tendency being more
pronounced as aridity increases. Where,
owing to topography, the ground-water level
is near the surface, saline or alkaline soils
may occur.

Where rainfall is so low that near-desert
conditions prevail, the soils are generally
immature because of incomplete chemical
weathering and unfavorable conditions for
organic activity. The colors are usually
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grayish, often light. Such soils are rich in
mineral constituents—in many cases exces-
sively so, with resultant alkali conditions—
but they are deficient in humus.

On the whole, however, the soils of the
steppes average fairly high in potential pro-
ductivity; their mineral content is ample,
their structure is stable, and they are easily
tilled. The problem of agricultural pro-
duction is one of water supply rather than
of soil fertility.

Agricultural practices and possibilities.
The warm semiarid lands are natural graz-
in%'l grounds. The native animal lite is
either fleet footed or fleet winged and thus
is able to move rapidly and over long dis-
tances to obtain water. The exceptions—
that is, those species that are not swift ot
foot or wing—are well protected by thick
skin or scales, so that existence with little
water is possible. The warm steppe is the
land of the antelope family, which is able
to subsist on the moisture found in grass
and in leathery leafed shrubs when other
water supplies fail. In southern Africa
part of it is known as the veld, which once
harbored multitudes of gembok, wilde-
beest, and hartebeest. Insect life is abun-
dant. The warm semiarid lands ot Atrica,
Australia, and of northern Argentina are
noted as being the breeding places for
hordes of locusts, which swarm into more
humid sections during dry years, causing
heavy damage to crops anc{ native vege-
tation.

Wherever man attempts to develop eco-
nomic pursuits in the warm semiarid lands,
he must either adapt himself to the climate
and native plant and animal life or he must
overcome whatever handicaps are encoun-
tered. In the areas where moisture is suf-
ficient, or where it is provided through irri-
gation, some crops can be grown, as, for
example, sorghums, millets, and barley.
Thus, grain for food and for feed can be
Erovided. In general, however, there is

ut little grain farming in the warm, dry
lands of the world; some form of herding is
the dominant economic pursuit, and most
people are nomads. Small-scale cultiva-
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tion can produce a valuable harvest only
where conditions permit relatively large
yields per acre, and these are not possible
when rainfall is deficient. In some places
people carry on quite well during periods
of relatively heavy rains; then when a pe-
riod of drought follows, with attendant
sparseness of grass and failure of crops,
migration becomes necessary.  Whole clans
with their herds and flocks go on the move
—the centuries-old trek for water and grass.

Extensive development of the semiarid
tropical lands must await the time when
the increased population of the world will
have utilized the humid savannas and when
man will have to be satisfied with the less
desirable areas. Then choice will have to
be made between the dense jungle and the
rain forest of the equatorial belt on the one
hand and the semiarid steppes on the other.
From the standpoint of middle-latitude de-
mands, the chances favor the warm wet
lands because their products canmot be
duplicated in the cooler lands, whercas the
animal products of the warm semiarid
countrics do not difter greatly from those of
cooler climes. For example, bananas, coco-
nuts, and cacao, products of the warm hu-
mid lands, have no competitofs in the
northern markets; on the other hand, prod-
ucts of the warm dry lands, such as tropical
goats, sheep, and cattle, have no such
monopoly, but must meet the direct com-
petition of their kind produced in cooler
climates and generally under more favor-
able conditions as to cnvironment and
markets.

The Warm Deserts

It is estimated that 12 to 15 per cent of
the land area of the earth is dry desert.
The climate map shows clearly that the
largest extent of dry descrts lies in the rela-
tively low latitudes and that most of the
great deserts lic in the vicinity of the two
tropics. From a climatological point of
view we may say that their location is pole-
ward from the tropical semiarid lands and
that the deserts constitute a sort of dry di-
vide between the rainy lands of the low
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latitudes and those of the middle latitudes.
(See No. 5 on World Map of Climatic Re-
gions at end of book, and also Illus. p.
143.)

As stated at the outset of this chapter, the
term desert is not limited to lands wholly
devoid of vegetation. It includes also arcas
where the vegetation is dormant most of
the time and where the landscape is char-
acteristically brown, although occasionally
rains may turn it into brilliant green and
cause it to become flower-besprinkled for
short periods.  The true deserts are rocky,
gravel{ . or sandy wastes, but as ordinarily
used the term is somewhat more inclusive.

General characteristics. The rainfall in
the desert is irregular as to occurrence and
torrential as to volume. At a given place,
wmonths, even years, may elapse ({ilring
which no rain whatever falls. Occasionally,
however, sufficient moisture may be in the
air so that, under the influence of rapidly
ascending convectional currents, thunder
clouds may develop and heavy showers of
rain result. Since life in the desert is
adapted to aridity, great damage is some-
times done by such rains. A place which
has had no rain for several years may re-
ceive three or four inches within a few
hours. For a short time rain may fall in
torrents, producing a veritable “cloudburst”
which quickly inundates the flat lands,
changes dry stream beds into raging water
courses, and destroys earth houses in which
the natives dwell. The French soldiers
stationed in the Sahara have strict orders
never to camp in the wadis (the dry strcam
channels) because of the danger of sudden
catastrophes of this kind. But the rain-
storms are short lived. The clouds quickly
disappear, brilliant sunshine returns, and
soon the landscape again presents the shift-
ing hues of the c{::sert.

Temperatures and winds are subject to
similar fluctuations. The changes in tem-
perature from day to night are great and
commonly are as much as 40° or 50°F. In
winter, night temperatures may occasion-
ally drop close to the freezing point. This
violent daily range is a source of discomfort
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to man and beast—roast at midday, freeze
at midnight. (See Illus. below.)

While the absolute humidity often is not
particularly low, the average relative hu-
midity commonly lies between 30 and 50

er cent and during the daytime may drop
Eelow 20. The occasional strong winds are
perhaps the greatest source of discomfort
cxperienced. These winds, low in mois-
ture, of high temperature, dust and sand
laden, cause parched skins and cracked lips
for those not hardened to them and discom-
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fort in varying degree to man and beast.
The hardships of travelers who encounter
severc sandstorms are quite well known,
but 1t is not so generally understood that
moderate winds rather than gales are most
common in desert areas. The bare rock
wastes or hot sands give rise to uneven
ressure and unstable conditions in the
ower strata of the air. Thus, currents
develop and the rapid movement of air near
the surface from one place to another often
gives rise to variable wind directions.
Where the desert reaches its full develop-
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ment as an expanse of bare rock (ham-
mada) or pebble pavement (“reg”), or in
the case where it is slightly {riendlier to man
as in the arcas of sand dunes (“erg”), it
always has associated with it the lure of
ever-changing landscape. Thus, the desert
has been the place where man could experi-
ence Nature’s unbridled forces, and trom it
have come some of the most cloquent por-
trayals of landscape ever penned, among
them the tollowing:

“The Sahara, though trequently tawny
in spots, runs through the whole gamut ot

Sand dunes in the desert of Saudi Arabia.

colors. In the early morning it is a dirty
bluish gray, of much the same tone as the
refuse trom a soda-ash manutactory; but
as the sun riscs it becomes a dazzling white,
like drifted snow, so glaring that the cyes
must be protected with tinted glasses. Un-
der certain atmospheric conditions, how-
ever, I have seen the outcropping rocks of
the hammada become as red as the walls of
the Grand Canyon. But the desert assumes
its loveliest tints with the approach of night-
fall, when it gradually changes from white
to vivid orange, to blue, to amethyst, to
deepest purple. Then when the stars come
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out, it changes to gray again, an indescrib-
ably soft and misty gray, like smoky chiffon
over silver tissue.”?

With minor changes as to detail, this de-
scription so vividly given for the Sahara
would fit any of the other great deserts—
the Arabian, the Thar, the great desert of
Australia, the Namib, or the Atacama. The
centers of these areas are mostly barren
wastes, but from those centers outward
there is a gradual change trom bareness of
vegetation, through scattered bush and
shrub, to the more richly clothed grass and

Courtesy Standard Oil Co, N. Y.
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tree steppes.  The heart of the desert, the
true wasteland, is without human perma-
nent occupance; it is a place to be traversed
if need be, but not to be lived in.

Utilization of desert lands. Human
occupance of the land, except in oases, be-
gins where grass meets sand or rock waste
—the edge of the true desert. This edge is
a transition zone of varying width where
some verdure is found but where the rainfall
is so scarce that the classification of desert

! Powell, E. Alexander, In Barbary, D. Appleton-
Century Company, New York, 1926.
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still holds true. The transition zone ad-
vances from the desert in dry years and
recedes when years are wetter than normal.
There, at the edge of the desert, man pushes
ahead with the rains and retreats with their
absence. This is the zone of mobility.
When moisture comes, plants flourish, and
man prospers because flocks of goats or
sheep can make usc of the pasturage.
When rains fail, grass fails, and man and
his flocks must move on to other pastures.
The edge of the desert is the realm of the
nomad.

The mnative vegetation. The native
plants at the desert’s edge are highly special-
ized to conserve and utilize moisture when it
is available. This specialization is obscrv-
able in the root systems, in the leaf and stem
structure, and in the distribution of the
plants. Most perennials have roots that
may penetrate scores of feet downward in
the search for water. Other root systems
are shallow and intricate, and when the
occasional dashing rains come, this intricate
network of roots springs into action and
literally drinks up the water before it has
time to escape by cvaporation into the at-
mosphere.  Plants, such as the cacti, have
developed thick roots and fleshy stems and
leaves gy means of which they conserve the
needed moisture. A large percentage of
the plants are equipped with lcaves and
stems which have glossy skins, sometimes
underlain with corklike zones; such struc-
tures retard evaporation and cause a little
water to last a long time in supporting the
circulation of the plapt. Furthermore,
plants grow far apart, thus allowing more
room for the roots of each. These types ot
vegetation furnish sustenance for pasturage.

Soils. Desert soils rarely develop dis-
tinct profiles such as are characteristic of
soils in humid areas. In deserts the actual
weathering is mainly physical; because ot
the lack of water, chemical weathering is
slow, notwithstanding the high tempera-
tures which prevail in the tropical latitudes.
As a result of deflation processes, sands,
rather than clays and silts, are dominant,
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finer materials having been carried by
winds to surrounding, more humid areas.
Clayey material is washed together into
salt flats (Selkas) which often contain high
concentrations of various salts. Since the
land surface lacks the protection of a con-
tinuous vegetative cover, wind erosion is
marked; desert pavements, consisting of
rock platforms or rock fragments from
which the finer materials have been swept
away by wind action, are well-known teca-
tures of deserts. In other cases, areas of
shifting sand make up the land. There the
landscape takes on a billowy appearance
without distinct markers and hence is often
referred to as a trackless waste. Camels,
because of their remarkable ability to cross
such areas, have aptly been called “ships ot
the desert.”

Desert soils are commonly gray. but red
soils also occur in a number of places, espe-
cially where the bedrock consists of red
sandstone. The soils of the desert are usu-
ally rich in soluble minerals because the
light rainfall which occurs results in little
or no leaching. In shallow depressions,
where water may gather following heav
showers, the soils are often so crusted wit
mineral salts that they are unproductive
even under irrigation. Excess of sodium
salts in desert soils is common and is respon-
sible for many of the “alkali” soils encoun-
tered in desert areas.

In dry lands agricultural productivity is
dependent chiefly upon stability of the soil
and available moisture. Most desert soils
are sufficiently rich in mineral content, but
they are subject to wind erosion and are
deficient in moisture. Soil stability and
water susply are the requisites for depend-
able production.

Agricultural industries. There are two
phascs of desert agriculture: grazing live-
stock, and, in the scattered oases, crop tarm-
ing. Local oases occur where there are
wells or springs or where shallow under-
ground waters of the wadis sustain plant
growth. In some sandy lowlands the
ground water is so near the surface that it
may be made available for plants if a few



150

feet of the dry surface sand are removed.
In such manner true sunken gardens are
produced, and the principal work of culti-
vation is to keep the inblowing sands from
covering and smothering the vegetation, as
in the Souf region of southern Algeria, east
of Touggourt. The lowlands along the
lower course of the Nile, where lands were
formerly irrigated by overflow but are now
watered largely by directing ditches, is one
form of oasis, perhaps the most extensive
as well as the most unusual type.

Date production. The principal com-
mercial crop of the desert is the date. The
date palm is perhaps the oldest known culti-
vated fruit trec in the world. The early
records of the Sumerian and Babvlonian
peoples in the Tigris and Euphrates valleys
show that it was widely tended by farmers
several thousand years before Christ. The
technical name of the date palm is Phoenix
dactylifera. Its optimum habitat is in
warm lands with practically no rain, but
where irrigation is possible or where ground
water is available. 1t is a trec of the oasis
rather than of the waterless desert. It is
probable that in Assyrian times some wise
observer discovered the art of artificially
pollenizing the date paln and thus achieved
one of the carliest advances in scientific
agriculture, an achievement which has con-
tinued to be of great importance ever since.

The Arabs introduced the palm and the
art of its cultivation into Spain. The Span-
ish missionaries brought the seed with them
to Mexico and California and under favor-
able conditions produced dates successfully,
thus initiating a practice which has de-
veloped into a sizable modern industry in
the Coachella Valley of southern California.

The centers of large-scale production of
dates have, however, rcmained in the East.
In French West Africa dates are essential
for the successful operation of the caravan
routes. They make up the principal crop
of the scattered oases and constitute the
chief cash crop available for commercial
purposes. In Algeria, Biskra has become
an important date market. Also Tunisia,
and especially Egypt, are important pro-
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ducers. The lands around the Persian Gulf
and Gulf of Oman constitute the major date-
producing center of the world. In Oman
the fruit is raised by irrigation along the
coastal valleys in such abundance that it has
become the leading export commodity. In
Iraq, datc gardens arc found in the fertile
irrigated lowland along the Tigris and
Euphrates rivers. The date is valuable as a
local food and as a cash crop. Bagdad and
Basra are the chief export centers for the
Mesopotamian and adjacent Persian areas.

The date has long been recognized as
essential in the scheme of desert agriculture.
It is claimed that Mohammed was careful
to teach this lesson to his followers, and
that at one time he said to them: “Be good
to your Aunt. the Palm, for she is made of
the same clay that you are.” They have
becn watchful ever since, even in war, no
matter how severe the conflict, that the date
palm should not be injured. Thus does the
desert dweller pay homage to his staff of
life, the date palm!

Herding. The native animal life of the
desert shows specialization in conservation
of water similar to that of the plants. Ani-
mals are either slow moving, tifick skinmed
and plated with bony armor, and furnished
with extra water pouches, or they are so
swift moving that they may quickly migrate
from dearth of water to where it is plentiful.
The horned toad and the Gila monster are
examples of the former type, while the
gazelle typifics the latter.

Among domestic animals the camel is the
classic example of adaptation to the desert.
He can eat coarse feed because he has lips
equipped with skin that is nearly as hard
and tough as the leather used for shoe soles;
with those lips he can browse thorny bush
and, in finger-like fashion, reach into crev-
ices in the rocks for choice bits growing
there. When he encounters a storm, he can
constrict his nostrils to small-size apertures
wherein a sieve of hairs strains out sand and
dust from the air he breathes. He has eye-
lids equipped with double shutters to pro-
tect the orbs from the driven sands. The
African camel has soft feet with wide sur-
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faces that prevent sinking into the sand.
His stomach is adapted to storing extra
water for a period of several days. And
tor long journeys, when feedstufts may be
scarce, he has the humps on his back which
serve as an extra feed supply upon which he
may draw for bodily energy—a sort of
extra gasoline tank for the animated desert
motor! Is it any wonder that the camel
has, through the ages, been man’s chief re-
liance for transport over arid and semiarid
lands? (Sece Illus. below.)

Today, howeyer, the camel is i process

Caravan of camels  Aralnan Desert

(led 10ad teuds to hold sand in 10adbed
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tive basis of wealth are the sheep and goats.
In most desert areas, cattle do not prosper;
the herbage is neither plentiful nor succu-
lent enough for their needs. Sheep and
goats have developed resistance to scarcity
of water and tolerance for rough feeds far
beyond that of cattle, theretore they ac-
company man farther into the lands of
hardship and furnish sustenance where
without them he could not survive.

Most land that is good for nothing else
will, without man’s intervention, grow some
kind of plant that some kind ot animal will

S
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of being displaced by the airplanc and the
automoiile. For example; it is possible to-
day to buy a bus ticket in Colomb-Bechar in
Southern Algeria, and five and a half days
later arrive on the other side of the Sahara
desert, in Gao, a city located east of Tim-
buctu. Other bus lines connect such oases
as Ouargla, El Golea, In-Salah, and Ghat,
while in the winter season there is another
Trans-Saharian bus line from Alger to Zin-
der, just north of the northern boundary of
Nigeria. Several airlines regularly cross
the Sahara.

The flocks which constitute the produc-

eat. Since that is true at the edge of the
desert, the herdsman is at home there. On
the comparatively fat land he raises sheep;
on the leaner Jands, he must rely on animals
that will utilize teeds so coarse that the
sheep spurn them. There, the goat is the
chosen one upon which man must depend.
We laugh at the goat for his great and
varied dietary habits, but these are prized
abilities in the land of little rain and scant,
coarse herbage (see 1llus. p. 152).

The animal industries consist of produc-
tion of animals (1) for power and transport
—camels, horses, and donkeys—and (2)
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for food, clothing, and shelter—sheep and
goats. At the edge of the desert, donkeys
outnumber horses and goats outnumber
sheep. The camel is the means of long-
distance transport; the donkey is the “small
car” for short hauls; the horse is the symbol
of aristocracy, the Rolls-Royce of the desert.

Desert mode of life. 'The dweller on the
margin of the desert is of necessity a nomad
—he has no choice in the matter. Rains are

uncertain as to time and place of occur-
rence; intervals between rains may be
weeks, months, or even years.  When the

DRY TROPICAL CLIMATES

that feed them. The laborer at the blast
furnace, the farmer in his ficld, and the
salesman at the counter carry on their duties
in their different lines for the same reason—
that they may live and enjoy the available
comforts of life. On the desert’s edge the
nomad follows the shifting rain belt, adapts
himself to the changing environment, and
overcomes the obstacles mvolved in the
struggle, proud in his own achievement and
perhaps a bit scorntul at the ease that he
considers to be the lot of the sedentary
dweller.,

The differentiation of labor is sharp: men
arc the herdsmen and the fighters; women
till the soil at times when such occupation

- is possible, and they carry on the home in-

dustry. The flocks give wool and hides;

~ these are the chicf hases of the household

arts. Tannin-producmg plants make pos-
sible one of the most skilled arts in the
world, the making ot Morocco leather.  The
fine and strong fleece of sheep and goats is

§ the raw material for mnaking shawls and rugs

of world-wide fame. The women, workimg
patiently with hand spindles and looms,
weave shawls and rugs noted for their dura-

g bility and also for their unexcelled artistic

otoby N A B

Goat magnate’s home  These goats pasture
adjacent  thormy  bush slope  lands.  They are
turned loose mn the mommg to seek pasturage and
of their own vohtion return to their owner’s pens
before the sun sets,

rains do come, the dormant vegetation
promptly responds; bush and grass quicken
into green life for a while, only to lapse
again into dull gray and brown when the
refreshing influence of the moisture wanes.
In order to utilize the vegetation, animals
must be able to browse short grass, brush,
and shrub, as occasion offers. For this
reason the desert dweller must build on the
basis of grazing.

People at the desert’s edge are rovers not
because they are different in inherent quali-
ties from other people; on the contrary, they
are quite similar. They are nomads be-
cause of the inborn will to live; if they
would live, they must roam with the flocks

beauty. The rugs thus made are objects
useful in the domestic lifc of the nomads;
they serve as floor covering, over the desert
sands, and as couches and beds, taking the
place of both mattress and cover. They
combine utility with hugh value, little bulk,
and ready mobility—desirable qualities for
those who must always be ready to move on.

The gencral tendency is for the desert
dwellers to raid the cultivated agriculture
at the desert’s edge. There are grown the

rain and fruit that the nomads in their
own habitat lack or can produce only in
small quantities at cost of much labor. If
the raids are prevented, as is the case when
organized government is established, then
at the desert’s edge there become estab-
lished market places where exchange of
products is carried on, where the nomad
and the farmer can trade to the advantage
of both. These markets naturally flourish
best along the major trade routes, and the
cities which develop there become outfitting
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centers for the caravans which cross the
desert expanses, Such cities are pictur-
esque in their variety of products and of
peoples. There the market places cxhibit
dates and grains, barley and melons, hides
and skins, and on the streets are seen the
keen-eyed traders, the sturdy farmers, and
the dashing Bedouins.

Where people canmot depend on remain-
ing in one place, individual property values
cannot center upon land, and so flocks are
usually the criteria of wealth. Real estate,
as such, does not and cannot permanently
belong to any individual but is often held
to be the property of the tribe. Thus, the
idea of property rights is one of continual
vigilance, constant mobilization for defense
or attack. The land belongs, tor the time
being, to the tribe that holds it and, it
necessary, fights successfully to keep it.
Barley, the product of most favored spots,
is the common breadstuff. The desert no-
mad camps by the ficld because he must
keep marauders away if he would cat bread.
In times of scarcitv he cxcmplifies the
axiom, “Self-preservation is the first law of
nature.” Since the democratic ideal of
share and share alike would give none
enough to live, he survives by taking all he
can—those not successtul in taking, perish.

The occupations of men—herding, hunt-
ing, fighting—are dangerous, and hence
mortality is high. Thus, there is a surplus
of women in a social group wherein there is
no opportunity of cmployment as stenog-
rapher, clerk, nurse, teacher, social secre-
tary, or any of the other numerous openings
that are available for women in the more
advanced civilized communities.  If women
would survive they must be attached to

153

households, and so polygamy results, an
adaptation to the conditions under which
existence must be maintained.

On the whole, the desert’s edge is a task-
master with sharp requirements for those
who survive. It produces a people strong,
fearless, and virile. These are the charac-
teristics most conducive to success under
the conditions which prevail where desert
brown and grass green intertwine, because
there man must be able to move quickly, to
run and to ride; in this contest, lean men
survive because fat men can neither run nor

fight.
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Chapter Ten

THE REGIONS OF MEDITERRANEAN

CLIMATE AND THEIR PRODUCTS

POLEWARD FROM THE TROPICAL CLI-
mates are areas where most of the months
are warm but where there is a short winter
season, cool and with occasional frosts.
Because of the lower average annual tem-
peratures and the existence of a cool season,
these climates are called subtropical rather
than tropical.

In the subtropical regions temperatures
show a marked seasonal rhythm. and hence
we find the terms winter and summer in
common use. In this discussion, subtropi-
cal climates are defined on the basis of the
average temperature of the coldest month—
which is more than 43°F. (6°C.) but less
than 65°F. (18°C.), with possibility of oc-
currence of frost. Whereas the cold limits
of these areas may have frost-danger periods
up to four months in length, the warm
limits in some years may not have any frosts
at all. In other words, in the different
parts of the subtropical belt the annual
frost-free period, often called the growing
season, varies in length from nearly a full
year to slightly more than eight months.

There are pronounced differences be-
tween subtropical climates of the eastern
and the western parts of the continents. In
the subtropical belt, particularly in winter,
the air masses bring rather stable oceanic
temperatures to west coasts and variable
continental temperatures to east coasts.

Thus Los Angeles, California, has a difter-
ence of only 16° between the mean tempera-
tures of the coldest and warmest months
(55°F. in January, 71°F. in August), while
Charleston, South Carolina, has a range of
31 degrees (50°F. in January, 81°F. in
July). Similarly, Madeira, in the cast At-
lantic, has a range of 13 degrees (59°F. in
January, 72°F. in August ), while Hongkong,
China, has a range of 23 degrees (59°F. mn
February, 82°F. in July). As a result, the
mild winters of the western subtropical
climates extend farther poleward than do
those of the cast coast subtropical climates.

Rainfall contrasts between west and east
coasts are even more striking. The west
has a rainless summer, while the east has
rainfall at all seasons or, in the case of
southern China, a pronounced summer mon-
soon maximum of rainfall. Los Angeles
has a period of about 5 months, from early
May to late September, with no rainfall
whatsoever in most years. The driest
month at Charleston, South Carolina, has
1.8 inches of rainfall on the average. The
storms from the Pacific pass to the north of
California in summer, and particularly dur-
ing June, July, and August fairly strong and
constant southeast winds blow over the
adjacent ocean. As these winds are parallel
to the shore, they do not cause Erecipitation.
Besides, they constitute the beginning of
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the northeast trade-wind system of the
North Pacific, and the trade winds, blowing
from higher to lower latitudes, or from
cooler to warmer areas, generally cause
dry conditions. In southeastern United
States the cftects from storms farther north
are {clt even during the summer months,
while also part of the northeast trade winds
of the West Indies are deflected northwest-
ward, toward the southeastern coasts of the
United States, owing to prevailing low pres-
sures in the interior. This reversal ot direc-
tion results in some cooling and precipita-
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tion causes precipitation. The west coast
climate is called summer-dry subtropical or
Mediterranean climate, while the eastern
type is called humid subtropical or, in the
United States, the cotton-belt climate.

Distribution and Characteristics of
the Mediterranean Climate

The Mediterranean type of climate
reaches its most extensive development
along the margins of the Mediterranean Sea,
from southern Portugal and Spain to Pales-

Regions of Mediterranean climate around the Mediterranean Sea ( No. 6).

tion, especially atter the air masses reach
the coastal area.

In the Mediterranean region, which is
more typical than California, the roots of
the trade-wind system prevail in the sum-
mertime with rather constant northwest.
north, and northeast winds, while during
the winter months the weather is governed
by locally developed lows and by air masses
entering the Mediterranean through France
and southern Spain as part of the northern
cyclonic circulation. The summer winds
cause dry weather, except where they hit
mountain ranges, while the winter circula-

tine—an east-west stretch of over 2,000
miles (Illus. above). Other regions of the
world where similar climatic conditions exist
are smaller but nevertheless important
seats of human activity. Such regions ex-
ist in southern Africa, southern Austra-
lia, central Chile, and California. In
California the area with Mediterranean
climate embraces the southern coastal re-
gion and the major part of the Valley of
California. In South America this climate
is typical for the central part of Chile, be-
tween the 32nd and 37th parallels, a strip of
land about 500 miles long and 200 miles
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wide. However, within the area the An-
dean slopes, constituting a belt with a width
of about 50 miles, are of little agricultural
significance. Also the Coast Range, with
an average width of 20 to 25 miles is of
limited use. Thus the cconomically im-
portant part of the arca is restricted to the
central valley. Even here spurs of the
Andes and of the Coastal Range further
limit the amount of level land suitable for
agriculture. Nevertheless, this region, due
to early occupation and irrigation is the most
important part of Chile. In Atrica the re-
gion with Mediterranean climate is a small
area near Capcetown; in Australia it em-
braces the coastal regions near Perth, West-
ern Australia, and near Adelaide and Port
Augusta, South Australia. as well as a por-
tion of Victoria. (See World Map of Cli-
matic Regions.)

Rainfall and temperature. The amount
of annnal rainfall differs considerably from
region to region, but for the most part it
is about 25 inches or less.  On the whole,
rainfull decrcases from the poleward mar-
gins which adjoin more humid lands toward
the warm deserts of lower latitudes. Thus
San Dicgo, California, has only 10 inches
of rainfall a year, while San Francisco, 350
miles farther north, has 22 inches; Jerusalem
has 10 inches less rain than Rome, 1,000
miles farther north. The raintall, therefore,
approaches humid conditions at one margin
and arid conditions at the other. The dis-
tinctive feature common to all areas of
Mediterranean climate is the rainy winter
and dry summer. Palermo, on the island"
of Sicily, southern Ttaly, has a total annual
rainfall which is not particularly large and
a pronounced dry scason in June, July, and
August (Illus. right).

In temperatures, too, differences are pro-
nounced within the areas of Mediterranean
climate. Poleward and inland from the
coasts, frosts are more frequent and severe
than equatorward and seaward. Differ-
ences in altitude also are important: as ele-
vation increases, temperature falls. In the
Mediterranean area many of the mountains
are so high, and temperatures as a result
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are reduced so much, that they cannot be
considered as having a Mediterranean cli-
mate. Thus, much of the Apennines Moun-
tains, particularly the high Abruzzi, the
Sierra Nevada, the Dalmatian Mountains,
the Pindus chains of Albania and Greece,
or the Atlas Mountains of North Africa have
climatic conditions which differ greatly
from those in the adjacent lowlands. Nat-
ural vegetation, soils, and crops alse differ
considerably.

These mountain  barriers often afford
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Dry subtropical climate. Average temperature
and precipitation, Palermo, Sicily. Altitude 213
feet, total precipitation 30 inches.

protection from cold winds, thus accentuat-
ing the Mediterranean character of the
areas at their foot. The Alps and Cauca-
sus, for example, shut out effectively the
cold air masses that in winter often lie over
southeastern and central Europe. Just
south of the mountains are many sheltered
spots where winters are mild and sunny and
where those in search of health or pleasure
may escape the damp, raw, dreary winters
of the north. The French and Italian Ri-
viera, the Italian lake region, and the Dalma-
tian coast, like our own southern California,
are such sheltered spots of winter tourism.



REGIONS OF MEDITERRANEAN CLIMATE

Temperatures likewise reflect the fact
that the oceans have more stable tem-
peratures than the continents. Thus at
Eureka, on the California coast, the warm-
est month is only 9° warmer than the coldest
(47°F. January mean, 56°F. July), while
at Redding, 100 miles inland, the difference
is 37° (45°F. January mean, 82°F. July).
With all their local differences, tempera-
tures do have the common trait of a short
cool season and long warm season, and in
most places a trostless period lasting more
than nine months.

Winds. During the winter, the winds,
like the other weather elements, are as-
sociated chiefly with the masses of marine
air that move in from the west. In Cali-
fornia, southerly winds, often with rain,
predominate as an air mass approaches the
coast. As the front of the mass passes, the
wind may be gusty and variable, followed
by a northerly wind usually accompanied
by clear, cooler weather. This sequence of
winds, often including a period of calm,
may have innumerable variations. The fre-
quency and duration of storms is greatest
toward the poleward limits of the subtropi-
cal climates; some of the storms miss the
equatorward portions of Mediterranean
areas, and those that reach there may be ot
brief duration.

Occasionally, a mass of cold, dry conti-
nental air, with high pressure, may en-
croach upon the area. Sudden influxes of
cold winds in the winter half of the year
are notorious features of Mediterranean
areas. In central France a cold wind,
known as the mistral, occasionally sweeps
violently southward to the Mediterranean
seacoast through the natural corridor of
the Rhone Valley. A similar wind, the
bora, descends violently through the gap
between the East Alps and the Dinaric Alps
into northern Italy and the Adriatic. In the
days when navigation depended upon small
vessels using sails, the mistral and bora
were dreaded by navigators.

Hot, dry winds sometimes blow into the
areas of Mediterranean climate from the
deserts that lie equatorward. For example,
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such winds may carry parching desert air
and clouds of dust from the Sahara desert
northward across the Mediterranean to
southern Europe. In Sicily and southern
Italy this wind is known as the sirocco; in
Spain, the leveche; in north Africa and
Syria, the simoon; in southern California,
the Santa Ana. The approach of the si-
rocco is heralded by a haze over the south-
ern horizon; the haze gradually overspreads
the sky, and the storm breaks with a burst
ot wind, dust, and sand, lashing the sea to
fury. The relative humidity may drop to as
low as 10 per cent, and the dryness may
ruin the crops of olives, vines, and other
fruits if the storm comes during blossom
time. The sirocco may last a few hours or
for two or three days.

The renowned colorful sunsets of Medi-
terranean areas are the result of fine dust
blown high into the air during the long dry
summers. The coloring is most striking
where the dust is very fine, as in the volcanic
areas of Italy. The Mediterranean Sea
serves as a great mirror to emphasize the
sunset colors. The sunscts are a distinct
cconomic asset for tourist agencies.

Native vegetation. The totality of cli-
matic conditions is reflected in the native
plant cover of an area. The characteristics
of the Mediterranean climate that most pro-
foundly affect the vegetation are as follows:
(1) rain falls abundantly in the winter halt
year, especially on exposed slopelands and
in the parts of the subtropical belt farthest
from the Equator; (2) summer is a period
of complete or partial drought; (8) the
winters are mild and the summers warm to
hot.

The most obvious eflect of these climatic
conditions is to produce a carpet of brilliant
green in winter and of subdued brown to
yellow in summer. Many trees and shrubs
are evergreens which are able to grow at
least during part of the winter season and
the spring. During the summer months,
however, they are exposed to the burning
sun and therefore have developed protec-
tive devices against extreme loss of mois-
ture. As a result, most evergreens have
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hard, leathery leaves, often thickly set with
fine hairs further to restrict evaporation.
Many deciduous perennials have only very
inconspicuous leaves, green stems, and long
thorns that take over the leaf function
(IMlus. below). Annuals can exist only dur-
ing the rainy season. Grasses and low
flowering plants begin to grow atter the
first rains in the fall, from bulbs or seeds;
they bloom in early spring, ripen sceds, and
then wither with the advent of the dry, hot
summer.

Trees grow widely scattered in the low-
lands, cxcept where strips of moist land

Cact1 of the Catania arca, Italy

along streams support “gallery forests.”
Forests flourish on the higher slopes, espe-
cially on those exposed to moisture-bearing
winds. The timbers used by the builders
of Solomon’s Temple and for the construc-
tion of boats by the Mediterranean scamen
were obtained from such localities. As has
been mentioned before, however, many of
these higher areas are really areas of moun-
tain climates, located above the typical
Mediterranean regions. But as most peo-
ple live in the lowlands, where timber is
not readily obtainable, stone and sun-dried
brick have long been the common building
materials. This is particularly true of the
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Mediterranean countries of Europe.  In the
United States the regions of Mediterranean
climate are smaller, and modern transpor-
tation facilities make lumber so easily avail-
able that wood is generally used for con-
struction purposes.

Much more characteristic and far more
widely distributed than the high forest are
the thickets or scrub forests. often thorny.
which consist of scattered trees and dense
masses of shrubs with much undergrowth
This type of vegetation, with rcgwna% modi-
fications as to species, is common to all areas
with this tvpe of climate  The Itahan name

Dapt of Agnculture

Courtesy U

Lowest are the gangue, above them the macchia

macchia has been accepted to designate it,
although the French term, maquis, is the
form in which the original Italian word was
adopted into the English language. In
California it is called chaparral. The
maquis is the source of the bundles of sticks
peddled as firewood in the strects ot Medi-
terranean cities and villages, and of manza-
nita firewood widely used in California
Charcoal has long been made out of some of
the larger stems and branches.

There is a lower and even more scraggly
type of vegetation than the maquis. Inas-
much as the soil may be bare and unpro-
tected by the end of summer, heavy winter
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rains may remove much of the soil from
steep slopes. These slope lands with their
soils are quite extensive and, especially
in the Mecditerranean countries, support
a sparse vegetation made up of small,
drought-resistant bush. The Germans call
these forms “half-shrubs.” an aptly descrip-
tive term because they are half-way be-
tween herb and shrub in size. The com-
monly accepted term is garigue, the French
term used for this vegetation on the lime-
stone slopes ot southern France.

One might at first think that the garigue
and the maquis can have little value. How-
ever, sheep and goats can thrive on coarse
forms of vegetation. Sheep do quite well
where the garigue and maquis are fairly
open; where the vegetation is more tangled
and coarse, goats are able to find nourishing
teed. Through its fodder value, this
thorny, inhospitable vegetation contributes
directly to the kid slippers and gloves for
the latﬁes ot Paris, London, and New York.
Furthermore, the abundant blossoms of
these plants are harvested by bees, a signifi-
cant fact now, but cven more so in earlier
times when honey was the only sweetening
available.

Another clement of the vegetation is the
dwarf palm. This is characteristic of the
Mediterranean countries, cspecially those
of northern Africa, and it has been widely
introduced elsewhere.

Soils. Because of the low rainfall in
these climates, leaching is slight and the
soils in most cases are pedocalic. The pre-
vailing high temperatures are conducive to
weathering, and therefore the soils of the
lowlands are well supplied with the prod-
ucts of rock decay—clay and soluble min-
cral salts. Humus, however, is not abun-
dant as a rule, a condition directly attribut-
able to the sparse native vegetation and a
flora consisting of trees and shrubs rather
than grass. In general, the soils have fri-
able structure, sandy to graveﬂy texture,
and brown or reddish-brown colors.

Topography is an important factor in soil
development in areas of Mediterranean
climate. These regions are characterized
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by steep mountain or plateau slopes de-
scending abruptly to the sea and rell’atively
narrow plains in the valleys and along the
coasts. The topographic conditions imply
eroded, stony soils on the slope lands and
soils of depositional origin on the low plains.
Active erosion tends to prevent the develop-
ment of normal mature soils on the slope
lands, and active deposition by wind or
water inhibits their development on the low-
lands.

The immature lowland soils are produc-
tive. They represent an accumulation of
the fine particles which have been washed
down from the slope lands and deposited
without much loss of soluble mineral con-
tent, either along the stream valleys or as
piedmont plains at the foot of the moun-
tains. There the native vegetation flour-
ished more abundantly than on the higher
and drier slopes, and the decaying organic
matter served to enrich further these im-
mature lowland soils. Water is the great
need. Where this is supplied, as in south-
ern California or in the irrigated valleys of
the Mediterranean lands, abundant harvests
result (Illus. p. 160).

The soils of the slope lands, on the other
hand, are generally thin and poor. This is
particularly true where tillage has long been
practiced. In some parts of Greece and
Italy, the soils on steep slopes are protected
from erosion by intricate systems of ter-
races. Thus, productivity has been main-
tained, but only through the cumulative
labor of many generations of farmers. On
the whole, the slope lands with their skele-
tal soils and their scanty vegetation are best
adapted for use as grazing lands. In the
most favored locations, this pasturage will
support cattle; in the more rugged sections,
where only coarse herbage thrives, goats
are well able to maintain themselves; else-
where, sheep raising is the most economic

phase of the livestock industry.
Agriculture

The lands around the Mediterranean
have, from very early times, been centers of

culture, and from there our boasted modern
Western civilization has sprung. Without
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making any claim that the early develop-
ment of civilization in this area is due en-
tirely to climatic conditions, it cannot be
denied that in the Mediterranean lands
substantial production has always been
possible. Such production, however, has
demanded both effort and thought. The
future, the season of little rain, had to be con-
sidered, and thus methods of tillage to con-
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characterize the agriculture of the dry sub-
tropical lands—the extensive, dry-land type
with large farms and the intensive irrigated
type with small holdings. The former in-
cludes the growing of grains, of certain
drought-resistant fruits, and—to a lesser
extent—grazing. Wheat and barley are
the most important grains, whereas vine,
fig, and olive are the major fruits.  Under

Courtesy U. S, Bureau of Reclamation

Irrigation farming, Yuma, Anzona. Lettuce production

serve moisture resulted, drought-tolerant
Crops were selected, irrigation systems were
devised, and schemes of grain storage were
planned to offset lean periods. These are
impulses toward co-operation and progress,
and there is little wonder that the people in
such areas were stimulated to mental as well
as to industrial activity, often developing a
highly organized society.

Two general types of land utilization

irrigation are raised the moisture-loving
crops, with high returns per acre, especially
corn, rice, vegetables, and citrus fruits.
The need for production encourages full
use of water available for irrigation; expan-
sion of irrigation farming is halted by scar-
city of water rather than by lack of land
or markets. The needs are two-fold
namely, tap additional water supplies and
use water less wastefully.
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Grain agriculture. The winter rains
and summer drought of Mediterranean cli-
mates favor early maturing crops. Small
grains rather than corn arc therefore char-
acteristic of these climates. Hard winter
wheat and barley are the foremost cereal
crops, the former a bread grain, the latter
chiefly used as a feed grain but locally im-
portant for food. They are planted atter
the first rains of fall or winter. The Medi-
terranean lands have always been noted as
wheat producers, and in earlier times the
attempts to insure wheat supplies were
often the dominating motives in commercial
and even in military contests. Control of
the fertile valleys of the Nile, and of cer-
tain sections of Greece, Italy, and Spain
was sought largely because of their value
as wheatlands.

Durum wheat, popularly known as maca-
roni wheat, is the type most charactenstic
ot the summer-dry subtropical climates. It
is hardy and drought tolerant. Althongh
its flour is not well adapted for bread mak-
ing, it makes the palatable and highly
nourishing tubular foodstufl known as ver-
micelli, spaghetti, and macaroni. The art
of making these pastes is ot Italian origin
but has spread to nearly all lands. The
Italians have taught practically the whole
European world to enjoy their tavorite dish,
spaghetti.

Animal Industries

Since summer drought and winter rains
are more conducive to bush and shrub
growth than to grass, the livestock indus-
tries have ccntered about donkeys and
mules rather than horses, and goats rather
than cows. Sheep and goats are the main-
stays of the pastoral pursuits. Where forage
is relatively abundant and pastures are open,
sheep predominate.  Since sheep are timid,
defenseless creatures, the herdsman’s watch-
ful care has always been essential. Out
of this has come the symbolism of the
shepherd in sacred story and song—a sym-
bolism beautifully expressed in the religious
rites of modern church worship throughout
Christendom. The mild climate where
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forage is fairly plentiful but grain feeds
are scarce seems to have been conducive
to the development of bréeds of sheep small
in size but of superior quality of wool, like
the renowned Spanish Merino.

Where forage is scarce, topography
rugged, and the vegetation harsh and un-
palatable, the sheep give way to their more
active cousins, the goats. Thus, in the east-
ern Mediterranean lands, in northwest
Africa, and in the less favored areas else-
where, we find the goat, man’s most tolerant
and persistent producer. The world’s
major center of production of goat skins is
the area reaching from Morocco and Spain
in the west to Greece, Turkey, and Iran in
the east. There, where neither grass nor
grain is abundant, the goat cxists, furnish-
ing food for the local population and pro-
viding the finest hides to be ade into
gloves and shoes in the world’s fashion
centers.

Another phase of the animal industries
that deserves attention is poultry raising,
In these areas of nearly all-ycar growing
season and low humidity, the poultry in-
dustry has a high place. The Mediterra-
nean breeds of chickens are noted for their
hustling abilities, their agility rather than
size. The natural habitat, with its seed-
bearing bush and flitting insect life, has
been conducive to the development of
quick-moving kinds of poultry. From these
lands the Leghorns and Minorcas have
sprung, small agile birds quite in contrast
to the heavy, ponderous Asiatics. The
Mediterrancan breeds mature early and
make high scores in egg laying. These
qualities have (Flaced them in favor as food
producers and are important factors in
accounting for the factory-type poultry
farmn: of California.

Horticulture

On a large-scale basis, the dry subtropi-
cal lands are the world's principal areas for
the production of olives, figs, grapes,
prunes, and citrus fruits. Olives, figs, and
vines are typical dry-land fruit crops of
many Mediterranean areas, while citrus
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fruits are typical of the irrigated sections.
From a world point of view, the lands
around the Mediterranean Sea rank fore-
most in the production of olives, figs, cur-
rants, wine grapes, oranges, and almonds,
while California holds first place in prunes,
raisin grapes, and lemons. Grapes and
citrus fruits are of economic importance in
each of the other dry subtropical regions
as well—South Africa, central Chile, and
southern Australia.

Olives. The olive appears to have been
native to Asia Minor, being one of the trees
carliest cultivated by man. The gift ot
the fruit was a token of peace among the
barbarians of early times, and a branch of
the tree became a symbol of peace. The
importance of the olive as a source of fat in
the diet of the people of eastern Mediter-
ranean lands is attested by the frequent
references to it in sacred literature.

The olive industry is chiefly dependent
upon one species of tree, the Olea europea
or European olive, of which there are many
different varieties. The tree, a tough,
narrow-leaved evergreen, is noted for ease
of propagation, hardihood, heavy yield of
fruit, and longevity. It does not need irri-
gation, and therefore in the Mediterranean
region olive groves are generally found on
the hillsides or in stony parts of the plains.
In many districts olive trees are inter-
planted with grape vines, or even with
wheat. By the eighth year an olive grove
should be in profitable production, furnish-
ing 20 to 40 gallons of olives per tree, and
should continue so for many years. The oil
content varies between 15 and 30 per cent.
Olive trees more than a century old are
common in the Old World, and many in-
stances are known where the age is sup-
posed to be 500 years or more.

The olive harvest comes at the beginning
of the winter rains, in the Northern Hemi-
s&)here usually in November. High-quality
olives are picked by hand and kept scrupu-
lously clean. (Illus. p. 167.) In many of
the older producing sections such care is
not practiced—the fruit is shaken from the
trees by beating the branches with poles,
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and the olives are picked from the ground
in more or less bruised condition. This
practice lowers the quality of the oil and
causes undesirable flavors to develop.

While many olives are sold for table use,
most are produced for oil. Olive oil is
expressed from the fleshy part of the ripe
fruit; the yield of oil from a well-grown
mature tree 15 years old should be from
200 to 250 pounds a year. The quality of
the oil depends more upon the care with
which the fruit is handled than upon the
soil or climatic conditions under which the
olives are produced.

Olive oil is widely used in countries
where animal fats are scarce.  Where cli-
matic conditions are unfavorable for the
production of feed grains and grass, large-
scale production of cattle and hogs is im-
possible.  Where butter and lard a1e scarce
olive oil ser\ es similar needs. Furthermore.
summer heat and dryvness tend to irritatc
the skin, creating a need for oily ointments
such as olive oil.

It 1s not surprising that the olive is so
important in the Mediterrancan lands.
There the areas of winter-dry subtropical
climate are most extensive, people most
numerous, and demand greatést. Spain,
Italy, and Portugal together produce nearly
80 per cent of the world's commercial olive
crop; other important producers are Tunis,
Greece, Algeria, Morocco, and Syria.  Cali-
fornia is the only important center ot olive
production in the Western Hemisphere.
The quality of the output there is of the
best, but the quantity is less than halt of 1
per cent of the world’s total. Although
California has much Jand well adapted to
olive growth, profits are not normally high
enough even to justity thorough picking,
much less expansion. During World War
II the price of olives quadrupled when im-
ports from Europe were cut off, and the
California growers picked large crops.

Dried fruits. Sun-drying as a means of
preserving fruit has been practiced for
countless ages. Nature does this in the
ripening process of grains and other seeds,
and man early learned to imitate nature in
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the case of a number of fruits and vegeta-
bles. Until canning and refrigeration were
devised, drying was the prevalent method
of preserving fruits. The countries of

TasLe 111

EsTIMATED ProbucTioON (COMMERCIAL
OnLY) oF Driep Fics IN CERTAIN
PropucinG COUNTRIES

In Short Tons (2,000 Ibs.)

Countries 1935H-
1939 | 1911 | 19156* | 1946*

Av.
Algeria 18,500 {20,900 10,300 {19,200
Greece. ..... 22,800 | 13,200 119,800 | 21,400
Italy  ..... 87,200 170,100 | 59,200 | 60,500
Portugal.....| 5,700 [ 8800 | 5,500 [ 11,000
Turtkey. .. 37,000 35,200 | 28,600 {33,000

¥ Preliminary figures.

Souree: Agricullural Statisties, 19147, Umted
States Department of Agrniculture, Washington,
D. C., 1918.

Mediterrancan climate have the advantage
of their varicties of fruits with high sugar
content and their dry, cloudless summers
tavoring sun-drying. The principal fruits
preserved in this way were figs, prunes,
“currants,” and raisin grapes; and in spite of
the tremendous development of canning
and refrigeration, these still remain in high
favor and are produced in quantities of
great commercial importance.

Fies. The fig tree appears to be indige-
nous to Asia Minor and Syria, and various
species are found growing wild in most of
the Mediterranean countries. As it is fre-
g:wntly referred to in Hebrew scriptures,

¢ fig was probably one of the earliest
cultivated fruits of the eastern Mediterra-
nean lands. (See table, above.)

The fig, Ficus carica, is a medium sized
tree reaching heights of 18 to 20 feet, with
rough branches, palmately lobed leaves,
and compound fruits. While it is widely
grown in the tropics and subtropics, the
principal centers of commercial production
are in the Mediterranean countries and
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southern California, especially in the hotter,
drier parts of these areas.

Although there are numerous varieties,
the Smyma fig is of outstanding commercial
importance because of its flavor and size.
It depends on fertilization by the fig wasp
(Blastophaga grossorum), an insect that
spends part of its life cycle in the fruit of a
wild variety. When Smyrna figs were first
introduced into California, the trees grew
successfully and blossomed but failed to
bear fruit. Ounly after the role of the fig
wasp had been studied in Asia Minor, and
the wild fig and wasps had been obtained,
did fig culture become a success.

Fresh figs are a favorite fruit in the pro-
ducing districts, but since they are highly
perishable, the trade deals chiefly in pre-
served or dried figs. Turkey probably
leads in total production. Figs are grown
extensively along the coast of Asia Minor,
the chiet shipping port being Smyrna,
whence the commercial name for the vari-
ety is derived. All the other Mediterra-
nean countries are important producers, and
most of them are also important exporters,
particularly Italy, Greece, and Algeria. In
the United States, California produces 99
per cent of the figs. Texas, with a small
production, has the distinction of being one
of the tew centers of commercial fig pro-
duction outside the summer-dry subtropical
regions.

Most figs imported into the United States
come from Turkey and Greece. With in-
creasing domestic production the trend is
toward a declining import trade. At pres-
cnt, domestic prices are sustained by means
of import duties, a practice that does not
encourage increased consumption.

Prunes. While plums occur in many
countries and climes, only a few varieties
are so firm and sweet as to cure instead of
spoil under natural drying conditions. The
term prunes technically refers to plums
that have been dried without removal of
the seed; popularly, however, the term
covers also the fresh fruit in the districts
where the general practice of drying into
prunes prevails. Prunes grow best along
the cool and moist margins of the Mediter-
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rancan climates. In Europe, Yugoslavia is
the most important producer. Although a
large percentage of the fruit is used in the

TasLr 1V

ESTIMATED PRODUCTION (COMMERCIAL
ONLY) oF DriED PRUNES IN CERTAIN
PropuciNG COUNTRIES

In Shoit Tons (2,000 lbs )

Counfries

R

e 190 | 19157 | 1916+
United States [209,750**163,150(2:33,700{221,200
Argentina 1,500 2,900 4,300 1,800
Australia 2,900 3,6000  1,900] 3,000
Bulgana 9,400 2,000f 3,000] 3,000
Chile 1,100 1,900( 1,800 2,600
France 1,700 38000 1,100 1,100
Romania 12,000 1,100 7,700 5,000
Yugoslavia 30,500 11,0000 7,200

1,100

* Prelimuinary figures

** Av. 1935-1011

Source. Agricultural Stalistics, 1949, Uniled
States Department of Agnculture, Washington,
D. G, 1948.
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manufacture of brandy and jam, the exports
of prunes in some years have exceeded 50,-
000,000 pounds, most of them going to
neighboring countries.

As late as 1890 the United States im-
ported more than 60,000,000 pounds of
prunes a year. Plantings in California, es-
pecially in Santa Clara county, south of San
Francisco, proved so successtul that Cali-
tornia has become the world’s leading
prune producer (Illus. below). Prunes
grow well also in the mild climates of Ore-
gon, Washington, and parts of Idaho. ~Sev-
cral varieties are grown, making fresh fruit
available trom June to November and pro-
viding dried fruit throughout the year.
The United States has become the leading
exporter, and prunes have gained first place
in our exports of dried fruits, the quantity
exceeding 200,000,000 pounds annually.
Our principal markets are Canada and the
countries of northwestern  Europe, but
American prunes are sold in nearly every
market of the world.

Grapes.  All regions having the Mediter-

Courtcsy Chamber of Commerce, San Jose, Calif.

Drying prunes, Santa Clara County, California.
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ranean type of climate are noted for their
grape culture. The grapes are produced
for table use as well as for wine manufac-
turc. Southern Spain has long been fa-
mous for its grapes of such high keeping
qualitics that they are available for table
use late into the winter. Through modern
methods of storage, fresh California grapes
are on the market many months of the ycar.

TasLE V

PropuCTION OF RAISINS AND
CURRANTS IN PRINCIPAL
PropucING COUNTRIES

In 1,000 Quinials
Countries 1931-
1038 | 1943 | 19041 | 1915
Av.
Spain 138 | 107 | 113 77
Gireece o 1918 | No No 600
data | data
United States 1,983 3,638 | 2.808 |2,211
Persia 2 B9 | 299 | 329
Turkey 830 698 449 619
Uniton of South
Afniea g0 | 113 | 111 112
Austrahia 757 | 1,001 o 713
1

Source: International Yearbook of Agnicultural
Statisties, 1941-42 to 1946-16, Bureau of the
F.A.0 m Rome, Vol. I, Rome, 1917,

Raisins.  Raisins, made hy drying spe-
cial varieties of grapes, are among the
staple exports of most regions with summer-
dry subtropical climate. The center of
output of raisins, as of prunes, has shifted
from southern Europe to Calitornia. Ma-
chine methods of cleaning and drying have
largely, although not entirely, supplanted
the older method of sun-drying. Eastern
Spain, with Almeria as the centuries-old ex-
port center, still has some importance in the
raisin trade. Sultana raisins, made from a
variety of richly flavored seedless grapes
grown in the eastern Mediterranean area,
hold high place in European markets. The
Sultana grapes are grown especially in
Greece, on the islands of the Aegean, and
in southwestern Asia Minor, where Smyrna
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is the export center. Greece is by far the
most important country of the Old World
in raisin exports. Other exporters are Tur-
key, Iran, Spain, and Australia. Suprem-
acy in raisin production, though not in ex-
ports, has passed to California, where
Thompson Seedless (Sultanina) is the lead-
ing raisin grape. The significance of this
change is shown by the fact that before
1890 the United States imported 35 to 40
million pounds of raisins per year, whereas
in recent years imports have been negligi-
ble, but exports range between 100 and 250
million pounds. The leading foreign mar-
kets are the United Kingdom, Canada,
Sweden, France, and the Netherlands.  Fu-
ture development of the California raisin-
grape industry is dependent on markets,
because sufficient ]ané is available to pro-
vide several times the present output.

CurranTs. In contrast to the wide dis-
tribution of plums is the extremely limited
distribution of currants, a form of seedless
grape. They are grown in continental
Greece and on some of the outlying islands.
The name currant is a corruption of Cor-
inth, the seaport long famous for exports of
this dried fruit. The total annual exports
of Greece arc normally about 130 thousand
tons. American imports of currants nor-
mally are about 6 million pounds per year.
nearly all coming from Greece. Although
Greece still holds undisputed first place in
the world’s currant industry, production is
increasing in southern Australia and the
Union of South Africa.

The wine-making industry. Varieties
of grapes suitable for wine production, such
as Muscat and Zinfandel, appear to be in-
digenous to southeastern Europe and south-
western Asia. Their utilization for the
manufacture of wine is one of the oldest
known industries, and Old Testament refer-
ences give evidence of the high favor in
which wine was held by ancient peoples.
Because of the rather low winter rainfall
and prolonged summer drought of Mediter-
ranean countries, good water is not readily
obtainable even now in many places. Wine
was a thirst-satisfying drink that did not
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convey disease and could readily be stored
for use when needed.

From an American point of view, the
amount of wine produced by the leading
Mediterranean countries appears enormous.
The output has mounted to over 5} billion
gallons annually, France alone accounting
for 1 to 2 billion gallons per year. Italy
is the next important producer, and other
countries of high rank are Spain, Algiers,
and Portugal. Although approximately 75
to 80 per cent of the wine is consumed in
the countries where produced, it is never-
theless a leading export. In Spain. and
especially in Portugal, the wine exports arc
among the important sources of national
income. Northwest Europe and Canada
are the principal markets, but Mediterra-
nean wines are shipped to nearly all parts ot
the world.

The other regions of summer-dry sub-
tropical climates—California, Central Chile,
South Africa, and Southern Australia—have
wine industries, but none has approached
the wine industries of the Mediterranean
countries in economic importance. This
may be owing in part to the fact that wine-
making depends on skill, and that it takes
time to develop this skill in the newer cen-
ters. Reputation is another major factor;
the high reputation acquired by the Medi-
terranean countries through centuries of
wine-making now serves as an economic
asset of tremendous value. Other regions
will find this a difficult hurdle to overcome
in open competition. The tendency to imi-
tate European wines and claim equivalence
for what are dissimilar products has been of
doubtful benefit to certain of the non-Medi-
terranean wine regions.

The Citrus Fruits

The orange, lemon, lime, and grapefruit,
together with several other citrus fruits less
widely known, are important commercial
products of the subtropical lands. In a
way they may be said to be commercially
the advance guard of the tropical fruits to
enter cool-climate markets. The two quali-
ties which are most effective in promoting
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trade in citrus fruits are, first, their acid
flavor combined with pleasant taste and
health-promoting qualities and, second, their
thick, oily, and bitter skins, which serve to
protect them from insects and from bruises
in shipment. The warm subtropical to
tropical lands of southeastern Asia—China
and Indo-China—are the ancestral homes
of the citrus fruits. From southern Asia,
sweet oranges were introduced into the
Mediterranean countries by the Portuguese
in the latter part of the fifteenth century,
and thus a beginning was made of an im-
portant and enduring industry. From
Spain, the citrus fruits were carried to the
New World, and they now are cultivated
in nearly all the tropical and subtropical
lands of the world (Illus. p. 167).

Citrus fruits are produccd most success-
tully under conditions of high temperatures
and sunny days.  The summer-dry subtropi-
cal regions lack a sufficiency of rainfall dur-
ing the warm season. but where water can
be supplied by irrigation, couditions are
optimum for growth. Inasmuch as oranges
and lemons are of leading commercial
significance in regions of Mediterranean
climate, they will be discussed here, al-
though areas of important prorfotion lie in
regions of humid subtropical climate.  Con-
versely, grapetruit will be discussed in
Chapter Eleven, as the major area of pro-
duction lies in the humid subtropics.

Lemons. The lemon was the first of the
citrus fruits to be introduced into Europe.
The healthful qualities of lemons have long
been recognized. The British Merchants
Shipping Act of 1867, still in force, specified
that every British ship destined for coun-
tries where lemon or lime juice cannot be
obtained must provide a sufficient supply
to give one ounce of such juice daily to each
member of the crew. This measure was in-
tended to prevent scurvy; its effectiveness
is now known to be due to the high vitamin
content of citrus fruits.

The lemon tree does not grow tall; it
rarely reaches a height of more than 10 to
12 fect. A mild climate with much sun-
shine and without freezing temperatures,
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with fertile soil and an ample water supply,
are the essentials for successful lemon pro-
duction. In southern California 12 inches
of irrigation water per year are needed to
supplement the natural rainfall. The crop
is picked during winter and spring and
stored to meet the heavy summer demands.

The two most-feared dangers are tungus
discases and frost. A fungus disease has
caused serious losses to the lemon growers
of Italy. To prevent this fate, the growers
in California take great care to insure ample
light and air to all parts of the tree.
Pruning is scientifically done, trees are
spaced so as to avoid overcrowding, and
spraying, is carried on methodically to
destroy insccts and to limit fungi. When
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Our imports, which averaged 2} million
boxes annually from 1909 to 1913, bhave
been negligible since 1937. Italy, long the
unchallenged leader, now stands second,
with an annual production of about 10
million boxes in normal years.  Brazil, with
an annual production of about 1} million
boxes, forged ahead of Spain tor third place
about 10 ycars ago. Many other countries
with subtropical arcas produce lemons, but
of these only Argentina, Chile, and Pales-
tine have shown notable increases in pro-
duction during the past decade (Illus.
below).

Oranges. The orange is widely grown
in tropical and subtropical lands the world
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danger of freezing is imminent, oil-burning
heaters are placed throughout the groves,
and it possible a liberal supply of water is
run into ditches and laterals. These opera-
tions involve care and cost, but results have
justified them.

The increasing competition with other
citrus fruits has produced a stationary
situation in the lemon industry.  The lemon
groves of Italy and Spain are nearly all in
bearing and there is a declining tendency in
production. In California, however, a
large proportion of the trees have not yet
attained full maturity, and therefore produc-
tion is on the increase. The United States
(California) is now the world’s principal
lemon producer, with a harvest of 11 to 17
million boxes (79 pounds each) annually.

over. In some places, such as parts of Par-
aguay and Brazil, the natural conditions are
so friendly that the tree grows wild. Al-
though production on a noucommercial
scale is widely distributed in some of the
warm humid lands, especially in Japan and
southern China, commercial production
centers largely within the regions of sum-
mer-dry subtropical climates, each of which
has an important orange industry. Impor-
tant centers of commercial production have,
however, developed in some areas of more
humid climate, such as Florida and Brazil
(lus. p. 169).

The growing of oranges has long been
important in the Mediterranean countries
because of the warm temperatures that favor
such a frost-sensitive crop. Large export
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markets are provided by the millions of
people of northem and western Europe
who are readily reached by numerous rail-
road and steamship lines.

Oranges arc of many varieties but fall
into two principal classes: the sweet and the
bitter. The former is by far the more im-
portant and is the kind generally reterred
to. The bitter orange is grown to some ex-
tent in Spain, chiefly for its rind, which is
used in the manufacture of English marma-
lade and of curacao, a liqueur that has long
had world fame as a unique product of the
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Europe are increasing. Northwest Europe
is the principal market, the United King-
dom and Germany normally taking about
60 per cent of the total exports, while
France, Belgium, the Netherlands, and the
Scandinavian countries take lesser amounts.
Shipments of Spanish oranges begin in No-
vember and continuc heavy until May or
June, after which the movement is ncgligi-
ble.

The total production of oranges in Spain
ranges from 20 to 35 million boxes (70
pounds equivalent) per year. Present in-
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Orange production by leuding countries. Quantities are expressed in boxes of 70 Ihs. net weight each.

Netherlands.  There are many kinds of
sweet oranges, but their ripening periods
are such as to divide them into two main
groups: winter and summer oranges.
ORANGE PRODUCTION: MEDITERRANEAN
COUNTRIES. Spain leads all countries in ex-
ports of oranges and is third in production,
surpassed only by the United States and
Brazil. The producing districts lic mainly
along the Mediterranean coast, the province
of Valencia being the leading center. Most
of the Spanish oranges move by water to
the countries of western Europe, but the
rail shipments across France to central

dications are that Spain will be able to
maintain its leading position as an orange-
exporting country, furnishing usually well
over half of the total entering international
trade.

Italy ranks about fifth or sixth in pro-
duction but is an important exporter; of the
total crop of 8 to 13 million boxes, 35 to 40
per cent are exported. Lack of standard
methods of grading and boxing formerly
handicapped the sale of Italian oranges in
foreign markets, but great improvement in
these particulars has been made in late
years. Italy’s location is advantageous in
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respect to the markets of central and east-
ern Europe. Production seems to be about
stationary, no marked changes in output
having been reported in recent years.

Palestine has lately become a major pro-
ducer of oranges, with an annual crop of
5 to 10 million boxes. Exports have in-
creased to such an extent that recently
Palestine was the second major exporting
country, following immediately after Spain.
In 1939 exports reached the record figure of
12,500,000 boxes.

Less important producers of oranges are
Algeria, Syria, Egypt, Greece, Tunisia, Tur-
key, and Cyprus. As a whole, the Medi-
terranean region promises to hold its place
as a major citrus fruit producing area, fa-
vored as it is by soil and climate and by
ready accessibility to the world’s greatest
markets.

SouTH AFRICA AND AUSTRALIA.  Although
the quantities are small when compared
with the Mediterranean region, oranges
have been produced on a commercial scale
in the Union of South Africa and in Aus-
tralia for a number of years. Especially in
South Africa expansion has been rapid, pro-
duction increasing from an average of
2,280,000 boxes during 1930-1934 to 6.860.-
000 in 1943, but decreasing to 4,000,000 in
1946. The British Isles provide the most
important market for the Union, while most
of the Australian exports go to New Zea-
land.

Soutti AMERICA. Except in Brazil, the
production of oranges in South America is
chiefly for home consumption. Brazil, now
in second place, shows a definite trend to-
ward substantial increase in both produc-
tion and exports, a movement encouraged
as a national policy in order to lessen the
dominance long held by coffee. Brazil's
production during the years 1941 to 1946
was estimated at from 27 to 36 million
boxes. Brazil produces the navel—a seed-
less so-called winter orange also important
in California—and markets it during our
summer. Thus the Valencias of Spain and
the United States are beginning to meet
heavy competition from the navels of Brazil
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in the great import centers of the Northern
Hemisphere.

Jaran anp Cuina.  China, the probable
home of the orange, is an important pro-
ducer, but complete data as to quantities
are not obtainable. Most of the oranges
are consumed locally and do not enter the
channels of foreign trade.

In orange production Japan ranks fourth
among the countries. Before World War
II the crop averaged about 16,000,000
boxes. About 75 per cent of the Japanese
oranges are tangerines, known also as man-
darins, The chicf markets include Korea,
Manchuria, and the near-by provinces ot
China, although normally considerable
quantities are shipped to Canada and the
United States.

Of course, neither Japan nor China has
the Mediterranean type of climate. Or-
anges are grown without irrigation in the
humid subtropical areas in the southern
parts of those countries.

Tur, UNrTeDp STaTES. The United States
has become the world’s largest orange-
producing country, and the trend here, as
in most other orange producing centers, is
definitely upward, with annual output of
over 117 million boxes having been rgached
in 1946. California and Florida arc the
two principal areas, both large and capable
of greatly increased output; lesser quanti-
ties are produced in Texas, Arizona, and
Louisiana. Wherever oranges are grown,
subtropical temperatures are found, but
the rainfall varies from humid Florida and
Louisiana to summer-dry California.

Florida was the earliest region of large
production.  After the Civil War, northern
Florida found orange production highly
profitable, and therefore extensive plant-
ings were made. Several setbacks by cold
waves caused moderate losses, then came
the disastrous freezes of the winter of 1894-
1895, during which even the trees were
killed. These disasters led to a shift in
the commercial orange culture to the south-
ern half of the state, where losses by frecz-
ing were less likely to occur. Since 1920
great expansion has taken place, and Flor-
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ida has reached a high place in the winter
Valencia juice-orange trade.

The orange groves of California are sub-
ject to greater winter cold than are those
of Florida, but the damage is not so great
because the temperatures are more stable
and arc not interspersed with warm spells
that bring the trees into active growth.
For protection against frost, nearly all or-
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California has long been noted for its
production of navel oranges for the winter
markets. Economic success was achieved
because of the favor with which these large,
richly colored, seedless oranges were re-
ceived in the markets. During the past
decade or two, however, the California
navels encountered increasingly keen com-
petition from the seed-containing but juicy

Courtesy Chamber of Commerce, Los Angeles

Orange gioves, Los Angeles County.

chards are equipped with oil-burning heat-
ers which can raise the air temperature sev-
eral degrees. Irrigation is of course neces-
sary during the dry summers. Extensive
and highly efficient irrigation systems have
been developed. The mountains rising
back of the coast have furnished the neces-
sary catchment areas, but even so the local
water supply is not sufficient to furnish
irrigation water for all the available land
(IMus. above).

and well-flavored Florida product. Lower
prices ruled, and as a result growers began
to favor the Valencia oranges. At present,
Valencia oranges constitute about three-
fifths of the total California crop. The in-
creasing demand for orange juice and
orangeade has been an important factor
in bringing about this new trend. How-
cver, California navels still bring higher
prices in eastern markets than do Florida
oranges, though in some years the greater
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cost of shipping across the continent nulli-
fies the advantage to the growers ot the
higher price.

A third, though smaller, center of orange
culture is developing along the Gulf Coast
of Texas. Planting is actively going on,
and production increased from an average
ot 2,539,000 boxes during 1935 to 1944 to
4,800,000 in 1945. But Texas, like Florida,
must take into account the danger of frecz-
ing when the unwelcome northers sweep
down to the Gulf from the cold interior.

There is a striking upward trend in or-
ange-growing in the United States. Aver-
age annual producti(m increased trom 21.-
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Spain, Italy, and Palestine. The American
export trade in oranges is encountering in-
creasing competition from the expanding
output of the Mediterranean countries in
winter and of South Africa and Brazil in
summer.

Viewed as a whole, the role of the orange
industry in the countries with summer-dry
subtropical climates is impressive, thanks to
irrigation and marketing methods. The
per capita annual consumption in the
United States increased from less than 7
pounds in 1900 to more than 60 pounds in
the late 1940s. This figure indicates the
high favor in which oranges are held. For-
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400,000 hoxes in 1915-1919, to 67,300,000
boxes in 1935-1939, a jump of over 200 per
cent in two decades. The total crop of
1941 reached the figure of 85,163,000 boxes
of 70 pounds each and in 1946 was esti-
mated at 118,680,000 boxes (Illus. above).

The market for American oranges is
primarily domestic, and until recent years
the United States exports werc confined
largely to the Canadian market. The
larger crops of later years have led to ship-
ment of sizable quantities to Europe,
notably to the United Kingdom. These
shipments have been mostly Valencias for
the summer market, since the navels en-
counter insurmountable competition with
the large supply of low-priced oranges from

tunately, an ample supply to meet future
demands is assured by the increasing out-
put of the producing regions ot the world.

Early fruits and vegetables. The Medi-
terranean climates are centers of production
of carly truits and vegetables for northern
markets. There is an increasing shipment
of so-called “primeurs,” carly potatoes, veg-
etables, and fruits from northern Atrica,
Spain, southern France, and Italy to the
areas of dense population in northwestern
Europe. In the United States, the ship-
ments of melons and head lettuce from
southern California to the northern and
eastern markets call for trainloads of freight
sent across country at express speed. Cen-
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tral Chile is profiting by a growing trade in
fresh fruits and melons which can be sold
in the northern markets in winter when
local produce is unobtainable. Early mar-
kets arc always relatively high-priced mar-
kets. Thus, the ability to provide out-of-
season produce is of distinct advantage to
the centers of production, and it adds mate-
rially to the standards of living in the areas
served. The mutual advantage of trade to
both seller and buyer is well illustrated in
this traffic.

Conclusion. Earlier in this chapter we
mentioned the fact that through the handi-
cap of the dry summer, and the necessity to
develop irrigation, the Mediterrancan cli-
mate has been conducive to the early de-
velopment of more highly organized forms
of socicty in the lands surrounding the
Mediterranean sea.  Here were the centers
of the Hebrew, Egyptian, Greck, and Ro-
man civilizations. In the modern world,
regions of this type of climate include pro-
gressive centers in Australia, South Atrica,
central Chile, and Calitfornia. These re-
gions present a diversity of activities and
products not excelled anywhere. Their
winters, with mild temperatures and in-
vigorating sunshine, attract visitors and set-
tlers by the thousands.  Their surpluses of
truits and vegetables are important addi-
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tions to the world’s food supply. Al in all,
the world of today owes much, in heritage
trom the past and in production of the pres-
ent, to the lands witE this type of climate.
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Chapter Eleven

REGIONS OF

HUMID SUBTROPICAL CLIMATE

THE HUMID SUBTROPICAL CLIMATE
of the castern sides of the continents con-
trasts distinctly with the even temperatures
and dry summers of the Mediterranean
climate of the west coasts. The ecastern cli-
mate has greater seasonal changes in tem-
perature, and there is rainfall at all seasons
except in China where winters are rela-

tively dry.

Character and Distribution of
Humid Subtropical Climate

The humid subtropical climate, most im-
portant in the southeastern United States
and southern China, prevails in the castern
parts of all land masses of continental size
between the latitudes of approximately 25
to 35 degrees from the equator (20° to
30° in China). (See Map of World Cli-
matic Regions.) It sometimes is called
the cotton-belt climate because of the im-
portance of cotton production in some of
the regions. This type is transitional be-
tween the tropical climates toward the
equator and the intermediate climates pole-
ward; unlike the Mediterranean climate, it
lacks a unique, distinctive character of its
own.

Temperature. The humid subtropical
regions have growing seasons of ten to
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eleven months, but there is the possibility of
trost occurrence during one to tour months
cach ycar. At the equatorward margins,
there is a probability of frost only during
the coldest month, whereas along the cooler
margins frosts are expected during the
three or four coldest months. The aver-
age temperature of the coldest month, how-
ever, is above 43°F. (6°C.), so that in many
places there is but relatively bricf interrup-
tion of growth of the hardier types of vege-
tation.

Summers are warm but do not register
the extremely high temperatures reported
from the interiors of the continents farther
poleward. For example, in midsummer a
trip from Kansas City to New Orleans is
likely to carry one from scorching heat to
just warm sumnmer weather. In southern
Mississippi, Alabama, and Georgia prac-
tically all summer days show thermometer
readings well below the maxima reached on
the plains of Nebraska and Kansas. Never-
theless, the summers in the Cotton Belt
are more enervating because the nights are
warmer, the humidity is higher, and sum-
mer is much longer than farther north. The
“sensible” temperatures, that is, temper-
atures as they are fclt by the human body
rather than read off the thermometer, are
relatively high. (Illus. p. 175.)

The winters are mild, and much vegeta-
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tion remains green throughout the coldest
months. Snowfall is rare in thc¢ warmer
latitudes and occurs only during the se-
verest weather in the cooler arcas. In the
United States the most distressing features
of winter are the cold waves which occur
when masses of cold continental air from
the interior penetrate all the way to the
sulf Coast and castward to the Atlantic,
causing severe damage to crops and physi-
cal discomfort to man. In China, also, win-
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ter temperatures arce rather severe in the
lowland areas along the Yangtze exposed
to the sweep of cold winds from the in-
terior, whereas regions which are near the
coast or are protected by mountain ranges
have mild winters,

In the humid subtropical regions of the
Southern Hemisphere, temperature changes
during the winter are much less pro-
nounced than in like regions in the North-
ern Hemisphere. This is due to the pre-
dominance of marine influence—result of
the lack of land masses poleward. Winters
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are milder and temperatures are less vari-
able.

Winds. The winds are generally light
and variable. In the summer, warm tropi-
cal winds predominate. This is particu-
larly true in China and the United States
because of the monsoonal conditions
brought about hy the large land masses of
Eurasia and North Amcrica. As winter
approaches, the belt of cyclonic storms
reaches these regions, becoming dominant
in the cooler portion, but only partially so in
the warmer. In the United States, the cy-
clonic storms, with occasional cold waves,
are encountered more and more intensely
and frequently as one goes northward in
this area from Florida to Virginia. In
China, the in-blowing monsoon dominates
the summer and cold, out-blowing monsoon
winds rule the winter. The climate of
southern China therefore exhibits greater
seasonal differences than do other humid
subtropical areas. The winters are drier
and considerably colder than one would
expect judging by latitude, whereas in the
other regions the winters are short, mild,
and rainy.

During the latter part of summer, tropical
hurricanes occasionally reach the coasts,
causing serious damage to crops and ship-
ping. Although usually less vigorous than
in tropical latitudes, they constitute a men-
ace to orcharding and city building that
must be reckoned with along the Gulf and
South Atlantic coasts of the United States
and in southern China and Tonkin. Since
these late summer storms are most likely to
occur when crops are approaching the har-
vesting stage, they often cause severe losses.
Damages to orchard crops may be espe-
cially serious, because often the trees as
well as the truit are destroyed.

Rainfall. The rainfall is heavy, the
annual average ranging from about 35 to
over 60 inches. On the whole, the average
in regions of humid subtropical climates is
more than double that of the Mediterra-
nean regions. Furthermore, except in
China, the rainfall is more evenly distrib-
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uted throughout the year. In the south-
castern United States there is no prolonged
dry period (Illus. p. 175), but since the
autumn usually receives less rain than do
the other seasons it is often called dry.
Most of the precipitation occurs as rain, al-
though some snow falls every winter in the
northern  sections.  Along the southern
margin snow is rare, in some 1)]21(‘('5 un-
known.

The high relative humidity which pre-
vails in winter causes even the mild temper-
atures of that season sometimes to feel raw
and disagreeably cold. Since the houses,
as a rule, are not built to withstand cold
and are not provided with heating systems,
during the winter season poorly clad people
shiver and shake and hope for spring.

Climatic conditions in the other humid
subtropical regions of the world bear a gen-
eral resemblance to those in southeastern
United States, but they difler in some
phases.  Southern China, for example, has
much more distinctly seasonal variation in
raintall (Ilus. right). The southerly winds
of the summer monsoon give rise to high
temperatures and much rainfall; the north-
erly winds of the winter monsoon are cold
and dry.

The humid subtropical region of South
Amcrica extends northward to the truly
tropical conditions in Brazil and Paraguay
and southwestward to the semiarid plains
which lie at the foot of the Andes.  Within
this extensive region, the rainfall conditions
vary widely. Precipitation is well dis-
tributed and generally quite dependable
in the heart of the River Plate area, but
toward the margins of the region, especially
on the westward front, it is lower and less
dependable. Severe droughts, which often
result in heavy losses in grain and forage
crops, are not infrequent there.

Native vegetation. Under prevailing
conditions of abundant raintall and mod-
crate temperatures, forests are the predomi-
nant native vegetation, as they are in humid
lands bordering to the north and south.
The humid subtropical lands lack a distinc-
tive vegetation type of their own. Savan-
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nas, or grassy plains, are usually limited to
areas such as occur in some of the low-lying
islands and on the tidal flats of the Caro-
linas, where the ground is so water-soaked
that trees will not thrive. The Argentine
Pumpa is, however, a conspicuous exception
to this prevalence of forest. The original
vegetation of the Pampa was a treeless
grass steppe, consisting in the more humid
sections ot a closed grass cover, but in
many areas of tall bunch grasses. The
former constitute the so-called pasto tierno
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ITumid sub-tropical climate (monsoon variant),
Average temperature and precipitation for Amoy,
southern China,  Altitude 12 feet, total precipita-
tion 47 mches.

(soft grasses), the latter the pasto duro
(hard grasses). This prevalence of grass
vegetation was probably due only partly to
climatic causes, and largely to the fact that
much of the Pampa is underlain by eolian
loess deposits, or alluvial redeposited loess.
At present little remains of the original
vegetation. Much of the land is in crops,
and trees have been planted in and around
the settlements.

Three broad groups of trees are domi-
nant: the broad-leaved evergreen, the
broad-leaved deciduous, and the narrow-
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leaved evergreen. The first group is an ex-
tension of a type common in the tropical
rain forests. The other two groups, much
the most common in this climate, arc eaten-
sions from the intermediate climates farther
poleward. Where winters arc mildest, the
broad-leaved evergreens are most numer-
ous, magnolia (Illus. below) and live ouk
being among the best known.  Thus, along
the warm margins of these climatic areas, as
in Florida and along the humid Gult Coast
of southeastern United States, in southern

China, in northern Urugnay, and in south- §

ern Brazil, the broad-leaved evergreen trees
predominate on the better soils.
Along the poleward margins the winters

Courtesy U S Forest Service.

Evergreen magnoha tree near Gulfport, Mississippi.
Exceptionally large, has 80-foot spread.

are sufficiently severe to induce seasonal
leaf fall. In these arcas the broad-leaved
deciduous forest is dominant on the richer
Jands, oaks and poplars being the most com-
mon representatives, Narrow-leaved conif-
crous forest is found on the higher lands
with thin soils and on lowlands with poor,
sandy soils. Thus, extensive pine forests
characterize the sandier portions of the
Cotton Belt of the United States (Illus.
right) and the Araucaria, another conifer,
flourishes on the hilly lands of parts
of southern Brazil. Southeastern United
States was for years the principal source
of supply for yellow pine lumber for do-
mestic arkets. The industry, however,
has carried on logging operations so ruth-
lessly, without any attempt at reforestation,
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that the timber supply of the South now is
seriously dep]eted. In general, the cut-
over pine lands are not agriculturally pro-
ductive; large areas are suitable only for
forest and should be so utilized. The tung
industry of the Gulf states is one of the
few adapted to utilization of the cut-over
lands. The lands where broad-leaved

vegetation abounds are the ones best
adapted for agriculture.

Courtesy U, S. Forest Service

Long leaf yellow-pine forest in Louisiana

Soils. Inasmuch as the regions of hu-
mid subtropical climates are transitional
hetween the seasonal warm and cold of the
middle latitudes and the all-year warm of
lower latitudes, and between the humid
coastal arcas and the drier regions of the
interior, it is not surprising that the soils
likewise should show transitional charac-
teristics. The influence of the prevalently
higher temperatures in the equatorward
areas is reflected in the distinctly reddish
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soils, while in the poleward areas the soils
generally have a yellowish color. In the
warmest, most humid areas, lateritic soils
similar to those described in Chapter Seven
are not uncommon. In gcneml, the ma-
ture soils are of the groups known as the
red and yellow soils.

Because of the high rainfall, the soils are
so fully leached that they are weak in lime
and other soluble mineral salts and there-
fore belong to the general group of the
}wda]fcrs. Structurally they vary from
airly stable soils, similar to those in cooler
climates, to weak soils, such as are com-
monly found in the tropics. Inasmuch as
soils with weak or poor structure entail
heavy costs in labor and fertilizers it pro-
ductivity is to be maintained, wise selection
of lands is necessary for successful agri-
culture.

The alluvial lands are in general the most
productive. In southern China, agriculture
is practically limited to the flood plains
along the numerous streams; among these,
the plains of Szechwan on the upper
Yangtze River, the plains of Tungting and
Poyan Lakes, and the valley and delta of the
Si River are the largest and the most
densely populated. In North America, the
Mississippi is bordered by a notable belt of
very rich alluvial soil. In Argentina, the
broad plins of the Pampa have young
loessal (colian) soils of high fertility, to
which much credit must be given for the
successful agricultural development of that
region.

In southeastern United States the upland
soils are relatively poor and require con-
tinued application of large amounts of fer-
tilizer an({’ labor for profitable production.
This is a decided handicap when the crops
must be sold in competition with those of
soils upon which such costs are lower.
From a climatic point of view, corn can
be raised successfully, and good yields are
obtainable; nevertheless, corn is of slight
importance as a commercial crop because
farther north in the United States it yields
more heavily and with less expense for
fertilizer. Cotton, like corn, can be grown
only with the use of heavy applications ot
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fertilizers, but unlike corn the crop does not
have to compete in the market with one
raised without such expense.

Land Utilization

Agriculture. The humid subtropical re-
gions are capable of producing a fairly wide
variety of crops especially on the better
soils. The growing scasons are long, the
winters are short and mild, and the rainfall
is sufficient. However, many areas such as
the sandy regions of the American South, or
the hilly land of southern China, have poor
soils while in regions of medium fertility
soils lcach easily, and the problem of
maintenance of fertility must be met.

The transitional character of the humid
subtropical areas applies to their crops as
well as to their natural conditions. They
have few distinctive crops not shared b'y
areas of other climates.  In southern China
and southeastern United States, the warm
margins raise subtropical products, whereas
the colder margins produce temperate cercal
crops. The Pampa region has cooler sum-
mers, moderate rainfall, and excellent soils.
Partly as a result of these circumstances,
corn, wheat, alfalta, and cattle raising pre-
dominate.

In southeastern United States cotton still
is king, though over a shrunken realm. In
central China cotton is important as a sum-
mer crop, but there and in southern China
rice is the main grain crop.  Although httle
cotton is grown in the humid subtropical
regions of South Africa and Australia, it is
of such great importance in America that
the term cotton belt climate is, perhaps,
justified to designate the type.

In the United States the agriculture of the
humid subtropical region rests broadly upon
a three-fold basis. In the extensive middle
zone cotton is the dominant crop. This
zone is flanked on the south by a belt in
which the growing of citrus fruits, early
vegctables, and berries predominates, and on
the north by a belt of mixed farming: cotton,
corn, oats, wheat, and tobacco. Through-
out the region corn is grown for local use as
food for animals and man. In the Cotton
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Belt, corn dishes such as corn pone and
johnny cake are much more popular than in
the Corn Belt to the north.

Livestock. Although the humid sub-
tropical climate is, in general, friendly to ani-
mals as well as to plants, it is not noteworthy
for livestock production. Feed is plentitul,
but the native grasses lack the high nourish-
ing qualities which are characteristic of the
grasses in cooler climates. Insects are so
numerous, especially ticks, that they are a
serious handicap to the development of a
dairy industry. The ravages of ticks can
be controlled by dipping the cattle at fre-
quent intervals, but since the effectiveness
of this method of control depends on its
usage by all, organized enforcement is
necessary—and that adds to the expense of
production.

Since horses do not thrive well in regions
where summers are long, warm, and humid.,
mules, which are much more tolerant of
these conditions, are the most conmonly
used draft animals. The mule has long
been the mainstay of cotton production.
Working cither singly or in a two-mule
team, his presence was as essential to the
American cotton hmdscupc as the Negro
cottage with its Judas tree.  However, the
general introduction of tractors, and ma-
chine methods of cultivation and harvest-
ing now in progress, are bringing about
a change to less picturesque but more
efficient methods of production. Hogs
abound, usually lean and fleet of foot, quite
in contrast to their rotund cousins of Iowa.
Poultry are kept as adjuncts to the farm
because they convert into palatable foods
what would otherwise be wuasted. In the
humid subtropical area of the United States
cattle ranching is carried on extensively in
areas where land values are low and grasses
arc fairly plentiful, and dairying has de-
veloped where market and other conditions
are especially favorable. The increase in
livestock raising in the southern United
States in recent years, based upon mainte-
nance of sod on steep slopes and the use of
legumes in rotatiun, represents a marked
improvement in land use. However, these
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livestock industries do not find it easy to
compete with regions of cooler climate,
more nutritious grasses, higher yiclding
crops, and fewer insect pests.

In China, the great density of population
is not conducive to livestock raising, as it
is more efficient to utilize food directly
than through the intermediary of animals.
However, the efficient hog is very impor-
tant.

A signal exception is the Pampa region of
Argentina, where the production of beet
plays a leading role. For a long time cattle
ranching was the only industry in this re-
gion, but as the population has increased,
cattle raising has been supplemented by the
production of wheat and corn for export.
However, as yet, less than half of the Pampa
is under cultivation, and cattle raising, in
association with the production of feed
crops such as alfalfa, remains a major phase
of agriculture. In southeastern Australia,
also, the livestock industry, especially dairy-
ing, is very important.

Cotton

Although the agricultural activities in
humid subtropical regions are quite diversi-
fied, cotton is an outstanding cash crop.
The world's greatest area for the commercial
production of cotton lies in the regions of
humd subtropical climate in southeastern
United States and in the iﬂr_ne_(‘]iately ad-
jacent portions of drier and cooler climate to
thewest and north.  Much cotton is grown
also in tropical savanna areas, as in India
and Uganda. With the aid of irrigation,
high-quality cotton can be grown success-
tully in regions with warm steppe and
desert climate, as in California, Turkestan,

Peru, and Egypt.  (Illus. p. 180.)

Climatic requirements. In the United
States, cotton 1s grown only where the frost-
less season is more than 200 days and where
the average summer temperature does not
Tall below 77°F. During the period of
vegetative growth sunshine must be abun-
dant, and the nights as well as the days

must be warm. As a result of these rather
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exacting temperature requirements, the cul-
tivation of cotton is found only from the
tropics to the warmer parts of the temperate
zone.

The cotton plant needs a moderate
amount of moisture, well distributed
throughout the growing period. An annual
rainfall of 30 to 45 inches, or its equivalent
in irrigation water, is considered most favor-
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arid climates, cotton can be raised only with
the aid of irrigation (Illus. below).

Historical ~ significance. Cotton was
used for the manufacture of coarse cloth
by the Indians of northern South America,
Central America, and the West Indies be-
fore the arrival of whitc men. It was a
cultivated plant in India before the dawn

Courtesy U S Burcau of Reclamation

Imgatimg cotton in San Joaquin Valley, Calif. Efficient water usage necessitates watchful care.

able. During the harvesting season, how-
ever, comparatively-ffry weather is essential,
because the quality of the cotton fiber in
the open boll is impaired by rain and high
humidity. As the areas of rainy tropical
climate generally lack a pronounced dry sea-
son, cotton cannot be cultivated successfully
there. On the other hand, tropical savanna
and humid subtropical climates usually have
long enough dry periods in the fall to favor
cotton harvesting. In Mediterranean or in

of history and was grown in Egypt as early
as the fifth century B.c. Not until the end
of the eighteenth century, however, was
the cotton fiber first used by the textile in-
dustries of western Europe. At that time,
most of the raw cotton came from the
Near East, although small quantities were
imported from the West Indies and the
Guianas. The fiber had to be separated
from the seeds by hand or by primitive
machinery. This laborious and costly
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method made cotton too cxpensive for
general use in cloth manufucture. The in-
vention of the saw gin by Eli Whitney in
1798 made possible cheap mechanical sepa-
ration of fiber and seed.

The spectacular growth of the cotton in-
dustry in England and in New England
opened the first chapter of the Industrial
Revolution. Cheap machine-made cotton
cloth began to replace linens and hand-
made cottons in many parts of the world,
thus creating an immense market. In re-
sponse to the increusim% demand, cotton
acreage rapidly expanded, especially in the
United States.  In the South, cotton began
its rule which, tor better or worse, has
lasted until the present.

HUMID SUBTROPICAL REGIONS

Principal cotton regioms. Much har-
vesting of cotton still is done by hand labor.
A competent picker is able to gather about
150 pounds a day. Cotton, thercfore, re-
quires not only favorable climatic condi-
tions, but also much cheap labor, manual
or mcchanical.  Only certain sections of the
subtropical and tropical savanna regions
can meet both of these requirements.
Commercial cotton production at present
is limited to a rather small number
of well-defined regions (Illus. p. 181),
among which the most important are the
southern part of the United States, India,
Pakistan, central China, Russian Turkestan,
Brazil, and Egypt. Of secondary impor-
tance are Peru, Mexico, Uganda, the Anglo-
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Cotton pr()dn(-ll()n, prim-ipal countries.  Average 1945-1946.

Types of cotton, From a commercial
point of view, cotton is classifierd on the
basis of the length ot the fiber or the staple.
A difference of -} inch in length sometimes
makes a difference of $25 per bale in price.
Cotton with a fiber of less than 1} inches
is classified as short staple; of more than 1}
inches, long staple. By far the largest part
of the cotton crop of the world is short
staple. Staple length determines the use
to which the cotton can be put: the longer
the staple, the finer and stronger the yarn
that can be spun and the finer the cloth
that can be woven. The finest cotton
dresses use long-staple cotton. ~ Short-staple
cottons make coarse yarns and therefore
coarse cloth. Some cottons have such a
short staple that they are hardly fit for use
in the manufacture of cotton textiles, but
they, with “linters” (fuzz of cottonsced),
are a source of cellulose for the manufac-
ture of rayon. -

4
Egyptian Sudan, Korca. and Turkey. In
some years the United States produces more
cotton than all the other regions combined

(Ulus. above).

Cotton in the United States. The
United States during the decade of the
1940's has produced between 40 and 55
per cent of the world’s cotton and conse-
quently is still the dominant influence in
the world market. The Cotton Belt lies
south of the 36th parallel and east of the
100th meridian. Because of high rainfall
and high humidity during the harvesting
season, 1o cotton is grown in most of Florida
and but little within 40 or 50 miles of the
Gulf or Atlantic Coasts. Cotton is grown
on various types of soil, from sands to light
clays, but the yields are highest on the black
H.rairic soils of Alabama, Mississippi, and

exas,  aud on the bottomlands of the
“Yazoo Delta” above Vicksburg. Still
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higher yields are found in the irrigated
cotton regions of the southwestern states.
As the annual rainfall is heavy and the
ground does not have the winter protection
of treezing, commercial fertilizers must be
applied liberally to the leached soils over
all of the Cotton Belt east of Texas and
Oklahoma in order to insure cven moderate
yields of fiber.

The area in cotton has increased steadily
from less than 10,000,000 acres in 1870 to a
peak of 44,608,000 acres in 1926, and cotton
still is the leading crop in most of the
southern states (lllus. below). Since the
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has lost ground through the years,
whereas west of Alabama it has gained.
Texas now is the leading producer and Mis-
sissippi is second. In most of Texas and
Oklahoma yields of nonirrigated cotton are
low, but the farms are larger than in the
older parts of the Cotton Belt, and since all
the bolls ripen at approximately the same
time the cotton can be picked mechanically
at low cost with little wastage (Illus. B, p.
184). The dry climate of these states has
proved to bé of great advantage in limiting
the depredations of the boll weevil, which
flourishes in the more humid environment

Percentage of Total Crop Acreage
Average of 1940 and 1945
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Percentage of tilled land in cotton in the southeastern states. Cotton under irrigation is important in
Arizona and Califorma but total quantity produced is less than that of the southern states, nota ly Texas,

Mississippi, and Arkansas.

early thirties, however, there has been a
sharp decrease in acreage, and since 1933
it has usually remained well below 30,000,-
000 acres and has even dropped below
20,000,000 in 1945 and 1946. These
changes in total acreage have been accom-
panied by pronounced changes in distribu-
tion. The once solid Cotton Belt has been
broken into a few large areas of cultivation:
in South Carolina ang southern North Caro-
lina; in the Mississippi region of Arkansas,
Louisiana, Tennessee and Mississippi; in
a region on the borders of Arkansas,
Louisiana, and Texas; in eastern Texas
and in northwestern Texas. In the
Carolinas, Georgia, and Alabama, cotton

to the east. An added advantage of the
region west of Alabama is-that the soils
are more fertile so that less fertilizer is
needed.

Another factor of economic significance is
that the bulk of the crop in the American
Cotton Belt is essentially of one type. The
u}lr/laud_s_}lq_rt-st_aplg cotton, the longest of the
short-staple cottons and often referred to as
“middlings,” constitutes more than QTO,pet
cent of the total. It has considerably longer
fiber than the Asiatic cottons, and therefore
is in great demand by cotton spinners all
over the world. Production of long-staple
upland with fibers of 1} to 1} inches is
limited to certain sections, especially the
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Pecos and Red River Valleys of Texas, the
Mississippi Delta, ‘and langs in the south-
west,

Cotton has put an indelible mark upon
the entire economic and social life of the
southern part of the United States. The
plantation system and Negro labor were
largely responsible for the rapid spread of
cotton cultivation during the first half of the
nineteenth century, introducing a mono-
cultural system of agriculture with all its

Cmm« sty Awormtwn of Commerce, New Orleans. La

(A.) Cotton bolls open ready for the harvest
Shows picking by hand  This method of harvest-
ing 1s still general throughout most of the cotton
regions of the world

attendant evils. The old system of slavery
has been supplanted by a system of tenancy,
from 60 to 70 per cent of the farms in the
cotton states being operated by tenants,
while white farmers produce considerably
more than half of the crop.

Most of the cotton, especially in the old
part rt of the Cotton Belt east of the Missis-
sippi, is grown on small farms. The neces-
sity of hand-chopping and hoeing and pick-
ing by hand limits the acreage of cotton
per farm, and few other crops can be
grown because the labor peaks nearly coin-
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cide with those for cotton (Illus. at left).
The small size of the farms prevents the use
of much farm machinery, although in recent
years mechanization has increased in the
Delta area, the Texas black Waxy area, and
especially in the western semiarid sections.
With it the sizc of the farms has tended to
increase.

Until recently, mechamcal picking ot
cotton has been handicapped by inefficient
machincry; but improvements now being

Courtesy International Harvester Co

(B.) Harvesting cotton with cotton picker

made point to rapid increase in the years
immvdiatoly ahead (Illus. above). The
problem is two-fold, namely, to maintain
the grade of the picked cotton and to avoid
damage to the plant while many bolls still
remain unready for picking. For many
years educational and agricultural leaders
have been urging more diversified farm-
ing, and their efforts are at last bearing
fruit. More recently the federal govern-
ment has entered actively into the program
of planned production, and through its
influence the trend is shifting somewhat.
The use of soil-building and soil-protecting
crolps is being encouraged. The acreage
in lespedeza has more than doubled in the
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south in the last few years, and contour
plowing is now a common practice. Even
so. we may still expect cotton to remain the
major crop in large sections of the American
South.

Ordinarily, about 40 per cent of the
American cotton crop has been used in do-
mestic manufactures and 60 per cent has
been exported, principally to European
countries and to Japan. During the war ex-
ports dropped sharply, and even after the
war the exports have remained well below
the prewar figures. It remains to be seen
whether foreign countries will ever again
be able to absorb as much ot the American
cotton crop as they did formerly. The
priucipal cotton shipping ports are Galves-
ton and New Orleans.

Other  cotton-producing  countries:
INma.  Although cotton is widely grown
in India and Pakistan, the principal districts
lic in the western part of the Deccan Pla-
teau (see page 181). The climate is of the
tropical savanma tvpe, with precipitation of
20 to 50 inches and a dry period which lasts
approximately from October to June. In
the western part of the Deccan Plateau Java
sheets, comparable to those of the Columbia
Platcau of the United States, have given
rise to fertile black soils which are retentive
of moisture and do not nced irrigation.
Cotton is also grown on the ferruginous soils
of the southern part of the plateau. It is
planted in the beginning of the wet monsoon
from mid-June to mid-July and can be
picked early during the dry winter mon-
soon, usually in November and December.

In the Punjab or Upper Indus plains, and
in the Sind or Lowcr Indus Valley, irrigation
is necessary for cotton culture. The Sukkur
or Lloyd Dam, one of the largest irrigation
projects in the world, provides water stor-
age for irrigation of the Lower Indus
Valley.

Although American-type cotton is grown
in the irrigated districts, much of the Indian
cotton has such short staple, generally less
than half an inch long, tl%at‘ it can be used
only for coarser yarns and types of cloth.
Part of the crop is consumed locally or in
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the Bombay textile district, but more than
half is exported. Japan normally is India’s
best customer for raw cotton, taking nearly
half, but considerable amounts are also ex-

TaBLE VI

FstiMATED AReAs UNpER COTTON IN
CERTAIN COUNTRIES AND CONTINENTS

In 1,000 Heclares
\reas 193
‘ : 35 1913- | 1911- | 191H-
1938- i 15 16
39
Uimited States  [11,193 | 8,762 |8.097 6,977
Latin Amenca | 3,087 | 3,618 [3,033 3,083
Asia®* 13,950 [10,980%*(9,280%*(9,09()**
Alriea 2,010 1 2,110 (2,310 |2,350
Soviet Union 2,027 No No No
data | data | data

* Without Soviet Asia.

** Only part of Chia included.

Source: International Yearbook of Agnicultural
Statishies, 1941-12 to 1915-16, Bureau of the
1. A.0. 1n Rome, Vol. 1, Rome, 1947.

ported to China and to European countries.
Bombay and Karachi are the principal ports
of shipment.

Ecypr. Egypt has a desert climate, and
agriculture depends entirely upon the water
provided by the Nile River. Cotton, fa-
mous for its long, silky fiber, occupies about
one-third of the cultivated land and is
grown principally on the low, fertile, easily
irrigated lands of the Nile Delta. It is in
great demand in Furope and the United
States by manufacturers of fine yarns, finc
textiles, and automobile tires. For the
latter purpose, however, long-staple cotton
is being replaced more and more by rayon
fiber. A somewhat shorter staple cotton
is grown in_the upper delta and in the
valley. Asa whole, the production of long-
staple varieties seems to be decreasing in
Egypt.

CHiNa. The principal centers of cotton
production in China are the hinterland of
Shanghai—that is, the lower and middle
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valley of the Yangtze River—and from
there northward into the tertile delta lands
of the Hwang-ho. Although the produc-
tion is so large that China ranks as one
of the principal cotton countries, little is
available for export. Domestic demand ab-
sorbs practically the entire crop. (Illus.
p- 181.)

Russia. In Russia, cotton is grown ex-
tensively under irrigation on the fertile
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Soutti AMerica. In South America the
principal producing centers are in Brazil,
Peru, and Argentina.  In recent years Brazil
has become a major cotton exporter. ex-
cceded only by the United States, India, and
Egypt. The expansion of cotton acreage
has come not so much in the old cotton area
of northcastern Brazil as in the coftee re-
gions of Sio Paulo and in those of Minas
Gerais. It is possible that the area suit-

Courtesy Board of Commissioners, Port of New Orleans.

Bales of cotton hemg lowded m ocean-gomg steamer for export at New Orleans

loess soils of Turkestan and in Transcau-
casia. The total area has increased trom
less than 2,000,000 acres in 1910 to more
than 5,000,000 acres just betore World War
II. Further expansion in both of these
regions is probable but ultimately it will
be limited by lack of available water. Most
of the cotton is of the American upland
type. In recent years considerable cotton
has been grown also in the North Caucasus
area, the Crimea, and in the arca of the
southern Ukraine.

able for cotton growing in Brazil exceeds
that now so used in the United States. In
Peru, long-staple cotton is grown in many
of the irrigated valleys of the coastal des-
ert.

International trends. Raw cotton is
light, can be tightly compressed into bales,
and does not spoil easily. As it can be
shipped long distances at low cost, areas ot
manufacture need not coincide with areas
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of production, but manufacturers can scek
locations where power, efficient machinery,
and cheap labor are available.  As a result
of these factors, cotton has become an im-
portant article in world trade, and the
United States has dominated the world
market (Illus. p. 181).

Since World War 1 several countries,
especially the United Kingdom and France,
have been endeavoring to make themselves
more independent of American cottou.  In
the Atrican colonies of these two countries
governmental encouragement is causing a
slow but steady expansion of the acreage.
In the Anglo-Egyptian Sudan, the Gezira
irrigation project, on the Blue Nile near
Khartoum, has made possible the develop-
ment of a wew region, which produces
mostly long-staple Egyptian cotton. In
Uganda, American upland cotton has be-
come an import:mt crop. Cotton produc-
tion is incrcasing in Nigeria, Kenya, the
Congo, Algeria, and French West Africa.

All regions outside of the United States
have shown a decided upward trend since
the 1920's. Nevertheless, this country stll
is the leading producer. Continued su-
premacy depends, however, not only on
the favorable natural environment but also
on cheap labor, or echanized high-quality
production, so that the crop can be sold on
world markets at prices low enough to mect
the increasing competition with other coun-
tries.

Centers of consumption of raw cotton.
The principal cotton textile districts of the
world are in Gteat Britain, the United
States, Germany, Russia, *France, Italy,
Czechoslovakia, Belgium, the Netherlands,
and other European countries. Other im-
portant cotton manufacturing districts have
developed in recent times in Japan (Osaka,
Nagoya, and Tokyo districts), India (Bom-
bay and Madras districts), and China
(Shanghai district).

The American cotton textile industry
started in New England, where cheap water
power and a good labor supply were avail-
able. For many years that section was the
main industrial consumer of cotton. Since
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the turn of the century, however, the trend
in cotton manufacture in the South has
been sharply upward, particularly in the
Picdmont districts from North Carolina to
Alabama. As a result, the South has now
tar outstripped the North as a consumer of
raw cotton.  The old agricultural South has
become a section where manufacturing in-
terests compete for labor and for public
favor with agriculture.  This change is hav-
ing profound cffects, not only industrially
but also sociallv and politically.

Peanuts

The peanut, thought of by most people
as something to be bought in small paper
bags and caten at circuses and ball games,
is a product of great commercial impor-
tance as a source ot vegetable oil for the
manufacture of cooking oils, oleomargarine,
soap, and greasing oils and as an animal
feed. Peanuts thrive best in soils of loose
structure which are fertile and slightly
alkaline. They grow, however, also on
sandy soils where warmth and moderate
rainfall prevail throughout a long growing
season.

TasrLe VII

ProbucTioN oF PEANUTS IN PRINCIPAL
ProbuciNG COUNTRIES

In 1,000 Quintals of
Unshelled Nuts
Countries 1931
1938 1943 1944 1945
Av.
United States | 5,397 | 9,910 | 9,574 | 9,265
Burma 1,659 906 [No data| 1,148
China 25,157 126,617 {26,879 |26,939
India 27,002 | 38,843 {39,179 {31,630
French West Data | Data | Data
Africa 7,807 | incom- | incom- | incom-
plete | plete | plete
Nigeria. . 3,348 | 2,069 [ 2,238 | 2,558
Netherlands
Indies 2,408 [No data|No data|No data

Souree: Inlernational Yearbook of Agricultural
Statisties, 1911-12 to 1945-46, Bureau of the
F.A.0. 1n Rome, Vol. I, Rome, 1947,



188

Pcanuts are produced in tropical and sub-
tropical lands and even poleward of the
subtropics. In the latter regions the sced
remains smaller and the oil content lower.
Important centers of production have de-
veloped in southern and castern Asia, south-

AFRICA
208%

(A) Peanuts  Percentages of total
production by contments.

castern United States, and western Africa
(INus. above).

Principal exporting countries are India,
Senegal, Mauchuria. Nigeria, China. and
Gambia. In India, production is favored
not only by a dense population that uses
peanuts as one of several sources of edible
oils, but also by export markets in Europe.
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Peanut growing has been fostered in west-
ern Atrica by the French and British, whose
tropical colonial possessions are considered
natural sources of supply of edible vegetable
oils needed by the home countries, which
are short of fats. In China, peanuts have
become a major cash crop in the Shantung
arca and adjacent portions of the country.
The total anmual crop of China is estimated
at about 3.000,000 tous. of which from 100,-
000 to 200,000 are exported.

In southeastern United States peanats are
important in every state from Texas to
Virginia, but outstanding production is
tound in Georgia, North Carolina. V irginia,
Alabama, and Texas.  The acreage has m-
creased six-fold since 1899, onc of the most
marked increases shown by any crop. Re-
cent figures have placed the total area in
peanuts in the United States at over 4,000,
000 acres with production of about one
million tous (Illus. below).

Vegetables and Subtropical Fruits

In all the regions of humid subtropical
climate the production of truits and vege-
tables is important for local sustenance.
Commercial ~ production,  however, has
reached a greater development in south-
eastern United States than elsewhere, be-
cause the population centers farther north

GEORGIA

N CAROLINA
ALABAMA
TEXAS ro40-94c [N
1030-030 VAN 4
VIRGINIA
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PRODUCTION=~~MILLIONS OF POUNDS

(B.) Average U. S. production of peanuts by states, 1930-1939 and 1940-1946.
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afford splendid markets easily reached by
modern transportation facilitics. On the
coastal lands from Texas to Virginia, horti-
culture is the leading torm of commercial
agneulture.  The profits from vegetables
depend largely upon the possibility of mar-
keting the products before they must meet
the competition ot those grown near the

Cowrtosy Flonda Cius Exchange, Tampa, Flonda.

(A.) Grupefruit orchard with pickers at work.

population centers farther north. Growers
must, therefore, plant as early in the season
as possible and risk the danger of frost.
Potatoes from Florida and southern Texas
run a close race with those from Cuba and
Bermuda in rcaching northern winter mar-
kets, with slightly later production coming
from southern Louisiana, southern Alabama,
and the coastal strip of South Carolina.

189

Louisiana is the lcading state in furnishing
early strawberries. Southern Florida and
southern Texas have developed a large pro-
duction of early tomatoes.

Tree crops are primarily types that can-
not be produced in the cold-winter areas.
Hence, competition does not result in pres-
sure for early production, except for crops
such as Georgia-Carolina peaches.

In central and southern Flonda citrus
fruits occupy the center of the stage. There
the severity of the winter cold waves is so
modified by the warm ocean water on both
sides ot the peninsula and by the numerous
lakes which dot the surface that large-scale
production of the tender subtropical fruts
is possible. Florida vies with California
as an orange-growing state. Favored by
abundance of rainfall, extensive areas of
relatively cheap land, and large markets,
expansion m this Ime is contmuing.

Tung nuts produced tor oil are becommg
increasmgly importaut in the Gult States
from Louisiana to Florida, centering in Mis-
sissippi.

Grapefruit. The peninsula of Florida
with humid subtropical climate, and south-
ern Teaas, with an arid chmate, are the
world’s foremost centers of grapefruit pro-
duction, the two sections together account
for over 80 per cent of the world’s produc-
tion (Illus. below). Other irrigated arid
regions with nnportant grupelruit produc-
tion are Arizona, Palestine, and California.
Tropical Puerto Rico also is a significant
center. One ot the remarkable develop-
ments in recent decades has been the tre-
mendous increase in production and con-
sumption of fresh grapetruit and canned
grapefruit juice in the United States. In
1925 the total production of the United
States was one-quarter million tons; in 1945

FLorIDA
TEXAS ' ' !
ARizoNA NN | i : i !
cALIFORNIA ENEEEE | | \ i !
N BN o e e e

(B.) Grapefruit production in U. S. A., by principal states. Boxes weigh 68 Ibs., California ard Ari-
zona, 80 lbs., Florida and Texas.
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it reached the record figure of 2} million
tons. Small quantities are brought in from
Puerto Rico, but exports far exceed imports.
Most of the exports are directed toward
Canada and the United Kingdom. Al-
though expansion of grapefruit culture is
reported from the West Indies and the
other production regions mentioned, Flor-
ida (Illus. p. 189) and Texas will probably
remain the principal centers of production
in the Western Hemisphere because of
abundance of suitable land, sufficient rain
fall, or ample water by irrigation and less
danger of loss by hurricane than in the
West Indies.

Rice

Although accurate data are wanting, it
is estimated that the world production of
rice may safely be placed at about 1,500,000,
000 quintals' of rough rice annually. On
that basis the world’s rice crop exceeds that
of corn and m some years may well exceed
that of wheat. However, the inedible por
tion of rough rice exceeds that of threshed
wheat.  Rice is a major food of the wheat-
less multitudes of the Far East and the
Middle East, and is becoming increasingly
important as a basic foodstuff in Caribbean
America and parts of South America In
those regions rice is what white wheat bread
is to the European, the most desirable but
also a relatively expensive food.

It is not known where rice originated in
the dim past of early human progress.
Wild species of rice are found in the wet
swampy regions of southeastern Asia and
tropical Africa. The principal species that
was domesticated, Oryza sativa, has re-
tained all the characteristics that indicate
an original swamp habitat. There are nu-
merous varieties of rice, each with its
own particular characteristics and require-
ments, but all must have high temperatures
in order to germinate, bloom, and mature
Some of the tropical varieties will not germi-
nate at temperatures below 68°F. and
the most favorable temperature is often
considerably higher. Little rice is grown

1 One quintal equals 220 pounds; one hectare 15
2.47 acres.
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where average January temperatures fall
below freezing point.

These temperature requirements make
rice a crop of the tropics and subtropics.
Within these climatic areas, the geographic
distribution of the rice crop is limited by
its heavy needs for water. It must have
much water, both in and upon the soil.
The easiest way to supply the water is to
irrigate and temporarily flood the land.

Courtesy Plalippime Trade (‘hnmuuuu,
Washington. D C

Terraced rice fields 1n the mountams of Luzon,

Philippines.

Unlike most other crops, rice does not re-
quire air for germination; therefore it finds
a swamp habitat favorable for growth.
Rice is the only great crop that is grown on
actually flooded fields (Illus. above). Some
rice, the so-called “upland rice,” is grown
on dry, nonirrigable land, where it must de-
pend upon precipitation, but this is possible
only where rainfall is heavy. Even then
the yield is meager, and if moisture should
be a little below expectations, the crop
often is a complete failure. Heavy, water-
retentive soils, with a high clay and silt
content, underlain by a hardpan that slows
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up percolation, are most advantageous to
rice.

Distribution of production. The cli-
matic and water requirements have tended
to limit the cultivation of rice to the great,
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Japan, Formosa, Java, and the Philippine
Islands (Ilus. below).

Subsistence agriculture in the tropics,
usually primitive and extensive, often even
with migratory tendencies, has developed
unparalleled intensiveness in those regions
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Principal rice producing regions and trade in rice.

gently sloping river lowlands, dcltas, and
coastal plains of tropical and humid sub-
tropical reiions, where soils are heavy, tem-
peratures high, and moisture is plentiful.
These factors, together with the demands
for food to supply the dense populations,
account for the extensive cultivation on the
lowlands of southeastern continental Asia,

where rice is the principal crop. With
primitive implements, but with an unending
amount of care and an astonishing quantity
of labor, the land is prepared and the rice
crop is grown and harvested. The cultiva-
tion of rice represents tropical native a%ri-
culture at its best and in its most stabl
form,
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Methods of production. With an un-
limited expense of labor, the result of gener-
ations of effort, the land has been terraced
and subdivided into small holdings. Each
parcel is surrounded by a little dike to hold
the irrigation water, which is admitted or
pumped in at the upper side of the terrace
system and led slowly from terrace to ter-
race until the surplus reaches the river be-
low (Illus. p. 190). The individual rice
fields, “paddies,” or “sawahs,” or whatever
their local names may be, are prepared
meticulously. They are ploughed into a
thick, soft mud and carefully leveled.  The
primitive economy of the native tarmer and
the small sizes of the fields preclude the use
of modern machinery. About the only
kind of animal that can stand the rigors of
labor and climate is the slow, poorly dis-
ciplined carabao, or water buftalo. The
young plants. grown with utmost care and
attention in nursery beds, are transplanted
into the muddy ficld by hand.  Cultivation
and harvesting arc likewise carried on al-
most entirely by hand labor.

Social relationships. Rice cultivation
in the Orient—with the attention given in-
dividual plants and with the everlasting
care for the maintenance of terraces, dikes,
and irrigation works—is one of the most
labor-intensive types of agriculture in ex-
istence; in many places it borders on true
horticulture. Where the conditions of the
natural environment are favorable, espe-
cially where an ample supply of water is
assured, rice is one of the safest crops that
can be grown. With sufficient water, crop
failure is rare, although in some lowlands
there always lurks the danger of destructive
floods. In many sections two rice crops
can be grown in the course of a year or one
rice crop and one nonirrigated crop. This
method of rice production thus makes pos-
sible a dense population and at the ‘same
time requires a dense population because
of the amount of hand labor involved. The
areas of great rice production are for the
most part also areas where the density of
population is far above the average.

Rice production is necessarily a stable
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industry, greatly dependent upon orderly,
peaccful conditions, and therefore is likely
to develop a highly conservative small
peasantry, strongly rooted in the soil. The
co-operation and organization that are
essential elements in successful rice culti-
vation undoubtedly aided the early de-
velopment of such civilizations as thosc of
India and China.

No dietary habit seems to be more
strongly entrenched than the eating of rice,
and no agricultural habit seems to have be-
come more strongly entrenched than the
growing ot rice. The peasant of the Indian
lowlands, of Java, or of southern China
tends to grow rice wherever he goes. This
tendency may explain the cultivation ot
rice in areas which are scemingly on the
extreme margin of profitable cultivation,
as in northern Honshu, southern Hokkaido,
north China, and Manchuria. The prefer-
ence for nee coupled with the pressure of
population and the absence of adequate
transportation facilities may explain the
staggering amount ot manual labor ex-
pended upon the terracing ot hillsides—
and even of mountain fanks—in.order to
make them fit for irrigation and thus for
“paddy” rice. ‘

Western agriculture. which has always
centered around the bread grains, has given
relatively little attention to rice. In Europe,
rice is raised in only a few areas, such as
the plains of Valencia in Spain and of the Po
inItaly. Here, with the aid of modern plant
breeding and the scientific application of
fertilizers, rice has been made to yield as
much as 60 quintals per hectare. Average
yields, however, are considerably lower—
about 40 quintals per hectare for Spain and
30 for Italy. Other average yields are 26
for Japan, 18 for Egypt, 17 for China, 14.5
for the United States, and from 8 to 15 for
most other parts of the Far East.

The areas where rice could be grown are
much larger in North America than in
Europe. In many parts of the warm, rainy
South the natural environment is favorable;
before the Civil War rice was grown with
the aid of slave labor as far north as South
Carolina. It has not, however, become an
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important crop in the southcast, because of
the minor role it plays in the white man’s
diet and the amount and disagreeable type
of labor involved in its cultivation. With
modern methods adapted to American aims
of high production per worker, ricc is pro-
duced on the low, black coastal prairies of
Louisiana and Texas, in the Mississippi
lowland of northeastern Arkansas, and
in the Sacramento Valley of California.
These machine methods have been so suc-
cessful that at present the United States
produces more rice than it nceds for home
consumption, though rice has become a tra-
ditional part of the diet in French Louisiana.
Because of the high quality and mass pro-
duction of the American product, the sur-
plus is exported in successtul competition
with that grown under primitive oriental
conditions.

World production and international
trade. Since rice is grown on a small scale
for local consumption, its international
trade does not attain the importance of that
in wheat. Nevertheless, world trade in
rice has been growing steadily in recent
decades and is of vital importance to the
continent of Asia.

In the denscly populated areas of south-
em and central China, Japan, and Java,
production is not sufficient to mect de-
mands. even though part of the population
is too poor to eat rice regularly. Thesc are
the principal importing countries, to which
may be added the Philippines, Malaya, the
Outer Provinces of the Netherlands Indies,
and western Europe (Illus. p. 191). The
Philippine Islands and the Outer Provinces
easily could produce sufficient rice for do-
mestic requirements, but the interest of the
population lies more in the direction of cash
exports. Nearly all countries of western
Europe are importers of rice because their
populations were taught its use when early
colonial ventures made it available at com-
paratively low prices.

The regions of surﬁ]us production of rice
(IMus. p. 191) are characterized by excep-
tionally favorable physical environment and
by moderate density of population. India
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and Ceylon obtain most of their imported
rice from Burmna, as Japan obtained most
of its imports from its former possessions,
Formosa and Korea. French Indo-China,
Siam, and Burma sell not only to other Far
Eastern countries but also to Europe. A
large percentage of the rice sold in the East
is handled through and distributed by the
two great entrepdt ports of Hongkong and
Singapore. The only other oriental export-
ers that need be mentioned are Egypt and
Iran. The producing regions in Europe
and North America raise rice of excellent
quality, and all have considerable quanti-
ties available for exports. Rice from the
United States is exported to the island pos-
sessions, Puerto Rico and Hawaii, to Cuba
and Central America, to Europe, and even
to the Orient, while that ot Italy and Spain
goes to other European countries. The
consumptgon of rice tor food and tor in-
dustrial purposes, such as flour and starch,
has called a milling industry into life in
several western countries. Since World
War I, however, this industry has encoun-
tered a tendency for most ot the milling to
be done in the countries of export such as
the United States.

Tea

The tea shrub (Thea sinensis) is a bread-
leaved evergreen limited in commercial
pmducti(m to areas where there is no cold
season. It is, however, tolerant of a wide
range of warmth such as prevails in the
tropical and subtropical regions. The tea
bush has been known to survive as far north
as southern France, and it can be grown in
southeastern United States.

As the tea shrub is moisture-loving, its
commercial cultivation is confined to rainy
trdpical and humid subtropical regions.
The teas of commerce consist of the dried
Yr(l)ung leaves and tender sprouts of the
shrub, and the necessary vigorous growth
is possible only where rainfall is ample and
dependable and the air constantly humid.

The tea industry requires an abundant
supply of cheap labor. Plucking and pre-
paring the leaves is a tedious task, and one
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that requires considerable skill. It is im-
probable that any kind of machine can ever
be devised to perform this work. Successtul
tea plantations, thercfore, can be estab-
lished only where density of population is
high and labor costs relatively Jow. ~These
environmental and economic factors arc
responsible for the concentration of the
commercial tea industry of the world in
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the use of tea spread to Europe and other
parts of the world. From a luxury which
only the wealthy could afford, it became a
necessity and an important article of world
trade. At present, production of tea for
the world market is concentrated in India,
Ceylon, the Netherlands Indies, China, and
Japan (Tllus. below). B

There are two main varietal groups of the
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Principal tea producing regions of the world and chief exporting cities.

the countries of southern and eastern Asia.

Minor centers of production are located

clsewhere, such as in the humid subtropical

%onion of Transcaucasia in the Soviet
nion.

Historical development. The necessity
for extreme caution with drinking water
and the practice of boiling it may be partly
responsible for the early popularity of tea
among the Chinese. From the Far East

tea plant, the Chinese and the Assam. The
latter was discovered wild by the British
in northeastern India and has been domesti-
cated. It grows taller and has much larger
leaves than has the Chinese variety. While
China and Japan grow. the Chinese vari-
eties exclusively, India, Ceylon, and the
Netherlands Indies cultivate the Assam tea.

Distribution and commercial produc-
tion. India is the principal tea exporter of
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the world. The industry centers in the
flat, alluvial lands on either side of the
Brahmaputra River and in the region im-

mediately south of the Assam Hills.\* This v

part of the country has very_high rainfall,

averaging from 80 to 100 inches per ycar in
the tea regions proper. High humidity,
heavy dews, and morning fogs favor rapid
development of young leaves. From De-s
cember to February, however, this part of
India has a cool season, at which time the
shrubs remain dormant. During the rc-
maining nine months leaves can be picked
every cight or nine days.. Another impors
tant tea area is in the foothills of the Hima-
layas, near Darjeeling, where the tea gar-
dens lie at altitudes of up to 4,000 feet.
Here the slow growth of the plant, resulting
trom lower temperatures, leads to the pro-
duction_of a high grade leaf. The yield
per acre, however, is considerably less than
in the lowlands. 1n southern India tea is

grown along the rainy west flanks of the'.

Western Ghats.  There, and in neighboring
Ceylon, plantations lie at greater altitudes
than in Assam. No unfavorable season
interferes with the growth of the leaves,
and picking can continue throughout the
year.

Tea is grown in all sections of Java, but
production is most intensive on the fertile
volcanic soils of the higher districts of West
Java, where rainfall is plentiful at all sea-
sons. In recent years the Deli district on
the east coast of Sumatra has also become
an important producing area.

The tea produced in India and the East
Indies is of the black type, which requires
fermentation of the leaf, along with wither-
ing, rolling, and firing. The Assam variety
contains a high percentage of tannic acid
(tannin), and although the fermentation
process eliminates nearly half of this, suf-
ficient is left to impart to the beverage a
strong flavor and a certain pungency liked
by Western consumers.

Chinese tea, grown principally in China,
Japan, and Formosa, is more delicate than
the Assam variety. It is made into both
green and black tea. Green tea is that
which is not allowed to ferment. In China,
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production centers in the hilly belts_that
surround the Yangtze basins. ~During the
summer months the monsoons bring consid-
crable precipitation to all of southern
China, and this, together with high tem-
peratures, favors the growth of young
leaves. In most districts there are three
harvests: one in the early spring (March,
April) furnishing first-quality leaves, the
so-called Pekoe; the second in the early
sunmer (May, June) yielding leaves of
medium quality; and the third in late sum-
mer (August, September), of decidedly in-
terior quality and not entering world trade.

Production is in the hands of small farm-
exs who devote most of their time to the
cultivation of foodstuffs and grow tea as a
spare-time crop chicfly on sloping lands not
suitable for other crops. The large number
of miniature tea gardens and the nearly
complete absence of modern plantations re-
sults in a heterogencous product not so
suitable tor large-scale commercial methods
of selling. Furthermore, the methods of
manufacture are rather antiquated. As
late as the end of the nineteenth century
China was the world's most important ex-
porter of tea, but the exports have declined
greatly as a result of the competition of
other arcas which grow teas of stronger
flavor.

In Japan, tea production centers on the
Pacific side of southern Honshu, Shikoku,
and Kyushu. This part of Japan has milder
winters and reccives considerably” more
rain from the monsoons than does the west
coast. The growinj' season lasts from six
to eight months and, as in China, three to
four pickings are possible. Much of the
tea is grown in the foothills and on higher
terraces, where there is less competition
from other crops. The exports consist en-
tirely of green teas. Formosa is well
known for its production of oolong, a semi-
fermented tea.

Tea is a typically English drink. More
than three-fifths of that which enters world
trade is exported to parts of the British
Empire. It is therefore logical that the prin-
cipal tea trading center of the world should
be in London, in the Mincing Lane district.
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The only other country outside the British
Empire with a high per capita consumption
is the Netherlands. ~Although Russia is the
land of the samovar, tea has remained a
relatively expensive product. Most of the
tea imported into the United States origi-
nates in India, Ceylon, and Japan. Minor
quantities are imported from the Nether-
lands Indies and China.

Silk

Silk is by far the most expensive textile.
It is a de luxe product which only the richer
countries in the world can afford to buy in
large quantities. The United States is the
leading consumer. In China, the dassical
land of scriculture, the wearing of silken
garments was long the exclusive privilege of
the upper classes. Silk and spices, com-
pact and valuable, were the principal prod-
ucts sent to southern and western Europc
from the Orient during the Middle Ages.
In many European countries of those times
the use of silk in clothing was one of the
prerogatives of the nobility and the higher
clergy.

Silk is the product of the caterpillar of a
moth (Bombyx mori) that spins itsclt a
cocoon of silken threads when the time has
come for its metamorphosis. This cater-
pillar, usually referred to as a silkworm,
has the distinction of being cared for like
a domestic animal. It feeds exclusively
upon the young leaves of the mulberry tree,
preferably the white variety. Sericulture,
therefore, is directly dependent upon the
cultivation of this tree.

Distribution and production. The
white mulberry is primarily a tree of the
humid subtropical climate, though it can
be grown farther poleward. Only where
the winters are comparatively short and
mild, the summers warm, and moisture
fairly abundant does it form young leaves
in sufficient quantities to support large-
scale rearing of silkworms. The trees are
pruned into bush form in order to facilitate
the gathering of the leaves. As the tree
grows fairly well even upon poor soils, the
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mulberry groves can be relegated to rather
mediocre sandy or gravelly areas, or to
steep slopelands, thus leaving the better
lands for food crops.

The rearing of the silkworms is carried
on in the farm homes or in specially con-
structed sheds. Although in this way a
certain measure of protection is provided
against inclemencies of the weather, silk-
worms cannot be raised economically where
it is too cold or too warm and humid. The
silkworm needs temperatures that never fall
below 60°F. during the breeding scason;
this limits their rearing largely to areas
with a subtropical climate.

Large parts of the world are climati-
cally suitable for sericulture. Southeastern
United States, for example, has a climate in
which both mulberry and silkworm can
thrive. Nevertheless, sericulture is con-
spicuously ubsent from this country and
from some other climatically suitable lands.
The reasons arc mainly cconomic and
social. The rearing of silkworms is tedious
work, requiring infinite care and patience
and demanding vigilance both day and
night. It can be carricd on successfully
only if a large amount of cheap, conscien-
tious labor is available. Thus, the raising
of silkworms is usually a tamily industry,
carried on by the women and children of
a crowded agricultural population, where
the land alone cannot adequately support
those living upon it.

China and Japan are the main silk-pro-
ducing countries of the world. In China,
the industry centers in the densely popu-
lated area west and south of Shanghai, in
parts of the Szechwan basin, in the delta
region of the Si-kiang near Canton, and in
the Shantung Peninsula. So-called wild or
tussore silk, the product of a caterpillar that
lives on oak trees, is produced in the Shan-
tung and Liaotung peninsulas. True pon-
gee is woven from this kind of silk.

In Japan, sericulture is practiced as far
north as Hokkaido. Most of the silk, how-
ever, is produced not on the fertile plains
but on the steeper slopes of central Honshu,
where good agricultural land is scarce and
where population is so dense that means
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must be found to supplement the meager
income derived from ordinary crops.

Although adequate statistical data are
lacking, it appears that the continent of
Asia produces nearly 95 per cent of all the
silk in the world. Although China was
formerly the principal exporter of silk, now,
as a result of great improvements in sericul-
tural practice and the expansion of its silk
trade, Japan holds first place. Centers of
minor production in Asia are Korea, Ton-
kin, India, Russian Turkestan, Persia, and
the Near East. In Europe, silkworms are
raised in northern Italy and a few other sec-
tions of the Meditcrranean region. How-
ever, production in most of these European
centers is slowly declining. In view of the
enormous increase in the production of
rayon and other artificial fibers, production
of silk in Japan has remained remarkably
stable. In 1938 world production of raw
silk was estimated at 50,000 metric tons, of
which Japan was credited with 40,000. In
the same year the production of rayon and
rayon staple fiber was estimated at 880,000
metric tons. The depression of the 1930's
and the increasing competition of nylon
seriously hurt the Japanese silk industry
even betore World War 11 shut off all sales
of silk by Japan to the United States.

Processing. The silk cocoon may con-
tain 300 to 600 yards of filament. The un-
winding of the cocoons and the uniting of
3 to 10 filaments into one final thread of
raw silk is called “reeling.” This process
requires great patience, dexterity, and at-
tention to detail. In many regions, cspe-
cially in China, the cocoons are reeled in
the home. In the more advanced silk-
producing centers, small reeling establish-
ments known as filatures, with mechanical
power, are scattered through the country-
side, each one taking care of the cocoons
produced in the ncighborhood. The prod-
uct of the filatures is known as raw silk.

At present, although silk textiles are
widely manufactured in China and Japan
for domestic use and even for export, prob-
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ably half of the total production of raw silk
moves from the producing countries to cen-
ters of manufacture in occidental countries.
The manufacture of silk textiles depends
not so much upon the availability of cheap
power as upon the presence of a body of
workers highly skilled in designing and
manufacturing,

Since the American standard of living
precludes production of silk here, the
United States must import all of its raw
material. It absorbs about 85 per cent of
the raw silk exports of Japan, while smaller
quantities are imported from China, Italy,
and other countries.  The manufacture of
silk textiles is concentrated in Pennsylvania,
New Jersey, New York, and southern New
England. Important centers of manutac-
ture in Europe arc the districts around
Lyons and Milan; smaller centers are found
in and around Zurich, Switzerland, and
Crefeld, Germany.,
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Chapter Twelve

THE INTERMEDIATE

CLIMATIC REGIONS:

BETWEEN THFE BELTS OF ALL-YEAR
warm climates and the all-vear cold are
belts marked by vigorous seasonal extremes,
the areas of the “prevailing westerlies” or
of the cyclonic storms, where we find the
intermediate climates.

The belt in the southern hemisphere lies
mostly over water, between the southern
parts of the American, African, and Austral-
ian continents and the Antarctic continent.
Only southern Chile, southemn Argentina,
Tasmania, and New Zealand are aflected all
year through by this belt.  In the northern
hemisphere the major land masses of North
America and Eurasia are located within it
(World Climatic Map). Meteorologically
and climatologically the northern belt is far
better known than the southern belt, and
it is also of much greater importance.
Thus, most of what is said here applies to
the northern hemisphere.

In the regions of humid intermediate
climates atmospheric circulation is com-
plex. Cold air masses from the north meet
warm air masses from the south in cold or
warm fronts. This meeting ot air masses,
combined with the effects of the earth’s ro-
tation, results in the formation of large or
small areas of low pressure—cyclones that
move in a general west-east direction, inter-
spersed with areas of high pressure—anti-
cyclones—which have a similar, though
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often less rapid movement. The low-pres-
sure arcas move with an average velocity of
from 30 to 35 miles per hour in winter and
trom 20 to 25 miles per hour in summer.

Fronts and cyclones are most pronounced
and move farthest south in winter, invading
the subtropical regions during this period.
In North America, polar continental air
masses—which are cold and relatively dry
—develop in the north, and” trom there
move southward, especially in winter.
Polar maritime air, which is moist and cool.
and in winter even rather warm in compari-
son with polar continental air, is formed
over the arca of the Aleutian Low. This
type of air greatly afects the northwest
coast of North America, but it is modified
considerably when it moves over the Rocky
Mountains and becomes not only drier but
also warmer.

Tropical maritime air masses are formed
particularly in the subtropical latitudes over
the oceans. These air masses are warm
and moist, and reach North America mostly
from the Gulf of Mexico and the Atlantic
Ocean. Similar air masses from the Pacific
affect the American climate only to a rela-
tively small extent. Tropical continental
air masses are also of relatively small impor-
tance, as the only source for such air masses
is northern Mexico, which is an insuffi-
ciently extensive land mass. Very warm
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and dry air of this type is formed in summer
only, and is important in accounting for
summer drought in southwestern United
States. Thus, much of North America
where the major portion ot the people live
is affected primarily by polar continental
air masses and tropical maritime air masses.
On the whole, continental air masses domi-
nate the climate and thus, even immediately
along the cast coast, the American climate
is continental rather than marine.

In Europe the opposite is true: as west
winds predominate, the major invading air
masses come from the ocean and consist of
either polar maritime air or tropical mari-
time air. The former tvpe brings moderate
winter conditions to Europe, while the
latter, having to go much farther than the
fropical maritime air that reaches eastern
United States, is not very warm. cither in
summer or winter. Polar continental air
torms in the northeast, especially in winter,
over the vast snow-covered land masses of
eastern Russia and northern Asia. Thus
cold weather in Europe comes from the
northeast rather than trom the northwest
as in the United States. Tropical con-
tinental air does not play much of a role in
the area of intermediate climates of Europe.

There are two major groups of climatic
tf/pes within this belt: the humid and the
dry. The humid climates have raintall
sufficient to promote a native flora of forest
or tall grass; the dry climates have an
annual rainfall commouly less than 20
inches and the native vegetation is of the
steppe type, consisting of either short grass
or scattered bush. 1In this chapter only the
humid intermediate climates are consid-
ered. The humid intermediate climates are
most typically developed in North America
and Eurasia. In the Southern Hemispherce
the middle latitudes are chiefly oceanic; the
land masses are mostly tropical or polar.
The occurrence of winter snowfall and the
absence of a dry season are characteristic of
all subdivisions of this climatic type, but the
intensi?v and duration of winter cold and
snow differ greatly. Principal contrast is
between the continental interiors and the
west coastal areas. The interiors of North
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America and Eurasia experience long,
snowy, intensely cold winters, increasing
in severity poleward, though summers are
warm and sunny. Owing to the eastward
drift of the atmosphere in these latitudes,
the continental climate extends to the east
coasts in a form slightly modified by the
proximity of the ocean. The west coast,
on the other hand, is dominated by the
marine air masses moving in from the
ocean, with comparatively little difference
between winter and summer, and meager
snowtall except in the mountains. Thus,
the humid intermediate climates can con-
veniently be discussed under four subdivi-
sions: (1) the humid continental climate of
central and eastern Europe, northern China
and Japan, central and eastern United
States (see World Map of Climatic Regions,
No. 8); (2) the cast coast continental which
is typical for part of the east coast of the
United States and for part of Japan (see
World Map of Climatic Regions, No. 9, and
Mlus. p. 200); (3) the marine climate of
west coasts developed in western North
America from Oregon to Alaska, which ex-
tends over considerable areas of western
Europe (see World Map of Climatic Re-
gions, No. 10, and Illus. p. 200); and (4)
the subpolar climate which dominates much
of Canada, Sweden, Finland, and northern
Russia (World Map, No. 11).

All these types have rainfall sufficient to
develop native vegetation of forest or tall
grass and to support crop farming, where
other conditions permit. The seasons are
based on changes in temperature rather
than on scasonal changes in the amount of
rainfall. All have climatic conditions that
appear to stimulate mental and physical
activity.

The Humid Continental Climate

The humid continental type of climate is
limited to North America and Eurasia. In
the United States, this type of climate
reaches from the subtropical South to
southern Canada. In Europe, it predomi-
nates in southeastern Europe and Russia
west of the Urals. In the Far East it is en-
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countered in northern China, Korea, and
Manchuria.

Temperature. Theaverage temperature
of the coldest month is below 42°F., but
not more than four months have averages
that drop below freezing. The average

INTERMEDIATE CLIMATIC REGIONS

The growing season varies in length from
about 100 to 240 days. Light frosts may
occur during the early and late weeks of
this period, but ordinarily they are not in-
jurious to the major crops. In the south-
ern sections the winters are mild, but along
the northern borders subzero weather is

CumMaTIC TYPES IN NORTH AMERICA

Legend:

. Tropical Rainy Type

. Tropical Steppe Type
(includes subtropical type)

Warm Desert Type

. Mediterranean Type

. Humid SubtrupicaFType

. Humid Continental Type
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9 East Coast Continental Type
10. West Coast Marine Type

11. Subpolar Type

12. Middle Latitude Steppe Type
13. Middle Latitude Desert Type
14. Tundra Type

15. Icc-cap Type

16. Mountain Climate Type

temperature of the warmest month is at
least 36°F. higher than that of the coldest
month; often the difference is even greater
(Illus. pages 201 and 202). This large
annual range generally does not cause seri-
ous discomfort, but on the contrary, is
stimulating to mental and to physical ac-
tivity.

likely to occur during the coldest months.
Toward the north the long, cold winters
preclude the production of slow-maturing
crops and the growing of fall sown grains.
Throughout most areas periods of cool to
moderately cold weather are likely to be
interrupted by severely cold spells each
winter. The areas most remote from the
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sea are characterized by periods of severe
cold in winter and intense, sometimes dev-
astating, heat in summer.

Winds and storms. In North America
and Europe these areas are dominated by
the cyclonic storm conditions of the pre-
vailing westerlies.

The cyclonic storms are strongest in win-
ter and their paths then lic farthest south.
As a result, fluctuations of temperature are
much greater in this scason than during the
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and ranchers, thus forewarned, are usually
able to provide feed and shelter for the
stock while the storm rages. However,
upon occasions, such as the winter of 1948-
1949, blizzards of such intensity and dura-
tion occur as to still cause severe losses.
During the winter eastern Europe is
under the direct influence of a large area
of high pressure over the interior of Asia,
which forces the lows coming in from the
Atlantic Ocean to take a northeasterly
course. These moving lows bring sharp
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Short, cold winter climate.  Average temperature
and precipitation, Budapest, Hungary. Altitude
411 feet, total precipitation 26 inches.

summer months. Occasional cold waves
sweep down across the American Middle
West with such stormy violence that locally
they are referred to as blizzards. On such
occasions mild, balmy weather may give
way suddenly to zero temperatures, a blind-
ing snowfall, and piercing winds. During
pioneer times people were often caught en-
tirely unprepared, and personal suffering
and serious losses of livestock resulted from
these storms. With the development of
weather warnings broadcast by radio, some
of the danger can be avoided. Farmers

Short, cold winter climate. Average tempera-
ture and precipitation, Kansas City, Missouri.  Al-
titude 963 feet, precipitation 87 inches.

changes of tempcrature to the Russian
plains, often veritable cold waves and bliz-
zards, there called burans. Occasionally
the Asiatic high pressure becomes so pro-
nounced that it extends far westward into
European Russia, or even farther west. At
such times prolonged periods of dry, clear,
and cold weather may occur. In eastern
Asia the monsoons dominate the weather,
while cyclonic wind movements play a
minor role. The high-pressure area of
eastern Siberia causes strong out-blowing
winds in winter, while in summer the pro-
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nounced low-pressure area gives rise to
persistent in-blowing winds.

In summer the most feared weather
phenomena, especially in the American
plains west of the Mississippi, are the hot
winds. Occasionally low-pressure areas
centering in the upper Mississippi Valley
move so slowly that they appcar to be
almost stagnant. Then southerly winds
continue for days over the plains from
Texas to the Dakotas, bringing with them
soaring temperatures. When the land is
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violently whirling air masses occasionally
develop.  These whirls, known as torna-
docs, are among the most destructive
storms known. Some tornadoes reach such
wind velocities that only the sturdiest
structures are able to withstand their at-
tacks. Fortunately, the path of maximum
destructiveness is seldom more than half a
mile wide.

Precipitation. The average annual rain-
fall varies from about 20 inches in the drier
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Long, cold winter climate. Average tempera-
ture and precipitation, Moscow, Russia.  Altitude
492 feet, total precipitation 24 inches.

dry, temperatures often cxcced 100°F.,
occasionally surpassing 110°F., with blast-
ing effects upon growing crops and seri-
ous damage to trees and grass. The
summers of 1934 and 1936 were ex-
amples of the cxtremely serious eftects of
such winds when attended by continuous
drought. In those years the corn crop ot
the United States fell to about half the
normal.

During spring and early summer, when
air conditions are unstable owing to the
change from cold to warm season, small

Long, cold winter climate. Average tempera-
ture and precipitation, Duluth, Minnesota. Ali-
tude 1,133 feet, total precipitation 29 inches.

areas to 50 inches in the more rainy scc-
tions. In gencral, the amount of rainfall
varies inversely with distance from the sea.
Summer maxima of rainfall are prevalent
nearly cverywhere, but decidedly dry win-
ters are typical only of northern China and
of the American interior west of the Missis-
sippi. The well-developed summer maxima
are very important in accounting for the
successful crop agriculture of interior areas
where the annual rainfall is only 20 to 35
inches; 65 to 75 per cent of it falls during
the growing season. Toward the seaboar
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the annual precipitation is greater and the
seasonal distribution is more wniform. In
the north the efficiency of rainfall 1s higher
because of the lower summer temperatures
and the briefness ot the warm scason.

In the comparatively dry areas where this
tvpe of chimate adjoms the areas with inter-
mediate steppe climate, such as in the
American Plains and in Russia, variability
of rainfall is great and particularly impor-
tant becanse the eflects ot such variability
are much more pronounced than in areas
where the total precipitation is higher.
Sometimes several vears in succession may

have rainfall so far above normal that’
streams overflow, wet weather ponds be- §
come all-vear lakes, and lowlands are §

flooded for such long periods that crops
are damaged or even rumed.  Then many
people, convineed that a great change in
climate has occurred, start agitating {o
drainage projects  Under the impulse of

such misguided notions many mles ot un-

needed drainage ditches have been con-
structed at great expense.
drv vears come, as thev inevitably do.
cither singly or several in succession, crop

failures and pessimism go hand in hand.

Maiv then Dbelieve that a  permanent
drought has set m and that the country
destined to become a desert waste.  In-
stead of drainage, the construction of dams
to impound water for irrigation puiposes
becomes the popular crv.  In each situa-
tion, whether flood or drought, the popular
mind is likely to be stirred by the immedi-
ate outlook rather than quieted by the facts
of long-term records. Weather Bureau
records and other evidence show that dry
or wet years, or series of years, have come
and gone in the past and doubtless will con-
tinue to come and go. Economic activi-
ties, agricultural and industrial, should be
organized and operated in recognition ot
the fluctuating rainfall.

Native vegetation. The original vege-
tation of the areas with this type of climate
consists principally of deciduous forest in
the more humid sections and tall-grass
prairie in the areas of lower rainfall. In

Later on, when ©
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China and Europe the land has been under
cultivation so long that, except in the
rougher mountain areas, little of the native
vegetation remains. In the United States,
the prairie was onginally the conspicuous
feature of the landscape from Indiana to
central Nebraska and from Mmnesota to
the Ozarks of Missouri. Forest prevailed
in the northcastern United States, prin-
cipally of the mixed hardwoods type, with
oak, hickory, chestnut, and ash predomi-
nating, with pine stand on some of the more

sandy lands (Illus. below).  Although the

Photo by N A. B,

Deciduous forest of muxed hardwoods, northen
Wisconsin.

best agricultural lands, especially the
prairie lands, have generally been put intc
cultivation, there still are tracts where the
native vegetation covers the landscape.

Soils. The predominant soils are the
gray-brown pogzolic soils and the prairie
soils. Leaching has not been quite so pro-
nounced as in the soils of the humid sub-
tropics, partly because of lower annual
rainfall and partly because during the win-
ter season the ground is frozen for some
time, thus making the water in the soil in-
active. The lower annual temperatures,
and particularly the seasonal cold, account
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for less clfective oxidation than in warmer
climates, and therefore the soils are brown
rather than red.

In the United States, this climatic region
includes vast areas of plains where the soils
have been developed from rocks of high
lime content and where their structure still
shows the beneficial influence of the former
presence of lime even though leaching has
removed most or all of the calcareous ele-
ments from the upper horizon. Such are
the mature upland soils from central Ohio
to central Jowa. These “calcific” types are
characterized by a stable structure that

Photo by N. A. B.
The tall grass prairie of eastern Nebraska, m the

region of dark prairie sol.  Native flora now oc-
curs in strips not farmed along roads.

enables them to remain in good physical
condition under cultivation.

In the areas where tall grass rather than
forest prevail, decp, dark, friable soils
occur. These are known as prairie soils,
because they have developed under grass
cover; their A horizons are deep, dark
brown color, owing mainly to the high con-
tent of organic matter. Although the
prairie soils are classified as pedalfers, be-
cause they are nonlime accumulating, they
are but slightly leached and so arc produc-
tive with little use of fertilizers. These
soils are dominant from Illinois to eastern
Nebraska and eastern Kansas and they in-
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clude some of the best farmlands in the
United States (1llus. left).

In the eastern and southern portions of
this climatic region in the United States,
where winters are generally mild and the
rainfall is fairly heavy (40 inches or more),
the soils are more thoroughly leached and
the color is brown or gray-brown. The
structure is quite stable; in fact the strong
physical constitution of the soils is their
greatest asset. Fertilizers are eflective and
hence need not be used in such large quan-
tities as where weaker, less responsive soils
arc found. Still farther south m this c¢h-
matic region, for example, in southern Mis-
souri, Tennessee, and Virgmia, we find the
red and yellow soils of the South becommg
dommant.

In the northern section of the region in
North America, extending from northern
Minnesota through northern Wisconsin,
northern Michigan, and the adjacent por-
tion of Canada to the Adirondacks, leached
gray soils, known as podzols, are predomi-
nant. These soils also occupy much of the
northern parts of this climatic arca in
Russia. The name is an old Russian folk
term which has long been applied to these
gray soils; it is derived from the words pod,
or soil, and sola, meaning ash. The podzols
are acid soils, deficient in minerals and
well-decayed organic matter.  The surface
layer of the true podzols consists of raw, in-
sufficiently decayed humus material, de-
rived from needles of conifers, mosses,
twigs, and leaves, and may reach a thick-
ness of a foot or more. This layer really
lies on the surface. The upper soil, the real
A horizon which lies underncath this, is
gray to white in color and highly leached of
plant nutrients and sesquioxides, iron and
aluminum compounds. The structure is
simple, either platy or granular. The B
horizon, or subsoil, is dark brown in color
and compact, owing to precipitation of or-
ganic matter and the iron and aluminum
compounds leached from the upper soil.
This type of extremely leached soil for-
tunately is limited to the northernmost
parts of the area under discussion. Farther



THE HUMID TYPES

south the brown soils mentioned previously
in this chapter are not as badly leached, aud
the humus they contain is well decayed:
they are podzolic soils, but not true podzols.

With only lime added, the more highly
podzolized soils, if virgin, often yield fairly
well for two or tiree ycars because ot the
plant nutrients found in the capping humus
layer. This, however, is soon exhausted,
and then heavy applications of mineral
fertilizers are necessary to maintam produc-
tivity.

On the wholc, the regions of humid con-
tinental climates are favored with soils of
high agricultural potentialities. Although
the soils are mostly pedalfers, neither leach-
ing nor oxidation has been excessive, soil
structures are quite stable, and the organic
content is comparatively high.  On most of
the mature soils, particularly on the various
chs of gray-brown podzolic soils and on

e podzols, manure and mineral fertilizers
are needed. In the United States the
quantities used west of the Appalachians
as yct are not great (Illus. p. 319). but
they are increasing steadily.  Since the
soils of this area are responsive to fertiliz-
ers, moderate amounts will suffice to main-
tain fertility. In fact, in this country many
of these soils, though theoretically out-
ranked in fertility by the pedocalic soils
farther west, actually are of considerably
higher productivity because of a more fa-
vorable rainfall regime.

General aspects of land wutilization.
Wide diversity of crops is characteristic of
regions with this type of climate. In Eur-
asia corn is of major importance only in
some of the Danubian countries, whereas
in the United States it is a major crop. In
China, wheat, millet, and beans are the prin-
cipal subsistence crops of a great popula-
tion. There, with the use of simple, almost
primitive, equipment, agriculture is carried
on by hand-labor methods. Production per
capita is low, but all available land is fully
used in order to support the masses of
people dependent directly upon it, and the
total production is large. ~ Pressure of popu-
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lation upon the land is so great that no sur-
plus can be produced. As a result, the
peasants have few or no reserves and fam-
ine is frequent.

In Europe, wheat, rye, corn, root crops,
and hay constitute the basis of a successful
agriculture carried on largely by modern
methods, but with machines of small size
and simple design, compared with the
larger and more complex equipment used
on the more extensive farms of the New
World.

In the United States, corn is king in a
large part of this region (climatic type 8-a).
From an American point of view, the short,
cold winter—long, hot summer type may
well be called the Corn Belt climate, be-
cause the area extending from Ohio to
castern Nebraska and from southern Minne-
sota to the Missouri Ozarks is by all odds the
greatest corn proclucing region in the world.
However, it is not a onc-crop region. The
farmers raise not only corn but also large
quantitics of oats, wheat, root crops, and
torage, particularly legumes and they are
large producers of livestock as well.  South
of the Corn Belt proper lies a zone of transi-
tion from the humid intermediate to the
humid subtropical climate, which is also a
transition zone from corn to cotton. There
sott winter wheat is so important that it
runs corn a close race for first place.  Within
tlus transition zone are located the famous
tobacco-producing areas of Virginia, North
Carolina, and Kentucky, the greatest to-
bacco-growing districts of the United States.
North of the Corn Belt proper (climatic type
8-b) the trausition to the long winter type is
marked by a gradual increase in the impor-
tance of oats, soft spring wheat, root crops,
fodder crops, and dairying.

In the northern portions of this climatic
area crop production of cereals is limited
almost entirely to those which can mature in
a short season. Flax, barley, and spring
wheat are the typical grain crops. Flax,
grown only for seed in North America, is
produced also for fiber in Russia.  Sufficient
moisture during the earliest period of
growth, large accumulated temperatures
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during the long days of the short growing
season, and warm, dry weather during the
harvest season are factors favorable for the
production of wheat and barlcy of excellent
quality. Rye is the fall-sown grain. Corn
is grown chiefly for silage or fodder because
of the danger that it will not rcach maturity.
Some legumes, especially clover, and tame
grasses are important fodder crops. Root
crops do especially well in this climate.  In
regions where little or no corn is raised., po-
tatoes not only are a staple food for people
but also arc used extensively as feed tor
livestock.  Some districts are important for
sugar beets. The vield per acre is gener-
ally less than where the summers are long,
but this is offset by the higher sugar con-
tent which results from the long periods ot
daily sunlight in summer.

The East Coast Continental
Climate

Along the east coasts of North America
and Asia between 35° and 50°N. latitude,
the humid continental climate is somewhat
modified by proximity to the ocean. It is
well developed in North America from New
Jersey to Newfoundland and along the
Asiatic Coast from central Honshu north-
ward (World Map of Climatic Regions and
p. 201).

Temperature. Average temperatures are
about the same as those in the correspond-
ing latitudes of the continental interiors. but
seasonal extremes are more moderate.  For
example, Fastport, Maine, has an average
January temperature of 21°F. and an aver-
age July temperature of 60°F. St. Paul,
Minnesota, in about the same latitude,
has an average 9” lower in January. while
its July average is 12° higher than that of
Eastport. Spring arrives later in east coast
climatic regions than in the interior, the last,
killing trost usually occurring two or three
weeks later.  Autumn is also retarded, but
usually not so much as the spring,

The seasonal range is considerably greater
than in the west coast marine areas. The
annual average temperature at Portland,
Maine (46°F.) is only 6°F. lower than that
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at Portland, Oregon, in approximately the
same latitude, but the January average is
17°F. lower, and the July average is 1°F.
higher.” Thus, on the windward coasts the
summers are almost as warm but the win-
ters are not nearly so cold as those on lee-
ward coasts in higher middle latitudes.

Winds. When winds are from the cast
they bring to New England and maritime
Canada quantities of damp air from the
ocean which give rise to periods of pierc-
ingly chilly weather in winter.  In summer
the winds {rom the ocean are cool and pleas-
ant along the shore, but, because of their
high moisture content, thev tend to be-
come oppressive and enervating farther in-
land where land temperatures are higher.
New York and Washington, D. C,, have a
number of notoriously uncomfortable, hot,
humid days every summer.

Rainfall and bumidity. The precipita-
tion, which generally amounts to 40 to 80
inches anmually. is distributed quite evenly
throughout the year. The amount of pre-
cipitation is particularly noticeable in the
winter snows; in New England the snowtall
may exceed 80 inches m a smgle season,
with much of it remaming on the ground tor
three or {our months. Northwestern Japan,
too, has heavy winter snows. In Japan,
however, there are sharp contrasts hetween
the cast and west coasts. The west coast
of Honshu receives its maximum precipita-
tion in carly winter as a result of the winter
monsoon from over the Sea of Japan, while
the east coast has heaviest precipitation
during the summer monsoon with Septem-
ber the rainiest month.

Vegetation. The native vegetation char-
acteristic of this type of climate resembles
that of the adjacent, more continental cli-
mates. In America, deciduous forests—
consisting either of an oak and poplar asso-
ciation, or, tarther north, of an association
of birch, beech, and maple—are prevalent
on the lower and better lands (Illus. p.
207). Pines are concentrated on the
sandier soils, while at higher elevation
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spruce and fir appear. Where forests have
not been cleared, logging and lumbermg
are important.  Another activity of eco-
nomic importance in New England and
New Brunswick is the gathering of maple
sap and the manufacture of maple sugar
and syrup.

In northern Japan, deciduous forests pre-
vail—beech, maple, and oak bemg the prin-

Photo by N. A,

(A.) Mixed hardwood forest of southern New
Hampshire,

cipal trees. The many different kinds of
maple are especially responsible for the
beautiful autumn landscape for which Japan
is justly famous, In the mountains, conif-
erous forests are dominant.

Sozls, In the lower and warmer sections,
from the coastal area of Maine to Maryland,
brown and gray-brown podzolic soils are
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the most common mature soils, while in the
New England uplands and adjacent parts of
Canada, podzols predominate. Alluvial
soils provide the basis for the limited but
successtul agriculture practiced in the latter
regions. In Japan, gray-brown soils pre-
vail in the south and podzols in northern-
most Honshu and Hokkaido.

Land utilization. The use of the land
is influenced to a great extent by the rela-

 tively Jow temperatures which prevail in

many arcas. Coolness and cloudiness are
handicaps to the complete maturing of cer-
tain crops, in the northern sections espe-

- cally.  In general, the summers are too cool

Photo by N. A, B.

(B) The Coohdge farmstead. Plymouth,
Vermont  Mumed farmmg in valley, higher
slopes forest-covered.

_for com to mature, although some of the
~ finest green corn for human use (sugar corn
from Maine) is grown in this climate,

Corn
is produced also for fodder and cnsilage.
In the northern part of this climatic region
wheat will not ripen satistactorily, but oats
and rye, both of which are well adapted to
cool and humid environments, are produced
successfully. Potatoes, vegetables, and
fruits are important in subsistence agricul-
ture, and where markets are available they
constitute major cash crops. Aroostook
County, Maine, for example, is famous for
its potato production. Cranberries are
grown in such abundance that Massachu-
setts and New Jersey furnish the entire
nation with most of its supplies of that fruit.
The ample precipitation, including winter
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snows, and the lack of extreme summer heat
and winter cold, favor the successful apple
orcharding of New England and Nova
Scotia. Most farms have woodlands on
their poorer portions (Illus. B, p. 207).

The cast coast humnid continental climate
has sufficient changes of temperature to be
bracing and invigorating. It has fewer ex-
tremes of summer and winter than have the
continental interiors, but there is enough
change to avoid tiresome monotony of
weather.

The West Coast Marine
Type of Climate

Two areas in the Northern Hemisphere
have a well-developed marine climate: the
west coast of North America, from San
Francisco to Alaska, and northwestern Eu-
rope, from Portugal to Norway (see World
Map of Climatic Regions and Illus. at
right). In the Southern Hemisphere this
type of climate occurs in Chile, from Puerto
Montt to Cape Horn, and in New Zcaland.
Of course, conditions vary considerably
through such a wide range of latitude, but
moderate temperatures and abundant rain-
{all with winter maximum prevail through-
out. Where lofty mountains occur near the
coast—as in North America, Chile, and
Norway—the marine conditions are strik-
ingly developed in the narrow regions along
the coast and on the lower mountain slopes.
In Europe, south of Norway, the lack of a
high mountain barrier permits the oceanic
influence to be carried far inland, but with
diminishing intensity. Naturally the rain-
fall is heavier, and seasonal temperature
extremes arc less on the windward slopes
than on the leeward slopes of low mountain
ranges, such as the Pennines of England.

Temperature. The significant feature
of this climate is the small range of tempera-
ture during the year, owing to the tempering
influence of the westerly winds blowing
from over the oceans. The difference be-
tween the average temperatures of the
warmest and coldest months ranges from 18

INTERMEDIATE CLIMATIC REGIONS

to 36 degrees Fahrenheit (Illus. below).
Winter and summer are, of course, warmer
in the lower latitudes than farther poleward
at places equally near the coast. At Lisbon,
for example, the average temperature of the
warmest month is 70°F., of the coldest,
49°F; at Copenhagen, 62° and 31°; at Ber-
gen, 58° and 34°. Mild winter tempera-
tures extend surprisingly far poleward in
this climate. Even far beyond the Arctic
Circle in Norway the winters are so mild
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Marine west coast climate. Average tempera-
ture and precipitation, Liverpool, England. ~Alti-
tude Y9 feet, total precipitation 28 inches.

that the coastal waters remain unfrozen
throughout the long winter months.

Winds. The weather is dominated en-
tirely by the numerous masses of maritime
air that move in from the sea, accompanied
by low-pressure areas. The passing of
these lows causes constant shifts of wind
direction and wind strength, resulting in
highly variable weather. Nevertheless,
winds from westerly directions are by far
the most frequent—from the southwest dur-
ing the winter months, and from the west
and northwest during the summer. The
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stormiest conditions prevail along the west
coasts of Scotland, Norway, and southern
Chile; the last named faces the highly de-
veloped westerlies of the Southern Hemi-
sphere known as the “roaring forties.”

The southwest and west winds bear the
tempering influence of the sea across France
and Germany into Poland and even Russia,
though with increasing distance their effects
become less pronounced.

Rainfall. Rainfall varies with local con-
ditions and with latitude. Where there
are high mountains back of the coast—as
in British Columbia, Washington, Norway,
and Chile—heavy rains or snows fall on
their western slopes.  Although at higher
latitudes, as in Alaska and northern Norway,
the total annual precipitation is lower, more
accumulates as snow, thus giving risc to a
snow-covered landscape that persists for
many months of the year and even creates
some glaciers.

The rain does not fall in sudden heavy
showers, but rainy weather may last for
days, sometimes cven for weeks. ~The rain-
fall is quite evenly distributed over the
year with a slight maximum during the au-
tumn and winter months, with spring and
early summer the seasons of least rain.
Cloudiness and fogs arc common. In
northern Scotland, tor example, the period
of unclouded sunlight averages less than
an hour a day in winter. All of northwest
Europe has much cloudy and rainy weather,
especially in the fall and carly winter.
Sometimes the sun may not be seen for
weeks, and umbrellas, raincoats, and over-
shoes are always needed. These typically
marine conditions of prevalent cloudiness
and autumn rainfall maximum change
with distance from the ocean. Eastern
France, Germany, and southern Sweden
have a slight maximum in summer and
clearer skies than the British Isles or Brit-
tany.

The high humidity causes the winter cold
to be sharp and piercing, even when the
thermometer may stand well above the
freezing point. In summer it often causes
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extremely muggy weather; then tempera-
tures of 80°F. may cause quitc as much dis-
comfort as those of 100° in the Great Plains
of the United States.

Native vegetation. The mild west
coast climatic regions have or have had
heavy forest covers.  Dense stands of tim-
ber, mostly firs, characterize the western
mountain slopes from California to Alaska,
one of the most heavily wooded regions in
the middle latitudes and at prescut one of
the world’s principal centers of lumbering
(INlus. A and B, p. 210).  The southern Chil-
ean coast, where not too rocky or too boggy,
likewise has heavy stands of timber, as yet
little exploited. With the exception of
parts of the British Isles, where the strong
west winds hamper tree growth and the
high precipitation favors the development
of moors, most of northwest Europe once
was heavily forested with deciduous hard-
woods and conifers. However, the lands
suitable for agriculture were cleared long
ago and put into grass or tillage. In Eng-
land but little forest remains, and on the
continent forests arc limited mostly to the
mountains and to very sandy areas. None
of them are original stands.  Southern Nor-
way has extensive stands of spruce and fir,
but the northern part has few trees, because
of long scasons with land temperatures
below treezing.

Soils. In the mountainous areas along
the coasts of North America, Chile, and
Norway, agricultural soils are limited to
the valley lands. Only a small perccntage
of the total area is arable. These lands,
which are wholly alluvial, vary much in
different localities, but the gray-brown pod-
zolic types scem to be most common. The
soils are young, and where drainage is
adequate and texture favorable to cultiva-
tion they are usually quite fertile.

Northwest Europe is the only region of
marine climate where a large percentage of
the land is uscd for tillage agriculture. The
mature soils arc predominantly gray-brown
podzolic soils, with well-developed podzols
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on some of the sandier lands. The struc-
tures of the former are fairly stable, and
crop yields are readily increased by the ap-
plication of mineral fertilizers. Among the
best soils are those developed upon the al-
luvial deposits of the valleys and upon the
recently emerged marine deposits along the

(A.) Farm forest of Douglas fii in Oregon.

_Courtesy U. 8. Forest Service.
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coasts, as in the Netherlands and parts of
southern Sweden. Glaaal deposits mantle
much of the land which borders the North
Sea, with soils varying in productiveness
from the nearly sterile sands of parts of
northern Germany to the fertile loams ot
castern England and the Danish islands
Farther south, nonglacial soils occur, vary-
ing in quality from medium to good. On
the whole, however, the soils ot northwest
_Europe are favoable to agricultural de-
velopment, although heavy application of
tertilizer is necessary (1llus. p. 318).

Land utilization. In North America
and Chile, the forest is the principal asset
‘ot the regions which have the west coast
"marinc type of climate. The valley lands
Lot the Pacific Northwest are important cen-
Fters for grazmg, dainying, and truck farm-

5 %

Courtesy U. S. Forest Service.

(B.) Mixed stand of White Pie, Douglas Fir,
and Engelmaun Spruce, Cascade Range of south-
ern Washmgton.
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ing. The principal agricultural region here
is the Puget Sound-Willamette lowland.
Vancouver, Seattle, Tacoma, Portland, and
smaller cities mark urban districts which
give rise to profitable markets, especially
for bulky or perishable products that can-
not be shipped long distances.

In Europe, the region with a marine west
coast climate shows considerable climatic
diversity. In the south, all seasons are com-
paratively warm and mild; in the north, all
seasons are cool, so cool that only the hardi-
est crops survive. In Scandinavia the
change {rom marine to continental condi-

Photo by N. A. B,

Haymg scene near Narvik, Norway  On ac-
count of lugh humidity, newly mown grass must
be hung over trellses m order to be cured mto hay.

tions is abrupt; in the lowlands of Germany
it is gradual. The west coasts of Ireland
and Great Britain arc cloudy and rain
drenched, the cast coasts have more sun-
shine and a moderate rainfall. Under these
conditions it is little wonder that agricul-
tural diversity is pronounced. In south-
western France vineyards abound, while in
Norway only hay and hardy crops such as
rye and barley can be grown (Illus.
above).  Because of high rainfall, oats is the
principal grain in the western and northern
parts of the British Isles, while wheat leads
in eastern England and in France. Pota-
toes constitute an important phase of crop
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agriculture in many parts of this region,
especially in the Netherlands and Germany,
the latter usually ranking foremost among
all countries in amounts raised. Poland,
also, although not wholly within this type of
climate, is a great potato-producing country.
The abundance of natural grasses and root
crops, and the large markets furnished by
the industrial centers within this region,
favor the development of the dairy industry.
The renown of the Netherlands and Den-
mark as dairy countrics rests upon the se-
cure basis of a favorable natural environ-
ment, skilltul operation by intelligent and
industrious farmers, and proximity of mar-
kets which insure profitable outlets for the
products.

Viewed as a whole, regions with the west
coast marine type of climate are lands of
forest wealth, agricultural diversity, and in-
dustrnal achievement.  Climatic conditions
arc sufficiently varied to be stimulating, but
not so extreme as to be enervuting.

The Subpolar Type of Climate

Poleward trom the other intermediate cli-
mates lies a belt ot transition that practi-
cally coincides with the great belt of north-
ern coniferous forests which girdles the
Northern Hemisphere.  The subpolar type
of climate dominates northern Sweden and
Finland, northern Russia, most of Siberia,
central Alaska, and much of Canada.
Within this belt a winter landscape of som-
ber dark green and cold, dreary white is
predominant for nearly nine months of the
year. During a brief summer period of
nearly continuous daylight, nature bursts
into life with grasses and multicolored flow-
ers which carpet the ground wherever the
forest is not too dense to exclude them.
Trees put forth new leaves. Insects and
birds appear in swarming numbers, en-
livening the short summer season by their
hum and song and busy activities.

Temperature. While climatic condi-
tions vary considerably within the subpolar
regions, the long, intensely cold winter is
common to all. Average temperatures of
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50°F. or above are reached less than four
months each year, and even in the warmest
season light frost may occur at night, al-
though day temperatures may be favorable
for plant growth. The native vegetation,
therefore, consists of plants that are cold-
tolerant and able to utilize a short and
rather unsafe growing period. Crops must
be hardy and ripen quickly; in the far north,
barley is the only grain crop that gives
satisfactory yields. The soil and subsoil
are free of frost during the midsummer pe-
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mer, particularly central Canada, northern
Russia, and western Siberia. In winter,
masses of cold continental air often origi-
nate here and spread outward. At all sea-
sons weather is subject to sharp, sudden
changes. While in most places travel is
easiest in winter, because the bogs and
rivers arc then frozen and the land is snow-
covered, severe gales and accompanying
low temperatures often bring hazards.
Continentality of climatic conditions
reaches its climax in Siberia, east of the

(A.) Subpolar climate. Annual temperature and
precipitation, Fort Hope, northern Ontario, Can-
ada. Altitude 1100 feet, total precipitation 16
inches.

riod, a factor of great importance to the
development of the forests that prevail over
most of the subpolar climatic regions. The
high annual range of temperature is an-
other marked characteristic (Illus. above);
the hottest summer days may exceed 90°F.,
whereas in the dead of winter the temper-
ature may drop to —60°F., or even lower.

Winds and storms. The regions of sub-
lar climate lie along the northern margin
of the belt of prevailing westerlies. Cy-
clonic storms reach these regions in sum-
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(B.) Subpolar climate. Annual temperature and
precipitation, Beresov, Siberia, Altitude 100 feet,
total precipitation 18 inches.

Yenisei River. Pressure is abnormally
high there during the winter, atmospheric
disturbances are infrequent, and the air is
calm; as a result, temperatures often fall
below the freezing point of mercury,
—389°F., but the dryness of the air and the
absence of strong winds contribute toward
making such temperatures bearable. A
distinct disadvantage, however, is the light-
ness of the snow cover, or its absence.
Summer temperatures, on the other hand,
may be surprisingly high. At Verkhoyansk,
the so-called “cold pole of the earth,” sum-
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mer temperatures of above 90°F. have been
registered. In central Canada temperature
extremes are not so great as in Siberia.

Humidity and precipitation. The pre-
cipitation is comparatively light, with a dis-
tinct summer maximum. Few places have
an average of more than 20 inches per year.
Because of the low temperatures which pre-
vail most of the time, the relative humidity
is fairly high and the rate of evaporation is
low. The summer rains and the melting
winter snows supply sufficient water for the
vegetation which flourishes through the
short season. Where the growing period
is less than three months long, precipitation

of 15 inches is ample, whereas in lower .

latitudes semiarid conditions would result.
The winter snowfall, cven where light, ordi-
narily accumulates so that for several
months each year the landscape is white-
blanketed, without interruption by warm
spells such as produce the well-known
thaws of more southern climes.

Native vegetation. The regions of sub-
polar climates coincide roughly with the
great belt of the northern coniferous for-
ests, known as faige. Spruce, fir, and larch
are the dominant species. Only a few of
the hardiest deciduous trees, such as
birches, poplars, and willows, are found,
and they only in sheltered places along
stream courses or intrenched valleys.
Growth is slow because of the very short
period wherein sunlight, warm air, and soil
combine to favor plant growth. Tree roots
commonly are shallow.

Over the southerly portions of these re-
gions in Canada and Eurasia, forest is con-
tinuous and fairly heavy (Illus. right).
In its undisturbed condition, much of the
taiga forms a dense jungle of standing and
fallen trees intertwined with mosses. To-
ward the northern border the forest be-
comes scattered and scraggly as it ap-
proaches the limit of tree growth. Where
local conditions are relatively favorable, a
prong of forest projects northward; where
they are unfavorable, only shrubs or a mix-
ture of shrubs and stunted trees survive.
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It is the margin of the coniferous forest
where neither tree nor moss can claim su-
premacy (see Illus. p. 214). North of it is
the treeless tundra.

Soils. The soils are podzolic. A forest
litter covers the upper E(())rizon, and under
it lies the well-known very light gray layer
leached of its solvent minerals and organic
matter. The soils are, however, of but

little significance, as the climate is the
direct factor which practically controls the
type of human activities which may be
practiced. The agriculturally important
soils are limited almost entirely to the im-

Courtesy The National Film Board, Canada.

TN Gl Lountivus afaues wisg
Canada Highway between Hearst and Geralton,
Ontario.

it Flas—

mature alluvial lands bordering streams
and lakes.

Land utilization. On the whole, in the
regions of subpolar climates man’s cultural
landscape has not made great inroads upon
the natural landscape. Such agriculture as
is practiced is distinctly of the patch type
and is almost wholly for local subsistence
purposes. Barley, of the hardiest kind, is
the chief cereal grown, although some rye
is produced in a few districts along the
southern margin. Potatoes do quite well
and serve as an important foodstuff in some
areas, particularly northern Sweden, Fin-
land, and Russia. Hardy vegetables and
quick maturing berries play a local role.

The forest is the principal resource. It
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has not yet been widely exploited in North
America because other forested arcas are
closer to markets, but with their depletion
will come increasing demands upon the re-
sources farther north (Illus. below). In
Norway and Sweden exploitation is carried
on profitably, coupled with a replanting
program that has won wide acclaim. Rus-
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long provided the essential raw materials
tor the world's finest tur coats and scarfs.
The activities of hunting, trapping, trading,
and transportation serve as the basis ot ex-
istence for some of the oldest and Dest-
known corporations in the world, among
which the Hudson Bay Company is con-
ceded premier position in North America.

Courtesy The National Film Board, Canada.

The northern coniferous forest along the Alaska Ihighway in northeastern British Columbia.

sia has vast forest resources within the sub-
polar climatic region, and while some use is
being made of them, their full exploitation
must await the establishment of better
facilities for transportation than are now
available.

The northern coniferous forest to date
has been of less economic importance tor
its trees than for its furs. The fur-bearing
animals of Canada, Alaska, and Siberia have

On the whole, the subpolar regions are
characterized by such climatic hardships
that they must be classified as unfavorable
to human progress. They contain re-
sources of vast possibilities, but exploitation
awaits demands from without these regions.
Their fur resources have long been ex-
ploited successfully, but markets have been
and are now almost entirely where climatic
conditions are less severe. The forests will
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become increasingly important as sources
of pulpwood and structural timber for the
lands to the south. Exploitation ot mineral
wealth will probably progress along similar
lines. In Sweden, Finland, and Russia the
southern portions of this belt have been de-
veloped to a greater degree than elsewhere.
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Chapter Tharteen

THE INTERMEDIATE CLIMATIC

REGIONS: . THE SEMIARID AND ARID TYPES

IN THE MIDDLE LATITUDES, DOMI-
nated by the prevailing westerlies, the dry
lands are found only east of high mauntain
ranges or far inland where cyclone storms
are weak and infrequent. The former is
the case in North and South America, the
latter in Eurasia east of the Black Sea.
These dry intermediate climates may be
divided into two main types: the semiarid,
or steppe, and the arid, or desert typc.

The middle latitude steppes and deserts
generally have greater annual range of
temperature than the neighboring regions
of humid climates: summers are hotter and
winters colder. The diurnal range also is
relatively great: the days are warmer and
nights colder than in the humid regions,
and the passing of occasional lows may
bring sudden and violent changes in tem-
perature.

In general, the average annual rainfall in
the semiarid intermediate regions is below
20 inches, and that of the ﬁeserts is less
than 10 inches. Inasmuch as average
annual temperatures are considerably lower
than in the dry tropical regions, evaporation
is less rapid and whatever precipitation
falls is more effective. Therefore, less rain-
fall is required to make a climate humid
than is true in the hotter areas.

Although in the semiarid lands trees are
generally lacking except along the larger

watercourses, the rainfall is sufficient to
maintain a fairl_\' continuous vegetative
cover consisting of short grass and xcro-
phytic bush, which can support grazing.
Where rainfall is greatest, some of the land
can be used successtully for crop agricul-
ture. None of the deserts, except the Takla
Makan of Chinese Turkestan, exhibits con-
ditions of such extreme aridity as are found
in the Atacama or in parts of the Sahara.
However, vegetation is so sparse tlfat the
land can be used only for extensive forms
of nomadic pastoral pursuits.

The Intermediate Semiarid
Type of Climate

The most extensive semiarid regions in
North America (Illus. p. 200, No. 12) are:
(1) the Columbia plateau, lying between
the northern Rockies and the Cascades, and
(2) the Great Plains, extending from south-
em Texas well into Canada along the
eastern front of the Rocky Mountains.  Still
more extensive are the steppes that extend
from southern Russia far into the interior
of Asia. The corresponding region of
steppes in the Southern Hemisphere lies
along the eastern base of the Andes in
Argentina and in southeastern Australia
(see World Map of Climatic Regions).
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Temperature. Temperature conditions
vary widely with latitude and altitude.
The average summer temperatures, June to
August inclusive, vary from 80°F. in Texas
to 60°F. in southern Canada, while the
winter temperatures, December to Febru-
ary inclusive, vary from 50°F. in Texas to
10° or 15°F. in southern Canada. The
average length of the frost-free season is not
less than eight months in the warmest por-
tions, while in the colder areas it is but
three to four months (Illus. below).
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Middle latitude steppe climate. Average tem-
perature and precipitation, Miles City, Montana.
Total precipitation 13.5 inches.

Winds. Although these “semiarid re-
gions lic in the belt of the prevailing wester-
lies, local weather conditions vary widely.
In North America the westerlies bring mod-
crate rainfall to the Columbia Platcau dur-
ing the winter season, but east of the Rocky
Mountains they produce little precipitation
until after they have crossed the Great
Plains. In late spring and early summer,
when the storm paths are farther north than
in winter, humid marine tropical air masses
from the Gulf of Mexico may penetrate far
inland and bring to the Great Plains the
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major share of their annual rainfall, partly
in the form of thunderstorm precipitation.

In southern Russia and Siberia, cold
northeasterly winds from the Asiatic high-
pressure area prevail in winter, while dur-
ing the summer the winds generally are
from a northwesterly direction. During
both seasons the effects of cyclonic storms
passing to the northwest are occasionally
felt. In the steppes of Mongolia the in-
fluence of the Asiatic monsoons predomi-
nates.

Wind velocities are relatively high across
the unobstructed surfaces of most semiarid
plains. In the northern Great Plains of the
United States and Canada blizzards occur
during the winter season: strong, cold winds
accompanied by very fine, blinding snow.
Severe blizzards cause heavy losses of do-
mestic livestock and wild animals. Dur-
ing the summer season, on the other hand,
hot winds are not uncommon, particularly
in the lower latitudes along the castern
margin of the Great Plains. Protracted pe-
riods of drought and high temperatures
cause such winds to be destructive to farm
crops, and in some cases to the natural
vegetation as well.

Humidity and rainfall. Although the
average annual precipitation of most semi-
arid climates varies from about 10 to 20
inches, these limits are by no means exact.
In the middle latitudes the semiarid regions
of both the Americas have a wide extent
north and south. Hence, differences in
temperature, length of the growing season,
and rate of evaporation, as well as rainfall,
affect the degree of aridity. In southwest-
ern Texas, for example, evaporation during
the long warm season is about twice as
great as in the shorter, cooler warm season
of the northern part of the Great Plains.
Consequently, areas in Texas with more
than 20 inches of rainfall may be semiarid
whereas those in the north may be classed
as humid with even less than 20 inches.

In North America, crops of the cooler
areas, in addition to being favored by a
lower rate of evaporation, have the advan-
tage of a highly favorable seasonal distribu-
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tion of rainfall. This is particularly true
of the Great Plains. At Calgary, Canada,
73 per cent of the annual raintall occurs
during the months May to Scptember.
On the Columbia Plateau 50 per cent of the
annual rainfall may be expected from No-
vember to February, inclusive. The former
climate strongly favors spring wheat; the
latter, winter wheat.

Variability of rainfall is perhaps the most
critical climatic factor in semiarid regions.
Some years may have 50 per cent or more
above the normal, while others nay drop as
much below. Such variability is of much
greater economic sigmficance where the
average is near the lower limit of tolerance
for crop plants than where the average is
relatively high. There seems to be a tend-
ency for comparatively wet and dry years
to occur in groups, but without any depend-
able regularity. Furthermore, in the Great
Plains particularly, raintall 15 below the
statistical average in more than half the
years. In the same place the rainfull may
range from a sufficiency to maintain humid
agriculture to an amount hardly able to
support scattered bush vegetation.  This
variability should be considered normnal tfor
most of the semiarid lands of the world.
Agricultural and pastoral activities should
be planned and practiced accordingly.
During wet years preparation should be
made for the drier years that will follow.
There is no evidence at hand to indicate
that any permanent climatic changes are
now occurring.

Native vegetation. Regions of semiarid
climates are characterized by comparative
sparseness of vegetation, but the cover is
practically continuous and thus contrasts
with deserts, where it is patchy or entirely
absent. There are four major groups of
native flora, all of them of the low-growing
type; trees are found only along water-
courses. (1) In the more humid sections
where the rainfall is sufficient to cause rela-
tively deep penetration of moisture, grasses
of medium height abound. This type of
vegetation is transitional between the sub-
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humid and the semiarid climatic areas, and
thus is found within both. In the Great
Plains of the United States, the semi-tall-
grass vegetation occurs in both the castern
and northern portions, in the former be-
cause of a somewhat greater rainfall total,
and m the latter because of the greater effi-
ciency of the precipitation, which results
from a lower evaporation rate. (2) The
semi-tall-grass  vegetation of the United
States and Canada merges westward, and
in Russia southward, into the short-grass
tvpe which to many is the typical steppe
(Hus. below). (3) Where the rainfall is

too low to support much grass. and where
temperatures are relatively cool, sagebrush

Phato by E. ]. Weaver, University of Nebraska.

Short grass steppe of eastern Colorado

is likely to predominate. This type of
natural vegetation prevails in the drier sec-
tions of Montana and Wyoming as well as
on the Columbia Plateau, where it is domi-
nant over large areas (Illus. p. 219). (4)
In the southern part of the Great Plains, in
New Mexico and southern Texas, mesquite
and thorny bush interspersed with some
grassy arcas are the major phases of the
vegetative cover.

Soils, The mature soils of semiarid re-
gions are pedocals. They are dark in color
and have a zone of alkaline salt accumula-
tion usually, although not cxclusively, ot
lime carbonate. The color is generally
dark brown in the more humid sections and
lighter brown where rainfall is lower. Fur-
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thermore, they are darker colored in the
cooler portions than they are in warmer
areas.

The soils of the eastern Great Plains of
North America are black soils, located in
the transition belt from humid to semiarid
climatic conditions. They correspond to
the chernozems which developed under
similar climatic conditions in the steppes of
European and Asiatic Russia. They are
darker than the tiue semiarid soils, and the
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and on many of the gray-brown podzolic
soils. (Illus. p. 228.)

Where rainfall is less than in the cher-
nozem areas, the soils are lighter in color
and shallower, and the lime-accumulation
zone is nearer the surface. On the basis of

their color, these soils have been classified
as chestnut and brown soils. They have
been developed under a grass cover which,
because of lower rainfall, was of lighter
growth and had a shallower root system

g

Photo by N. A. B.

Sagebrush vegetation n western Great Plams.  Irrigated valley, Dubors, Wyoming,

zone of lime accumulation occurs at greater
depths, usually from two to three feet
below the surface. The dark-colored hori-
zon is 10 to 24 inches thick and has a stable
granular structure. The black soils are
among the aristocrats of soils, initially pro-
ductive without the use of fertilizers, rich
in humus, and readily tilled. Given a suf-
ficiency of moisture, they will yield abun-
dantly for many years. However, owing to
the climatic conditions, long-range average
crop yields on these soils are generally ap-
preciably below those on the prairie soils

than the grasses which originally dominated
in the black-soil arcas. The lime accumu-
lation zone occurs from six or eight inches
to two feet below the surface.

In areas approaching desert conditions,
where rainfall is too low to support con-
tinuous grass cover, the soils belong to a
group known as the sierozems and gray
desert soils. These are the principal soils
in the Great Basin and Colorado Plateau
regions of the United States. The color
varies from light brownish gray in the north
to almost reddish in the south. The sur-
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face horizon is a thin, pebbly layer, and
under it is a zone of light, porous material.
The subsoil is usually brown and compact.
The zone of lime accumulation is near the
surface and is often firmly cemented into a
mineral hardpan. The gray desert soils are
necessarily low in humus because of the
paucity of vegetation which can be sup-
ported by the meager rainfall.

On the whole, the soils of the semiarid
lands are readily tilled and are produc-
tive where water is available. Crops yield
abundantly under irrigation, or without irri-
gation in years when rainfall is above nor-
mal. The unleached soils contain an abun-
dance of soluble mineral salts. Since
under natural conditions these salts are

g

Photo by N. A. B:

Wheat farming in the short grass steppe of
western Nebiaska. Shows strips of fallow land
alternating with strips of growing wheat.

usually well disseminated throughout the
soil, they do mnot impair productivity.
However, when irrigation water is applied,
care must be taken to provide adequate
drainage or the alkali salts will become con-
centrated near the surface of the soil by the
evaporation of excess moisture. Such con-
centration causes good lands to become
“alkaline” and thus almost worthless for
crop production. Costly errors involving
disastrous consequences have been made in
some of the irrigation projects by failure
to recognize the danger of concentration of
alkali salts,

Land utilization. Semiarid lands nearly
everywhere mark the transition from crop
farming to cattle along their humid margins
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and from cattle to sheep in their drier por-
tions. During wet periods, crop farming
may become so profitable that it encroaches
seriously upon grazing lands, only to be
forced to retreat again upon the inevitable
return of dry years.

The semiarid regions are important in
wheat production, autumn-sown varieties
being dominant in the warmer sections and
spring wheat in the areas where the winters
are severc. The semiarid lands of Russia,
Canada, and the United States include
some of the greatest wheat-producing re-
gions of the world. The wheatlands are
located in the more humid portions of the
steppe, where the accumulated winter
moisture is augmented by sufficient spring
and early summer rainfall to make a wheat
crop betore the heat and summer drought
become severe. The best wheatlands are
in the chernozem areas, where the sufli-
ciency of moisture was early indicated by
the taller grasses. Wheat is produced also
in the drier areas of chestnut brown and
brown soils, but yields are less dependable,
and such lands are theretore more definitely
marginal than are the chernozem districts
(Mus. p. 228).

The wheat crops which ordinardly place
Kansas, North Dakota, and Nebraska at
the head of the procession in the United
States are produced chiefly in the more hu-
mid portions of the Great Plains.

Cattle grazing is important in all semiarid
regions, the intensity depending upon vege-
tation and marketing facilities. Forage
crops are produced to supplement the nat-
ural pasture wherever pressure of popula-
tion is such that the land can profitably be
used to nearly its full capacity. Drought-
tolerant forage crops, such as millets and
sorghums, have been brought from Eurasia
and introduced into the Great Plains with
conspicuous  success. The open range
which formerly characterized the semiarid
lands of the United States has given place
generally to fenced ranches wherein pas-
turage of the native grasses is controlled
more or less efficiently and is supplemented
by fodder crops and, in some cases, by yard
feeding. This change has nearly elimi-
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nated the cowboy as the picturesque char-
acter of earlier days. The “cow country”
has been pushed into the drier regions of
the southwest and but few of its original
characteristics are now found within the
Great Plains. In Argentina the cowboy,
called the gaucho, is still a picturesque fig-
ure, but even there he is gradually being
shoved westward and southward by the
encroachment of crop farming and tenced
ranching. It seems certain that in Argen-
tina, as in the United States, the activitics
of the cowboy will be confined to lands
where rainfall will not support grain pro-
duction but where it is sufficient to main-
tain a grass cover,

Sheep ranching predominates in the drier
sections where low rainfall, high evapora-
tion, or poor moisture retentiveness of the
soil result in sparse vegetation inadequate
for cattle. It is an industry that may be
considered transitional between the semi-
arid and the arid lands (Illus. below).

Photo by N. A. B.

Sheep grazing on the short grass steppe, the Pierre
plains near Ardmore, South Dukota.

Under poorer conditions some profits may
still be made with goats. The livestock sit-
uation may thus be summarized by stating
that the fat grazing lands are uscd for cattle,
the sparse grazing lands for sheep, and the
worst grazing lands, characterized by bush
and hardy shrub, for goats.

Where water is available and markets are
accessible, extensive irrigation systems have
been constructed, particularly in the United
States, east of the Rockies, from Montana
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to New Mexico. The greatest degree of
success has been achieved in the northern
half of the Great Plains, because of the
larger size of the rivers which head in the
mountains and flow across that section.
Similar projects have been developed on
the Columbia Plateau. High yields per
acre may readily be obtained under irriga-
tion, because generally the soils of semiarid
regions arc cxceptionally fertile and the
alluvial lands are easily tilled. The crops
which have proved most successful belong
to one of two types, cither those which need
abundant moisture with much sunshine and
give large cash returns per acre, or those for
which local demands are comparatively
strong. Sugar beets, melons, specialized
fruits, and early season vegetables are ex-
amples of the former, while feed and forage
to supply the local grazing industry illus-
trate the latter. Since the areas under irri-
gation are small in comparison with the un-
wrrigated uplands, the needs of the ranches
for teeds to supplement the ranges, espe-
cially in winter, result in comparatively
high prices {or the forafe and grain crops
produced in the irrigated valleys. Further-
more, the ranchers of the Great Plains find
it advantageous to finish beef cattle for the
market, so far as possible, prior to sale, and
for such purposes quantities of alfalfa,

. sorghums, and grains are demanded.

The production of specialized crops such
as sugar beets, plus the production of feed
crops for local markets, has given great im-
petus to the development of irrigation proj-
ccts in the semiarid regions of the United
States. This development has not been
equaled in any other semiarid area of the
middle latitudes. The belief that the na-
tional welfare of the entire country would
be enhanced by making the slightly pro-
ductive areas more productive, and thus
adding to the national income and to na-
tional strength, has been an important fac-
tor in promoting this development.

The outlook. No climatic regions de-
mand more careful study of the question
“To what purposes should the land be put?”
than do those of the semiarid type. Sound
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policies of land utilization must be hased
upon a knowledge and consideration of
many factors. The topographic features,
quality of the soil, native vegetation, length
of growing season, severity of winters, heat
of summers, the amount, seasonal distribu-
tion, and annual variability of rainfall—all
are factors of major importance.

Economic returns from these regions de-
pend upon the selection of such crops as are
adapted to the existing natural conditions.
For cultivated crops, methods of tillage to
conserve moisture must be employed.  The
ability of the soil to withstand wind action
and the erosive effect of dashing rains
should be carefully studied before the na-
tive vegetation is disturbed.  The economic
factors should be given caretul considera-
tion. Crop production should be favored
only where profitable returns may be rea-
sonably certain on a basis of average or
even helow-average conditions, and should
be discouraged in all sections where such
returns can be eapected only under the
most favorable weather and market condi-
tions. Large areas of semiarid lands still
await exploitation in Asia, South America,
and Canada, as do also smaller arcas in the
United States.

It is to be hoped that the mistakes of the
past, wherem, during wet years, lands were
broken and put into tillage regardless of
soil conditions, may not be repeated. When
several wet years follow one another in
succession, as they may be eapected to do,
let owners and users beware lest they ex-
tend the cultivated acreage into areas
where only grass can be permanently suc-
cessful. Grass is nature’s adaptation of
arid land to the climate. Man should
study carefully all the factors and the prob-
able results before he destroys the sod.

The Intermediate Arid
Type of Climate

The deserts of the middle latitudes, as
a class, are not so completely desolate as
are those of the low latitudes. In the
latter, temperatures are high throughout
the year, humidity is low, and the intensity
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of evaporation is great, whereas in the
middle latitudes cvaporation takes place
slowly during the several months of the
cold season. Furthermore, the average
annual rainfall is slightly greater in most
of the middle latitude deserts than in those
of the low latitudes. As a result of the
somewhat larger amount of rainfall and its
greater efficiency in providing soil mois-
ture, the scattered xerophytic vegetation is
more abundant in the cool than in the warm
deserts.

The best-known middle latitude deserts
are in southwestern United States and cen-
tral Asia. (See World Map of Climatic
Regions.) The deserts of the Great Basin
and the Mojave of California are examples
of the former, and Takla Makan and Gobi
of the latter. All are interior basins prac-
tically surrounded by mountains which pre-
vent the inflow of vapor-laden winds.

Climatic conditions. 'The climatic con-
ditions may be summarized in a few broad
general statements.  The average annual
rainfall is less than 10 mches in most places,
although in cooler areas desert conditions
may not be reached until precipitation falls
below 6 inches. Diurnal and  seasonal
ranges of temperature are pronounced; the
maximum in summer is comparatively high
and the minimum of winter is low. In
summer, days may be hot and nights cool.
Winds are strong and irregular. Freezing
temperatures at night persist later in the
spring and begin earlicr in the fall than is
generally the case in humid climates of the
same latitude and altitude. Since, how-
ever, deficiency of rainfall is the one domi-
nating cause of low productivity of the
land, the other factors are of little signifi-
cance.

Desert soils are generally gray, coarse,
and stony. Sharp changes of temperature
cause disintegration of the rock by mechan-
ical processes, which results in the forma-
tion of relatively coarse materials. Chemi-
cak processes are retarded by coolness and
dryness, and decompositio<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>