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. ABSTRA . : S
The purpose of this keck is to examine the .
. interaction of the worléd's ecological, eccrcaic, and social systenms. <
It is divided into 12 chapters, with the f;rst chapter prcviding an
“introduction and overview. Chapter twc assessés the dimensicns cf the
ecological stresses teing put on the ervircrzent, srecifically, the
world's oceans, forests, grassiands, and crcrlands. Chapter three
points out some of the consequences of these stresses The fourth {
chapter considers the trends and dangers cf po;tlatlcn grcuth and -
urges populatlon stabilization. Chapter five discusses the energy
.Situation and the transition from petrcleux to nuclear, ccal, solar,
and other alternative energy sources. Chapter six examines the food
economy and what has and can be done tc ease wcxld fccd: skcrtages.
Chapter seven studies the eccnoric strecsses cf 1n€latlcn,
unenployment, capital scarcity, labor prcducticr, and the slowing of
eccnomic growth around the world. The eigth and ninth chapters deal
? with the social and ecological significance ¢f the distrikutiom of
wealth both among and within societies. Chapter ten discusses the
accommodations to the earth's natural systess ard rescurces that must
take place. The last twc chapters ccncertrate ¢n how these
accommqdations will be accomplished, ané who will ke invclved in the
process. (Author/JK)
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‘Tl'lc purpose of this book is to shgd some light on the interac-
tion of the world ecological, economic and social systems, a
topic of central interest to me and my colleagues at the World-
watch Institute. Our goal is to analyze important global issues
and bring them to the.attefition of busy decision makers at all
Jevels, whether political leaders establishing. national priorities,
.foundation officers allocating research fuinds or young couples
deciding whethér to have a child. We hope this book will be
. a useful source of information for those working for-a world
that is ecologically sustainable and socially just. .
The bpok draws on a wide range of personal. experiences
including formal education*in both the natural and social
+ scienges, a youth spent farming with my brother, a year spept -
{iving in villages in India, a décade with the U.S. Department
* of Agriculture duting the Kennedy-Johnson erd, and five years
with the Overseas Developmiznt Cduncil. The early part of the
decade with USDA was spent in researching and writing on
world agriculture and the remainder in managing the Depart-
mient’s technical assistance programs in some forty vountries.
This latter position involved extensive travel; much of it in the >
" countryside of the Third World where many of the problems-
addressed in this book were then beginning to surface, *

©
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The Mnty’-Ninih Day isby no means a final work "It should
be viewed as part of an-ongoing process, >f a continuing effort

" to understand a set of complex interrelated global issues. It is

part of a.continuous flow of Worldwatch Papers and bdoks,
Indeed, some of the material in this book has been taken from
my own earlier Worldwatch Papets. ‘ J

" Completion of 'a-beok of this scope leaves the author, in-
debted to many people. At various points along the way Pa-+

" tricia McGrith, Frank Record, and Christophér Flavin as-

sisted with the research and analysis. Macinda Byrd, helped
gather research materials. . Marion Frayman, .Blondeen Du-
haney, and Joanne Senechal typed the manuscript as it evolved
through ‘several drafts. .

My debt to Kathleen Courrier, who edited the manuscript,
is uncommonly large. Her contribution went far beyond: that

"~ of editor as shie added texture and cplor'to my prose. At times

it was difficult to tell when editing ended and writing began. -

Each of.my colleagues—Erik Eckholm, Denis Hayes, Kath-
leert Newland, Colin'Norman, Linda Starke, Bruce Stokes;and
Frank Record—reviewed the manuscript at least once. Among
those outside the Institute who reviewed the manuscript and
offered helpful suggestions are Robert O. Anderson, George
Brockway, Kent Collins, Petet Cott, Anne de Castillo,:Gail
Finsterbusch, James P. Grant, Martin McLaughlin, Donella
Meadows, Rufus Miles, David Poindexter, Andrew. Rice,
Rafael Salag, Joyti Singh, and Tarzie Vittaclrgi, Isaiah Frank,
Carl Gerber, Ronald Ridker, and Roger Sant reviewed portions

"of the manuscript. I am grateful to all these individuals for

their time and advie. As is always the case, the final product
is ohe for which I, the author, bear the responsibility.

« The Worldwatch Institute has provided a fertile eqpviron-
ment in which to do the book. The Institute, which effectively

~ began operation in 1975 was incorporated by Erik Eckholnf,

Blondeen Duhaney, and, myself. It is governed-by an interna-
tional Board of Directors chaired by Orville L. Freeman. Other
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members include Robert O. Anderson (U.S.), Charles M. Car-
_ gille (U.S.); Carlo.Cipolla {Italy), Edward 8. Comish (US.),
. Hazel Henderson (US.), Anne-Matie Holénsteins (Switzer-
land), Abd-E] Rahman Khané (Algeria), Elizabeth McCor-

India¥, Andrew E. Rice (US.), Walter O. Raberts (US),

Rafael M. Sglas (Philippines), and Lynne G. Stitt (U.S.). Offi-

cers are Felix Gorrell, Treasurer; Blondeen Duhaney, Secre-

- ' tary; and myself, President. Funding is provided by several

- foundatiops,' UN agencies,/Y.S. government departments, and
- private-contributioss. . » Tt T

..« Iam indebted to The Kettering Foundation for the primary

e financial support-for the book and for their early vote of confi-

) dence in the Institute. Kent Collinz, Vice President for Explo-

ration -and Development, -was extragedinarily supportive

+ thioughout. Additional support for the book came from the

UN Fund for Population Activities, the Council on Environ-

uiental Quality, arid the Ageney for International Develop-

ment through the Population Information Program of George

Washington University. The general funding provided the In-

stitute by the Rockefeller Brothers Fund, the Edfia McConnell

Clark Foundation, and Robert O. Ahderson, also aided in’the

‘completion of this book. At this broader level, both. my col-

leagues and I ate grateful for the genercus multi-year launching

grant approved by the trustees of the Rockefeller Brothers

Fund three years ago that brought the Institute into existence.

e We are particularly grateful to the RBF President, William

Dietel, who helped found the Institute, and to Gerry %amcy,

_ . our project officer: ’

-

- ' M -~

“. * mack{U.S)), Larry Minear (U.S.), I. G. Patel (Vice-Chairman,
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-I-}")e French use a riddle to teach schoolchildren the nature

of exponential growth. A lily pond, so the riddle goes, contains
a single leaf. Each day the number cf leaves doubles—two
leaves the second day, four theé third, eight the fourth, and so
on. “If the pond is full on the thirtieth day,” the questin goes,
“at what: point is it'half full?” Answer: “On the twenty-ninth
da)'."l ) x . )
The global lily pond in which four billion of us live may
already ‘'be at least half full. Within the next generation, it
could fill up entirely. Occasional clusters of lily leaves are al-

" readyscrowding against the edge, signaling the day when the

pond will be completely filled. The great risk is that we will

o
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“miss or misread the signals and fail to adjust our lifestyles and

reproductive habits in the time available.
A careful reading of the signals indicates that pressures on
the earth’s principal biological systems and energy resources are

‘mounting. Stress is evident in each of the four major biological

systems—oceanic fisheries, grasslands, forests, and croplands—

_ that humanity depends o for food and industrial raw materi-

als. Except for croplands, all are essentially natural systems,
little modiied by humans. In large areas of: the world, the
pressure 6f growing human demands on these systems has
reached the point where it is lmpamng their productive capaci-
ties.

Discussions of long-term economic growth prospects in re-
cent years have concentrated on nonrenewable resources, espe-
ciallyminerals and fossil fuels. They have been undergirded by
the implicit assumption that beciuse biological resources were
renewable they were of little concern. In fact; both the non®
renewable and renewable resource bases have been shrinking.
The earth’s biological systems form the foundation of the glo-
bal economic system. In addition to food, biological systems
provide virtually all the raw materials for industry except mm—
erals and petroleum-denved synthetics.

The oceanic food chain, yielding some 70 million tons of
fish per year, is humanity’s principal source of high-quality
protein. Not only.do fisheries provide animal protein for di-
rect consumption, but the less palatable species are con-
verted into fishmeal and fed to poultry that produce meéat
and eggs. .

Forests provide not only lumber, still a universal building
material, but for fully a third.of humanity, firewood as well.
They are the source cf the newsprint for the daily newspaper
and of other paper. Tn skort, the housing, education, and com- -
mupications sectors depend hgavnly on fomts for raw materi-
als.

- The earth’s grasslands-are a rich source of protein, from ~ ~

14
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which comes most of the world’s meat, milk, butter, and
cheese. In addition they sustain the draft animals that till a
third of the world’s croplands. They are also the source of
“leather for the footwear and leather-goods industries, and of
wool, one of the oldest and most highly prized fibers of the
clothing industry. =~ ' ‘

Croplands produce an even greater range of products. They

- supply food, industrial raw materials such as rubber, and a

variety of fibers, alcohols, starches, and vegetable oils. The
contribution of cultivated crops to the global economy is far
greater than the one-tenth of the earth’s land surface that they
occupy. B

Four billion human beings with rising aspirations exert great
pressure on these biological systems, often exceeding nature’s
long-term carrying capacity. The productivity of scores of oce-
anic fisheries is falling as the catch exceeds their regenerative
capacity. In a protein-hungry world, overfishing has recently
become the rule, not the exception. Forests are shrinking be-
fore the onslaught of the firewood gatherer, the land-hungry
farmer, and international timber interests. )
_ As the number of cattle, water buffalo, sheep, goats, and

_ camels increases apace with human populations, the earth’s

sslands are being overtaxed. Denudation, soil erosion, and

ert encroachment result. Croplands, too, are”under pres--
sure. The frontiers have largely disappeared. Fallow cycles
everywhere are shortening, and farmers seeking land are being
‘forced up steeply sloping hillsides and onto less fertile soils.

In many ways the natural biological systems on which hu;
manity depends function like a philanthrogic foundation oper-
ating on a fixed endowment. If a foundation has an endowment
of a hundred million dollars that earns 6 percent yearly, it can
safely disburse six million dollars per year indefinitely. If, how-

_ever, overly enthusiastic project officers begin disbursing the

foundation’s resources at ten million dollars per year, this level

-of grants would steadily consume the foundation’s financial

o
-




4 ’ The Twenty-Ninth Day ~

assets. Eventually the foundation would lose its productive

. assets and closé its doors. So too with biological systems. In
neither case can the offtake exceed the regenerative capacity
for long.

The deterioration of biological systems is not a peripheral
issue of concern only to environmentalists. Our economic sys-
tem depends on thé earth’s biological systems. Anything that

( threatens the viability of these biological systems threatens the
global economy. Any deterioration in these systems represents
a deterioration in the human prospect. .

The deterioration of ecological systems through human
abuse is not new. Overcutting and the subsequent decimation
of forests by humans date back to the earliest civilizations in
the Middle East. What is new today is the scale and speed at
which biological resources are being impaired and destroyed.

Although these recent trends cannot long continue, how
much time it will take to face up to the problem and to arrest
the biological deterioration is unclear. Re-establishing a stable
relationship between humanity and the natural systems that
support human life will perforce preoccupy political leaders
during the years and decades immediately ahead.

The adjustments we must now make in consumption pat-

- tems, in population policy, and in the economic system if we,
are to preserve the biological underpinnings of the global econ-
. omy arc profound; they will cM both human inge-
nuity and the human capacity for behavioral change. Unfortu-. -
nately, a second equally momentous change—namely, the shift
from nonrenewable to renewable energy sources—will com-
pound the difficulties of making the first.

It has long been known that world oil production would
eventually tum downward, as it already has in the United

_ States, but until recently few cared because it was assumed that
the. future economy would be powered largely by nuclear
power, by energy “too cheap to meter.” But with each passing
day, the nuclear drmm,fades: further.

u’/
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With the projected downturn in oil production only ten to
fifteen years away, there is little time in which to convert the
. _economic system from oil to renewable. energy sources. The
. conversion should have been launched decades ago, but the
promise of nuclear power lured planners and political leaders
. down what now appears-to be a blind alley.
. The impending shift in energy sources is certain to trans-
form the economic system, but nowhere more than in the
energy-wasteful United States. As energy analyst Denis Hayes
has indicated, the effort required to transform the U.S. energy
system will dwarf that involved in the space race. In terms of
political commitment and the mobilization of resources, he
believes, it is more comparable to the national effort made
- during World War 11.2 Indeed, President Carter has described
a this effort as the moral equivalent of war.
) 'Recognition of the coming energy transition coincides with
the appearance of signs suggesting that the world has entered
a new economic era during the seventies. During the quarter
century following World War 11, the global output of goods
and services nearly tripled. Never before had energy and food
supplies been cheap and abundant enough to permit such rapid
. economic and population growth. Nor will they likely ever be
»  agam. -
.~ Two events ushered out the era of cheap energy and surplus
food. The massive Soviet wheat purchase in the simmer of
1972, the largest ever made by any country, brought the era of
_ chronic food surpluses to a close. The Arab oil embargo and
the sisbsequent quadrupling of oil prices in late 1973 brought
down the curtain on the era of cheap energy. '
The new era now emerging defies description. The gradual
acceleration of economic and population growth that charac-
terized the industrial era may have ended. Growth rates of both
apparently peaked sometime in the late sixties or early seven-
. ties. Both now appear to be slowing. Yet, the growth dynamic
 that is so much the stamp of the industrial érd has shaped our

&
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6: . The Twenty-Ninth Day

institutions, values, and priorities. lndeeq,athe contemporary
social order is its“offspring.

Tke seemingly inevitable slowing of economic growth dur-
ing the closing quarter of this century will put the question of
how to more equitably distribute wealth on the political agenda
everywhere. Both Wwithin and among societies, the issue seems
certain to exact a heavy claim on the time and energy of
political leaders. Indeed, a more equitable distribution of mate-

rial wealth may be one of the keys to managing many popula-

tion and resource problems. .

As the earth’s various carrying capacities are exceeded, atti-
tudes and policies may change overnight. In some places, par-
ticalarly in relatively poor countries, population growth now
acts as a double-edged sword, expanding the demand for a
given biological resource even as it reduces production. Al-
though Malthus warned that population would tend to expand
faster than food supplies, he failed to tell us that population
growth can actually destroy productive capacity when it gener-
atesa demand for biological resources that exceeds the regener-

ative capacity of natural systems. When this point is reached,

- ('
. .

crises can. emcrge 'suddenly, with little warning. g
The most immediate symptoins of ecological stress are phys-
ical—deteriorating grasslands, soil erosion, or climate modifica-
tion. At the next level, the stresses manifest themselves in
economic terms—scarcity, inflation, unemployment, and eco-
nomic stagnation or decline. And finally, the stresses assume a
social and political character—hunger, forced migration to the
cities, deteriorating living standards, and political unrest.
.The need to adapt human life simultaneously to the carrying
capacity of the earth’s biological systems and to the limits of
rencwable energy sources will require a new social ethic. The
essence of this new ethic is accomrodation—the accommoda-
tion of human numbers and aspirations to the earth’s resources
and capacities. This new ethic must above all arrest the deterio-
ration of man’s relationship to nature. If civilization as we

17
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Introduction 7

know lt is to survive, this ethic of acmmmodatlon must replace
the prevailing growth ethic.

Even as human pressures on the earth’s natural systems have
mounted, the interdependence of societies has decpened. Eco-
nomic or political decisions made within a given country may
aff~ct far more people outside that country than within. The
overnight devaluation of a major cutrency immediately affects
export prospects and employment levels in scores of countries.
*The daily news reminds us that few matters of energy, food,
climate, and finance are strictly domestic affairs.

The traditional indeperidence of Americans, who could
draw on a continental storehouse of raw materials and who live
in one of the werld’s strongest economies, is being affected in

" unexpected ways. From the time of the United States”birth as

a nation, its invulnerability has been epitomized by the capac-
ity of U.S..farmers to provide American consumers with abun-
dant cheap food. Yet, suddenly, in 1973 food prices took off,
and surprised and upset Americans found themselves sharing
food scarcity with consumers in the one hundred or more
countries that import food from the United States.

The Soviets may have fared even worse. To maintain con-
sumption levels without stringently rationing food, the Soviet.
government imported some 30 million tons of grain, dwarfing
in scale even India’s food imports. When thezSoviets tumed
to the world market, they discovered that only thc United
States, their principal political adversary, could rescue them.

« Clearly, resource scarcities arc altering ‘the global power
structure. From the onset of the Industrial Revolution, if not
from the Age of Exploration, political power accrued in those
countries that controlled capital and technology. Now, almost
overnight, this power is being diffused. Scarcities of raw materi-
als, especially of energy, are causing shifts in political power
toward those countries that control raw materials, Nonindus-
trial powers such as Saudi Arabia and Iran must be considered
ranking powers today. Venezuela’s new-found oil wealth en-
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ables it to exercise considerable influence in Latin America, in .
some instances to supplant that of the United States. Canada’s
rich endowment of raw materials has given it new economic
and political clout to wield in its dealings wnth the Umted
States:

The shift in the global power structure dunng the seventies
reflects the redistribution of economic power more than shifts

_in military power. Thus, countries heavily dependent on im-

ported food and energy are particularly vulnerable and inse-
cure, as Japan's economic turmoil during the energy crisis
made clear. The rising U.S. dependence on Middle East oil
translates into dedle East influence on U.S. foreign policy.
The vulnerabﬂlty associated with this energy dependence
strikes some as greater than that associated with foreign mili-

. tary threats. Indeed, for many countries national security can

no longer be defined primarily in military terms.

Increasingly, threats to national security are more ecologi-
cal and economic. A rapid population growth rate can de-
stroy a country’s ecological system or social structure more
effectively than a foreign adversary ever could. Potential In-
diah or Chinese aggression jecpardizes Bangladesh far less .
than does flood- producing deforestation in neighboring
Nepal and India. For some countries, encroaching deserts
may pose a greater threat to national security than invading
armies. For many industrial economies, the projected deple-
tion of oil reserves may now be a more serious threat to se-
curity than any likely military aggression. The decision by
major oil-exporting countries to reduce production to con-
serve dwindling oil reserves may disrupt the U.S. economic
system far more than any likely military action.

As disturbing as the discontinuities of the seventies are, the
myopia of those officially charged with analyzing and preparing
us for the future is even more unsettling. Biologists who see and
understand the deterioration of the earth’s biological systems
were not able to link it to the perfermance of the economic

<
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system. Conversely, economic and pelitical decision makers
. .  failed to grasp the relationship between biological and eco-
nomic systems. Communications betwecn economics and ecol-
ogy are virtually nonexistent, in part because ecological princi- .
.~ . ples and economic thenry share so little common ground.,
Economists tend to think in terms of unlimited exponential
growth and to place great faith in “technological fixes,” while
biologists tend to think in terms of closed systems, of natural
cycles and of carrying capacities. Economists see specialization
~as a virtue and as a source of efficiency, while ecologists per-
ceive it as a risk and, 2 threat to the stability of systems.
The analytical br&kdown is not confined to any particular .
area. Experts failed to anticipate the energy crisis, food short- o
.,» " ~ages, double-digit global inflation, the abrupt alteration of the ;
R infernatgoml political structure, the collapse of major fisheries,
the astronomical climb in world wheat prices during the early
i seventies, and a global economic slump unmatched since the .
Great Depression. . .
That our world is changing rapidly few deny But our record
in anticipating the future during the seventies has not been
anything to write horhe about. This shortcoming was acknowl- *
. * edged by Walter Heller, former Chairman of President
- __Kennedy's Council of Economic Advisors, in his Presidential
address tothe American Economic Association when he said,
“* “We._ [economists] have been caught with our parameters
down.”?
Many, economlsts among them, admit that economics may
no longer be able to explain the workings of the economic
- system. Arthur Okun, formes "Chairman of the Council of
Economic Advisogs, greets this prospect by lamely claiming
that economists understand what is happeriing at least as well
as anyone else does.# Economist Alan Coddington is less hope-
ful; he thinks that economists might contribute most by re-
maining silent, at least until they had something worthwhile to
sdy.5 At any rate, the problem is not an occasional breakdown
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or shortcoming in analytical capucity, but an overall loss of
confidence. It i5 not just that the least able are stumbling, but
that the finest minds are missing the mark so widely.

We now confront the prospect that the complexities of the
modemn world might exceed our analytical capacities. We must
now also ask whether existing political institutions can effec-
tively manage decpcmng international interdeperidrnce. Per-
haps more important, are we capable of creating and managing
.the political institutions we need?

In recent years, considerations of economic growth have
focused on the physical constraints upon economic activity, on
theouter limits. In thése immediately to come, the inner limits
posed by political processes, social institutions, and the capac-
ity for behavioral change may figure more centrally. For exam-
ple, the shortsightedness of political leaders who must survive
from year to year or from term to term do not readily mesh
with the time horizons of long-term social goals such as refor-
estation, energy conservation, or population stabilization. Tan-
gible and measurable physical limit. are hard to ignore, but tt.2

social limits imposed by humans are hard to identify and even
more difficult to measure. They may be almost as difficult to -
push back as the natural or physical constraints.

In the thitd quarter of this century, man conquered space.
Hundreds of thillions representing every nationality thrilled at
the sight of American astronauts walling on the moon. But in
the last quarter, the earth is destined to again become the
technological frontier as food becomes scarce and energy cost-
lier. Circumstances indicate a return to basics on the human
agenda—food, energy, and population.

The social changes that must be compressed into the next
two decades promise to be profound as measured by any histor-
ical yardstick. Each of us will be affected. Arresting the deteri-
orating relationship between ourselves, now numbering four
billion, and the earth’s natural-systemsand resources will affect
what we eat, how much we pay for housing, and how many .




' Introdustion 1

" children we have. Some will view the changes in prospect with
alarm, even in doomsday terms. Others, including the author,
belleve that the problems outlined in this book are manageable
but that managing them satisfactorily will require an excep-
tional exercise of political will and human ingenuity.
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Ecologlcal Sfresses I
. The Dlmen5|ons

—l;c concept of carrying capacity is familiar to blologlsts
" 4 ranchers, and wildlife managers but not to economic advisers
and political decision makers. Even the biologists who devel-
oped the concept usually apply it only locally. Curiously Lttle
attention has been paid to the carrying capacity of biological
systems by national governments, and the subject has been '
almost entirely ignored at the global level. Only with the P_rgpg-,,/——-—
ration of the documents for the 1977-UN Conference on
Desertification did the term begin to creep into the vocabulary
of UN officials.
Thedaily news frcqucntly carries accounts of what happens
" when biological carrying capacities are_exceeded—Extensive )

i
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deforestation’in the western Himalayas leads to record floods
and destruction in Pakistan. An earthquake in tbe Peruvian
Andes wreaks damages far greater than those suggested by the
Richter scale reading, because extensive deforestation paved
the way for massive earth and rock slides following th¢ initial
tremors. The price of soybeans multiplies as the global fish
catch declines. A dust storm in northeastern Colorado _closes
- schools fa; two days because the growing world demand for
--wheat led farmers to plow margmal lands that should have
been left in grass. ‘

These consequences of excessive pressure on biological sys-

_tems are not intended. Nobody wanted the North Atlantic

haddock fishery to coflapsz. The combined claims made by
fishing nations simply overtaxed it. But, if the deterioration-or—
outright destruction of local bxologml systems like this one
continues, the number of humans the earth can ultimately
“carry” will fall off sharply.

The carrying capacity of a natural biological system is deter-

mined by its maximum sustainable yield, and this'in turn is M

product of its size and regenerative powers. The latter-varies
widely. Grasslands and forests in_humid-areas have greater
regenerative ca cxhes'andﬁn,ce greater carrying capacities
than-those in semi-arid regions. The maximum ststainable
yield of biological systems, which can be expressed as a percent-
age of stock, may vary from. a few percent of growth to well
over half; but it cannot be exceeded indefinitely without reduc-
 ing the system’s.carrying Capacity.

—-Arnatural grassland can support a set number of cattle or a
somewhat larger number‘of sheep; a fishery will supply the
protein ‘needs of a certain number of .people; and the forest
sprrounding a village will satisfy the firewood needs of a given
population. If thc number of livestock or of people dependent
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on these biological systems becomes excessive; then the biologi-
cal system will slowly be destroyed. If the trees regularly
removed from a forest exceed its regenerative capacity, then
the forest will eventually disappear. I€ the offtaks from a fishery
exceeds its regenerative capacity, stocks will dwindle and it will
eventually collapoe Where herds grow too large, livestock will
decimate grazing lands; as erosion exacts its toll, these pastures
will turn into barren wastelands.

Weather, disease, or other changing natural conditions can
also reduce the carrying apac:ty of biological systems. Pru-
dence suggests leaving a margin of safety; otherwise, a drought
or outbreak of plant diseas¢ can spell disaster. Such was the
case in the Sahelian Zone of Africa when nomadic tribes lost
entire herds of cattle and goats dunng the prolonged drought.

Perhaps the most easily understdod example of carrying ca- ¢
pacity is that applied by ranchers. Ranchers'know that if they
carry too many cattle on their land, the range slowly deterio-
rates and the cattle Become cmaclated Eventually, part of the
herds may be lest through attrition.or the forced selling of
“breeding stock for slaughter. Successful ranchers can peg rather
" precisély the carrying- capacity of their land, and theyallowa .~ .
—small margin of excess capacity so that their herds.can survive .
the leatt years. They understand the costs and risks of over- *
stocking. Aside from being forced to sell breeding stock in poor
years, they recognize that if they overstock for years on end
they will slowly destroy their own grasslands and the carrying
capacity of their ranchgs. *

The concept of biological carrying capacity.is of central __.
importance: human existence itself depends on the output of

~ fisheries, forests, grasslands and croplands. The natural pro-

ductivity of the first three is, for the most part, out of human
hands. The productivity of the earth’s vast semi-arid and arid
‘grasslands can be raised, but the principal techniques for ‘doing
so require water and fertilizer and are energy-intensive. Any
effort to convert natural systems to controlled systems invari-
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»ably involvés heayy expenditures 6f energy, something that will
likely bechne prohibitively expensi-e as the es.ch’s il reserves
run out. Occasional cases of successful tree .or {ish.farming
notwithstanding, no economical way of greatly enhancing the
productivity of these systems on a global scale has yet been
discovered. * . «

The fourth biological systcm—-crop\lands—is a natural sys-

_ - tem fundamentally modified to satisfy man’s needs. From the

beginning of agriculture until the present, humans have sought

to improve both the genetic potential of the originally domes: ..
 ticated crops, particularly cereals, and the techniques of cul-

tivating them. The gieat growth in human numbers, since
agriculture began testifies to the siiccess-of these cfforts. Of the
four biological systems, the earth’s croplands have byefar the
greatest poteatial for future growth in productivity.

The three:biological systems that remain essentially in their
natural state are being adversely affected by the pressures born

of excessive demand..In some situations, the pressure put on ,

a biological system can be controlled—witness the case of the
inrividual rancher who owns.and Carefully tends a piece of
land. But when resources are held in’'common (as are.the
woodlands surrounding a village), mntr':i(;_ng,,thc offtake may
prove impossible. The shrinkage of cargyigig ¢apacity is exacer-

bated by what has been called the “tragedy, of the commorns.”
r .

The Tragedy of the Commons ! d

,‘

The inherent tragedy associated with the common use of com-*

mon refources was first atticulated by an English politicagfecon-

. omist, William Forster Lloyd, in 1883, in a pamphlet entitled

“Two Lectures on the Checks to Popul:tion."”? In his monoe.

graph, Lloyd considered the problem posed hy th:s viilage greeii *

—perhaps relying on his observations of’t]e very vitlage green
thiat stifl adjoins Oxford University, wherethe was then lectur-

ing. He pointed out that a common gtazitig asra worked weil

-
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- as long as the numbeér of cattle did not overtat the land’s .
————Carrying capacity, ruining the pasture and reducing the number .
of cattle it would sustain. According to Lloyd, the herdsmen
- using the green might agree that it would be in the interest of |
=77 - all to reduce, the number of cattle to that which could be . |
- supported indefinitely. But the individuals had no incentive to o
remove- their cattle. If a particular herdsman decided to cut
. _ down his herd+to ease the pressures, others would not necessar-
lly follow suit. Thus, the sum of individual decisions to maxi-
h i mize gains would be to place far more cattle on the green-than
" it could sustain. .
Lloyd’s pamphlet received httle notice. His idea, however, - —
has been c.iled back-into circulation as carrying capacities are
" exceeded in one way or another. In particular, Garrett Hardin —
__applied it to the contemporary world in an article-in Science -
in 1968"entitled “The Tragedy of the Commons.”? Hardin :
contended that the commons today is nothing less than-the —
carth itself. Since then, political scientist William Ophuls has '
taken the concept farther.3. He points out that today the com-
mons includes the eaith’s atmosphere, water, outer space,
s upper atmosphere, oceans, and biological cycles. On our global
) commons, the individual herdsmen may be whole® nations, -
multmatlonal corporations, or individuals.
° In an increasingly interdependent world, local tragedies of
* the commons can have global consequences. As the demands
for wood for use as fuel and for other purposes increase in
. developing countries as a result of population growth, defor-
estation spreads. As the effort required by villagers to reach the
receding forests mounts, ‘they are eventually forced to burn
. animal dung for fuel, reducing the amounts available for use
> as fertihzer In turn, local food production falls off, and world
food prices rise as ever more local shortages are offset with food
iraports.
The solution to the tragedy of the commons is to limit the
collective clainron common resources to a sustainable level and

- -

°

27




to find a just and enforceable way to adjudicate claims. At the
* . international-level, conventions are needed to regulate the
catch from oceanic fisheries. So too are regulations restricting
~ -the waste oil that ocean-going tankers can discharge. If the
- worldwide use of aerosols is not restricted or banned, the pro-
. tective layer of ozone surrounding the earth may be irreversibly
~ - depleted. The energies of diplomats are consumed increasingly
. by efforts to cope with the tragedy of our earthly commons, to
~ work out the regulations, the conventions, and the treaties that
will protect and preserve it. - '

Overﬁs?:ing: .The Oceanic Commons - g

Throughout most of human history there were far more fish in
he-oceans that we could ever hope to catch. Indeed, the fish
in the seas seemed as plentiful as those in the New Testament
parable. But recently, as human numbers moved toward four -
billion, the global appetite for table-grade fish such as salmon
and tuna approached and, in some cases, exceeded the regener-
ative capacity of fisheries. Overfishing led to shrinking stocks
and declining catches. e

. Between 1950 and 1970, fish supplied more and more of the
human diet as the technological capacity to exploit oceanic

 fisheries expanded. During this two-decade span, the catch

more than trinled, climbing from 21 to 7o million tons.* At
nearly 70 millioh tons in live weight, it averaged some 18
kilograms (2 kilogram equals 2.2 pounds) per person annually,
well above the annual yield from the world’s beef herds.

" At least 9o percent of theworld fish catch comes from the
6ceanic commons. The remainder is produced in fresh water,

- mainly in inland lakes and streams. Two-thirds or more of the
catch is eaten directly by humans, while the remaining third
is consumed indirectly in the form of fishmeal fed to poultry
and hogs.’ ‘
The importance of fish in diets varies widely by country. - .
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Among the larger countries, fish figure most prominently in the
diets of .the Japanese”and the Soviet people. As population
pressure built up during the late nineteenth and the twentieth
centuries, the Japanese were forced to turn to the oceans for
animal protein ahd to devote their' limited land resources to
rice production. As a result, they evolved a fish-and-rice diet
with an annual fish consumption per person of thirty-two kilo-
grams, the highest of any large country.

_._ ThesSoviet Union, hard pressed to-expand its livestock in-
dustry adequately, began some two décades ago to mine the
oceans for animal protein. It has invested heavily not only in
fishing fleets but also in floating fish-processing factories and in
sophisticated fishing technologies that enable its fleets to locate

and take fish_in all waters. Consequently, Saviet consumers - -

now each eat an-average of ten kilograms of fish a year, nearly

double the American level.” In the United States fish compose

. animportant part of the diet, but direct consumption averages
only about six kilograms pet-capita (compared with about one
hundred kilograms of meat and poultry).8 '

World fishing fleets have expanded enormously singe World
War I1. Investment in fishing capacity multiplied severalfold
as the industry adopted sophisticated fishing technologies such
as sonar tracking. Between 1950 and 1970, the catch increased
by an average of nearly 5 percent yearly, far outstripping popu-

~lation growth and sharply boosting per capita supplies of ma-
rine protein. But in 1970 the trend was abruptly and unexpect-
edly interrupted. Since then the catch has fluctuated between
65 and 70 million tons, clouding the prospects for an ever-
bigger catch (see Figure 2-1). Meanwhile, world populatiog
growth has led to an 11-percent decline in the per-capita cateh
and to rising prices for virtually every edible species, Many
marine biologists feel that the global catch of table-grade spe-
cies may be approaching the maximum sustainable limit. If the
“tragedy of the commons™ befalls more fisheries, the world
catch will-decrease even further.

]
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Source: FAO

1950 1960 . 1970 | 1980

Figure 2-1. World Fish Catch, 1§50-75
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The northwest Atlantic fishing area, extending from Rhode
Island northward to the southern coast of Greenland, is a
microcosm of world fisheries. Accounting for 5 percent of the
total world fish catch, its 350-year history makes it one of the
world’s oldest oceanic fisheries. The catch of this biologically
* rich region totaled 1.8 million tons in 1954 and increased
steadily until 1968, when it reached 3.9 million tons: It then
dropped by-18-percent to 3.2 million tons in 1970, where it has

remained even though the number of countries fishing in the
region and investments in fishing ‘capacity have continued to -

rise.
The catch of several individual species peaked in the late
. §ixties. Fishery experts attribute the declines since then to
overfishing. The haddock catch reached a high of 249,000 tons
in 1965 and then fell steadily until by 1972 it amounted to only
one-seventh of its earlier level. The catchies of cod, halibut, and

o
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herring peaked in 1968; but all have dropped substantially
since then, with declines ranging from 40 percent for herring
to over 9o percent for halibut.?

The decline of the northwest Atlantic fishery is mirrored in
the northéast Atlantic, a region that has supplied- Europe’s
tables with fish for centuries. An analysis by D. H. Cushing of
the fisheries in this region indicates extensive overfishing.
Opverfishing, according to Cushing, has reduced the catch
below the maximum sustainable yield in twenty-seven of the
region’s thirty fisheries. In the majority overfishing has been

_moderate to heavy (se¢ Table 2-1).

Overfishing is not limited to the North Atlantic or to older
fisheries. Beginning in the late fifties, Peru's fishing industry

_expanded spectacularly. By the late sixties, Peru had emerged

Table 2-1. Extent of Overfishing in Northeast Atlantic Fisheries

Species None Slight Moderate b Heawy
Cod NE. Arctic! W. Scotland Faroe North Sea
Irish Sea
. Bristol Channel
Haddock Faroe N.E. Arctic
W. Scotland North Sea
R ) . Irish Sea
.- Bristol Channel
“Whiting North Sea Irish Sea
. : Bristol Channel
Saithe Iceland ) North Sea .
Plaice North Sea * lrish Sea
Bristol Channel v
) English Channel
. Sole Bristol Channel North Sea
) Engligh Channel Irish Sea
Herring - W. Scotland g . North Sea
Irish Sea
\ Celtic Sea

1With the present pattern of exploitation.
Source: D. H. Cushing, Nature, November 25, 1976.
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as the world's leading fishing nation, almost entirely ‘on the
* strength of its vastoffshore anchovy fishery. The increase in the
_ niation’s anchovy catch was matched by the growing demand
- . in the affluent industrialized world for high-protein feed for
,poultrv and pork production (about 9o percent of all fishmeal
is mixed into poultry feeds, with hog rations accounting for the
" remainder). Peruvian fishmeal found eager buyers in Eu
Japan, and the United States, and it temporarily réplaced cop-
per.as_Peru’s numbcr-onc export.- .
During 1972 and most of- -1973,anchovies were scarce in the
. traditional offshore fishing areas. No stir followed immediately
.___since thinnings of the anchovy population had previously béen
associated with slight temperature changes in the Humboldt
current (el Nifio). Considerable evidence, however, shows that
heavy annual catches of between 10 and 12 million tons in the
late sixties and the carly seventies seriously depleted stocks (see
Figure 2-2).

According to a 1970 UN-sponsored study by an interna-
tiohal team of biologists, the maximum sustainable yield of the
Yeruvian anchovy ﬁshery is roughly 9.5 million tons per year.10
Since the catches in 1967, 1968, 1970, and 1971 all exceeded
this level, the collapse of the fishery during the carly seventies
should not have been a surprise. Since the 1972-73 debacle,
.when the catch dropped to a few million tons, the Peruvian
government has controlled fishing rigorously in an effort to
restore the fishery’s productivity. As of 1977, these efforts had
met with little success.

“Although some of the potential for extracting food from the
sea remains untapped, dramatic growth in the world fish catch
of the sort that occurred between 1950 and 1970 looks like a
thing of the past. Fish farming has been practiced for thou- -
sands, of years and has been widely discussed for the past
decade, yet it still accounts for only a minute share of yorld -

[Y
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. Figure 2-2, Peruvian Anchovy Catch, 1980-77

oﬁ the coast of Antartica, will it be possible to markedly expand
the world catch in the foresecable future. Whether krill will

ever become an important food source will be influenced by
" consumer acceptance and by the energy requirements of devel-
oping a food resource so distant from areas of consumption. As
human populations expand further, per-capita supplies of pre:
ferred species will likely fall further. Higher prices ang growing
international competition for available supplies appear inevita-

" ble.

Overfishing, frequently discovered only when the catch be-
gins to decline in a sustained fashion, has become a pervasive

global problem. Catches of most of the thirty-odd leading -

species of ta'bleogradc fish may now exceed maximum sustain-
able levels; in other words, the species’ regenerative capacities
cannot sustain even the levels of the present catch. As growth
in the world catch slows and in some cases declines, the large

33
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Soviet and Japanese populations are especially vulnerable. De-
- prived of oceanic sources of protein, they will likely have to

* offset ceclines by importing more feedgrains and soybeans to
.~expand indigenous poultry and livestock production. Taking

such a tack will place additional pressures on exportable grain
“supplies, but the only alternative is belt-tightening. '
The oceans have Jong been considered a major potential
source_of food, but the hope that humans could tum to the
oceans for food as_pressures on_land-based -food-resources -
mounted is being shattered. Indéed, as the world fish catch

" levels off or drops, pressures on the land are intensifying.

Deforestation: Cutting Too Many Trees

Four billion. people now depend on the earth’s forests for
firewood, lumber, newsprint, and a host of less essential pro-
ducts. Firewood is used primarily for cooking, but in mountain- -
ous communities such as Afghanistan or Bolivia, it may be the
only means of fending off the cold. '

Villagers in the poor countries where firewood is used for
cooking are decimating local forests. The average villager re-
quires between one and two tons of firewood cach year, and
expanding village populations are raising firewood demands
so fast that the regenerative capacities of many forests are
being surpassed (see Table 2-2). Under the population on-
slaught, forests recede farther and farther from the villages
until entire regions and countries are eventually deforested.

While firewood is a principal energy source only in develop-
ing countries, wood is a primary building material everywhere.
Vast tracts of forests are cut to secure the lumber used to build
houses, schools, churches, offices, shops, bridges, railroads, fac-"
tories, and storage facilities. But even though the forests are

being decimated, most of humanity is poorly housed: the
to house some 64 million new inhabitants each year, coupled

with the need to replace existing housing, is raising total clajms
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Table a-3. Fuel Wood Commphon in Tanzania, Gambn, and
Tlmland i )

.

Fuel Wood as
- Fuel Wood Share of Total Fuel Wood Users
Consumption Timber as Share of
Per Capita Consumption Total Population
(tons/year) . (percent) (percent)

_gaanzil’ma 1.8 96 9
mbia 1.2 . 04 9
.Thailand LY 76 ‘97

Source: Adapted from Keith Openshaw, “Wood Fuels the Developing World,”

New Scxmmt, January 31, 1974.

Pe °

on many remaining forests to an unsustainable level.

A third major pressure on the earth’s woodlands comes from
the demand for paper. It is the feedstock of modern industrial
societies, in which more people are employed in offices than in
factories and on farms. In a bureaucratic, nonindustrial city like
Washington it is the principal raw material. It is the common
medium of both mass and interpersonal communication every-

where. As‘the share of humanity that is literate expands, the

demand for newsprint expands even more rapidly than popula-
tion. The pressures of thac rising demands are further ag-
gravated by a lack of paper rccyclmg facilities in principal
consuming ‘countries. !

Forests have provcd to be one of humanity’s most valuable
economic resources and in consequence one of the most héav-
ily exploited. If cutting is excessive, forests shrink, and their
capacity to satisfy human needs diminishes. Most of the Mid-
dle East and North Africa and much of continental Asia,
Central America, and the Andean regions of South America
are now virtually treeless. In the denuded areas, wood and
wood" products are scarce and expensive. What is worse, the
remaifiing forested area in all these regions except eastern Asia
is shrinking.

Almost every country undergoing rapid populatxon growth is

35 .
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being rapidly deforested. Forests that once covered a third of
the total land area 6f Morocco, Tunisia, and Algeria, for exam-
ple, had been reduced to scarcely a tenth of their original area
by the mid-twentieth century. Despite the major reforestation
programs that are under way throughout North Africa, the net

_ loss continues unabated. At least a third of the grassy savannah .

" in sub’Saharan Africa was once forest. Successive aerial surveys
of the Ivory Coast’s dense rain forest show a reduction in
forested area of 30 percent between 1956 and 1966.1! In
Nigeria, the shrinkage of the forests prompted one forester to o
talk about “timber famine before the end of the century.”12

Deforestation threatens all ecological systems and under-

mines the fertility and stability of soils. Over the past genera-
tion, the Indian subcontinent has been progressively defor-
ested; as 4 result, the soil’s ability to absorb and hold water has
diminished, and flooding has become more frequent and more
severe. Deforestation has taken its greatest toll in the Hima-
layas and in the siirrounding foothills where the subcontinent’s
major river systems—the Indus, the Ganges, and the Brah-
maputra—originate. Hans Rieger, a German economist work- -
ing in Nepal, reports that “the destruction of the forests is
progressing more rapidly every year and that the country is
likely to be all but totally denuded by the end of the cen-

- tury.”13

Portions of India’s Deccan plateau that were largely forested

twenty years ago have now been put under the plow, and
satellite pictures of Java indicate that only 12 percent of this .
once-lush island now has tree cover. In the watersheds of In-
donesia’s Solo, Brantas, and Citarum river systems, forest cover
—is-well-under 10 percent. The acceleration of soil erosion in

* several watersheds has been documented by an Indonesian -

ecologist, Dr. Otto Soemarwoto, who notes in particular that

the silt load of the Citarum increased by a factor of seven over

a recent three-year period.14 )
Satellite photographs of the Philippines show that deforesta-

P
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tion is far more advanced than official statistics reveal, with the
forest cover.probably less than a fifth of the country’s land area
—a far cry from_the 33 to 50 percent commonly assumed. In
Northern Thailand, forests are being decimated at “an es-
timated rate of 5 to 7 percent « year.15 This deforestation rate
and the- projeciion of a 3-percent annual rate of popalation
growth indicate that Thailand has trouble in store: intensive,
rcontrolled irrigation will be most needed just when upstream
erosion and an inegular water flow will frustrate effective man-
agement downstream.

In Latin America, deforestation is proceeding at a record
rate as populétion grows and incomes rise. Firewood'is becom-
ing scarce in the Andean countries. Brazilian agriculture is

.expanding at the expense of the forests, whose shrinkage con-
tributes to soil compaction and erosion. Petroleum exploration

in Ecuador destroyed 50,000 hectares (1 ha.=2.47 acres) ina ‘'

five-year span. Venezuela lost one-fifth of its forested area
between 1961 and 1970. Chile is being deforested at the rate
of 60,000 hectares each year, while Mexico annually loses 350,
000 tn 500,000 hectares of forests.16 -

Areas such as the Middle East, which were densc]y settled

ages ago, have long been treeless, and many countries are now

following the example of the older Middle Eastern civilizations

-—desecrating their landscapes, perhaps irreversibly. As the
French philosopher Chateaubriand put it, “The forests come.
before civilization, the deserts after them.”17

A review of the state of the world's forests provides no
grounds for optimism, In the landmark work on land degrada-
tion, Losing Ground, Erik Eckholm notes ‘that Western
Europe has “achieved a reasonable balance between the eco-
logical need for forests and other land uses, but it is a balance
maintained in part by large imports of wood and wood pro-
ducts,” principally from Scandinavia, the Soviet Union, and
tropical Africa. Similarly, Japan “is now protecting its steeper
slopes from deforestation,” but doing so means importing tim-
ber from Southeast Asia and elsewhere.18 Only North Amer-

s
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_ ica, Scandinavia, and the Soviet Union appear to have both'
* relatively satisfactory forest-managemes} programs and suffi-
ciént forest resources to cover domestic needs.

In early 1977 the Economist, in an article on “Sweden'’s
Coming Timber Shortage,” described the extent to which
future export demand for Sweden's forest products would
outstripping the regenerative capacity of forests: Two U
studies Have “forecast expanding-demand for timber products
soon running ahead of what Sweden will haye available for

. cutting. Since Sweden supplies 30 percentof Europe’s timber
and 60 percent of its pulp, the repercussions for Europe’s
: ion and paper industries could be severe.”1? Even in
lushly forested Scandinavia, the pressures of ever-growing glo-
bal demand appear to be overrunning the sustainability of
forests at the existing intensity of management. :
- Although deforestation jeopardizes future supplies of fire-
wood, Jumber, and newsprint as it contributes to soil erosion,
flooding, and silting, little is being done to reverse existing
trends. A United Nations study reports that only 10 percent
of the area destroyed by slash-and-burn agriculture in Brazil has
been reforested. In Colombia, only 1 percent of the land defor-
ested each year is replanted.20

Woed shortages and the ecological problems deforestation
causes have led many governments to resolve to reforest their
lands. Unfortunately, as Eckholm points out, “the annals of
the past few decades are littered with ambitious national for-
estry plans unfulfilled by governments either unwilling or inca-
pable of backing their schemes with sufficient money and polit-
ical commitment.”’2!

Overgrazing: Eroding .the Protein Bdse

On every continent the area in grass exceeds that planted to
crops. The products grown on the 2.5 billion hectares of grass-
- land play an important role in the food, energy, and industrial
sectors of the global economy. Grasslands supply protein in a
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variety of forms, energy in several forms, and numerous raw

materials for industry. The ruminants supported by grasslands
—beef and-dairy cattle, water buffalo, camels, goats, and sheép

—supply most of the world’s meat and milk. As humanity's .

demand for protein has risen in step with population ‘and
affluence over the past generation, pressures on grasslands have
increased markedly. , o
Besides supplying protein for human consumption, grass-
lands are a source of energy for agriculture Just as the firewood

~ from forests provides cooking fuel for close to one-third of

humanity, so the roughage from grasslands provides the fuel for
cultivating that one-third or more of the world’s cropland that
is’ tilled by draft animals. In addition, the world’s grasslands
indirectly supply leather for footwear and other goods. They
are the source of wool, a staple fiber of the.world's textile and
clothing industries, and of the tallow rendered by the meat

_packing industry and used in varipus industrial products and

processes.

Endowed with complex four-stomach digestive systems,
ruminants can efficiently convert grass and other types of for-
age into products humans can use. Each of these species, most
of which eat roughage rather than grain or other feed concen-
trates, provides somie of the vast quantities of meat and milk
humanity consumes. According to livestock specialist Harlow
Hodgson, even in the United States.where vast tonnages of
grain are fed to livestock, roughage still accounts for 63 percent
of the feed units fed to dairy animals and 73 percent of those
fed to beef.22 Elsewhere, of course, these figures are far higher.

The one-fifth of the earth’s land surface on which forage for
ruminants and other animals is produced is a cornerstone of the
global economy. Integral parts of both the world food and the
world energy economies, thése grasslands and the 2.7 billion

®

domesticated ruminants they support—1.2 billion cattle, 1 bil-

lion sheep, 400 million goats and 130 million water buffalo—
also represent an essential source of raw materials for indus-
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" try23 Their pauction potential and their condition directly
.influence the prospect of feeding our still-expanding popula-
‘tion and of further expanding the global economy.

The amount of range vegetation that can be removed by
cattle each year varies widely. Where rainfall is heavy-and the
species are hardy, well over half of the annual growth can be -
removed, but where it is exceedingly light only a small fraction
of the grass or other vegetative matter can be safely removed

* without damaging the stand. If moie than this is removed year

after year, the grass slowly dies out and leaves the bare earth
exposed to the elements. A rancher can ocuasionally alter and
substantially improve the pgoductivity of grasslands by Seeding
them with non-indigefous or, where moisture is abur-
dant, by fertilizing them. But the maximum number of cattle
that the land can carry is determined by natural factors usually
beyond the rancher’s control—by soil fertility, temperature,
and the amount and seasonal distribution of rainfall. .
Together, population growth and rising affluence are taxing
the world's grasslands at a &ime when ¢-ergrazing is already
commonplace. Because the best grasslands are gradually being
convetted into croplands, most remaining grasslands are. ~ither
concentrated in arid or semi-arid regions or are located on land
that is too steeply sloping to be-farmed. As ecosystems, semi-
arid and steeply sloping grasslands are among the most fragile,
capable £ surviving only if grazing is.carefully coritrolled.
Even in agriculturally advanced regions, overgrazing is wide-
spread. Recent analyses of the conditions of U.S. grazing lands
Jeave no room for cogfiplacency. Reporting in 1975 on the
sixtzsix million hectarks of range it manages, the Bureau of
Land Management (BLM) found half the ate} to be'in only

“fair” condition—meaning that the more valuable forage spe-

cies had been depleted and had been replaced by less palatdble »
- plants or by bare groiind. Another 28 percent was in “poor”
condition; stripped of much of its topsoil and vegetative cover,
it produced only a fraction of its forage potential. Five pcecent

-
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of all'BLM-controlled land was de¢med in “bad” condition:
" with iost of its topsoil gone, it coulg} support only a sporadic
* array of plants of little worth. The twenty million hectares of
d in “poor” or “bad” condition, a area equal to that of the

. state of Utah, was damaged primarily by overgrazing.2¢ °
In densely populated regions such.as Western India, Pakis-
tan; Nepal, rorthern China, North Africa, the Middle East,
and the Andean regions of South America, severe overgrazing
. has already led to serious erosion. Over the past thirty-five
years, humari arid livestock populations” on the edges of .the
Sahara have miiltiplied-rapidly, nearly doubling in som areas.
Human populations in Mali, Niger, the Sudan, Algeria, and
Ethiopia are now expanding at the rate of fifteen- to twentyfold
per century. Overgrazing and deforestation brought on by new

] population pressures have encouraged the Sahara Desert to

- expand along its southern fringe from Senegal to the Sudan.

As human and livestock populations retreat before the
spreading desert, “ecological” refugees place heavy demands
on new fringe areas, exacerbating land degradation and per-.
petuating a self-reinforting negative cycle of overcrowding and
overgrazing in ever-wider aréas. When the ingvitable drought
sets in, as one did in the late sixtibs, deterioration. turns into
disaster—for the humans who perish by the hundreds of thou-
sands, for the livestock that (die}i‘rlé éven greater fiumbers, and
for the once-productive land t tis destroyed. If reliable infor-
mation were available, it would undoubtedly show that cattle
production in parts of the Sahel collapsed during' the early
seventies much as Peruvian anchovy production did.

) Over time, climatic changes and the ecological stresses that
lead to denudation may be reinforcing each other with de-
vastating effect. Unless ' the desertification process s
reversed, Africa, which has the highest birth rate of all the
continents, may lose a part of its food-producing capacity.

. Meanwhile, the vastness of the Sahel and the delicate social
problems involved in getting the proud nomadic inhabitants
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to alter their living habits pose formidable obstacles.
Overgrazing is now commonplace in the tier of North Afri-
can countries that border the Mediterranean. But it is by no
meags limited to the Saharan fringe. Overgrazing is now ram-
pantf on the East African plateau from Ethiopia and Somalia
‘to Tanzania and is damaging the region’s rich grasslands. In
Losing Ground, Eckholm observes that “Barren, desert-like
environments have been created by centuries of overgrazing
and wood gathering over huge areas of the Middle East from
. the Mediterrariean coast of Israel all the'way to Afghanistan
—areas that were once at least moderately vegetated.” Inmany
instances the process is irreversible. As Eckholm notes,nf\ome
such lands would recover if the constant pressure of overgraz-
ing, which is the norm in virtually every Middle Eastern coun-
try, were.removed. But others have been permanently down-
graded by erosion and, in more extreme Ccases, dune.
formation.”?3 .
Unfortunately, the overgrazing in these countries is severe:
A UN report on the Middle East prepared for the Conference
on Desertification in the fall of 1977 reported that “although
the natural rangelands in the north of Iraq are able to support
250,000 head of sheep, in actual fact they contain about one
million head. Similarly, the arid and semi-arid natural range-
land zones in Syria contain three times the amount of livestock
they can support.” The author of the report, Professor Ibrahim
Nahal, further notes that “this heavy pressure on the natural
rangelands is one of the main reasons for the deterioration of
the plant cover and the rapid progress of desertification.”26
The area available exclusively for grazing in western Rajas-
than in India shrank from thirteen million to eleven million
hectares between 1951 and 1961, while the population of cat-
tle, sheep, and goats jumped from 9.4 million to 14.4 million,
Chronically overgrazed for several decades, extensive areas of
northwest India today appear barren and lifeless—and the
livestock population continues to grow.2?
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The role of grazing lands in supplying food, principally live-
stock products, is well understood. What is less widely under-

ood is that grasslands or woodlands used for grazing also

rovide fuel for tillage in the form of forage for draft animals.
In most developing countries precious cropland cannot be de-
voted to the production of grain for draft animals, so these
animals must survive largely on foraged roughage. -
. Cattle populations can harm grasslands severely. But'ggoats
can wreak even more damage, destroying trees and shrubs as
well. In countries such as Pakistan where vegetation is Fast
disappearing, goats have learned to climb trees in search of
greenery. The wire-service photograph carried in American |
newspapers of a dead goat lodged in the crotch of a tree
provided graphic evidenéé of the deteriorating Sahelian €cosys-
~ tem during the drought-stricken seventies, K. K. Panday, a
Nepali agricultural engineer, frankly addresses the situation:
“What we cannot ignore any longer is the fact that the size
+ of the ruminant population is simply too high for the prevailing
fodder situation. The policy and action of conducting an ani-
mal Family Planning Programme would not be objectionable
and impracticable now. The shortage of fodder is affecting the
whole ecology of man and his animals,”28

"In many communities in many countries, forage for liv/estock
grows scarcer by the day. If agriculture were modernized and
mechanized in these countries, the pressure on grazing areas
would abate somewhat. Indeed, when US. agriculture was
mechanized a generation ago, some twelve to sixteen million
hectares of cropland once used to produce feed for horses was
converted to the production of food.29 But, with petroleum
‘supplies dwindling and fuel prices climbing, the prospect for
even limited small-scale mechanization is dimming perceptibly .
unless fuel can be diverted from less essential uses such as ~_
private automobiles.

In some areas supporting draft animals has become well-nigh

impossible, and draft animals too emaciated to draw plows are
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becoming common sights. Now that the hope of replacing
water buffalo or bullocks with tractors has been deferred in
many pogr countries because of rising fuel costs, overgrazing
both directly thrutens the supply of livestock products and
indirectly threatens food production by imperiling draft ani-
mals. :

Overgrazing is-not new, but it is now in evidence to some

.. +degree on every continent. Deterioration that once took centu-

ries is now being compressed into years by population growth.
Populations are, in effect, outgrowing the biological systems
that sustain them.

Overplowmg Moving onto Margmal Land
As world population gradually expanded after the development

of agriculture, farming spread from valley to valley and from
continent to continent until by the mid-twentieth century the

_ frontiers had virtually disappeared. Even while the amount of
. new land awaiting the plow shrank, the growth in demand for

food was expanding at a record-pace. Coupled with the uneven
distribution of land in many countries, these trends gave birth
to a land hunger that is driving millions of farmers onto soils
of marginal quality—lands subject to low and unreliable rain-
fall, lands with inherently low fertility, and lands too steep to -
sustain cultivation.

Over the millennia, farmers have devised special techniques
for farming land that could not otherwise sustain cultivation.
In mountainous regions, the use of terrace agriculture stabilizes
soils and protects them from erosion. Centuries of laborious
cffort have gone into the construction of elaborate systems of
terraces that work quite well in older settled countries such as
Japan, China, and Nepal and in the Andean regions once
inhabited by the Incas. But over the past generation explosive
Third World. population growth has forced farmers onto
steeply sloping areas, and there has not been sufficient time to
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construct terraces. Where mountamous land is not terraced, it
erodes severely and soil accumulates in the valleys in streams,

_ - irrigation canals, and reservoirs. As the erosion progresses, such

land must be abandoned. Gradually, the productive capacity of -

- . both the mountainsides and the valleys is impaired.

In the vast semi-arid regions in which rainfall and moisture
are inadequate to sustain continuous cultivation, systems of
alternate-year cropping have evolved. Under these systems,
lind lies fallow in alternate years to accumulate moisture; all
vegetative cover is destroyed during the fallow year, and the
land is left covered with dust mulch that curbs the evaporation -
of soil moisture. The crop produced the subsequent year can
draw on two years of accumulated moisture. This practice
would lead to serious wind-erosion if strip cropping were not
practiced simultaneously; the alternate strips planted to crops
each year serve as windbreaks for the fallow strips.

In low-rainfall areas, continuous cropping would be cata-
strophic. Indeed, it proved so in the U.S. Great Plains dur-
ing the Dust Bowl era of the thirties and in the Virgin
Lands of the Soviet Union during the sixties. Except where
land can be irrigated, the basic natural constraints on culti-
vation under low-rainfall conditions cannot be altered subs-
tantially. Where rains are light, the use of strip cropping
has permitted farmets to crop land that otherwice would
" not sustain cultivation.

In the tropics, fallowing is used to restore fertility. Stripped
of their dense vegetative cover, soils in the .humid tropics
quickly lose their fertility. In response to these conditions,
shifting cultivation has evolved. Farmers who practice shifting
cultivation clear and crop land for two, three, or possibly four
years and systematically abandon it as its fertility falls; they
then move on to fresh terrain and repeat the process. These
cultivators return to the starting point after 15 to 20 years, by
which time the soil fertility has regenerated sufficiently to again
support crop production for a few years.
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Over time, shifting culhvatlon, stnp-croppmg, and terracing
“have enabled' farmers slowly to expand agriculture into areas,
_where conventional agriculture would not ‘survive., Without

these specialized techniques, the earth’s capacity to support
hmans would be far lower than it is. Although these practices
have withstood the test of time, in some areas they are now
. begmmng to break down under population pressure.
Taking agriculture uphill is often a losing proposition: As a

UN study of Latin American agriculture indicates, land with -

slopes up to 30 degrees is being cultivated, and the conse-
quences of such acts of desperation are harrowing: “Through-
out the Andes acute examples of gullying and sheet erosion are
commonplace sights and frequently croppmg occurs right up
to the edge of rapidly advancing-gullies.” In a study of soil
erosion in Latin America, Hilaria Valladares Antica associated
falling potato harvests with soil erosion in the Peruvian Andes,
the regioi that gave the world the potato. 30

German geographer Robert Schmid describes a situation in
Nepal that is similar to Peru’s: “During the last century man
in search of more arable land had greatly extended the terraced
fields. Increasingly, the farmers had to be self-sufficient and
therefore marginal land was taken into cultivation. . . .” The
farming of increasingly marginal land, Schmid goes on, com-
bines with progressive deforestation, as trees are felled for wood
and branches lopped from remaining trees for use as animal
fodder, until a cycle of soil erosion and deterioration is set in

motion. “On the permanently farmed fields the soil showed

signs of exhaustion and the yields declined slowly.”3?
Schmid’s account resembles those of others who have
witnesed the deterioration of hill agriculture in Iran, Pakistan,
-north India, and Ethiopia. The Nepalese government esti-
mates that the country’s rivers now annually carry 240 million
" cubic meters of soil to India.32 This loss has been described as
Nepal's “most precious export.” During the Ethiopian famine

of 1974, a foreign ambassador in Addis Ababa described the .
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origin of the problem in graphic terms: *‘Ethiopia,” he said, “is
quite literally-going-down_the:river.’33

Mounting population pressures in the humid tropics and in
other areas where shifting cultivation is practiced also contrib- -
ute to soil deterioration. According.to researchers of the Food
and Agriculture Organization (FAQO), “There is abundant evi-
dence in certain regions of Venezuela that, with growing popu-
lation pressure, the fallow period is becoming increasingly

shorter so that soil fertility is not restored before recropping.

This leads to a fall in the organic content and the water-holding
capacity of the soil. Soil structure deteriorates and compaction
becomes more common. . . . In other words, with the popula-
tion of modern times, formerly stable shifting cultivation sys-
tems are now in a state of breakdown.”34

Students of African agriculture refer increasingly to that
continent’s “cycle of land degeneration.” In Losing Ground,
Eckholm notes that “where traditional technologies persist—
due either to the lack of proven alternatives or to the failure
to reach farmers with new methods—deterioration of the land
begins as soon as human numbers in a local area surpass the
level shifting cultivation can support.”’?> Geographer Barry
Floyd describes the soil deterioration under way in densely
populated western Nigeria as “some of the most spectacular
examples of soil erosion ‘bad land’ topography to be seen in
West Africa.” He describes the severity of soil erosion and the
formation of deep gullies across the land and notes in sumrmary
that “soil deterioration and-degradation in terms of the pro-
gressive loss of nutrients and breakdown of structure is well
nigh universal due largely to overfarming and primitive de-
structive methods of cultivation.”36

Accounts of soil deterioration and loss like those about
Venezuela and Nigeria could be repeated by the score to illus-
trate further how mounting population pressure and poor farm-
ing techniques are combining to subvert basic life-support sys-
tems. Pressures associated with the growing demand for food
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' a‘ﬁ;:ct more than the humid tropical and subtropical regions
- where the fallowing systems of shifting cultivation are breaking

*— - down. The world's other principal systemrof fallow-agriculture -

—that used in the semi-arid wheat producing regions of North
+ America, Australia, and the Soviet Union—also shows signs of
stréss. The land in fallow in the United States has declined by
nearly one-half during the seventies—a fact that has led
Kenneth Grant, head of the Soil Conservation Service, to warn
farmers that severe wind erosion and dust-bowl conditions
could result. He czutioned farmers against responding to the
“lure of record wheat prices and short-term gains that would
sacrifice the long-term productivity of their land.??

Anyone who has traveled across Africa, up and down the
Indian subcontinent, or around Latip, America sees firsthand
the .consequences of extending cuitivation onto land that
should either be left in its natural state or cultivated only with -
special techniques. One need not be a trained agronomist or
a prophet to see the grim future that continued abuse of the
earth’s meager soil resources entails.

The mantle of topsoil covering the earth ranges in depth
from a few inches to a few hundred feet. Over much of the
earth’s surface it is only inchesvdeep, usually less than a foot.
Nature produces new soil very slowly, much more slowly than
the rate at which humans are now removing it. Thus, once
topsoil is lost, a vital capacity to sustain life is diminished. With
soil as with many other tesources, humanity is beginning to ask
more of the earth than it can give.

Pollution: Overloading the Ecosystem

The burden of excessive human claims on the earth’s biological
svstems is being aggravated by yet another human excess, the
generation of waste. Just as felling too mar., -~es can overtax
the regenerative capacity of forests, creating too muck: waste
can overtax the earth’s waste-absorptive capacity. The absorp-
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tion of waste is an important natural function of the earth’s
ecosystem. Indeed, in the complex web of plant and animal
life, one organism’s waste is another’s sustenance.” But when
waste is excessive, it becomes pollution. .

Pollution is more than a mere. nuisance. It can impair and
even destroy the productivity of-local biological systems. It can
ruin forests, crops, and fisheries; eutrophy fresh water lakes and
streamns; destroy whole species of plants and animals; impair
human health; break up the ozone layer; impede the exchange
of oxygen and carbon dioxide between the oceans and the
atmosphere; and even damage clothing, buildings, and statues.
Pollution increases along with global economic activity—na-
_ tional efforts to curb it notwithstanding.

Among pollution’s many origins are the burning of fossil
fuels, the discharge of industrial waste, and the use of agricul-
tural chemicals. The synthesis of new chemical compounds
that are not readily biodegradabie and the introduction into
the ecosystem of heavy metals extracted from beneath the
earth’s surface pose special threats. The current scale of pollu-
tion, the long-lived nature of synthetic chemicals and radioac-
tive waste, and the indestructibility of heavy metals make it an
international problem, an expansion of the “village commons”
problem to the global level.

Hundreds of new synthetic compounds that cannot readily
be broken down by micro-organisms are being brought into use
each year without a thorough investigation of their envirdn-
mental impact. As Dr. John Wood, Director of the Fresh
Water Biology Institute, notes; “the further the chemists get
from natural chemicals the greater the danger” of environmen-
tal disruption becomes.38 Among the long-lived synthetic
chemicals that are life threatening are chlorinated hydrocar-
bons (including pesticides such as DDT). In 1962 Rachel
Carson drew public attention to twelve pesticides that might
be poteéntially hazardous to animals and humans—DDT, ma-
lathion, parathion, dieldrin, aldrin, endrin, chlordane, hepta-
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chlor, toxaphene, lindane; benzene hexachloride and 2,4-D.
Since then the use of each has been regulated, and some have
been phased out.3?

The threat of this family of compounds to the survival of
numerous species of birds and fish and to human health ha.
been well established. But another newer group of long-lived
synthetic chemicals, the polychlorinated biphenyls (PCBs)
may pose an even greater threat to humans. An outbreak of a

- disfiguring skin disease afr’echng more than a thousand Japa-
‘nese was traced to'a batch of rice oil heavily contaminated with
~ PCBs. Monkeys exposed to the compound have experienced a

sharp increase in miscarriages and have borne sickly infants.
Rats have developed liver cancer after sustained exposure to
PCB, a lsboratory finding that has prompted Dr. Renata D.

‘Kimbrough of the Center for Disease Control in Atlanta to

warn “that PCBs may be a low-grade carcinogenic agent in
man.”’40
The heavy metals that are mined and used for various indus-

- trial purposes (including lead, mercury, arsenic, cadmium) are

often part of natural systems, but they occur in very minute
quantities. It is only when the amount becomes excessive that
various animal and plant species are threatened. One of the
first hints of the extreme toxicity of heavy metals came in the
early fifties in the small Japanese coastal town of Minimata.
Mercury poisoning resulting from the discharge of efffuent
wastes by local industry spread from fish to fishermen and their
families. Hundreds of people were poisoned. A few years later
Swedish ornithologists observed that some species of birds were
fast disappearing. Mercury from pulp and paper mills was
responsible. 4!

Such experiences are not conﬁned to industrially advanced
countries. As part of its industrialization effort, the government
of Malaysia in 1971 established an industrial patk, the Perai
Industrial Estate on the Sungei Juru River. The Consumers
Association of Penang has measured high levels of mercury,
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cadmium, chromium, and Jead in the industrial effluent canals
which flow into the river. Fish kills have become common, and
fishermen now claim that more than 30 species of fish have
disappeared from the river.42

Pollution attends industrialization wherever it occurs. If Jo-
. hann Strauss were entitling his famous waltz now, he might
better call it the “Brown Danube.” A Czechoslovakian envi-
ronmentalist reports that “a dozen years ago we could swim in
the Danube. Today the river is so dangerous it is nllegal to swim
-~ init"e3

The Rhine river “is becoming Europe’s sewer.” The world’s
busiest waterway, it is also the dirtiest. Billions of dollars spent
. to clean it up haye failed to offset the ill effects of continuing
rapid industrial growth-in Germany, Switzerland, and France.
The city of Rotterdam found the Rhine becoming so polluted
that it could no longer purify it sufficiently and was forced to

turn elsewhere for drinking water.44
A conference of biologists convened in April of 1977 to
discuss the future of the Cbesapmke Bay talked of a ““biological
nightmare.” One participant ‘reported that “both synthettc
and naturally occurring toxicants are entering the bay in
) progressively greater praportions.” Robert J. Huggett, who
\ chaired a task force on toxic substances, concluded that “the
. time may be approaching when the chemistry of the bay will
*. be controlled by man rather than by nature” Dr. J.L.
» McHugh, former Director of Fisheries for Virginia, insisted on
‘focusing on causal factors rather than symptoms, emphasizing
that efforts to save the bay would “be in vain unless population

is curbed.”45

While scientists have long recognized the effects of pollu-
tants on rivers, lakes, and the oceans, the effect of pollutants
on the upper atmosphere is only beginning to be understood:
Professor Michael B. McElroy, Director of Harvard's Center
for Earth and Planetary Sciences has joined a swelling body of
scientists who believes that “atmospheric ozone is threatened -
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by certain air pollutants’” and that this is leading toan inciease
. in solar ultraviolet radiation. According to McElroy, the chal-
;: lenge “is to clarify the exact biological consequences of serious

ozone depletion, and to figure out how to prevent such an
———mvuunmcntd-dtsaster% If the-ozone layer is being progres-
sively depleted, it could affect all biological processes and all
forms of plant and animal life.

Public attention has focused on the relationship of skin
. canicer incidence and ozone depletion. Harvard dermatologist

"~ Dr. Thomas Fitzpatrick believss-that one of the severe forms
of skin cancer, malignant melanoma—*a merlical tragedy at
- least as fataPas breast cancer,”—is definitely lii..ced to ultravio-
let radiation. He testified before a congressional committee
that the incidence of malignant melanoma “is rising rapidly in
all countries at a rate of between 3 and ¢ percent per year” and

that “death rates from the disease have doubled in the last 15~
years.”47Although this short-term rise may be due more to
increased sunbathing and to changing dress habits, it is indica-
. tive of the consequences of a marked deplet;on in the ozone

-+ liyer.
Ozone depletion has many possible causes: among them are
the release of nitrous oxide-by SSTs, the release of the fluoro-
" carbons used in aeroscl spray cans (mainly Freon in the United -
States and Eskimon in the Soviet Union), and the release of
nitrous oxide from the soil as"a result of the heavy use of
nitrogen fertilizer. SSTs can be banned if governments are
willing to abandon the supersonic military aircraft as well as
commercial transport. So can aerosol spray cans. What to do
about the third source of ozone depletion, the heavy use of
nitrogen fertilizer, assuming further research confirms this link-
age, is a far more complicated matter.

Pollution has many dimensions and many consequences. Air
pollution is riow so concentrated in many industrial countries
that it affects crop production. According to a recent U.S.
Congressions! study, “The impact of air pollutants on crop
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. productivity.is becoming increasingly apparent. A 1974 field
experiment in Riverside, California, for example, found that
yields of crops expcsed to pollution were markedly reduced
when compared to those of the control crops.” The experiment

___provided precig® but disturbing data. “For alfalfa there was a

38 percent decline in production; for black-eyed beans, 32
percent; lettnce, 42 percent; sweet comn, a phenomenal 72
- . percent; and for radishes a 38 percent reduction.” In California .
alone, air pollutants cause an estimated 25 million dollars
e worth of crop damage yearly.48
The impact of industrial air pollution on agriculture can be
felt and measured far from the fields adjacent to ‘industrial
" plants. Grape production in upper New York State is threat-
ened by polluted air carried eastward from factories and au-
tomabiles in heavily populated industrial regions in northern
Ohio and Indiana. Dr. Trenholm D. Jordan, an agricultural .
specialist in Chautauqua County, reported that yields of the
Ives variety of grapes used in red wines had fallen from four
or five tons per acre to two tons. Both the yield and sugar
content of wine and table grapes are reduced by air pollution.
Dr. Jordan reported that Concord grapes were “seriously
affected all over the East.”4?

Even proverbially durable trees are vulnerable to air pollu-
tion. Pollution-related damage to forests has been reported in
such dissimilar climates as those of southern California and
western Poland. One report indicates that “A comparison of
annual ring growth in similarly aged groups of ponderosa pines _
in the San Bemnardino mountains of California during the
relatively unpolluted 30 year period between 1910 and 1940
and the more polluted years between 1944 and 1974 showed
that after adjusting for climate variability, 2c board feet of
merchantable wood was produced per tree between 1910 and
1940, whereas only five board fect were produced between

1944 and 1974."50 .
The term “acid rain” is rapidly becoming a part of our daily
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. vocabulary. When sulfur-bearing fossi} fuels are bunied, sulfur
dioxide is formed. Some of it further oxidizes to fo.m sulfur
" .. trioxide. As the hot fumes from electrical power plants move
*. upthe stacks andinto the atmosphere, the sulfur trioxide reacts
with atmospheric moisture to form sulfuric acid. This thca

returns to earth as acid rain, the effects of which on plant and™ —
. . ~ animal life can be devastating, if not deadly. It can 2lso discolor
*  paint, corrode metal, crode marble statues, and deteriorate -
boat canvas and clothing3!

One report by the U.S. National Academy of Sciences cites
specific studies in Sweden and northern New England that
correlate reductions in forest growth with acid-rain levels.5#
Now that this causal relationship has been discovered, the

" estimated 100-fold increase in the acidity of rainfall in the
eastern United States in recent decades, ought to give Ameti- .
cans paitse. Scandinavians are already deepiy soncerned. Both, -
Sweden and Norway have recorded cnom?ous increases in the

. acidity of rainfall in recent decades—they are regularly doused
by rain saturated with ‘acidic pollutants released in the heavily
industrialized Ruhr Valley in Germany and in Great Britain.

Fresh-water lakes are particularly vulnerable to acid rain. In
literally thousands of lakes in Scandinavia, the northeastern
United States, and southeastern Canada, some species of fish
have disappeared entirely. A 1976 Comell University survey of
217 lakes in the Adirondack Mountains of New York State
showed 51 percent of these lakes to be highly acidic. A genera-
tion ago virtually_ all were alive with fish, but, the survey
showed, 5o percent are now barren.33
|- At least one industrial country, the United Kingdom, has
managed to visibly improve its environment.  Blessed with a

_stable population and a slow rate of industrial growth, it has
reversed the process of environmental deterioration. While air
quality:continues to deteriorate in Washington, D.C., where
pollution alerts sometimes remain ir: force for several days, the
air in London is now far cleaner than at any time in recent
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history. Eighty percent more sunshine reaches London now
than in 1955—the year the-fitst Clean Air Act was passed.54
While the Rhine gets dirtier and less fit for fish year by year,
the once filthy Thames is undergoing a remarksble rebirth.
Leonard Santorelli reports that “some 83 species of fish have
now been identified in the Thames estuary and its first salmon
in 141 years was caught in 1975.”55 Although a small measure
of Great Britain’s progress may be Scandinavia’s sorrow (prog-
ress may be due to tall smokestacks that release pollutants into
atmospheric air currents), this encouraging effort does indicate
. that environmental deterioration can be arrested.

Relationships between pollution and the productivity of bio-
logical systéms need further study. Gaps in knowledge exist
because pollution has reached destructive levels so recently
that neither the time nor the resources needed to examine
pollution’s immediate impact, much less its longer-term
effects, has been mustered.

The earth’s waste-absorptive capacity is a prime economic
resource. It is also a finite resource. When the amount or
nature of waste generated exceeds the amount that the natural
system can handle, the system cannot function properly. Over- .
buidening the earth’s waste-absorptive capacity, all but invit-.
ing malfunctioning, involves far-reaching and perhaps even
incomprehensible costs.
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- Ecological Stresses II:
The Consequences

: —l;c consequences of overtaxing the earth’s carrying capacity
are invariably negative, destructive, and costly. They range
from the loss of cropland to the inadvertent modification of
climate. Virtually all such ecological stresses are likely to inten-
sify as human numbers and aspirations increase further. Cnly
some of the more obvious physical consequences of exceeding
nature’s thresholds are dealt with in this chapter. The eco-
nomic 2nd social manifestations of biological abuse are ad-
dressed in later chapters.
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The Loss of Cropland

Three of the excesses described in the preceding chapter—
deforestation, overgrazing and overplowing—all contribute to
one of the most serious ecological stresses—soil erosion and the
loss of cropland. All countries, rich and poor, suffer some soil
erosion. E loss of cropland, wherever it occurs; affects the
world food putlook.

Roughly one-tenth of the earth’s thirteen billion hectares of
land surface is cropland. On this land the indigenous forest or
grass cover has been replaced with the selected plant species
that best serve human needs. The human prospect is closely
tied to the size and condition of this cropland base, which is
the foundation not only of agriculture but of civilization itself.
Thus, both the outright loss and abandonment of cropland—
through either severe erosion or conversion to nonagricultural
uses—and the deterioration of soil fertility through erosion
descrve careful attention.

Each year some of the world’s cropland goes out of produc-
tion. It is paved over, strip-mined, eroded, and left to dry out
when irrigation water is diverted to other purposes. Desertsand
cities encroaching on cropland on every continent are claiming
uncounted millions of hectares each year.

While governments keep careful statistics on the develop-
ment of new areas for human settlement, on irrigation and
drainage projects, and on other attempts to bring untilled land
under cultivation, they have relatively little solid information
on the actual loss or deterioration of cropland. As yet, this vital
part of the human life-support system is not systematically
monitored on a global basis. Until the United Nations Envi-
ronment Program, which has made this one of its principal
concerns, is able to gather data on cropland loss and degrada-
tion systematically, analysts and ‘economic planners will have
to make do with sketchy data.
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~ H. N. Le Houérou reports that the northern tier of African
countries is Josing one hundred thousand hectares of range and
cropland each year to the Sahara as the desert creeps north-
“ward.? A UNESCO study from the Sudan reports that the
southern boundary of the Sahara “has shifted south by an
average of about 9o to 100 kilometers during the last seventeen

* years.”2In effect, this movement is slowly shrinking the agri-
cultural resource base of the Sudan, sqieezing the expanding
-population qsf nomadic herdsmen and farmers into an ever-
smaller geographical area.

Similar trends are under way in North America, though for
different reasons. Canada, the second ranking exporter of ce-
reals after the United States, is losing large chunks of its best
crepland to urban sprawl and other nonfarm-uses. According
to the Science Council of Canada, “Between 1966 and 1971,
four hundred thousand hectares, or almost one-tenth of the
improved farmland in southern Ontario, was lost to agricul-
ture.”’3 Canada’s total harvested area remains constant only
because the loss of prime agricultural land is being offset by the
addition of marginal land in lower-rainfall areas. This substitu-
tion helps explain why grain yields in Canada no longer seem
to be increasing. The Science Council found that “an es-
timated one-half of the farmland lost to urban expansion is
coming from the best one-twentieth of our farmland. The
farmland which normally might be considered to replace this
loss is almost invariably in regions with poorer soil and a less
favorable climate.”* Another study concludes that the agricul-
tural land requirements associated with ‘a doubling of Canada’s .
population will reduce the area of premium farmland by one-
third, putting “urbanization in direct confrontation with agri- .
culture.”®

The United States shares the problems of land loss with its
neighbor to the north. In the United States, the production
base is shrinking because the area of agricultural land being lost
exceeds that of the new land being brought under the plow. As

98




48: The Twenty-Ninth Day

David Pimentel and his colleagues reported in Science, “Each
year more than one million hectares of arable cropland are lost
to highways, urbanization and other special uses.” They go on
to note that this “loss is partially offset by the addition (primar-
ily through irrigation and drainage projects) of five hundred
thousand hectares of newly developed cropland per year.”¢
These trends do not suggest that the United States and Canada
will themselves experience food shortages, but they do suggest
that the world’s ever-growing dependence on the North Amen-
can export surplus is risky.

India too is losing precious farmland. A report by the In-
dian government to the United Nations Conference on
Human Settlements in 1976 projects “an increase in the
use of land for non-agricultural uses.. . . from 16.2 million
hectares in 1970 to 26 million hectares by the end of the
century.”? If the pattern for other countries holds in India’s
case, this growth in nonagricultural land use will be at least
partly at the expense of cropland. As in Canada and else-
where, it will likely be the more productive cropland that is
surrendered to nonagncu.tural uses.

Cropland losses are being particularly hard-felt in populous
lands. In Egypt, an estimated twenty-six. thousand hectares of
the best cropland along the Nile is being lost each year to cities,
roads, factories, and military installations.8 In Japan, where
“the spread of industry into former farming areas in the vicin-
ity of large cities has reduced the land available for agricultural
production by about 6 perzent during the sixties,” the situation
looks even vorse.? :

Apart from the loss of cropland, soil erosion on remaining
cropland is undermining land productivity. A natural process,
soil erosion as such is neither new nor necessarily alarming. Soil
is continuously being formed by the weathering of rocks, and
it is continuously eroding. Indeed, geologists sometimes casu-
ally refer to soil as “rocks on their way to the sea.” But when
erosion outpaces the formation of new soil (something like one

59




The Consequences 49

hundred years is requn'ed to form an inch-of topsoil), inherent
soil fertility declines.
Itis the rate of soil erosion that distinguishes the current era.
. In vast areas the topsoil being lost through erosion exceeds that
. being formad by nature. Soil scientists analyzing the relation-
ship between soil Joss and formation calculate the T-factor (or
tolerable rate of soil loss), which ordinarily varies from 1 to 5
‘tons per acre. In a survey of Wisconsin soils, 70 percent e
found to have a soil loss greater than the tolerable level. On
- these soils with a T-factor of 3.6 tons, the actual loss was 8.4
tons, more than double the tolerable rate.10 The annua! loss of
agricultural topsoil in the United States has been estimated by
Pimentel at thirty tons per hectare or some three billion tons
per year. Three independent studies help put this loss into
perspective: they indicate that, other things being equal, U.S.
comn yields have declined by an average of “four bushels per
N acre for each inch of topsoil lost from a base of 12 inches of
’ topsoil or less.”11
e ....Concems_over the loss of topsonlJnJhc United States are
escalating. Luther Carter writes in Science that “the erosion
of creplands by wind an- water remain one of the biggest, most
pervasive problems the nation faces.” The problem persists
because “ir. the calculations of many farmers, the hope of
maximizing short-term crop yields and profits has taken prece-
dence over the longer term advantages of conserving the
s0il.”12 The lowa-based Council for Agricultural Science and
Technology reports that as of the mid-seventies “a third of all
cropland was suffering soil losses too great to be sustained
without a gradual, but ultimately disastrous, decline in produc-
tivity.”13
Es:ly' declir:es in natural fertility may be compensated for by

\

the heavy use of fertilizer, as in the American Midwest, but
over the lorxger term even this will not suffice. According to
UN estimates, erosion robs Colombia of 426 million tons of
fertile topsoil each year, a loss equal to thirty centimeters of soil
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on 160,000 hectares.}* Colombia’s topsoil is relatively thin,
and the nation can ill afford to see it washed away. A United
Nations report on Mexico indicated that “an estimated 150 to
200 thousand hectares have been rendered unusable by ero-
sion.”15 In Pakistan, progressive deforestation has led to severe
soil erosion and loss of cropland. At some point these losses in
Colombia and other severely affected countries may begin to
overwhelm the efforts to expand output.

Thus far efforts to step up the productivity of the world’s
cropland base by applying more fertilizer, expanding irrigation,
adopting new technologies, and investing in land improvement
still more than offset the loss and degradation of cropland, so
world food production continues to grow. But in some individ-
ual countries, the negative forces now nearly equal or even
exceed efforts to expand food supplies. Per-hectare grain yields
in Nigeria and Nepal have declined steadily for more than a
decade as agriculture has moved ontc marginai land and as soil
erosion has worsened.16 The growing dependince of scores of
countries on North American food shipments reflects in part
the deterioration of local food systems. -

The disturbing trends emerging in the world food economy
during the seventies indicate that national governments may
have to take much stronger action than heretofore to preserve
agricultura) land. Failure to do so could lead to unprecedented
foed scarcity and food price inflation. The urgent need for such
action is heightened by the rising cost of “land substitutes”
such as energy and fertilizer, and by the scarcity cf water.

Oceans: The Ultimate Sink

The oceans that cover two-thirds of the earth’s surface are the
common heritage of all. They constitute an integral part of
humanity’s life-support system—supplying both food and oxy-
gen. The long oceanic food chain, with microscopic plants at
the bottom and choice table grade fish at the top, supplies
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humanity with vitally needed high-quality protein. Thus, pollu-
tion jeopardizes human nutrition as well as marine life.
" Long too vast for humans to fathom, oceans were also long
thought to be too vast for humans to harm. But the scale of
human activity is now such that it can damage the seas irrevo-
cably. While it is not in humankind’s interest to discharge
more waste than the oceans can absorb, the benefits to the
individual polluter (whether a country or a corporation) so
outweigh the costs that there is little or no incentive to exercise
restraint. The tragedy of the comimons is now the tragedy of
the world’s oceans. .

A major sourc:: of human food, the oceans have become the
planet’s ultimatc waste receptacle, the passive recipient of stag-
gering amounts o! industrial, agricultural, and municipal
wastes. Thousands of was:= products—some highly toxic—are
polii:ting the oceans from which life first sprang. Oil, chemical
effluents, lethal gases, radioactive wastes, junk metal, trace
elements, organic wastes from humans and animals, automo-
bile exhaust products, pesticides, detergents, and other wastes
are routinely dumped into the sea. Hydrocarbon pollution—
the legacy of offshore drilling, routine oil-tanker operations and
the growing number of wrecked oil tankers—is getting out of
hand. Over ten thousand oil spills in U.S. navigable waters
were reported by the U.S. Coast Guard in 1975 alone.1?

In July of 1976, a huge fish kill covering over a thousand
square miles was found off the New Jersey coast. Microbiolo-
gist Pat Yanaton reported that the ocean“was completely dead
—starfish, eels, lobsters, all sizes of crab—everything was
deaa.”'8 Apparently, decomposing sewage sludge from New
York and cther adjoining municipalities was responsible.

Such disasters should not come as a surprise. An article in
the Marine Pollution Bulletin in 1973 reported that concentra-
tions of chromium, copper, lead, nickel, and zinc were “10 to
100 times greater near waste disposal areas” than in other
waters in the Atlantic Ocean off New York. Robert S. Dyer,
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an oceanographer with the U.S. Environmental Protection
Agency, reported finding traces of plutonium off both the
Atlantic and Pacific coasts of the United States. The
plutonium had leaked from some of the 114,500 bamrels of
radioactive waste materials dumped into the oceans by the U S.
government between 1946 and 1970.19

Shortly before Christmas of 1976, the oil tanker Argo Mer-
chant ran aground forty-three kilometers off the coast of Nan-
tucket and forty-eight kilometers from Georges Bank, one of
the world’s richest fishing areas. The spill of over seven million
gallons of oil became the largest ever recorded in U.S. waters,
surpassing the Santa Barbara oil-well blowout off the California
coast in 1969.

Efforts to investigate the effect of oil spills initially focused
on cleanyp efforts, but now they are concentrating on the
longer-term biological consequences. To this end, the preva-
_ lence and distribution of various marine organisms—birds, fish,
sea mammals, or phytoplankton—are being watched. But
these indicators alone provide only a limited understanding of
the overall impact of oil spills. Biological researcher Erick
Schneider of the Environmental Protection Agency argues
that the impact of spills on organisms themselves needs to be
examined and that the most useful indicators of marine health
are “feeding, growth, reproduction, metabolism and behavi-
our” patterns.20

Approximately a million tons of oil seep into the seas from
freighters, tankers, and offshore drilling rigs each year. Several
million more tons of crude oil products in the forms of gasoline
solvents and waste crankcase oil also pollute the oceans. Since
the presence of surface oil interferes with the flow of light and
oxygen in the sea, oil can render waters at least temporarily
uninhabitable. Both the quantity and the variety of oceanic
pollutants are multiplying so fast that their individual and
combined effects on the marine biosphere cannot be precisely
gauged. But it is clear that oceanic pollution has reached alarm-
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ing prqportioxis, is global in scale, and is a growing threat to

-oceanic food resources.

Fish have virtually disappeared from some of the more
defiled rivers and coastal zones of the industrial countries. The
once-rich oyster beds of Raritan Bay, New Jersey, have been
alinost obliterated. The shrimp harvest of Galveston Bay in the
Gulf of Mexico shrank by more than half between 1962 and
1966. The shad catch in Chesapeake Bay, estimated at four-
teen million pounds in 1890, has averaged only three million
pounds in recent years.2! In the United States, over hslf the
human population and 40 percent of all manufacturing plants
are clustered next to estuaries and coastal waters. City sewage,
little of which is treated, is the major pollutant, followed by
indvstrial efluents and agricultural chemicals.

Pollution has seriously damaged the valuable sturgeon indus-
try of the Caspian Sea. Similarly, many of Japan’s once-great
fisheries such as Tokyo Bay, Osaka Bay, and Hiroshima Bay are
now “dead seas,” and the Inland Sea may soon die. Commer-
cial fishing has been banned by national regulatory agencies in
numerous offshore areas where fish manage to survive but
where contamination with PCBs, mercury, oil, and numerous
other compounds have rendered the fish unsafe for human
consu.\ption. Perhaps even more serious, the ever-swelling tide
of 'waste discharged by humanity into the oceans could
threaten the phytoplankton that form the foundation of the

* oceanic food chain. Whether the death of the phytoplankton
would jeopardize the earth’s oxygen supply as well is not cer-
tain. But, as Noel Mostert asks in Supership, “If the seas don’t
breathe or if they breathe astiimatically and imperfectly, what
else in our environment will struggle for breath?”’22

Before long, humanity must choose between preserving the

oceans as a food source and using them as a waste receptacle.
Over the longer term they simply cannot be both. Clearly,
oceanic pollution is worsening, and the oceans are bound to
deteriorate further before existing trends can be reversed.
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The basic conflict inherent in efforts to maintain oceanic
health is a conflict between short-term desires and proits ver-
sus the long-term maintenance of biotic integrity. In weighing
the pros and cons of oil drilling off the U.S. east coast, biologist
George Woodwell notes that “the controversy over the pros-
pect of oil wells on fishing grounds embodies one of the classic
conflicts of our time—the confrontation between the demands
of an oil-hungry industrial system and the need to preserve a
basic living resource. *23 As Thor Heyerdakl, a lifelong observer
of the oceans, puts it, “Today more than ever before mankind
depends on the welfare of this marine plankton for his future
survival as a species. With the populatior explosion we need
to harvest even more protein from the sea. Without plankton
there will be no fish.”24

Endangered Species

The creation of new forms of life and the extinction of old ones
is the essence of evolution. Over the two billion years or so
since life first emerged on earth, more species have evolved
than have disappeared. Accordingly, the web of plant aad
animal life has grown incredibly complex and interlinked. Al-
though not all species have been identified and catalogued,
biologists estimate that as many as ten million plant and animal
species may coexist in the world today.

Climate and other natural forces have always influenced
evolution, but during the modern era humans have become an
evolutionary force. Unfortunately, the human contribution is
negative, furthering the extinction of species. In 1ecent
decades, more plant and animal species have been destroyed
than have evelved. The nun.ber of extant species is now declin-
ing, and the diversity of life is diminishing 2nace.

The more nostalgic dimensions of this problem usually cap-
_ture public attention. The loss of a large and visible species of
wildlife is heart-rending, but it is cause for another kind of
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concern. If too many species are lost, the complex biological
web could begin to unravel. The extinction of any species of

fauna or flora can become a tear in the whole cloth of life. No

. species exists in isolation: all animals depeid directly or in-
. directly on plants for food, and plants depend on soil micro-
* organisms to cycle nutrients. Each species, whether found in
only one river or on every continent, serves a particular func-
tion. All land and marine plant specics, for example, employ
photosynthesis to convert solar energy into chemically bound
energy that humans and other animals need.

Al life forms support other life forms. Micro-organisms aid
in the decomposition of organic matter. Some birds feed on
insects whose numbers could otherwise become excessive.
Ruminants concentrate plant materials into forms that hu-
mans can eat, but ruminants cannot perform this task unaided.
They depend upon the micro-organisms that live in their com-
plex series of stomachs. Micro-organisms also break down
crude organic material in the soil, returning its carbon to the
atmosphere as the carbon dioxide that plants need. Thus, nu-
merous species of micro-organisms turn the carbon cycle on

- which all life depends.

The threats of extinction take three forms. One is by contact
with artificially made or artificially concentrated compounds
that interfere with life processes. For those micro-organisms in
the soil that cannot tolerate an acidic environment, the change
in soil chemistry resulting from “acid rain” can be lethal.
Similarly, the release into the atmosphere of carbon from coal
and oil alters the composition of the air we breathe. Oceanic
pollution endangers both fish, a major protein source, and the
marine micro-organisms that supply atmospheric oxygen.

A second threat to the survival of species is the physical
destruction of natural habitats. Destroying the homes of such
animals as the Bengal tiger, the Ceylonese elephant, or the
Indnnesian orangutan could turn these species into zoological

_rarities. At worst, it could lead to their extinction. The hunting
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of wild animals poses yet another tixr&t—whcthcr they be
leopards for pelts or whales for food.
Preserving a particular form of life is seldom merely a matter

of instituting a ban or quéta on the killing of certain forms of

wildlife prized by hunters, tailors, or furriers. Rather, the issue
strikes at the heart of modern materialism and at human repro-
ductive habits. Increasingly, ecologists hold that efforts to pre-
serve endangered species are futile unless they are combined
with efforts to preserve entire ecosystems. “The principal de-
structive process at work now,’ ecologlst Norman Mycrs notes,
“is modification or loss of species’ habitats, whicn arises for the
most part from economic development of natural environ-
ments.”2* To adopt this view is perforce to question present-
day population policies and the pursuit of material wealth by

* those whose basac nazds haye been met.”

If Mycrss $urmise is correct, we must now decide who
should bear the cost of preserving the threatened species, most
of whose habitats are in low:income countries in the tropics.

As complex politically as it is economically, this issue is far from
being satisfactorily résolved. Myers notes, for example, that -
designating extensive tricts of wild land as parks-or preservos.
puts the poorer countries in the position of subsidizing efforts

to preserve the earth’s biotic integrity.

Others, Thomas Lovejoy among them, believe that common’
sénse now argues against trying to save all forms of threatened
life and that humans ought to concentrate on helping the
fittest survive. Since saving everything is impossible, the rea-

soning goes, net losses would be minimized if the spccmwhosc‘

. prospects look bleakest were left to die. Once this decision is

made, concentrating all available energies and resources on the
most important (eculogically and economically) of those that
remain might pay off. According to Lovejoy, the result of

* growing pressuzes on ecosystems is “impoverishment of the

biota of the planet, a réduction of its ability to support man and

other forms of life.” The problem of endangered species, says




S
“Lovejy, is “not, thcrcforc, a hypothctml one as many may
_wishfully believe; biotic impoverishment is an irreversible pro-

cess that has profound consequences for the future of man.”26
These analyses underline the urgency of the need to address’
this problem systematically at the international level, prefera-
bly within the United Nations.

°

Environmentally Induced Ilinesses

Environmentally induced illnesses, here defined as tRose iil-
nesses caused directly or indirectly by human alterations of the
environment, now_rank high among the worldwide causes cf
human suﬁmng They also include some of the world’s leading
sourcss of zath and illness, among them cancer, heart disease,
and schistosomiasis. Collectively, the.c diseases hit those of all
ages and cut across geographic regions. However, some of them
affect primarily the rich and others pnmanly the poor.

Some illnesses are the by-product of human efforts to expand
food supplies, others of the increased burning of high-sulfur
fossil fuels in industrial societies. Still other ervironmentally
induced illnesses originate in modern materialistic lifestyles
typified by both underexercisjiig and overeating. Although . *
these diseases are present in epidemic proportions in some
countries, the origins of many of them are not well understood
even by the medical community, much less by the pubhc at,

large. *

Canczr, the scourge of the mduatQal countrm may be th
most feared of all industrial diseases. The paxn,m?uﬁ
the lingering death, and the knowledge that few recover from
it unscathed make cancer’one of the worst illnesses known.
Epidemiologists in the United States estimate one of every four

Americans now living will contract some form of cancer,and -~ .

many will die of it.27 Cancer now claims the lives.of more
children under fifteen years of age in the United States than
does any other disease.28 Fully three-fourths of all cancer may _

4
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be environmentally induced—the result of an unsound diet,
smoking, breathing polluted air, exposure to certain industrial
.«chemicals, or even some of the drugs doctors prescnbe 29

Daring the modern era, some fifty thousand new com-
pounds have been synthesized. Only a minute percentage of
these have been tested for either their carcinogenic or their
mutagenic effects. The compounds that cause cancer may thus
number in the thousands. Work places, factories, homes, and
public places are often permeated with chemical compounds
that are alien to nature and thus to the environment in which
human life evolved.

The synthesis and widespread environmental dispersal of
new chemicals that are now the hallmarks of an industrial
society bring with them health hazards that may not be iden-
tified as such for years or even generations. Dr. David Rall,
Director of the National Institute of Environmental Health
Sciences, testified before the U.S. Congress, “New forms of
energy production, expanded uses of known energy sources,
greater development of the chemical process industry and,
particularly, the petrochemical industry (the United States
now produces the equivalent of the body weight of each Ameri-
can in plastics each year), all pose the real threat of releasing
toxic chemicals into the environment.” He illustrated his point
by noting the recent discovery that vinyl chloride, bio-
chloromethyl ether, methyl buty! hetone, and sulfuric acid mist
“are not theoretical threats, but known causes of illness and
death.” He then went on to add that “the latency period (time
from initial exposure to effect) associated with such categories
of disease as cancer and genetic disorders often ranges from ten

" years to two or more generations.” Therefore, he argued, we

must begin now to search for potential causative agents; other-
wise, “‘we may be exposing a significant proportion of our
population to irreversible deleterious effects.””30

Some synthetic chemjcals affect the immunological system,
some the reproductive syster, and others the central nervous

¢
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o system. The,accicienéal subsﬁmﬁon of polybrominated biphe-

_ nyls, a fire retardant, for, magnesium oxide in a large batch of
livestock feed in Michigan led not only to the death and

_wholesale slaughter of hundreds of thousands of farm animals
"but it also affected the health of unknown nirmbers of Michi-
gan residents.'When one thousand Michigan farm residents
were given physical examinations and the results compared
with the health profiles of a similarly sized Wisconsin control _

. 'group, “an unusual number of neurological, behavioral, joint

" and gastro-intentional problems, including memory loss, mus-
cular-weakness, coordination difficulties, sleep problems, arthri-
tis-like symptoms, diarrhea and abdominal pain,” were discov-

-ered in the Michigan group.3! Dr. Irving Selikoff, who
conducted the study, also reported abnormalities of the white
blood cells and impaired immunological functions in the
affected population.

The discharge of heavy metals into the environment poses
health problems everywhere. Mercury, cadmium, and lead are
perhaps the most common of these culprits. They have been
linked to the deaths of many and to the illr.esses of hundreds
or even thousands of people in countries as diverse as Iraq and
Japan. :

Occupational health hazards can be traced back not only to
synthetic materials and heavy metals, but to numerous other
factors as well. An estimated one million American workers
have handled asbestos in one form or another—as insulation,
as automobile brake linings, or as filters for beer and wine.
Epidemiologists estimate that these asbestos handlers will be
twice as likely as the rest of the population to‘\ contract terminal
cancer.32 |

In The Picture of Health, a book analyzing environmental
influences on health, Erik Eckholm identifies miners as one of
the most widely afflicted occupational groups. He notes that “8
to 10 percent of U.S. coal miners sufrer from black lung dis-
ease,”33 and that silicosis, another respiratory disease, is even

A4
']




?

60: The Twenty-Niuth Day

more prevalent worldwide. The World Health Organization
(WHO) reports that “of all occupational diseases, silicosis is
the major cause of permanent disability and mortality and is
the most costly in terms of compensation payment.”34 In
Bolivia, 23 percent of the large force of tin miners suffer from
silicosis, as do 14 percent of all Colombian miners.35

Heart disease has reached near-epidemic proportions in
modemn industrial societies. A leading cause of debilitation and
death in industrial societies, it plagues males in particular.
Where obesity is common, diets are too rich in animal fats, and
lifestyles are sedentary, coronary arteries can become clogged,
often causing heart attacks in mid-life. A product of the social
environment, heart disease is likely to remain a leading cause
of illness and death unless diets are simplified and regular
exercise is incurporated into daily living.

One of the worst of the environmentally induced illnesses in
terms of the number of people affected is schistosomiasis. A
disease virtually unknown in industrial societies, it now afflicts
an estimated two hundred million people (nearly as many as
live in North America) in Iran, Iraq, the Nile River Valley,
nearly all of Africa, Southeast Asia, mnainland China, the Carib-
bean, and the northeastern coast of South America. According
to one estimate, about seven of every ten rural inhabitants of
the Nile River Valley suffer from the disease. Its increasing
incidence has been closely associated with irrigation expansion
over the past few decades combined with inadequate sanitation
facilities: the shift to perennial irrigation made possible by new
. wervoirs created an ideal habitat for the waterborne snails that
carry schistosomiasis. Yet, respording to pressures to produce
more food, political leaders in poor countries continue to con-
struct new irrigation projects with the certain knowledge that
the dizease will spread.36

Not even the best-trained spidemiologists can say what fu-
ture health trends will be, but certain tendencies seem evident.
For example, because t:me ’ags between exposure to carcino-

~
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gens and the development or detection of some of its forms
involve years or even generations, cancer is likely to continue
to increase in incidence and severity as long as the number of
new and potentially carcinogenic compounds being released
into the environment increases.

Humankind's capacity to survive and function has evolved
over two million years within a particular biochemical environ-
ment. Humans are now altering that environment with only
the vaguest understanding of the consequences of their actions.
It is increasingly evident that future health and well-being will
depend more on prevention and less on cure. A surgeon operat-
ing on a cancer victim cannot possibly guarantee the patient’s
complete recovery. No prescribed treatment for repairing the
damage caused by a severe heart attack is consistently success-
ful. The only effective strategy may be to mend our ways and
simplify our lifestyles. Otherwise environmentally induced ill-
nesses of our own making may simply replace thc traditional
threats to human health.

Inadvertent Climate Change

Climate and climate change have always affected kumans, but
only recently have humans acquired the means to influence
climate. As a 1975 study by the national Academy of Sciences
reports, “While the natural variations of climate have been
larger than those that may have been induced by human activi-
ties during the past ccntury, the rapidity with which human
impacts threaten to grow in the future, and increasingly o
disturb the natural course of events is a matver of concern.”’3?
The Awdémy study went on to note that'“these impacts
include man'’s changes of the atmospheric composition and his
dizect interference with factors controlling the all-lmportant
heat balance.” | :

, The earth’s -heat budget equals the amount of energy it
receives from the sun minus the amount reflected or radiated
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into space. If this delicate balance is altered so that the earth
receives more or less heat than it has in the past, the earth’s
climate will change. If it receives much less, a new ice age will
begin. If it receives or retains a great deal more, the polar ice
caps will melt—raising the oceans and submerging vast tracts
of land and coastal cities.

The earth’s absorption and reflection of heat can be altered
in many ways. At the local level, the shift from forest to field
altered this capacity, as did that from field to desert. The
deforestation of vast areas, either as a result of clearing land for
agriculture or of cutting firewood, can influence local climates
measurably. Conducted on a large enough scale, deforestation
could change the global climate as well.

The chief worry emerging among the meteorologists and
geophysicists who study the earth’s heat balance is that in-
creases in the amount of carbon dioxide in the atmosphere will
promote a “greenhouse effect.” Carbon dioxide does not re-
duce incoming solar radiation, but it does absorb some of the
heat that is re-radiated. Thus, any rise in the CO, in the
atmosphere would cause the atmospheric temperature to in-
crease.

At present, vast tonnages of carbon that have been sealed
under the earth in fossil fuels for long geological epochs are
being released into the atmosphere. Since the beginningof the
?adustrial Revolution thie burning of fossil fuels has raised CO,
levels in the atmosphere by an estimated 13 percent, and, as
a 1977 study by the National Academy of Sciences projects, a
four- to eightfold increase in atmospheric CO; can be expected
within the next two centuries if heavy reliance on fossil
fuels, principally coal, continues. According to the Academy
study, “Our best understanding of the relation between an
increase in carbon dioxide in the atmosphere and change
in global temperature suggests a corresponding increase in av-
erage world temperature of six degrees Centigrade or more
with polar temperature increases of as much as three times
this figure.”’38
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This increase in average temperature of 6 degrees Centi-
grade or 11 degrees Fahrenheit would be accompanied by an
increase in humidity and in precipitation. 1f the temperature
rise led to even a five-degree warming of the upper 1,000
meters of ocean water, simple expansion would raise the sea
level by about one meter. In the preface to the Academy study,
co-directors Philip H. Abelson and Thomas F. Malone, indi-
cate in the study’s principal conclusion, that “the primary
limiting factor on energy production from fossil fuels over the
next few cénturies may turn out to be the climatic effects of
the release of carbon dioxide.” In relating the findings of their
study to public policy, they report that averting a wholesale
warming of the earth “will require a carefully planned interna-
tional program and a fine sense of timing on the part of deci-
sion makers.”39

The carbon dioxide factor, coupled with the air pollution
that is also associated with the burning of fossil fuels, may
accelerate the global shift to solar energy sources. The di-
rect use of sunlight, wind power, and water power do not
raise atmospheric CO, levels. Nor does the burning of
wood, unless it contributes to deforestation.

Another potential influence on climate is that of gjrborne

"dust, the most ccmmon and easily recognized of maf-made
pollutants that affect climate. Dust is generated by virtually
every hurian activity from suburban driving to tilling the soil.
Meteorologist Helmut Landsherg estimates that, along with
world population, the amount .of dust in the atmosphere has
doubled since the thirties, despite the absence of major vol-
canic eruptions.40 Other sources estimate that the amount of
dust or particulate matter being discharged into the atmo-
sphere is now increasing by about 4 percent per year. Since
particulate matter in the atmosphere tends to scatter incoming
radiation and to reflect it back into spacé before it reaches
earth, particles form what amounts to a layer of insulation,
. reflecting the sun’s rays away from the earth and thereby lower-
ing the planet’s temperature. ‘
"
/4
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Another &ce of climatic change is thermal pollution, as
weather forecasts for major cities remind us daily. Tempera-
tures within the inner city commonly range from a few to
several degrees higher than those of the adjacent countryside.
So far, the clearly measurable thermal effects remain largely
localized, but the continuing growth in fossil-fuel use could
eventudlly lead to global temperature increases. A 1977 Ford
Foundation-sponsored, study, Nuclear Power: Issues and
Choices, reports that electric power generation can both di-
rectly and indirectly contribute to a warming of the earth.
“The most serious potential environmental impacts from
greatly increased power generation are changes in global cli-
mate. The thermal outpit of both coal and nuclear power
plants contributes directly to the long-term heating of the
atmosphere. A much more immediate atmospheric heating
problem, however, results from the carbon dioxide produced
when coal is burned.”4!

Apart from the inadvertent modification of climat  de-
liberate attempts to alter the climate are becoming increas-
ingly common. Chief among these are efforts to increase
rainfall where water supplies are inadequate. Some rainmak-

. ing technologies have prcven at least occasionally successful.
In fact, cloud seeding was the issue behind a clash between
the states of Washington and Idaho during the drought tid-
den early months of 1977. Washington officials, who had
hired a rainmaking firm to seed clouds moving inland from
the Pacific, were accused by Idaho’s political leaders of
“cloud rustling.”42 This relatively tame skirmish raises the
prospect of meteorological warfare as countries that are
hard-pressed to expand food supplies begin to compete for
available rainfall. .

That humans could inadvertently or intentionally alter glo-
bal climatic patterns is now beyond doubt. That there are a
number of possible counteracting influences that need investi-
gating is also clear. However, whether the world would be
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“better” if it were warmer or cooler is a moot question: existing

agricultural systems and settlement patterns have evolved ina
particular climate, and climatic changes of any sort can only
disrupt those systems. Efforts to feed the mushrooming global
population have prompted farmers to till ever-dryer areas—
such as the USSR dryland wheat areas and lands surrounding
the Sahara Desert—-where even a slight shift in rainfall could
cause crops to fail.-More gencrally, even an average tempera-
ture decline of one degree in the northern latitudes could
reduce the growing season by two weeks. Even minor reduc-
tions in temperatures in the northern hemisphere could lead
to a southward shift of the monsoon belt in both Africa and
Asia. In both cases, agricultural output would shrink, adversely
affecting the well-being and survival prospects of hundreds of
millions of people.

Natural Disasters: The Human Hand

When under stress, natural systems become highly susceptible
to injury. Then minor or routine events can become major
catastrophes. Moderate flcods of a seasonal nature can assume
calamitous proportions and devastaté human life, crops, and
livestock. A drought that would normally be a hardship
becoines a disaster. A minor earthquake can leave the local
economy in ruins.

One case study of the human contribution to natural disas-
ters was undertaken by Kenneth Hewit!, who describes the
extensive damage a relatively minor earthquake of 5.5 on the
Richter scale caused in the mountains of northeast Pakistan.
Acoordmg to Hewitt, earthquake damage was far greater in
deforested areas. The rockfalls and landslides that followed the
quake did as much harm as the quake itself: “Farms and vil-
lages in the steep-walled tributary vallcys and narrows of the
Indas suffered mainly from the terrible rain of boulders follow-
ing the tremors. The results were more like bomb damage.

6
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" Landslides were also a major factor in the destruction of irriga-

tion channels and terraces here.” Not only is the damage
worse, but it is often irreversible, as Hewitt emphasizes:
“Moreover, landslides are a particularly bad way for terracing
to go. The entire solid element is swept away, sometimes di-
rectly into a streambed and downstream before it can be recov-

.ered. It probably ended up in Tarbela Dam, a huge irrigation

and power project some 120 kilometers down the Indus. Since
sedimentation is the major problem in the economic lifetime
of the reservoir, agricultural productivity was thus diminished
at both ends.”43

Increasingly, “natural” catastrophes are brought on at least
in part by humans. Even when disasters are not triggered by
human activities, they can be exacerbated by them. As Hewitt

.says, “the number of natural disasters and the degree of dam-

age in general have increased in this century,” and since “there
is no reason to suppose that nature is becoming more severe,
the origin must be sought in changing human activities.” °

In many cases, the events that lead up to or consdtute a
natural disater int.ctwine so subtly that the ultimate effect of
a given activity or action is hard to predict. Overpopulahon in
a particular watershed may foster deforestation, which in turn
can cause floods that destrcy crops and that bring on food
shortages, hunger, and political instability. In another simjlar
watershed, overpopulation may lead,to soil erosion, the silting
of a hydroelectric reservoir, and power shortages in a city down-
stream.

Nature does not always work alone to create disasters.
Human activities can set in motion chains of events that only
seem natural. Industrial expansion and overplowing can, for
example, serve to increase the amount of dust in the upper
atmosphere. As a result, rainfall patterns change and food
production falls. Eventually, the international balance of pay-
ments and political relations among countries are affected. In
short, the causal relationships between human and natural

s
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““activities are open-ended, and new stresses on the earth’s eco-

system pose complex economic and social issues.
Reflections on Carrying Capacity

The number of deer that a given area can support can be

calculated rather precisely. So too can the number of lions that’

can coexist in an East African game reserve. But calculating the
number of people that the earth can safe]y sustain is a far more _
complex undertaking. While all deer of the same size consume

— similar amounts of forage, material consumption among hu-

mans varies widely. National averages may vary by a factor, of
twenty or more, and individual consumption levels may vary by
a hundredfold. Although the earth can support far more people
with simple lifestyles than people with affluent ones, poer ped-
ple almost always aspire to live as the rich do.

Calculating the earth’s population-sustaining capacity is
made even more complicated when technological advances are
taken into account. Prior to the development of” agriculture,
the earth supported an estimated ten million people, no more
than the number llvmg in London or ‘\fghamstam today. The
.400-fold increase in world population since agriculture evoled

was made possible by technological and social progress. But just
, as mankind ‘has ingeniously enhanced the productive capacity

of the natural system, so too people can impair or destroy it,
either out of greed or out of ignorance. Examples of human

overreaching have already made history. The population of the —

Fertile Crescent of the Tigns—Euphrates was probably far
greater a few thousand years ago than it is today. North Atrica,

once the granary of the Roman Empire, can no longer even -

feed itself.

In those countries where the ecological stresses on food
systems are greatest, the deterioration may shortly override
efforts to raise output. According to an FAO study, “Overcrop-
ping, soil erosion, and czclining soil fertility due to shifting

-
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- cultivation-and shortening fallows are major factors ixy/ )
e large-scale migration from the Andes to the neighboring Jew- :

lands.”44 Among the countries in which the ecological deterio-
ration of food systems could soon lead to a downturn ir food
production are El Salvador, Haiti, Nigeria, Ethiopia, Afghanis-
tan and Nepal. Arthur Candell, writing of the ecological under-
mining of the Haitian economy, reports that “the land pro-
duces less and less each yéar, while population soars. . . . The
eroded and leached mountain soil can no longe: support tree
growth.”45
The human excesses recited thus far reflect both the growth
in human numbers and in individual consumption. A global
population that grows at 2 percent multiplies seven times per
- century. If the demands' generated by rising 2fluznce during
the postwar period are added to those associated with popula-
tion growth, the growth in global consumption.from 1950
through. the early seventies comes to nearly 4 percent per year.
If such a rate is sustained for a century, it leads to an increzse
of fiftyfold. The earth’s biological systems cannot handle:
growth of such proportions. Nor can human ingenuity and .
. technology fully compensate for the coliapse of natural sys-
tems. ‘
Biologists have long been aware of this incontrovertible fact.
In their analyses of biological systems, they often refer to an
S-shaped growth curve that describes various Jong-term biologi-
cal growth processes including, among others, the growth of
various animal populations introduce into new environments *
and the gains in productivity of a corn field as new technologies
are applied (see Figure 3-1). The S-curve usually measures time
on the horizontal axis and population size or yield on the
vertical one. It generally shows growth increasing slowly at
# ¢ : fisst, then more rapidly until the trend becomes almost verti-
R cal."At some point it then begins to slow and bend to the
right as various constzaints cause it to level off. The point
, at which progressive acceleration halis and progressive decel-
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Figure 3-1. The S-Shaped Biological Growth Curve

eration begins is called “the point of inflection.”

The S-shaped or logistical curve describes equally well the
growth of a population of fruit flies in a laboratory jar, or yeast
in a petri dish, or deer set locse on a previously uninhabited
_island. It describes neatly the growth of lily leaves in our lily
pond. In the labbratory petri dish, the impediment to growth
may be the accumulation of waste produced by the micro-
organisms. On the island where deer roam, hormonal changes
associated with crowding may limit reproduction. In the lily
pond, the availability of surface area for capturing sunlight is
likely to be the constraining factor. As Dr. Jonas Salk points
out, this curve describes the growth pattern of many, though
not all, populations confined to a limited area.*6 Initially, the
curve chmbs exponentially as the population doubles at short
and regular intervals. After a period, constraints that can be
percexved as envirénmental feedback begin to slow the growth
in numbers
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processes do follow other pRtterns. For example, the population
curve of lemmings periodically expangds and contracts, with
{ enormous loss of life during the contraction phase. Biophysicist
Donella Meadows notes that while the population growth of
some species levels off as the environmental limits are ap-
proached, that of others may go too far and then collapse.4”
As humans we must hope that we have the wisdom and the
social mechanisms to avoid “overshooting.” Salk observes that - |
man has yet “to complete a cycle of growth on this planet” and
thus has not “fully revealed the pattem biologically pro-
grammed in him."48 v
It is tempting to assume that the human spccnes is, after all,
different from other species and that its size may not be gov- .
- emed-by-the same rulesto-which lower forms are subject. But
is it? In the long run the growth curve of the human populauon -
may not be very different from that of the fruit flies in the
laboratory jar,” or most other biological organisms in 2 finite
environment. The principal difference may be that human
ingenuity has postponed the horizontzl flattening of the curve,
In the case of humans, feedback from the social environment
to the organism may take the form of rising unemployment, of
UN projections of growing food deficits in densely populated
countries, or of warnings such as those sounded by the Club
of Rome's.studies. The recent slowing of human population - “‘
growth suggests that the inflection point on the world popula- |
tion growth curve was passed several years ago. If so, it may
—* - rhean that our accommodation to the earth’s limited capacities
and resources has already begun.

While-the S-curve is qﬁcommon somc-bno]ogml growth/
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human’like creatures have existed for some sixty thousand
generations, but only during the last generation haye human
numbers grown by 2 to 3 percent.per year. Rates of this order
have come into effect so recently that their impact has not yet
been adeuately assessed. Few of the world’s political leadess.,
understand that a population expanding at a seemingly innocu-
ous 3 percent per year will multiply nineteenfold witiin a”
century. ’ S o
The lack of understanding of the arithmetic of exponential
population growth is compounded by % lack of appreciation of
the many dimensions of the population *oblem. One could fll
2 small library on the relationship between population growth
and fnod but search in vain for a single article detailing the -
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relationship between population growth and inflation or over-

grazing. This traditional food focus notwithstanding, popula-

tion’ grc'.vth‘i;t‘e?ﬁih'o?s‘ailrﬁost‘every‘important~ problem with -
which humanity wrestles today.

When world population passed the four billion mark, it
reached a level beyond which further growth assumes a disturb-
ing new character.! While population growth has always con-
tributed to growth in demand, it is now beginning to reduce
the prcluctive capacity of some local biological systems by
prometing the consumption of the resource bases themselves.
As awareness of this new reality permeates public consciGus-
ness, the rieed to stabilize population will take on new urgency.

Arithmetic and Dynamics

Population analysts have devised dramatic means to alert
humankind to the consequences of continuing rapid popula-
tion growth. Concerned demographers have calculated the
time remazining until we reach standing room only. Biologists
have calculated the number of cenfuries that population
— growth at current rates would take to yield a human mass
greater than that of the earth itself. An imaginatifg physicist
extended this projection even farther into the future, calculat-
ing when the expznsion of the human mass would exceed the
speed of light. No effort will be made here to devise yet another-
_ way of dramatizing the consequences of continuing population ~
growth. The intent is simply to outline the historical and pro-
jected trends as briefly as possible. -

Before agriculture developed, population growth was imper-
ceptible. The preagricultural era, characterized by both high
death and high birth rates, was a precarious period in human
existence. Had it not been for high fertility levels, humanity
might well have perished during this two-million-year span.
After agriculture developed, increases in the food supply led to
substantial population increases. As population pressures
mounted, so did the impetus to innovate in agriculture. Agn-
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cultural innovations in turn permitted further increases in pop-
ulation, setting in motion a self-reinforcing cycle that still
~—tums——— 7
The twelve thousand years between the birth of agriculture
and the advent of the Industrial Revolution were marked by
“gradually accelerating population growth. The Industrial Revo-
lution further accelerated this growth. Besides giving rise to
new economic oppurtunities, advances in industrial technology
suj. ~orted the continued evolution and expansion of agricul-
ture. By the outbreak of World War 11, the annual population
increase had rcached 1 percent. The burst of scientific innova-
tion and economic activity that began duringithe forties subs-
tantially ephanced the earth’s food-producing capacity and led
to dramatic improvements in disease control. The resulting
marked réductic 1 in death rates created an unprecedented
. imbalance between tirths and deaths and an explosive rate of
. population growth. Thus, while world population {ncreased at
2 to 5 percent per century during the first fifteen-centuries of
ﬁle Christ' 'n era, the rate in some countries today is between
'3 and 4 percent per year, very cluse to the biological maximum.
The time now needed to add a billion peoble to the earth’s
. population has become incredibly short. It took twvo rillion
years for human numbers to reach one billion. The second
billion took only one hundred years. Successive billions came
even faster. At the present rate of increase, the sixth billion will
require caly a decade. If the presént growth rate were to be
maintained until this time next century, only a year would be
needed to add one billion and a mere four years to add t+
" present world population (see Table 4-1). )
,’ - No country can serivusly entertain the thought of sustaining
population: growth at 3 percent or more per year for long. Such
' arate ina country of 17 million people, such as Algeria in 1975,
would result in a population of 323 million a century hence.
If Indenesia’s current populition growth rate of 2.1 percent
continues, ir: a century its population will reach 1.1 billion, or
a quarter of the present world population. Mexico’s population,
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Table 4-1. Time Required tc Add Each Successive Billion to World

Population, Past and Preiectsd

Years Year Reached
Fitst billion 2,000,000 1830
Second " 100 1930
Third * 30 1960
Fourth * 15 1975
Fifth " 1 1986
Sixth  ”~ 9 1995

Sougce: United Nations.

now growing at more than 3.percent annually, wili.exceed that
of China and the Soviet Union combined within the next
century if its growth is not slowed.

The purpose of these illustrative extrapolations of national
populaiions is niot to show what population size will be a cen-
tury hence. Clearly no country could ever sustain a ten-, fifteen-

, or twentyfold increase in population size, as they suggest.
Rather, they underscore the urgency of formulating appropri-
ate national population policies. The contrasting economic
futures of countries with widely disparate population growth
rates is obvious. Satisfying basic human needs is a relatively
simple task where population is growing slowly, if at all. It will
be far easier to feed, shelter, and employ people in societies
where population is essentlally stable, as it now is West Ger-
many and the United Kingdom, than 1 sc-ieties where it is
multiplying at a prodigious rate, as in Algeria or Mexico. A
long-term projection by governments of the ccnlogical and
social consequences of their current por ‘ation policies could
be instructive.

In 1976 the world birth rate (the number of births per
thousand population) was 28, and the death rate (the number
of deaths per thousand population) was 12. The excess of births
over deaths of 16 per thousand yiclded a population growth
rate of 1.6 percent annually. In that year, world population
increased by 64 million—the difference between 112 million
births and 48 million deaths—and births exceeded deaths by -
a maigin of nearly five to two.?

N
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Most of the world’s populatlon growth cccurs in preindus-
" trial societies. Two countries, China and India, are oow con-
tributing 9 and 12 million respectively to the annual increase.
(China's population of 800 million is substantially larger than
that of India, but its estimated birth rate is much lower.) Some
-of the comparatively small poor countries add more to the
world’s annual population gain than larger rich ones do. Mex-
ico, for example, now adds more people to its population each
year, than the United States does. Similarly, Brazil adds 2.9
million additional people » year, while the Sowet Union grows
by only 2.3 million.3
The world’s population today is a young one. Half of the
people in the less developed world have not yet reached their
nineteenth: birthdays, while the median age in the more devel-
oped countries, where people are more evenly distributed
among age groups, is thirty-one. In many poo. countries, more
than 40 percent of all people are under fifteen years of age; in
Nigeria and Peru the figure is 45 percent, and for Pakistan 46
percent# In societies with such ag :*:uctures, the youth d.:-.
pendency ratio—the proportion of infants and children
to economically active adults—ic high. Morecver, the number
of entrants into the job markets in these countries will soon
soar.

- £

A Problem of Many Din....;sions

Althcugh the pepulation problem is multidimensional, public
attention has focused on the food dimension. In part this
veflects the inipact of Thomas K. Malthus’s classic work An
Essay on the Principle of Population, published in 1797. Mal-
thus’s influerce on demographic thinking has lasted both be-
" cause his thesis is simple and because other aspecis of the
population problem. have not been adequately ‘nvestigated.
Although his belief that population tends to increase geometri-
caily while food supply increases arithmztically has not with-
stood the test of time, his broad ~>ntention that population
- growth tends ‘o press against food supplies has held up.
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“Populaticn studies unrelated to food have been pursued
mainly by demographers who have clarified those human as-
pects of the population equation that can be quantified. These
analysts have measured population sizes, rates of growth, age
and sex composition, and fertility levels; and they have devnsed
techniques for building models and for projecting populatitn
trends. This single-minded focus on demographic analysis has,
however, not been matched by attention to many other conse-
quences of population growth—consequences that might prop-
erly concern economists, ecologists, meteorologists, pohtlcal
scientists, urban planners, and other specialists. Perhaps be-
cause the implications of population srowth embrace so many

discipimes, they have been the focus of almost none.

The fond dimension of the pupulation threat remains para-
mount. Yet in their Malthusian miadset, population analysts
often neglect thz ecological . manifestations of the problcm
discusscd earlier. [n addition population growth contributes to
economic stresses. It fans inflation by creating resoutce scarc:;}
ies. 14 raises unemployment by increasing the number of.job
scekers faster than jobs are created. Wherz it outstrips eco-
nomic growth, it pushes down living stindards.

The social effests of population growth aie alsc devastating.
In particular, population growth undermines efforts to spread
literacy, to improve health services, and to provide housing.
While more than five centuries have passed since Gutenberg
invented the printing press, one-third of the world’s adults
cannot read. Although the percentage of ilnterates in the world
declined between 1950 and 1975, the number of adult illiter-
ates increased from seven hundred million to eight hundred
million.5 As the number of youngsters of school age confinu-
ously swells, many poor-country governmerts arc quietly aban-
doning the goal of universal compulsory education. .

Rapid population growth and the lack of family-planning
services directly affect health at the family level. When too
many children are born too close together, the health of both
mothers aud ckildren is jeopardized. Women becoine victims
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of what Dr. Derrick B. Jellife describes as the “maternal deple-
tion syndrome.” After two decades of uninterrupted pregue -

. #ies and lactation women in their mid-thirties are haggard and

emaciated, and appear to be in their fifties. As researchers Erik

* Eckholm and Kathleen Newland point out, such women are

“Undernourished, often anemic, and generally wecaened by

- the biological burdens of excessive reproduction,” they “be-

come’increasingly vulnerable to death during childbirth or to
simple infectious diseases at any time,” and “their babies swell
the infant mortality statistics.” Some of the most graphic data
“on tke effect of fmily size on infants in poor countries come
from Rwanda: 20 percent of the fifth-born die within the first
year of life; but for those born ninth and after, 40 percent die
during the first year.6
With the real costs of lumber and land rising.as demand
pressures mount, adequate housing eludes more and more of
the world’s peopie. Population growth also prometes crowding,
which can give rise to international political conflicts. At the
individual level, untrammeled growth can lead to the loss of
individual freedom and to the loss of privacy. .
The many consequences of population growth bespeak both
the complexity and the urgency cf the problem. In effect, the
population problem is not one but mar.y. Its many facets often
interact, amplifying each other. Some o\mensions of the popu-
lation problem are economic, some are social, some are ecologi-
cal, and some are political, but nearly all have one wing in
common: they can be expected to get much worse hefore they
get better.

A Double-Fdged Sword

Always a drain on food and other resources, population growth
in some situations acts as a double-edged sword, simultaneously
increasing demands and reducing supplies. This double-edged
effect can readily be seen in fisheries, forests, and agriculture.
As long as the demand for Grewood and lumber is lower than
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the sustainable yield of the forest, population growth has no
impact on production; but once the demand.exceeds the sus-
tainable yield, then population growth begins to eat away the
productive resource base itself. In economic terms it consumes
the principal as well as the interest. ’

The twe-way cut of population growth also affects agricul-
ture. As population expands so does the demand for food, and
consequently, the demand for cropland. But population growth
simultaneously generates other demands for land: residential
construction, transport systems, and recreational areas, to cite
a few. Whether population growth leads to urban encroach-
ment on Canadian cropland or to -village encroachment on
Indian cropland, the effect is the same—reduced food output.

The task of meeting basic human needs is also compounded
by the double-edged effect. In those poor countries with high
population-growth rates, ever more of the avalable capital
must be spent on food, shelter, and other basic survival needs,
leaving ever less for hzalth care, education, and culture. Thus,
population growth not only multiplies the number of people
who desire and need these social essentials, but it also reduces
the resources available to satisfy them. )

The doubl=-edged effect of population growth is nc lofger
a uhique phenomenon. It can be seen in the grasslands of East
Africa, the mountainous valleys of Java, and in the fisheries of
the Pacific. On its current scale, it introduces a new and’dis-
turbing element into the population-resource calculus. Deter-
mining car:ying capacity precisely is difficult enough when the
resource base is fixed; but when it is shrinking, the ca'culations
are far more complex.

Trends of the Seventies
While the arithmetic of rapid populat on growth is as frighten-
ing as ever, there is now some hope that population growth can

be tamed. Some time around :970, the rate of world popula-
tion growth reached an all-time high and then began slowly to
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subsnde In 1970, human numbers grew by an estimated 1.90
percent. The most recent data show a marked dedline Since
then to 1.64 percent in 1975, (see Table 4-2). In most of the
- world, the decline reflected falling birth rates and-a global
¢ trend toward smaller families. But in some low-income, food-
~ deficit countries, rising death rates also came into play.

- Growth in world population, the excess of births over deaths,
fell from an estimated 69 million in 1970 to 64 inillion in 1975,
despite a substantial increase during those years in the number
. of young people of reproductive age. More than anything else,
this progress reflects the widening availability of family-plan-
ning services—including both contraception and abortion—
and the growing desire to use them.

Although all of the widely used contlaceptlves such as the
pill, IUD, or condom, hiad existed prior to 1970, their relative
importance has changed significantly. Use of the pill, pro-
moted by both publicly supported clinics and commercial dis-
tributors, has increased on every continent. At the same time,
the early seventies saw a shift toward greater reliance on male
sterilization. Vasectomies became more popular in the Unitedsgs-
States during this period, with the number performed during
the early seventies temporarily surpassing that of the more
-complex and costly female-sterilization operations.”

While contraceptive use patterns changed, abortion laws~
were liberalized. At the beginning of 1971, 38 percent of the
world’s people lived in countries where legal abortions were
easy to obtain. By 1977, this fiigure stood at 64 percent, nearly
two-thirds of the world. Few social changes have ever swept the
world so quickly.

Table 43. World Population Increase, 1970 and 1975

1970 1975
World Population (billions) . 389 3.92
Rate of Annual Increase (percent) 1.90 1.64
Annual Increase (millions) 69 64

Source: Worldwatch Institute (Worldwide Paper 8).
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THe global slowing of population growth during the seven-
ties has been concentrated in three geographic regions—West-
em Europe, North America, and East Asia. Between 1970 and
1975, the population growth rate fell by almost one-half in
Western Europe and by a third in North America and East
Asia. Western Europe, with 343 million people, cut its annual
population growth from .56 percent in 1970 to .32 in 1975—
a reduction without precedent for a large geographic area.
North America and East Asia had populations of 236 million
and 1,005 million, rPspectlvely, 4aQ 1975 North America’s
growth rate of .qo percent in 1970 fell to .60 percent in 1976.8

No achievement is more impressive than the dramatic re-
duction of populatloﬁgngrowth in East Asia. Influenced heavily
by China’s massive efforts to curb births, the region’s growth
rate declined from 1.85 percent in 1970 to 1.18 percent in
1975. The estimated reduction in the Chinese crude birth -ate
from 32 (per thousand of total population) to 19, or 2.6 points
per year, is the most rapid ever recorded ‘or a five-year span,
exceeding the earlier reductions of nearly 2 points per year
achieved*by Taiwan, Tunisia, Barbados, Hong Kong, Sin-
gapore, Costa Rica, ard Egypt. This pronounced fall-off .in
East Asia ‘should come as no surprise, since virtually every
country in the region has a*dynamic and highly successful
national family-planning program.

The other two Asian sub-regions—South Asia (principally
the Indian subcontinent) and Southeast Asia (the region from
Burma to the Philippines, including Indonesia)—have brought
their population growth rates down slightly. Within South
Asia, India’s birth rate inched slowly downward, while a more
marked decline took place in tiny Sri Lanka. The decline in
Southeast Asia reflects modest declines in Thailand, Indonesia,

_and the Philippines, where family-planning programs seem to

be gaining momentum during the mid-seventies. Reports from
Indonesia in 1977 indicated remarkably widespread receptivity
to family planning in Bali and much of java.

In some geographic regions, the growth rate has changed
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little in either direction since the turn of the deczde. Although

a few countries in Latin America, Eastern Europe, Africa, and
the Middle East have measurably reduced their high birth
rates, the declines have either becn offset by a continuing
decline in the death rate or been tdo small to affect the regional
averages. Afnong the smaller countries, Costa Rica and Pan-
ama héve brought dovn birth rates most effectively. Among
the larger ones, Colombia’s progress has put it into a leadership
position, while Mexico’s recently launched family-plarning
program is barely beginning to show results. Brazil indirectly
abandoned its pro-natalist policy in 1974 when it announced
“that family planning should be available to all couples who
want it, as a human right, not as a part of a policy to reduce
rates of growth.”

Within Europe the trends contrast sharply between West
and East. In 1970 the birth rates in the two regjons were close,
sixteen and seventeen, respectively. During the next five years,
however, Western Europe’s rate dropped below fourteen while
that of Eastem Europe increased slightly, ending the period at
eighteen. During the early seventies the Eastern European
birth rate had been slovly declining, but as pro-natalist policies

.were adopted in Poland, Czechoslovakia, and elsev/here, the

rate tymed sharply upward in the mid-seventies and more than
offset the preceding decline.

Fertility trends in the two principal regions in the Western
Hemisphere difered sharply too. While the U.S.~Canadian
birth rate-fell from eighteen to less than fifteen, that of Latin
America changed little, ending the period at thirty-six. Al-
though they had populations of almost identical size in 1950,
Latin America now adds four times as many people each year
as North America does., 5

Countries Achieving Stability -

As of 1976, six countries—East Germany, West Germany,
Luxembourg, Austria, Belgium, and the United Kingdom—
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had stable or declining populations. Interestingly, none of
‘. these countries was among the lengthening list of those with
an explicit policy of stabilizing population. Rather, economic,
“social, and demographic forces converged to bring births into
balance with' deaths.

In 1969, East Germany became the first country in the
modern era to achieve an equilibrium between births and
deaths. East German women enjoy high levels of employment
and education, and relatively few of them are of reproductive
age. In West Germany, the second sountry to bring its popula-
ticn growth to a standstill, the number of births fell below
deaths in 1972. There, the bigly rate of eighteen in 1966
dropped steadily before leveling off at just under ten in 1975
—perhaps the lowest birth rate on record (see Figure 4-1).

Low birth levels in West Germany reflect changes in atti-
tudes toward childbearing and family size; the West Germ.ans

Birth Rate  _ _

10+ Death Rate

Source: United Nations

T T 7
1960 1965 1970 1975 1980

Figure 4-1. Birth and Death Rates in
West Germany, 1960-77
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themselves call the demographic trend “Der Pillenknick,” or
“the pill pinch.” An estimated one-third of all West German
women ‘use the pill, while a majority of the remainder rely on
other contraceptive techniques. A poll taken in West Germany
in 1974 showed that 4 percent of adults wanted no children,
3 percent wanted one child, and 59 percent desired two chil-
dren. A recent repeat of the same poll, which put the corre-
sponding percentages at 7, 14, and 57 percent, helped to ex-
plain why the birth rate has dropped so low.10
. -The populations of two smaller countries, Luxembourg and
Austria, also ceased to grow during the seventies. The United
Kingdom and Belgium reached population equilibrium in
1976, bringing to six the total of countries with essentially
stable populations. All six countries that have thus far brought
population growth to a halt are European. All six enjoy high
levels of income, support high levels of education and employ-
ment for women, and provide easy access to contraceptives.
Collectively, they contain 152 million people, or nearly 4 per-
cent of world population. Although this is a small percentage,
it represents an important step toward the eventual stabiliza-
tion of world population (sez Table 4-3).

Several other countries have birth rates that ar> now drop-
ping below fifteen, falling steadily, and approaching a balance

Table 4-3. Countries at or Near Population Stability, 1976

Crude Crude Annual Rate Annual
Birth Death of Population Change in

Country Rate Rate Change Population
(Per Thousand) (Percent)* {Nurbers)

East Germany 11.9 14.0 - .21 — 35,280
West Germany 9.8 11.9 - .21 — 120,150
Luxembourg 10.9 12.6 - 17 — 612
Austnia 1.6 12.6 — .10 - 7,500
United Kingdom 121 124 ° 0 0
Belgium 12 4 12.2 + 02 + 1,960

* Excludes both emigration and immigration.
Source: United Nations.
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with death zates. France and ltaly, as well as several smaller
European countries such as Sweden, Norway, Denmark, the
Netherlands, and Switzerland make up this group. The United .
States, onevof the world’s four most populous countries, has also
pulled its birth rate down below 15. Virtually all of the remain-
ing industnial countries—Australia, New Zealand, the nations
of Eastern &urone, tbe Soviet Union, Japan, and Canada---
Yave birth .«ates betwzen 15 and 2010 7 .
. ilow ma:v cther majcr industrial countries will actsally
follow the twvo Germauys and the United Kingdom to, pop-
ulation stability remains to be seen. A number are clearly
moving in that direction. The U.S. birth rate remains low
even as large numbers of young people move into the repro-
ductive age bracket. The growing preference among Ameri-
cans for small families was dramatically illustrated in a sur-
vey conducted in 19,5 among wives aged eighteen to
twenty-four, which indicated that 74 percent planned to
have either one or two children. Eight years before, only 45
percent expressed such a preference.!2 If fertility simply re-
mains near its current level for the next decade, then it
should begin to drop as age groups with fewer constituents
reach reproductive age. . -
Japan’s age structure and the Soviet Union’s résemble that
of the United States. The Japanese birth rate, which fluctuated
within a ndrrow range around nineteen frdm 1970 to 1974,
dropped to seventeen in 1975 and to sixteen it 1976. A survey
conducted every two years by Japan’s Population Problems
Research Council shows that the number of children most
Japanese women want is dropping sharply. As recently as 1971,
only 33 percent wanted to have two children; but, by 1974, 40
percent felt that two was the right number, and the percenage
of Japanese desiring three or niore meanwhile decreased pro-
portionately.1> The tendency of younger women to opt for
smaller familiFS at a time when fewer péople are entering the
reproductive years may lead to a dramatic fall in the birth rate
!
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in the years ahead, moving Japan quickly toward population
stability. ,

The weightiest-demographic unknown in industrial coun-
tries does not involve the Western countries and Japan, where
the trends appear somewhat predictable, but Eastern Europe
and the Soviet Union. During the late fifties and sixties, the
trends toward declining birth rates followed remarkably paral-_
lel courses in the Soviet Union and the United States. In recent
years, however, the Soviet decline seems to have leveled off,
while that in the United States has continued. :

How long the political leadership in Eastem Europe will
want to follow the strong pro-natalist policies adopted in recent
years if resource scarcities continue remains in question. When
food scarcity forced the Polish government to attempt to raise
food prices during the summer of 1976, it encountered wide-
spread resistance of the soit that had unseated earlier govern-
ments. It had to rescind partially the price hikes in order to
avoid civil disturbances.14

Almost all the East European countries face food problems
resembling Poland’s. Along with the Soviet Union, most have
become heavily indebted to Western banks in recent years as
they have found themselves living beyond their means. Glaring
housing shortages in Czechoslovakia can only be aggravated by
pro-natalist policies. At some point, policy-makers must recon-
cile pro-natalist policies with pressing needs. For example, So-
viet planners may begin to link -population policies to their
country’s massive and uncomforiable dependence on food im-
ports after poor harvests. Demographic problems within the
Soviet Union are further complicated by the wide differences
in fertility levels among ethnic groups, differences that have
become politically sensitive. Birth rates in the Russiar Socialist
Republic are comparable with those of Western Europe, while
those in some of the less developed Soviet Socialist Republics,
such as Tadjikistan, Turkmenia, or Kirghiz, are higher than
those of India’s more progr:.sive states.

4
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Controversial issues cloud the future of both population

policies and fertility levels in Eastern Europe. Nonetheless;

- given the prevailing social trends, birth rates will probably not

rise appreciably. Any change is more apt to be rchstered asa
decline.

'

The Tragic Rise in Death Rates

The sevenh&s have witnessed sporadic rises in death rates in
many poorer countries. Neither war nor epidemics, but hunger
and nutritional stress are to blame. World grain reserves were
quickly depleted between 1972 and 1974, and food prices
climbed accordingly, often leading to a rise in nuiritional stress
in poor countries after short harvests due to droughts or floods.

Death rates provide the most readily available statistical
indicator of severe nutritional stress. Whenever food scarcities
develop, the weakér members of society, usually infants and the °
elderly among the lower-income groups, suffer most. Although

+ they are not necessarily discriminated against, they are invari-
ably least able to withstand the acute physiological stresses of
near starvation. Available data indicate that the brunt of global
food scarcity during the seventies has been borne by the poor- |
st and weakest membefs of these societies.

Some of the countries most severely affected by food scarcity
have never had even a census, much less a system of registering
births and deaths that yields reliable monthly vital statistics.
But despite the time lag involved in assessing the demographic
impact of food scarcity and soaring food prices, data for several
countries are now becoming available. Such data give a cfude
approximation of the human toll in a world where food reserves
are inadequate at bést, yhere food is scarce and distributed
unevenly, and where population growth is still rapid.

The point of this analysis is not that hunger is new. Indeed,
chronic and seasonal hunger form an integral part of the social
landscape in many countries. What is so disheartening is that
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the postwar trend of gradual improvemcnt in per-capita food
consumption and the associated rise in life expectancy has been
arrested and reversed in a great many, developing countries.

Smrcnty is global in an intégrated world food economy, but
the most severely affected countries are the poorer ones. In
Bangladesh, the impact of global food scarcity has been partic-
ularly harsh. Twice during the seventies food shortages have
been followed by severe nutritional stress and loss of life. The
first of these shortages occurred in 197172, when the crop was
" adversely affected both by the insurrection and by bad weather.
In 1974~75, extensive flooding put the rice harvest far below
expected levels and well below the minimum needed. The .
flooding, among the worst in the country’s history, may have
been in part th&product of deforestation in the Nepalese and
eastern Indian Watersheds where two of Bangladesh’s principal
Tivers originate.

Like most poor countries, Bangladesl: does not have the
means to assess precisely the impact of food shortages on ity
population. However, as part of its research program, the Inter-
national Cholera Research Laboratory has for ten years kept
meticulous demographic records for Matlab Bazar, the district
in which it is located. With an almost entirely rural population
of 120,000, Matlab Bazar is -in many ways typical of Bang-
ladesh as a whole (see Table 4-4). .

Using the data for this district, a Ford Foundation demo-
graphic analysis of the impact of Bangladesh’s war for mdcpcn-
dence indicates that the actual loss of life in combat was rather
small compared with the number of lives claimed by hunger.
The subgroups that shouldered the highest risks “were the very
young and the very old.” Per-capita cereal consumption, which
averaged about 15 ounces per day during the sixties, probably
fell to a.near-starvation level of 12 ounces in 1972. The death
. rate in, Matlab Bazar climbed from an’ aveage of 15.7 per
* thousand for the 196670 period to 21.3 in 1971/72.35 If, as

the Ford report suggests, Matlab Bazar is representative of
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Table 4-4 Cmde Death Rate.in Matlab Baw 1966-67 to 1975—76

- Deaths ter 3
) . _Year - Thousand > -
© 1966~67 “16.0
¢ 1967-68 w172
1968-69 . T 157 . Co-
196970 151
1970-7, * 146 | ¢
1971-72 21.3 .
1972473 164
1973-74 “14.6
.~ 1974-75 20.0 \
' ' 1975-76 182
Source: International Choiera Research Laboratory. .

Bangladesh as a whole, then there was a nationwide increase
in deaths of some 400,000. -

In 197273, Bangladesh’s rice crop was again poor. But in
1973-74, 2 bumper-crop year in most of the world, it recovered
strongly. In 1974-75, the harvests fell again, this time to weil
below the levels required to meet national needs.'6 A Ban-
gladesh repiesentative at the 1974 World Food Conference in
Rome held a press conference imploring the international com-
munily to come to his country’s aid. But because additional *
food-relief exports would further raise food prices in the sup-
pliez. countries, the response was both belated and inadequate;
consequently, the déath rate in Matlab Bazar climbed again,
reaching 20.0 in 1974-75.17 If this increase above the base
period is again extrapolated to the entire country, it yields an
increase in deaths above normal of 330/000. In 1975-76 the
food situation improved, but not enough to bring the death
rate back dowii to the pre-crisis norm. This time hunger

~claimed some 192,000 lives.

. The most recent data available on mortality for Bangladesh
are those compiled in the Companiganj district by a Johns |
Hopkins University medical team. These data for food-short
1975 show a death rate of 24.0 in a district, that the team
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estimates to have had a normal-death rate comparable to that
of Matlab Bazar.!® Whether the statistics for Matlab Bazar or
the grimmer data for. Companiganj are used to estimate the
nationwide increase in deaths, it is clear that hunger has twice
during this decade exacted a heavy human toll in Bangladesh.

India’s poor 1972 harvest came in after food-production
efforts slackened following the successful introduction of the
high-yielding dwarf wheats during the late sixties and early
seventies. Indeed, India had been able to feed an estimated 8

"t 10 million refugees from Bangladesh during 1971 and early

1972 from its record food reserves. But when the monsoon
—failed in the summer of 1972, India found that it had used up
its food reserves to aid Bangladesh, while the Soviet Union had
secretly tied up most of the worldg exportable wheat supplies
—leaving little * »r India or anyone else. Unable to import all
the food it needed, the Indian government stood by helplessly
while food consumption dropped sharply. The poorer states,
Lieavily dependent on rainfed production of sorghum, millet,

* and wheat, were the most severely affected. Death rates

climbed sharply in Bihar, Orissd, and Uttar Pradesh in 1972.

In the poverty-ridden state of Uttar Pradesh in northern
India, the death rate climbed from 20.1 in 1971 to 25.6 in
1972. If this rise reflects nutritional stress, as the available
evidence suggests, then the fall in food consumption claimed
493,000 lives, In the smaller states of Bihar and Orissa, the data
for 1972 imply that the excessive deaths totaled 235,000 and

+ 101,000, respectively. In these three states alone, deterioration

in the food situation claimed an =stimated 829,000 lives (see
Table 4-6). . -

More than anything else, the experience of 1972 taught the
Indian government that it had to assume the responsibility for
feeding its people. The United States, with its reserves de-
pleted and food prices climbing at home, could no longer be
counted on to launch massive rescue efforts in emergencies.

And with the price of wheat soaring and the cost of a rescue
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Table 4-5. Crude Death Rates in Three States in India, 1070-72"

N Increase in: Additional
1970 1971 1972 1972 over 1971 Deaths in 1972

. (DEATHS.PER TROUSAND)

%

Bihar «- 141 -142 183 41 235,000
Onssa 164 155 200 45 101,000
Uttar Pradssh 216 201 256. 5.5 493,000

Source: Indian Ministry of Health and Family Planning.

effort increasing accordingly, the international community ex-
pressed little interest in bailing India out. As a result, roughly
a million lives, mostly those of children, were lost.

Outside Asia, the sheer numbers of people caught in the
often fatal food squeeze were fewer, but the plight of the
Runger-stricken groups was, if anything, worse. In Haiti, popu-
lation growth generated unbearable pressures on the land and
led to the loss of soil and the abandonment of cropland. This
deterioration in the food-resource base was brought into public

_ view by a drought. By mid-1975, the Haitian Government _
estimated, 300,000 people faced starvation conditions. By mid-

July, CARE, supported by AID, was feeding 120,000 in the
threatened areas.’9 Because Haiti.is small and close to the
United States, the rescue operation was relatively simple and

‘the Haitian people survived the famine threat with a minimal

loss of life.

Food-emergency countries that are more remote than Haiti
from the North American breadbasket have fared less well.
Population pressure on the fragile desert ecosystem has been
steadily gathering force in the African countries that border
the Sahara. On the southern fringe of the Sahelian zone, a
prolonged drought beginning in the late sixties and continuing
into the seventies brought the deterioration of land and food
supplies into painfully sharp focus. The six countries most
seriously affected by*the African drought—Senegal, Mauri-
tania, Niger, Upper Volta, Chad, and Mali—together con-
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tained 22 million people, . large ségment of them nomadic
herdsmen wholly dependent on théir cattle, goats, and camels
for their livelihood. As the drought intensified, ‘the nomads
sought to sell whatever emaciated animals remained, but for
countless.thousands the loss of livestock was total. The animals
on which they had depended directly for food and md:rectly
for milk, wool, and mieat to exchange for basxc staples in the
marketplace were gone.

. With no means of support and: no food, people capable
of eking out an’ existence in the harshest of environments -
were forced into feeding camps. The deserts were moving

_ southward and, along with the grasslands, the nomad’s tra-
ditional way of life had been destroyed, perhaps perma-
nently. The once-proud nomads had become “ecological re-
fugees.” In-all the Sahelian countries the nomads, who
represent an important segment of the population in each,
suffered most. Thousands made it to camps so weakened
that they died béfore they could be revived. Many never
made it to camps, penshmg en route.

The Sahelian crisis had fastened its gnp well before the
outside world finally began to take notice in mid-1973. Many
of the Sahelian people were in such desperate straits that only
a massive airlift of food saved them. By the time relief arrived

- in the more remote areas, tens of thousands either had already
died or were too weak to, recover. In an appeararice-before a
U.S. congressional committee after a tour of the Sahelian zone,
. Professor Michdel Latham, a Cornell nutritionist, testified that
“the number of lives.lost was probably somewhere between

. 100;000 and a quarter of a million; but, he said, no or.e will ever
know for sure.29 Some observers give lower estimates, but the

. human toll was enormous in any case.

To the east an equally grisly crisis was unfolding in the:
mountainous kingdom of Ethiopia. There, the'famine became
even more serious as efforts were made to keep it a secret from
the outside world. One of the most costly, life-consuming ove-

-
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rups in history, the Ethiopian disaster eventually claimed an
estifmated two hundred thousand lives and the throne to which
the late Emperor Haile_Selassie, one of the world’s longest-
reigning monarcls, had clung for forty-seven years.2! »
_Somlia fared only marginally better. At one point in early
1975, a quarter of a million Somalis swelled relief camps. Dur-
ing one four-month period, twelve thousand of them, mostly
children, died.22
. This period of deterioration' in the seventies contrasts
sharply with the preceding twenty years of food surpluses and
excess production capacity. When massive famine threatened
India in 1966 and 1967 following two consecutive monsoon
failures, the United States responded by shipping a fifth of its
wheat harvest to India two years running. But, even with the
stock rebuilding of 1976 and 1977, the United States no longer
‘has the food resources. to launch such a massive relief effort
without arousing ‘nationary fears at home. Neither does any
other country—hence, the tragic rise in death rates.

Population Stabilization: A New Urgency
) 7

United Nations projections show world population increasing
from the current four billion to some 10 to 16 billion before
eventually leveling off.23 From a purely demograghic point of
view, these projections are quite sound. But when viewed in the
larger picture of ecological stresses (even those associated with
current population levels), technologies, and social structures,
they do not hold up. Signs of stress on the world’s principal
biological system—forests, fisheries, grasslands, and croplands
—indicate that in mary places these systems have already
reached the breaking point. Expecting these systems to with-
stand a tripling'or quadrupling of population pressures defies
ecological reality.

One way to put into perspective the prospect of a doubling
of the world population cver the next generation, or at all, is
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temake a list of countries that could coneeivably support twice
their present numbers. (The reader is urged td do so.) Includ-
" ing all those countries able to meet even the most basic needs
associated with population growth—Yood, water, and energy—
the list is remarkably short. For the great majority, a doubling
of population will yield ecological, economic, and political
stresses that may we]l prove unmanagwble

The hungcr-mduced rise in death rates in the poorest coun-
tries during the seventies is likely to impress on governments
of the affected countries the risks of continuing on the current
demographic path. Now that world food stocks have been
rebuilt somewhat since the early seventies, it has been w1dely
assumed that the higher death rates were a side-effect.of a
temporary, self-correcting situation. But were they? Is the.
world likely to be able to maintain food stocks that are suff-
cient to avoid rises in'food prices? Or will this be hindeéred, or
even prevented, by continuing rapid population growth? If
adequate food security cannot be maintained, governments of
food-deficit countries may be forced %o rethink population pol-
icy. Indeed, some already are doing so. - '

Political pressures to slow population growth mount as popy-
lation-related stressesbecome more evident. In India, eco-
nomic-planners have impressed on the political leadership the
virtual impossibility of raising living standards unless the popu-
lation growth curve is quickly flattened. The record of the past
decade has been one of running hard simply to stand still as
rising world prices for oil and wlieat put India on an economic
treadmill. )

In Mexico, one of the early manifestations of population
stress was rising unemployment. Political leaders became
alarmed when they realized that even the rather impressive 7
percent annual economic growth Mexico enjoyed simply was
not providing enough jobs for the new entrants into the Jabor
force. Coupled with the return to food-deficit status after the
dramatic food gains Auring the sixties, the unemployment rate
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induced an abrupt turnabout in Mexican | opulahon policy. By
late 1973, the government had abandoned its. pro-natalist
Stance and launghed a nationwjde family-planning program.2+
o The Chinese government has demonstrated an awareness of
‘ the risks and deleterious  comsequences of continuing popula-
tion growth in a country containing’ one-fifth of humanity.
Anxious to preserve the meager hard-earned gains in per-capita
food: consumption and social services, the Chinese leadership
has applied the demographic brakes vigorously.
Concern over the population problem manifests itself in
- varichs ways and at various levels in different parts of the world, ¢
_ In the United States, concern over continuing population .
~— . growthis most acute atthe local level; many American com-
munities are now actively ranstxn&hrther growth. In Japan,
mounting evidence that pollution is undermmmg human
health is generating concern among ordmany citizens and gov-

" ‘ernment officials alike. So, too, is Japan’s growing dependence " .
on éxternal supplies of food, energy, and industrial raw materi-
als. In the Netherlands, similar circumstances have helped to

raise awareness of population pressures and, apparently as a
consequence, to decrease the Dutch birth rate sharply.,In
. Egypt, the leadership was jolted into implementing family-
" planning measures when it was calculated that the population
increase in the Nile River Valley during the period the huge
) Aswan ngb Dam was under construction would totally absorb
s the gains in food production the dam would make possible. :

- Peérhaps the most surprising development in thinking about
population has taken place in Canada, where deepening con-
cern about future resource supplies is influencing public discus-

- sion-and opinion. Many Canadians are disturbed by the recent
loss of the traditional exportable energy surplus, a loss that -
occurred as domestic needs soared. Agricultural planners,
alarmed at the sacrifice of Canada’s most fertile cropland to
urban sprawl, fear the nation’s exportable food surplus may also
dwindle. A recent study by the Science Council of Canada
suggests trying to limit the end-of-century population to 29, -
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o
mxlllon, an marguably modest increase over the currcnt 22
million.23 If such analyses lead a country as richly blessed with
resources as Canada to further curb its comparatively modest
population growth, how would similar studies influence popula-
tion policy in less well-endowed ‘countries?
., The goal of national population policies has shifted in several
countries during the seventies from slowing population growth
. to stabilizing populatlon Among the goverpments seeking-zero
population growth are those of India, Chma Mexico, and-,
. Bangladesh. Some governments are now settmg dates by which
they want fo achieve populatnon stability. ™
"Those who attended the UN. Conference on Population at
. Bucharest in 1974 resolved that all couples have the right to
- plan their families and that governments must accept responsi-
bility for ensuring that all have the means to do so. Four years
have passed since the copference, but the world is far indeed
from achieving that goal: In a 1977. paper, Bruce Stokes re-
ported that “Mere ‘than half of the world's couples,go to bed
+ ‘at night unprotccted fromunplanned pregnancy.”28 Unfortu- .
* nately, few governments and few citizens have a thorough
understanding of population issues. As more governments
comprehend the dynamics and consequences of population
growth more will enact effective pophlation policies on the-
" basis of that knowledge. More Tould also be expected.to edu-
cate their people ‘on the adverse effects on the immediate
fainily when too many children are born too close together.
A few governments with a grasp of the social ¢consequences
of continuing population growth—including China, §in-
.gapore, Barbados, and Costa' Rica—have launched vigorous
programs: to slow population growth. Others have acted, but
not vxgorously enough. india was one of the first countries to
‘recognize the popuilation problem officially, but its success in
“implementing effective family-planning programs has been
limited. As a result, the Indian government in 1976 found-itself
publicly considering the use,as a last resort, of?ompulsory
-~ sterilization after threg children.
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Tke legisature of Mahagashtra, an Indian state with fifty-
four million people, passed with just one dissenting vote a bill
calling for the compulsory sterilization of all males with three
or more living children. Furthermore, the bill proposed com-
pulsory abortion of any pregnancy that would resu]t ina fourth
child. &The Mzharashtra State Minister of Health prcdnctcd
that “the rest of India will.follow our lead. They are watching

.and waiting. All developing countries with limited resources
will have to think of this.matter.”” During the national elec-
tions in March of 1977, public resentment of this heavy-
handed approach te family,planning contributed to the down-
fall of the ruling Congress.Party. N

.The great risk is that other governments, having delaycd too
long in adopting family-planning programs, many also consider
compulsory measures to restrict family sjge. Like the Indian
government, they may begin to grasp the impossibility of cop-
ing with a populatnon that multiplies ten to twenty times per
century. At least a score of countnes, with population growth
rates of 3 percent or moré per annum face a nineteenfold
population increase within a century if their current rates hold.
Some, such as Algeria and Mexico, already have a quarter-
century. of such growth behind them and a great deal of nio-
mentum as they enter the second critical quarter. If Eey delay
too long before nmplemcntmg effective family-planning pro-
grams, such-countfies wil} be forced to cope with mass migra-

+ tion into neighboring countries, corhpulsory limitation of fam-

ily sizé, or loss of life on”a scale experienced during the
seventies by Bangladesh, India, and Ethiopia.

The key to the speedy adoptnon of appropriate popufation
policies in the poorest countries is likely to be the realization,
squarely faced, that the only genuine choice governments have
is not whcther population growth will slow, but how. Will it
slow because birth rates fall quickly? Or will the sporadic rises
in death rats witnessed during recent years continue as food-

producing systems deteriorate and food scarcities intensify?
¢ r
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Energy
~ The Coming Transition

Early in 1974 American motorists found themselves sitting
in long lines at service stations waiting for gasoline. Some were -
angry and frustrated, others waited in resignation for their turn
at the gasoline pump. Half a world away wheat farmers in
North India sat in line at the local petrol station with five:
gallon fuel cans waiting for a delivery of gasoline for their
'1mgatlon pumps. Many held their place in the queue for days,
but the gasoline never came. The shortage of irrigation. fuel *
_‘reduced the wheat harvest by a million tons, enough to feed
six million Indians for one year. For American motorists and
Punjabi wheat farmers, the energy crisis was a reality.

The harsh winter weather of wrly 1977 fourd the U~ited
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States with a shortage of natural gas, a principal fuel used for
both household and industrial purposes. An uncommonly se-
vere winter coupled with the lack of an effective consefvation
program had let to critical shortages in several northeastern

<and midwestern states. As factories were forced to close, an

_ estimated 1.8 million workers were laid off, adding to already
widespread unemployment.}:Schools were closed, and stores
cut down their business hours. '

These graphic illustrations of shortages in the United States
and India should not be viewed as rare, random events. Rather,
they should be seen as advance warnings of an unfolding crisis ~

" of vast proportions, one that is certain to shake the foundations
of the global economy. The effect of energy shortages on food
production in India and industrial output in the United States
illustrates the link between energy supplies and economic activ-

ity.
Energy and Social Evolution

The evolution and structure of present-day society is intimately
linked to the amount and form of energy we use. The techno-
logical advances that have permitted the accelerated extraction
of the earth’s available fuel ta serve human needs have affected
not only human social evolution but the human relationship to

. natural systems as well. Over the past generation cheap energy

has shaped the. global economic system and helped triple the
output of goods and services. It may also have raised expecta-
tions of material consumption to unrealistic levels.

It is against this backdrop that the energy crisis of the seven-
ties, a crisis of both supply and price, acquires significance. The
world is not running out of energy, but it is running out of oil.

—The fivefold_increase in the price of ol during this decade

* heralds the end of the cheap energy era. It may also signal the

end of rapid.growth in the consumption of-material goods.
Coming at a point in history when part of humanity lives in
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affluence while part cannot satisfy even basic physical needs,
the end of cheap energy poses difficult political issues both
within and among sosieties. - ,
The amount of energy at our disposal shapes not only the
nature of our economic system but our individual lifestyles as
well. For most of the human tenure on earth, energy use was
limited to the two or three thousand Calories each person
consumed daily as food. The first major advance in exploiting
additional sources of energy, aside from the domestication of
fire itself, followed the development of agriculture when early
farmers learned that they could harness animals for draft pur-
poses. In effect, this discovery permitted them to use animals
. to convert roughage into a form of energy that could augment
limited human muscle power. Along with irrigation and other
==~ - technological advances, harnessing draft animals to work the
soil enabled some peoples to produce small food surpluses and
set the stage for the emergence of the first cities. ‘
Several millennia were to pass before the next energy break-
through, the invention of the steam engine during the nine-
teenth century. Capable of burning coal as well as wood, the
steam engine put another major source of energy at the disposal
o of humans and paved the way for the emergence of contempo-
) -rary industrial society. The two centuries following James -
Watt's successful effort to harness steam power were to bring
in quick succession the internal-combustion engine, the elec-
tric generator, and the nuclear reactor.

A society with scant energy resources must of necessity, live
~ close to the land, since there is not enough energy to process
: and transport food as well as produce it. Conversely, energy-
rich societies tend to be highly urbanized. Cheap energy, par-
ticularly the cheap oil of the postwar decades, fostered the
growth.of a socioeconomic system markedly different from any
in the past—It-has-given birth-to_sich_historically novel con-

1.'.1}

cepts as planned obsolescence. So, too, it has permitted the
> evolution of “throwaway societies” whose trash heaps dwarf
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" for those who consume more.

**" countries of Latin America, some farmers even do without

100: The Twenty-Ninth Day ) °

the Pyramids. It has contributed to the manufacture of new
“needs” on Madison Avenue. It has helped sanction consump-
tion as an end in itself—witness prices for electricity that
encourage profligate consumption by reducing per-unit prices

Today Liumanity consumes the energy equivalent of eight
billion tons of coal per year, or two tons per person, not in<lud-
ing wood and cow dung. Per capita consumption by country
varies widely from a few hundred kilograms in India, Angola,
or Ethiopia to as much as twelve tons in the United States.2
Widely varying levels of energy use help explain sharply con-
trasting lifestyles an:ong societies and classes. In poorer soci-
eties such as Ethiopia, few have access to electricity or own
automobiles; and there is almost no heavy industry. In parts of
East Africa, the Indian subcontinent, and the Andes, even
traditional energy sources such as firewood and forage are now
scarce. Indeed, in parts of Africa and in parts of the Andean

1

draft animals.

Middle East Dominance

As oil has become the principal energy fuel, the world has.
become heavily dependent on preindustrial societies of the
Middle East for its fuel supplies. Unlike traditional energy
sources such as firewood, water power, or forage for draft ani-
mals; which are available locally, oil reserves are heavily concen-  *
trated in one geographic region (see Table 5-1). With more
than half of the world’s proven reserves of oil and scarcely 2
percent of its people, the region is able to export vast quariti-
ties;supplying most of the world’s import needs.

Only a small fraction of the world’s more than 160 countries
are self-sufficient in energy. The vast majority import some, if
not most, of the energy they use. Japan imports 99 percent of

all the petroleum’it burns. Prior to the discovery of-oil-in-the—
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Table s-1. World Proven Crude Oil Reserves by Regnon, 1977

Billions of Percent

Region Barrels of Total
" Middle East . . 326 55
Africa 61 10
-E. Europe, USSR, and China (at) 101 17
United States , 31 S
Other Western Hemisphere 36 6
Far East and Australia 19 3
Western Europe 25 4
Total ~ ; 599 100

Source: Oil end Gas Journal, December 27, 1976.

North Sea, Western Europe bought g6 percent of its petro-

leum on foreign.markets.

Scarcely a dozen countries control the energy lifeline of the

global economy. Among these are Saudia Arabia, Iran, the
United Arab Emirates, Kuwait, Iraq, Libya, Algeria, Nigeria,
Venezuela, and Indoncsia. Thirteen oil exporters have joined
forces within the Organization of Petroleum Exporting Coun-
tiies. (OPEC) to form a commodity cartel.
_ The influence of OPEC has been bolstered by the depletion
of some of the older fieids. The Ploesti oil fields of Rumania-
no longer come close to satisfying even Rumania’s needs, much
less those of its European neighbors, as it once did. Gone too
are the’ days when the, United States expogted oil.

.US. dependence on imported oil is steadily