Resources, Population Growth,

and Level of Living

A society’s wealth depends on the use it makes of
raw materials, energy, and especially ingenuity.

Most critical observers agree that the
human race is currently facing the most
crucial period in its entire history. The
world population is exploding, for it is
now more than 2.7 billion and is increas-
ing at the rate of 45 million per year
(I). If this rate of growth were to con-
tinue it would be only a few hundred
years until there would be standing room
only, and “a little after this the hypo-
thetical human population would weigh
more than the planet” (2). Even if popu-
lation growth miraculously ceased now,
known deposits of metals and fossil fuels
of the quality currently mined would not
sustain the present standard of living for
more than a few scores of years. And, as
if these problems were not enough, the
major part of the civilized world is en-
gaged in a debilitating cold war, the
principal parties to which are equipped
with weapons powerful enough to destroy
the world’s major cities in a matter of
hours, and to make much of the rest of
the world nearly uninhabitable in a mat-
ter of days or weeks. These problems are
not insurmountable, but as Brown (3, p.
265) and others have emphasized, the
rates at which the population is increas-
ing, usable resources are being exhausted,
and international relations are worsening
are so rapid that we must act at once if
we are to avoid catastrophe.

Effective action can be: based only on
an understanding of the interrelations of
the basic factors controlling population
growth and level of living (4), not only
among scientists but also among political
leaders, business men, and the public at
large. Unfortunately, however, there
seems to be so little agreement among
the scientists that the general public can-
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not help but be confused (see 5, pp. 241~
262 and 285-287, and 6 for summaries
of divergent views). Many believe, as
Malthus did in 1798 and as Sir Charles
Galton Darwin (7, 8) does today, that
the population will grow until food re-
quirements outstrip supply; it will then
be brought to equilibrium by famine or
disaster. Others believe that advancing
technology will make it possible to ob-
tain raw materials and energy from
sources that cannot now be exploited
economically (3, 9, 10), so that short-
ages of natural resources will not curb
population growth or depress the level
of living, or at least will do so only in
the very remote future. Some feel that
since population growth appears to fol-
low a logistic curve (11) that flattens as
the population becomes literate and in-
dustrialized (12, 13), world population
will stabilize before the starvation level
is reached. According to this view, “it is
by no means certain that the maximum
population will be determined by the
food supply. It may well be that com-
fort and convenience will determine the
limit” (13). And while some believe that
population growth is likely to reduce the
level of living (14), others believe that
it has a beneficial effect on economic
prosperity (15); that “in an advancing
technology, more people mean more
plenty” (16). Even war and preparation
for war are sometimes regarded as bene-
ficial economic stimulants (17).
Because the extremes of these views
are nearly those expressed by Thomas
Malthus and William Godwin at the
start of the controversy 160 years ago, it
seems safe to conclude either that little
progress has been made since then in the
understanding of basic principles or that
new information is not widely under-
stood. The latter explanation is the bet-

ter, I believe, but in either case it is im-
portant that we make a strong effort to
establish basic principles that can be ap-
plied to the solution of our problems. My
purpose in this article is to try to im-
prove understanding of the underlying
principles both by examining theoretical
relations and by analyzing observations
on the relation of natural and human re-
sources to population growth and level
of living (18).

Limitations on Growth of
Populations of Simple Organisms

A spatially limited medium favorable
to the existence of some simple organ-
ism could nourish only some finite num-
ber of individuals if the food supply were
not replenished. The total number of in-
dividuals that could be supported in such
a medium would vary directly with the
initial size of the food supply, and in-
versely with the mean life-time food con-
sumption of the individual. This situa-
tion, in which an unreplenished food
supply sustains only a limited number of
individuals, is usually observed only in
the laboratory culture of such organisms
as yeast, bacteria, fruit flies, and flour
beetles (19; 12, p. 31); but natural popu-
lations of certain insects are known to
die because of having completely ex-
hausted their food supply (20).

Most animal populations, however, are
supported by a continually or periodi-
cally replenished food supply. The
growth of a given population is limited
not only by the size of the available food
supply but also by disease, predators, or
unfavorable extremes of temperature,
salinity, moisture, or other physical or
chemical variables in the environment.
The maximum size such a population
could attain would tend to increase as
some function of the rate at which food
generally becomes available and of the
organism’s comparative resistance to its
physical and biologic enemies, and to de-
crease in some way with increasing mean
rate of food consumption of the indi-
vidual organism. It should be noted that
while the organism may exert some in-
genuity in searching for food, it is un-
able to increase the amount of food
available in its environment.

Many observations of natural and lab-
oratory populations show that when small
numbers of a species are introduced into
a bountiful environment, the rate of
growth is slow at first but then increases
rapidly (12). The maximum is reached
in a surprisingly small number of gen-
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erations. After this, the size of the popu-
lation oscillates slightly with seasonal
changes in food supply and environment,
but it may fluctuate greatly and perhaps
even decrease to zero if the food supply
or the organisms’ comparative resistance
diminish sufficiently. Where food is the
most critical factor, as it is likely to be,
the size of the population is limited by
competition for food among the indi-
vidual members; many, particularly the
young, are undernourished and do not
live out their normal life spans.

Growth of Population and Level
of Living in a Human Society

The limitations on the growth of popu-
lations of simple organisms are essen-
tially those cited by Malthus as control-
ling the growth of human populations.
Although he recognized that man can in-
crease his own food supply, he believed
that it can be increased only in “arith-
metic ratio,” whereas population tends
to increase in ‘“geometric ratio.” Mal-
thus also recognized that man might ex-
ercise “moral restraint” to limit the
growth of his numbers. He largely dis-
counted this possibility, however, and
considered that growth of human popu-
lations is likely to be kept in check by
undernourishment, disease, war, and dis-
asters, and that because the population
would always grow to the very limit of
its subsistence, most of mankind would
always be doomed to subsist at the mini-
mum level.

Since Malthus’ analysis and predic-
tions were published, both the popula-
tion and the level of living have risen to
levels that he would not have dreamed
possible (3, p. 5). Although his reason-
ing is thought to have been sound by
some of his present-day supporters—who
believe that the development of new
lands, new resources, and new techniques
merely postponed the fulfillment of Mal-
thus’ predictions—subsequent develop-
ments and further analysis of the prin-
ciples involved show that he vastly
oversimplified the relation man bears to
his environment and " underestimated
man’s ingenuity in developing and utiliz-
ing its resources. For example, because
man not only seeks but, in all but the
most primitive cultures, grows his food
and makes his clothing and shelter, his
essential needs include not only food but
also tools and raw materials; and even in
primitive societies he wants many more
things than are necessary for mere sub-
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sistence (21, p. 86). He can satisfy both
his needs and his wants only by exercis-
ing ingenuity, and his success in defend-
ing himself against his natural enemies
is in large part a measure of his ingenu-
ity. In addition, man helps satisfy his
requirements by capturing nonfood en-
ergy for his own use, and—most impor-
tant—his ingenuity permits him to satisfy
his needs from new kinds of sources,
many of which are more copious than
the older ones.

Fairfield Osborn (22, p. 202) speaks
of the “eternal equation” that controls
the level of living and the growth of
human population in various areas or so-
cieties, and he implies that this equation
may be stated as follows:

resources of the earth
number of people

Level of living =

This is a fuller concept of the relation
man bears to his environment than Mal-
thus had, because it recognizes that man,
unlike simple organisms, makes direct
use of many other things besides food,
and that the consumption of goods and
services is a variable in human popula-
tions analogous in importance to the
number of people. But even this concept
does not adequately represent the rela-
tion among the factors that control
human life, for it implies that the “re-
sources of the earth” constitute a fixed
quantity that will yield a given output
per capita.

A similar but less adequate concept is
that of Vogt (23), in which population
and level of living are determined mainly
by the “carrying capacity” (C) of the
land; this, he says, is equal to the ratio
of the biotic potential (B) of the land
to produce plants for shelter, clothing,
and food and the environmental resist-
ance or the limitations (E) that the en-
vironment places on the productive ca-
pacity of the land (“C=B: E”). Vogt
recognizes that it is possible for man to
alter the environmental resistance and
hence to increase the carrying capacity,
but the statement itself does not take
into account the importance of other re-
sources, nor does it give any direct indi-
cation that the carrying capacity of the
land varies with ingenuity. The carrying
capacity of the land, for example, for a
food-gathering culture is several orders
of magnitude less than it is for the mod-
ern science and machine culture. Both
Osborn’s and Vogt’s concepts imply that
the land will support no more than some
optimum number of people, but, as
Bauer and Yamey (21, p. 61) point out,

“the most fundamental weakness of the
concept of optimum population . . . is
the underlying idea that, with given nat-
ural resources, output per head is a func-
tion of numbers alone. In fact, however,
real income is vitally affected by the
quality of the population, and the theo-
retical optimum would depend upon the
skill, resourcefulness, and thriftiness of
the population.” As Kuznets (21, p. 129)
put it, the major capital stock of an in-
dustrialized country is not its physical
equipment; it is its body of knowledge
and the capacity and training of the
population to use its equipment effec-
tively.

Although the factors that control hu-
man life are highly complex and in large
part intangible, the fundamental ones,
therefore, must include constructive
technologic, socioeconomic, and political
ingenuity—the collective ability of a
group to obtain, distribute, and use raw
materials and energy efficiently and to
defend itself from its enemies, including
disease and natural disaster. And instead
of thinking of “resources of the earth” as
a fundamental factor controlling the
level of living and population at a given
time, it is better to think of the net con-
structive rate of consumption and use of
all types of raw materials, such as min-
erals, food, and water; and of the net
constructive rate of consumption of all
forms of energy, including a relatively
small but essential amount of human
energy as well as energy derived from
other animate and inanimate sources.
We can then say that the average level of
living of an individual in a given society
would tend to increase as some function
of the net constructive rate of consump-
tion or use of raw materials, energy, and
ingenuity, and to decrease in some way
with increase in the number of consum-
ers. '

This means that if the total consump-
tion and use of raw materials, energy,
and human ingenuity is at some fixed
value (as it is in a given society at a
given time), the level of living of the
average individual decreases as the popu-
lation increases; it also means that both
population and level of living can be
relatively high if consumption and use
of raw materials, energy, or constructive
ingenuity is also high. The expression
does not tell us, however, what the po-
tential maximum limit to the means of
human subsistence is, nor does it tell
whether or not population in a given so-
ciety will come to equilibrium at a low
or a high level of living.
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These questions will be considered
later, but before going on it is desirable
to mention that the dependence of level
of living and population on consump-
tion of natural and human resources in
the various countries of the world today
is shown semiquantitatively by published
statistics (see 9, 24). For example, the
per capita income in various countries
correlates closely with the per capita
consumption of steel and of energy ob-
tained from commercial sources. A fair
correlation exists also between per capita
income and such things as literacy, per-
centage of students in secondary schools
and colleges, per capita consumption of
newsprint, and numbers of books pub-
lished per capita. The correlation among
these things is not exact because they are
only partial measures of the controlling
factors. Per capita income, for example,
is a measure of level of living, but be-
cause it takes no account of materials
already purchased and in use, it is only
a partial measure of it. Steel is a key raw
material, but it is only one of hundreds
that are essential to industry, and again
the annual production is merely sugges-
tive of the amount in use. The consump-
tion of energy is hard to evaluate, for
published statistics exclude solar energy
and energy from other noncommercial
sources. And of course no statistic pro-
vides more than a feeble clue to the
amount of ingenuity accumulated and in
use.

Yet, in spite of the difficulty of meas-
uring the controlling factors, the evi-
dence is ample to show that level of liv-
ing is generally a function of the per
capita consumption and use of natural
and human resources. Perhaps some op-
timum combination of raw materials,
energy, and ingenuity is required to
raise the level of living of the individual
to the maximum, but it seems obvious
that a large quantity of one will offset
a shortage of the others, to some extent
at least. Thus, it is due to “the skill and
efficiency of the Swiss people that they
have secured one of the highest standards
of living in the world” despite their pov-
erty in natural resources (25, p. 154).

Limitations on Growth of Population
and Rise of Level of Living in Time

Is it possible to predict the potential
population and level of living of a given
area or of the world as a whole? This
problem is far more complex than the
one just considered. As a beginning, we
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could say that the potential level of liv-
ing is an increasing function of the po-
tential resources of raw materials, energy,
and human ingenuity and a decreasing
function of the potential population.
This is not an adequate expression, how-
ever, for it does not take adequate ac-
count of additional complexities, such
as the fact that some things, like war and
population growth, that tend to decrease
prosperity in the long run may tend to
increase it for short periods because they
create an expanding market and full em-
ployment. These stimulants are only of
temporary value, however, and if they
come at a time when they cannot be ade-
quately supported by available resources
they reduce the level of living and may
even lead to disaster (26). With respect
to ultimate world population growth, an-
other factor not previously considered is
man’s requirement of a minimum
amount of space in which to live. The
amount of space required is not known,
but whether it is an acre or a square
yard need not concern us here; the point
is that there is a minimum space require-
ment and that this would ultimately
limit the earth’s population if other fac-
tors did not.

The most important complication,
however, is that man himself has dem-
onstrated the ability to control every one
of the variables (27, p. 18). He has not
often deliberately fixed his standard of
living at a low level, although he has
done even this in certain religious socie-
ties, but in both primitive and advanced
societies he has shown at times the will-
ingness and ability to control population
growth by one or another means of fam-
ily limitation. And human history re-
cords an endless succession of discoveries
that enabled man to utilize resources
that were not utilizable before.

The discovery of fire, for example,
made it possible for man to eat foods
not edible before and to live in places
not previously habitable. The discovery
of agricultural methods made it possible
for him to obtain many times as much
food from a given area as the area
yielded to the food gatherer, and the dis-
covery of irrigation methods and of the
use of fertilizers during earlier civiliza-
tions increased the yield many times
more (28, p. 12; 3, pp. 13-45). And the
application of modern science and en-
gineering to agriculture—the develop-
ment of mechanized farm implements,
fertilizers, insecticides, modern breeding
practices, and so on—has increased the
productivity of the land beyond anything

imaginable even a half century ago. For
the first users of copper, the only min-
able copper ore consisted of good-sized
masses of native copper, but the discov-
ery of smelting and similar technological
advances made it possible to mine im-
pure ores; the cut-off grade has dropped
steadily until it is now about 0.4 percent
in the large porphyry deposits. Alumi-
num, magnesium, and titanium were not
even known to the ancients and were
not thought to be valuable as structural
materials even by the technologists of
the early 20th century. Examples of dis-
coveries that created usable resources
where none existed before could be
added indefinitely. Sociological, eco-
nomic, and political discoveries, such as
the invention of writing, money, and
banking, the development of trade and
of specialization in labor, and the devel-
opment of systems of government that
encouraged individual initiative, had a
similar and perhaps even greater effect
in making it possible to obtain more
goods and services from a given area
than had been possible before.

If it were possible, therefore, to write
an equation showing the interrelations of
potential population, potential level of
living, and potential resources, the ex-
pression would show these variables to
depend in some way on potential human
ingenuity. It is unlikely, of course, that
man will be able to control the other
variables entirely, at least in the near
future, but it is highly probably that
even within short periods he will make
new discoveries or acquire new knowl-
edge that may alter his future com-
pletely. A recent and important example
is the new look given the energy picture
by the discovery of nuclear power. Prior
to 1939, the world’s energy supplies were
thought to consist mainly of the fossil
fuels—a few scores of years’ supply in
the form of petroleum and at most a few
thousand years’ supply in coal. No one
considered that fissionable or fusionable
elements might one day be a source of
power, and the outlook for future sup-
plies of power was dark. As recently as
five years ago, well after the production
of power by fission was known to be pos-
sible, Ayres and Scarlott (29), Darwin
(7, p. 65), and others who did not have
the benefit of the then classified data
on results of postwar exploration for
uranium, considered it likely that the
energy derivable from nuclear power
would not be any greater than that in
the world’s coal reserves, if as great. The
energy in high-grade deposits of uranium
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in Western countries alone, however, is
now known to be several times that in
all the fossil-fuel reserves combined; the
amount in the uranium in black shales
and phosphorites (which is being ex-
tracted in a few places now as a by-
product of other operations) is at least
ten and perhaps several hundred times
larger (30), and that in granites and
similar rocks is almost incalculable (37).
And it now appears that enormous
amounts of power will be available from
thermonuclear fusion (32). Progress in
mineral technology has also been im-
pressive and may be expected to make
available progressively lower grades and
increasingly larger resources of minerals
in the future, just as it has in the past
(10).

This does not mean that William
Godwin was right in his belief that nat-
ural resources, if used and distributed
properly, would be adequate to support
man’s needs in spite of his reproductive
proclivities; it does not mean that at any
given time or even ultimately there will
not be a limit to the resources-ingenuity
product, or that at any given time or
ultimately the population will not press
closely on the means of its subsistence;
and it certainly does not mean that some-
thing will turn up to solve all of man’s
problems whether he tries to solve them
or not. It means, rather, that because
man is potentially capable of controlling
his numbers, his environment, his usable
resources, and his very destiny to an un-
imaginable degree, it is not possible to
predict the limit, temporary or ultimate,
to his means of subsistence or his level
of living (33).

Stimuli to Technologic Advance
and Population Control

Although it is not practical to make
long-range forecasts of growth of popu-
lation or rise or fall of the level of living,
it is of utmost importance to learn the
circumstances under which man uses his
fabulous capacity to increase the means
of his subsistence and to control his num-
bers. Doubtless modern behavioral sci-
ence can cast much light on these ques-
tions, but for the purpose here it suffices
to approach them by analyzing present
and previous patterns of population and
economic growth. The rate of popula-
tion growth differs considerably in dif-
ferent parts of the world now, and it
probably always has. For example, the
world population is at present more than
2.7 billion and it is increasing at the rate
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of about 1.7 percent per year (1); but
the population of northern Europe is in-
creasing at the rate of only about 0.6
percent per year, while that of Canada
and Australia is increasing at the rate of
2.4 percent and that of certain under-
developed areas like Mexico is increas-
ing at rates of more than 3 percent (26).
The current average rate of population
growth has prevailed for only about two
decades; the largest growth. has taken
place since about 1650. The world popu-
lation is thought to have been about 0.2
billion at the beginning of the Christian
era, and by 1650 it had grown to not
much more than 0.5 billion (5, p. 33).
It took about 200 years to double that
figure and less than 100 years to double
it again. The distribution of the relative
increase was extremely irregular: From
1650 to 1950 the population of Africa
doubled; that of Asia increased 3.8 times;
Europe, 5.6 times; that of Central and
South America, 13.5 times; and that of
America, 166 times. The largest absolute
increase in number of people, however,
took place in Asia, whose population in
1950 was about 1.3 billion.

Populations of Western Europe

Although the population growth of re-
cent centuries has been unequally distrib-
uted, it shows in the aggregate a rapid
increase. In most of the Western Euro-
pean populations, where the increase
took place first, this rapid increase has
been followed by a decrease in rate of
growth. The curve representing their
growth since about 1700 is the S-shaped
logistic curve similar to that found in the
growth of animal populations (12, pp.
11-18); the growth it reflects has been
called the population cycle, which is
broken into four stages, as follows (25,
p. 9): (i) the high-fluctuation stage,
characterized by high birth and death
rates and by a very slow, irregular in-
crease in population; (ii) the early-ex-
pansion stage, characterized by a high
birth rate and a falling death rate; (iii)
the late-expansion stage, characterized
by a falling birth rate as well as a fall-
ing death rate; and (iv) the low-fluctua-
tion stage, characterized by a low death
rate and a low birth rate, oscillating
slightly with booms, depressions, and
wars. Transition from one to another of
these stages represents the effect of a
change in the ratio of births to deaths,
and perhaps also of changes in direction
and amount of migration. But what are
the fundamental causes of these changes?

The high-fluctuation stage in the his-
tory of the Western Europeans seems to
have been one in which population was
pretty much in equilibrium with food
production. Population increased in time
of plenty and declined sharply when
famine or pestilence raised the death
rate; in the meantime substantial growth
was prevented by a high death rate that
was the direct or indirect product of un-
dernourishment among a large segment
of the population. The early-expansion
stage, which began during the 17th cen-
tury, was due “in part to gradually
improving agricultural techniques, but
probably in greater degree to better
transportation, which in turn stimulated
commerce and handicraft production,
and, through these, commercial agricul-
ture,” both in Europe and in new lands
settled or dominated by Europeans (13).
This tended to reduce famine, under-
nourishment, and susceptibility to dis-
ease, and hence led to a decline in the
death rate. Even though this early growth
was not stimulated by much increase in
the use of fossil fuel and steel, it was
made possible, nevertheless, by increased
availability and use of raw materials,
energy, and ingenuity, all of which ex-
panded the supply of food and other
necessities.

The late-expansion stage of the popu-
lation growth of Western peoples is
closely tied to the industrial or scien-
tific revolution. Thus, Hubbert (34) has
shown that the population growth of the
last 150 years, the largest in human his-
tory, is closely correlated with the greatly
increased use of energy from fossil fuels;
the latter is directly paralleled by in-
creased consumption of metals and many
other raw materials. Mere production fig-
ures, however, do not adequately describe
the intellectual explosion that permitted
man not only to prolong life by the con-
quest of disease (39, p. 7) but also to dis-
cover and utilize natural treasures whose
very existence was previously unknown.
The vastly increased amount of goods,
services, and knowledge available for
man’s use performed “the western mira-
cle” of simultaneously increasing popu-
lation and raising the level of living (22,
p. 75).

The low-fluctuation stage is a recent
development, reached in western Euro-
pean countries only within the last cen-
tury. It is characterized not only by a
relatively stable population but also by
a rise in the level of living—an enigma
from the standpoint of Malthusian doc-
trine. The causes for the decline in birth
rate are complex, but three things seem

SCIENCE, VOL. 129



especially significant: (i) Recent studies
of birth rates among various socioeco-
nomic groups show that group differ-
ences are mainly due to the differen-
tial prevalence of birth-control practices
(36); (ii) the net reproduction rate
among families within individual coun-
tries or areas generally varies inversely
with family income and degree of edu-
cational attainment (12, p. 158; 37; 5,
p. 156); and (iii) over the world as a
whole, areas that have the highest birth
rates are those in which the highest pro-
portion of the population is illiterate and
dependent on agriculture (13; 27, p. 50).
These observations indicate that in rela-
tively well educated and wealthy nations
and social groups, the birth rate drops
because married couples want to have
fewer children, presumably because they
want to attain or maintain a higher level
of living for themselves and their chil-
dren, or because they do not “wish to
bear the physical and social burdens
which a large family brings” (38). The
birth rate remains high among low-in-
come and poorly educated groups be-
cause their outlets for nervous and emo-
tional tension are restricted (12, p. 203;
35, p. 296), they are not educated in the
art of contraception, they are not able to
afford contraceptive devices, and they are
not well informed as to the consequences
of having a large family.

It is important to note that the drop
in birth rate in Western countries has
taken place in spite of strong opposition
to family limitation. In Ireland, where
both the Catholic Church and the state
have encouraged large families, the popu-
lation decreased from about 8.2 million
in 1845 to about 4.4 million in 1950 (35,
pp- 53, 92). Death and emigration re-
duced the population by about two mil-
lion during the potato famine years of
1847-1852, but the remainder of the re-
duction results from a low birth rate due
to few and late marriages.

Until recently it was thought that after
a particular nation once reached the low-
fluctuation stage of the population cycle
its population would be stable, or at least
its further growth would be slow. In the
United States, Canada, and Australasian
countries, however, it has been found
that under certain circumstances popula-
tion stability or slow growth is merely
temporary. In the United States the birth
rate declined rather steadily during the
first third of the 20th century, reaching
a low of about 19 per thousand per year
during the 1930’s (39), but in 1940 it
‘started to rise, and since 1951 it has been
about 25 per thousand. The reversal in
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the trend of the birth rate is generally
thought to be related to increased pay-
rolls' and employment resulting from the
defense and war efforts, but the high
postwar birth rate is puzzling (25; 40,
p- 46). At first glance it does not appear
to be caused by national prosperity, for
per capita income rose in the early part
of the century while the birth rate de-
clined. But inasmuch as the size of the
family in the United States is now largely
a result of a decision made by the par-
ents, it seems likely that the increased
birth rate in the United States reflects a
recognition on the part of our young
people that their potential income does
not require them to restrict the size of
their families closely in order to realize
their wants and fulfill their responsibili-
ties adequately. The wish to avoid the
physical and social burdens of a large
family may still militate against large
families, but the leisure afforded by a
shorter work week and by labor-saving
devices, such as the dishwasher and auto-
matic washing machine, makes it pos-
sible to have a medium-sized family
without having as burdensome or com-
plex a life as the same responsibilities
would have entailed in the 1920’s. It
seems safe to conclude that a rise in na-
tional prosperity may stimulate popula-
tion growth in late as well as early stages
of industrial development.

Population Cycle in Earlier Epochs

The main aspects of this population
cycle or growth curve appear to have
been repeated during each of the suc-
cessive cultural epochs in the history of
mankind (12, p. 19) and during each of
the earlier civilizations. Clough (28), in
his analysis of the factors controlling the
rise and fall of civilizations, finds that
all civilizations were marked by, and to
a large extent caused by, an increased
output per capita of goods and services
and the accumulation of an economic
surplus. This permitted both an increase
in population and a rise in the level of
living, and it also provided time for in-
tellectual and esthetic achievements—the
hallmarks of civilization. The increased
output resulted from improvements in
technology, greater exploitation of nat-
ural resources, increased efficiency of
labor resulting from specialization, accu-
mulation of capital, increased business
enterprise and leadership, improved tech-
niques of distribution, and development
of an economic and political system that
not only encouraged individual and

group enterprise but also permitted wide
enough distribution of wealth to enable
the laborer to be a heavy consumer of
goods and services. When the population
reached a size at which existing tech-
niques, resources, capital, trade, and po-
litical organization were unable to pro-
vide a further increase in goods and
services per capita, population growth
tapered off and the level of living gradu-
ally declined. If for any reason the polit-
ical and economic framework of the civ-
ilization deteriorated, population actually
decreased and entered the high-fluctua-
tion stage. Later, when political or tech-
nologic conditions once again favored the
accumulation of an economic surplus, a
new cycle of growth sometimes began,
either in the same area or, more com-
monly, in adjacent areas.

In contrast to the causes of decline in
the rate of growth of western European
populations—family limitation stimu-
lated by desire for a higher level of liv-
ing and a less complex life—the decline
in growth of population of most earlier
societies was due mainly to the positive
checks cited by Malthus. A great variety
of methods of family limitation, ranging
from abortion and infanticide to various
sexual taboos and marriage bans, were
practiced in early societies; when prac-
ticed extensively they helped make it
possible to avoid widespread starvation,
but they do not seem to have been effec-
tive in maintaining a high standard of
living.

Why did earlier civilizations rise and
decline? What stimulated and then de-
pressed technologic, economic, social,
and esthetic progress? Toynbee (41, p.
570) explains that civilization arises “not
as a result of superior biological endow-
ment or geographical environment but as
a response to a challenge in a situation
of special difficulty which rouses him
[man] to make a hitherto unprecedented
effort.”” He lists a number of adversities
that provide the necessary initial chal-
lenge—hard country, new ground, defeat
in war, threat of war, and penalization
imposed by reason of race, religion, or
class; further growth, he thinks, results
from “an overcoming of material ob-
stacles which releases the energies of the
society to make responses to challenges
which henceforth are internal rather than
external, spiritual rather than material.”
Though granting that necessity is often
the mother of invention, I believe that
the growth of civilizations must have
been stimulated by more than this, for
many more peoples have been exposed
to adversity and spiritual challenges than
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have made the grand response that the
development of a civilization demands,

Clough (28, p. 9) supplies the miss-
ing link in emphasizing the importance
of the ideologies of a culture, which gen-
erally become established at its very be-
ginning. If in its formative stage “the
culture embraces the idea that great
works of art should be created, that
knowledge of the universe should be ac-
quired, and that man should extend his
control over human and physical envi-
ronment, then subsequently more of the
energies of the culture will be devoted
to the attainment of a high degree of
civilization than would otherwise be the
case. . . . Another ideology which is im-
portant for the effective development of
civilization is a desire for a social and
political organization which will permit
individuals to realize their total poten-
tial as contributors to civilization.” He
stresses also the importance of avoiding
destructive strife, of placing leadership
in the hands of those who would advance
civilization rather than some other cause,
of preventing such a rigid structuring of
the culture that the individual has no
choice of action, and of increasing “the
range of opportunities for alternative de-
cisions. . . . Everything which contributes
to the extension of that range, whether
it be economic surplus, the use of leisure,
the development of cities, or the absence
of stultifying rigidities, is of the utmost
significance in furthering the process of
civilization.”

Whereas the rise of earlier civilizations
was marked by a gain in control over
both the physical and human environ-
ments, their decline reflected a reversal
of these trends. Specific causes may have
been disappearance of economic surplus,
resulting from population growth, ex-
haustion of natural resources, war, or
diversion of capital from productive in-
vestments to nonproductive expenditures
on costly works of art (for example, the
Pyramids) or luxurious living (28, p.
261); enemy conquest, the success of
which may be the result of the diffusion
of the fallen civilization’s techniques to
bordering peoples; disease or pestilence;
social and political disorders, leading to
debilitating internal strife; deterioration
of leadership or government; or loss of
creativity as a consequence of a stultify-
ing religion, tradition, or social order
(41, p. 581). The relative importance
of these causes is hard to assess. Popu-
lation growth outstripped the production
of food and other necessities in the home-
land in some and perhaps in all of the
earlier civilizations, so that they became
dependent on trade and conquest to
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maintain their level of living (3, p. 24—
30). Yet nearly all of these areas are now
supporting more people at a higher level
of living; obviously, then, they did not
exhaust their resources but merely
reached the production ceiling permitted
by their technology and their economic
and sociopolitical systems. It seems likely
that even without further technologic
advance they could have avoided or post-
poned decline if they could have dealt
with subjugated peoples, competitors,
and envious barbarians by means more
effective and less expensive than mili-
tary force, and if they could have pre-
vented or satisfactorily dissolved internal
social disorders. Failure to maintain or
extend control over the human environ-
ment, to organize their “society in such
a way that differences among individuals
and groups may be at a minimum and
that what conflicts do exist may be set-
tled in an equitable manner according
to previously established rules,” and to
place sufficient value on human life and
freedom (28, p. 260) seems to have been
at the root of the decline.

Populations of
Underdeveloped Countries

If judged wholly by their rapid rate
of increase, the populations of many
of the underdeveloped countries today
would appear to be in the early expand-
ing stage of the population cycle. Un-
like the Western countries and earlier
civilizations, however, the underdevel-
oped countries began their recent growth
not because they opened new geographic,
technologic, or economic frontiers but
because Western countries introduced
better methods of transportation, com-
munication, agriculture, and—most im-
portant—medicine and sanitation (35;
3, pp. 57-58). Deposits of minerals and
fuels have been developed in these coun-
tries, to be sure, but because these have
been largely exported to Western coun-
tries they have not done much to raise
the level of living of the native popu-
lace, which has remained dominantly
agricultural. The result of all this is that
death rates have been reduced, the popu-
lations have grown, and in some coun-
tries the amount of food and goods avail-
able per person has diminished (42; 40,
p- 48). No significant rise in level of edu-
cation, which might check population
growth as it has in Western countries,
has taken place in most of the under-
developed countries, and population
growth seems to follow a strictly Mal-
thusian pattern.

Summary of Basic Relations

This brief analysis of the relations of
population growth and level of living to
natural and human resources yields sev-
eral relatively simple but important prin-
ciples, as follows. The means for man’s
subsistence increase with increasing con-
structive consumption of raw materials
and energy and, especially, constructive:

‘use of ingenuity. Resources of usable raw

materials and energy may be increased
to an unpredictable extent by the devel-
opment and application of ingenuity.
The most fundamental stimulus to in-
genuity is a basic ideology that chal-
lenges, encourages, and rewards indi-
vidual initiative, freedom of thought,
desire for economic gain, and thirst for
knowledge. The attainment of a high
standard of living requires that the ratio
of consumption to consumers be high.
Such a ratio can be maintained most
easily if the population is sufficiently
educated to understand the benefits and
the means of family limitation and to
extend its control over its physical and
human environments by peaceful means.
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