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Foreword

BY MAURICE F. STRONG

Executive Director, United Nations Envirenment Program

DUR!NG THE COURSE of preparations for the United
Nations Coaference on the Human Environment held in Stockholm
in June, 1972, national governments and the scientific community
were asked to help identify and evaluate possible environmental is-
sues requiring attention and action by the international community.
Assessmen. of the national reports and scientific studies prepared for
the conference made it clear that the loss of productive soil through
erosion, salination, desertification and other consequences of ecologi-
cally unsound land use were seen as one of the principal environmen-
tal problems confronting a significant number of countries, particu-
larly in the 2=v~loping world.

In many of theze areas the problem was ot a new one. And it
was generally seen as primarily a local or rational concern. What was
new abeut the evidence assembled for the Stockholm Conference
was the very scale and magnitude of the problem and the degree to
which ths pressures on productive soil are being intensified in the
areas in which the need for increased food production is growing
most rapidly.

This new publication surveys and analyzes on a systematic basis
the various ways in which our delicately balanced food systems are
being ecologically undermined. It provides concrete examples of the
serious ecological deterioration that is taking place through deforesta-
tion, overgrazing, soil erosion and avandonment, desertification, the
silting of irrigation systems and reservoirs, and the changes in the
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frequency and severity of flooding. In all of these, the increasing
intensity of humanity’s pressure on the land and the continuation of
careless and short-sighted land use practices compound the effects of
such natural phenomena us droughts and floods, otten turning the
temporary problem they create to large-scale disaster.

“Losing ground” on the scale pointed up by this book poses a
serious threat to the world’s capacity to feed itself in the future. Thus
I welcome this as a timely and valuable contribution to public aware-
ness and understanding of what we must now regard as one of the
principal ecological problems facing mankind. The book documents
convincingly the need for priority attention to this issue and points
up the kinds of actions required if we are to win the battle against
world hunger.

The problem of hunger manifests itself not only in terms of
starvation and leath but also in the mental deprivation that results
from protein and vitamin deficiency. The world community, through
a series of UN conferences and programs, is seriously and genuinely
attempting to respond to the world food crisis.

While the views presented in the book are those of the author,
many of the issues dealt with in it figure prominently in the program
of the United Nations Environment Program, for which the task of
developing and supporting international measures to deal with these
issues is amongst the highest priorities. UNEP’s support of the prepa-
ration and publishing of this book by the Worldwatch Institute is one
of these measures

Mr. Eckholm’s cogent and well-reasoned analysis of the nature
and dimensions of this threat to future world food supplies makes a
compelling case for the urgency of international cooperation to deal
with it. And it dramatizes the direct and intimate relevance of sound
environmental management to one of the central concerns confront-
ing the human community—the need to manage the precious re-
sources of our “Only One Earth” so as to assure provision of the basic
needs of all its inhabitants.

Losing Ground then goes to the heart of the issue of human
survival and it makes it clear that the issue will be decided by what
people and their governments do—or fail to do—at this point in our
history.

SN—



An Introductory Note

Losmc GROUND is an effort to draw attention to a set
of negative ecological trends whose consequences demand far more
attention than they have received to date. Ideally, a book on the
ecological undermining of food-production systems would include
detailed national statistics on various facets of the problem, such as
overgrazing, desert encroachment, deforestation, soil erosion, flood
trends, and the silting of irrigation reservoirs. Unfortunately, if un-
derstandably, such comprehensive data are not available. Govern-
ments seldom gather systematic data on negative ecological devel-
opments; the problems achieve prominence only when large-scale
disaster strikes, as it recently has in some areas of sub-Saharan
Africa.

Writing this book thus required a far-flung, ambitious research
effort to glean relevant information from individuals and writings
in a broad spectrum of disciplines. Drawiag conclusions from tke
available data might be compared to interpreting a puzzle of
which enough pieces have been assembled to provide a general
impression of the overall picture And the picture that emerges is
an unsettling one that calls for a strong response by governments
everywhere.

Worldwatch Institute co-sponsored Losing Ground in keeping
with its goal cf anticipating and drawing attention to global threats
to human well-being. Governed by an international board of direc-
tors, the non-profit institute is located in Washington, D.C. Its
program of research and public education is sponsored by founda-
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tions, United Nations and governmental agencies, and private in-
dividuals. Worldwatch Institute is grateful to the United Nations
Environment Program for jointly spensoring the research and writing
of Losing Ground.

Lester R. Brown,
President, Worldwatch Institute

1776 Massachusetts Avenue, N, W,
Washington, D.C. 20036
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7. The Undermining of Food-

Production Systems

COAX[NG enough food from the earth has traditionally
been guided by a certain simple logic: plow more land, intensify labor,
refine techniques, and the supply of food will grow commensurately.
But this has been the logic of humans, not of nature, and today’s
newspaper headlines tell with increasing frequency a different, more
puzzling story. Millions of individuals, and sometimes whole coun-
tries, are learning the hard way that more work doesn’t necessarily
mean more food—that it may mean fatally less.

A Somali nomad builds his herd to record size, but the grassland
is overgrazed, his cattle grow thin, and sand dunes bury pastures. A
farmer in northern Pakistan clears trees from a mountain slope to
plant his wheat; soon after, fields downstream are devastated by
severe floods. In Indonesia, a peasant burns away luxurious hillside
vegetation to plant his seeds; below, rice production drops as soil
washed down the mouatain chokes irngation canals.

Over the course of ten thousand years humans have successfully
learned to exploit ecological systems for sustenance. Nature has been
shaped and contorted to channel a higher than usual share of its
energies into manufacturing the few products humans find useful.
But while ecological systems are supple, they can snap viciously when
bent too far. The land’s ability to serve human ends can be markedly,
and sometimes permanently, sapped

The international discussion of environmental quality has, like
that of many other topics, been largely pre-empted by the rich indus-

Previous Page Blank

]



18 Losing Ground

trial world. The term “environmental crisis” joined the lexicon of
journalism and politics only within the last decade, in response to the
visible spread of acrid air and poisoned waters. Even within the field
of agriculture, concern for ecological damage usually focuses on the
polluting impact of misused chemiczls.

These problems are pressing enough, and deserve all the attention
they have received and more. Yet in the world war to save a habitable
environment, even the battles to purify the noxious clouds over
Tokyo and Sio Paulo, and to rescue life in Lake Erie, are but
skirmishes compared to the uncontested routs being suffered in the
hills of Nepal and Java, and on the rangelands of Chad and northwest
India. A far deadlier annual toll, and perhaps an even greater threat
to future human welfare, than that of the pollution of our air and
water is that exacted by the underinining of the productivity of the
land itself through accelerated soil erosion, creeping deserts, in-
creased flooding, and declining soil fertility. Humans are—out of
desperation, ignorance, shortsightedress, or greed—destroying the
basis of their own livelihood as they violate the limits of natural
systems.

Not surprisingly, the principal victims of these trends are the
world’s poor, who, in their quest for food and fuel, are often forced
by circumstances and institutions beyond their control to serve as the
agents of their own undoing Though poverty is often associated with
a pristine environment, and affluence with despoliation, in some
important ways the poor are damaging the environment even more
than the nch.

The littered ruins and barren landscapes left by dozens of former
civilizations remind us that humans have been undercutting their
own welfare for thousands of years. What is new today is the awe-
some scale and dizzying speed with which environmental destruction
is occurring in many parts of the world. The basic arithmetic of world
population growth reveals that the relationship between human be-
ings and the environment is now entering an historically unique age
of widespread danger. Whatever the root causes of suicidal land
treatment and rapid population growth—and the causes of both are
numerous and complex—in nearly every instance the rise in human
numbers is the immediate catalyst of deteriorating food-production
systems The number of humans reached one billion about 1830, two
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or three million years after our emergence as a distinct species. The
second billion was added in one hundred years, and the third billion
in thirty years. One day in late 1975, just fifteen years later, world
population reached four billion. At the present rate of growth, the
fifth billion will come in thirteen years and the sixth in ten years after
that.

Seldom does the imagination translate these inconceivable ab-
stractions into the events on the ground that give them meaning:
farmers forced onto mountain slopes so steep that crops and topsoil
wash away within a year; peasants making charcoal out of forests that
are assential for restraining flood waters and soil erosion; drought-
prone pastures plowed up for grain despite the high odds that a
lifeless dust bowl will ensue. In some respects, these are Malthusian
phenomena with a twist. Exponentially growing populations not only
confront a fixed supply of arable land, but sometimes they also cause
its quality to diminish. However, a second addendum to Malthus’
gloomy formulation is also crucial. Today the human species has the
knowledge of past mistakes, and the analytical and technical skills, to
halt destructive trends and to provide an adequate diet for all using
lands well-suited for agriculture. The mounting destruction of the
earth’s life-supporting capacity is not the product of a preordained,
inescapable human predicament, nor does a reversal of th2 downward
slide depend upon magical scientific breakthroughs. Political and
economic factors, not scientific research, will determine whether or
not the wisdom accumulating in our libraries will be put into practice.

This book is not the first effort to spotlight self-defeating efforts
to expand the supply of food, and it most certainly will not be the
last. Earlier in this century a number of analysts, concerned primarily
with the threat of soil erosion, catalogued the ecological calamities
impending if humans did not change their ways.! Erosion was some-
times painted as the greatest single threat to the future of human
civilization. In the 1930s, as the Great Plains heartland of North
America wasted away into the Dust Bowl—one of the century’s more
dramatic environmental debacles—previous warnings achieved an air
of prophecy.

Then, as the Great Plains were recovering from their human-
caused infirmity, World War I created environmental disasters of
a different type and scale, and was followed by an era of economic
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expansion such as the world had never before seen. World agricul-
ture, too, entered an era of remarkable gains, with global grain output
far outpacing population growth since the late forties. Headlong
economic growth in the richer countries, and in small pockets of the
poorer countries, has created new environmental challenges as the
refuse of industrialism piles up, but earlier predictions that land
degradation would be humanity’s downfall seem to have been dis-
proved by history.

Or have they? The continuing growth in world food output and
the remarkable climb of the gross national product in most countries,
rich and poor, over the last two decades mask some basic facts that
add up to a different story. National income averages conceal the
billion or more people locked in cycles of abject poverty, misery, and
exploitation, many of whom live in worse conditions than their par-
ents did. World, and even national, food output totals conceal the
stagnant or deteriorating productivity of huge numbers of farmers in
the poorer regions and countries Such figures veil the half-billion
people suffering chronic malnutrition in the best of years, and the
hundreds of millions who join their lot when food prices soar, as they
have in the mid-seventies. The statistics of progress ignore the swell-
ing urban shantytowns filled with refugees from untenable rural situa-
tions. In short, the aggregate figures for growth, both of agriculture
and economies, disregard the casualties and the cast-offs of the global
development process.

The wretched lot of one-fourth or more of the world’s people has
not, of course, go'ie unnoticed. Through both national and interna-
tional channels, many bilions of dollars and the talents of thousands
of “experts” are earmarked each year for the agricultural progress of
the poor. Broadly based rural development through agriculture, it is
increasingly recognized, can ameliorate simultaneously many of the
world’s most acute social problems Not only will more food be grown
under the auspices of such programs, but it will be grown by these
who most need more nourshment and income. By providing greater
income and employment in rural areas, properly designed agricultural
development can help stem the flow of migrants to the cities. And
with improved social conditions, the rural poor may well follow the
historical path tcward smaller families. Yet somehow, in many re-
gions of many countries, things don’t seem to be working. All the
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money, all the risearch, all the experts have done little for those on
the bottom., What has gone wrong?

Looking at this dark side of the development record, analysts find
many culprits. Depending on personal prejudices, the economist may
see a failure to generate adequate capital for raising productivity;
imperfect markets for labor, capital, and technology that impede
efficiency; ur systems of trade and investment heavily weighted
against the well-being of the poor The sociologist may see tradition-
fixed cultures incapable of assimilating the requirements of “modern-
ization,” or socio-economic structures that compel the poor to live
recklessly. The political scientist may stress the absence of the ad-
ministrztive capacity to implement social change, or outline the
power telationships that prevent the poor from tzking control of their
own destiny.

All these explanations contain truths, but an additional perspec-
tive that in many ways subsumes them all, and is almost always
oaverlooked, is an ecological view that blends the study of human
beings’ place in nature with that of their place in society. A common
factor linking virtually every region of acute poverty, virtually every
rural homeland abandoned by destitute urban squatters, is a deteri-
crating natural environment. Ecological degradation is to a great
extent the result of the economic, social, and political inadequacies
noted above; it is also, and with growing force, a principal cause of
poverty. If the eavironmental balance is disturbed, and the ecosys-
tem’s capacity to meet human needs is crippled, the plight of those
living directly off the land worsens, and recovery and development
efforts—whatever their political and financial backing—become all
the more difficult. The soft underbelly of global rural development
efforts, environmental de*erioration is an often neglected factor that
severely undermines their effectiveness

The glaring disregard of the ecological requisites of progress is at
least partially attributable to the rigid compartmentalization of
professions, both in the academic world and in governmental agen-
cies. When reading the analyses of economists, foresters, engineers,
agronomists, and ecologists, it is sometimes hard to believe that all
are attempting to describe the same country. The actions of experts
frequently show the same lack of mutual understanding and integra-
tion. Engineers build one dam after another, paying only modest
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heed to the farming practices and deforestation upstream that will,
by iniluencing river silt loads, determine the dams’ lifespan. Agricul-
tural economists project regional food preduction far into the future
using elaborate, computerized models, but without taking into ac-
count the dr ceriorating soil quality or the mounting frequency of
floods that vaill undercut it. Water resource specialists sink wells on
the desert fringes with no arrangement to control nearby herd sizes,
thus ensuring overgrazing and the creation of new tracts of desert.
Foresters who must plant and protect trees among the livestock and
firewood gatherers of the rural peasantry receive excellent training in
botany and silviculture, but none in rural sociology; their saplings are
destroyed by cattle, goats, and firewood seekers within weeks after
planting

A failure to place agriculture in its ecological context has been
apparent at even the highest levels of global policy-making. Nowhere
were forests so much as mentioned in the dozens of resolutions
directed to eliminating hunger passed by the Rome World Food
Conference of November, 1974, despite the accelerating deforesta-
tion of Africa, Asia, and Latin America and its myriad effects on food
production prospects. The editors of the United Nations magazine
Ceres were not speculating idly when they wrote in early 1975: “It
is no coincidence that the forests of all the countries with major crop
failures in recent years due to droughts or loods—Bangladesh, Ethi-
opia, India, Pakistan, and the Sahel countries—had been razed to the
ground.”?

Even without the impediment of professional or disciplinary blin-
ders, recognizing and controlling the causes of environmental deteri-
oration present special problems. Precise figures on ecological trends
and their impact on agricultural systems are scarce. This does not
make the trends any less real or menacing; it does suggest the excep-
tional difficulty of isolating and measuring these factors

The symptoms of ecological stress are often confused with their
causes, in part because the more visible environmental disasters are
usually precipitated by a harsh turn of nature, such as prolonged
drought or excessive rainfali. When topsoil clouds the air in the Great
Plains or the African Sahel, or when record floods rise in India, it is
tempting to place full blame on nature. It is easy to ignore the human
role in making a region vulnerable to damage far more drastic than
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inclement weather alone would cause. Under some conitions the
stresses mount aimost invisibly, gradually building force until the
system suddenly explodes with an unexpected fury. This has hap-
pened before, and will happen again. The question tv be answered
is not whether but where future ecological debacles will detonate—
and with what casualties.

World fisheries present an instructive, readily measured example
of what happens when too much is demanded of a food-producing
ecosystem. In this case it is more often the rich than the poor who
have neglected ecological reality and reaped the penalties. While the
differences between farming the land and extracting food from the
oceans are obvious, declining catches in numerous regional fisheries
demonstrate clearly that greater effort and in . estment can bring not
just diminishing returns but, as fish stocks are depleted by overfishing,
negative returns. And in the early seventies, the sum of these local
pressures produced a three-year sustained drop in the total global fish
catch. We must now ask how many localized land regions have
already experienced similar absolute declines in food output due to
environmental degradation—and how many entire countries may be
following suit, as some in central Africa apparently have already.

Rapid population growth, miserab!= social conditions, and envi-
ronmental deterioration form the ultimate vicious circle. Improved
living conditions and ecoriomic security encourage smaller families,
yet steeply climbing populations undermine the effort to provide
adequate nutrition, health care, education, and housing, and drain
funds and energies from productive in‘estment New technologies
can often increase the ability of even fragile ecosystems to produce
food or other goods for humans, but burgeoning populations bound
by poverty and traditional techniques can drastically impair the land’s
life-support capacity.

The sterile debate among those who advocate attacking this
conundrum mainly from one side or another grows more shrill with
each passing year. Simply inundate the poor with birth control de-
vices, some 3ay, and development prospects will soon improve. Con-
centrate on social reforms and economic progress, others say, and the
population problem will take care of itself. Many forget that these
issues form a circle, not a square, and thus have no distinct sides. The
only alternative at this stage of human history is to simultaneously
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meet this quandary at every point along its circumference, in an
all-out effort to turn the negative chain reactions into positive ones.

Billions of human beings are still denied access to family planning
services, though surveys of parents in even the poorest countries often
reveal a gap between desired and actual family size. A redistribution
of power, land, and social services can improve the prospects of the
world’s dispossessed and also pull down birth rates Yet reform and
development effo:ts will not achieve their aims if they are not also
suffused with an ecological ethic that recognizes the conjugal bond
between humankind and the natural world from which there can be
no divorce. Environmental deterioration requires direct attention in
its own right; at the same time, the balance of nature will not be
preserved if the roots of poverty, whatever they may be, are not
eradicated.



2. A History of Deforestation

’].-:iOUGH concrete and plastic blind some people to
their dependence upon trees, the debt of all humans to the forest
remains almost filial. Paper, taken for granted until its supply runs
short, is nearly as crucial to modern societies as food or fuel, for it
is the feed-stock of government, business, education, and most inter-
personal communication. Wood remains the principal cooking fuel
in Africa, Asia, and Latin America, as well as the sole source of
warmth in cold mountain regions of these continents. Timber is still
a basic raw material for construction everywhere, and cellulose, which
forms the bulk of wood, assumes such useful guises as cellophane,
rayon, and plastic. Forest recreation areas and natural preserves pro-
vide needed psychic shelter as societies urbanize.

For economic reasons alone, countries with little forest area are
saddled with a great burden The price of wood for furniture or
construction is sometimes far higher in wood-short poor countries
than it is in the United States or Europe, where personal incomes are
many times higher. Meeting basic needs for firewood or charcoal
drains both the national economy and family incomes when lengthy
wood-gathering journeys consume the labor of the poor Paper is
always a costly import item when domestic production cannot keep
up with demand; when global investment in this capital-intensive
industry lags behind the need, as it has in recent years, acute short-
ages deveiop in poorer importing countries and sorely hamper com-
munications. Where wood is exceptionally scarce, even the construc-
tion of basic infrastructure like railroad tracks and power lines is
constrained.
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The crucial ecological roles of forests are even less visible to most
than their social and economic services. Forests influence the wind,
temperature, humidity, soil, and water in ways often discovered only
after the trees are cut, and these functions—usually beneficial to
people—are sabotaged. Forests assist in the essential global recycling
of water, oxygen, carbon, and nitrogen—and without any expendi-
ture of irreplaceable fossil fuels. Rainwater falling on tree-covered
land tends to soak into the ground rather than to rush off; erosion
and flooding are thus reduced, and more water is likely to seep into
underground pools and springs.

The history of the earth’s forests in the billions of years preceding
the emergence of Homo sapiens is shrouded in the leisurely processes
of biological evolution, climatic change, and the rise, fall, and drift
of land masses—all of which continue today. The land now called the
Sahara Desert, for example, was probably located near the South Pole
450 million years ago and has slowly passed through every major
climatic zone. Now drifting northward at a rate of one to two centi-
meters per year, the Sahara will shift one degree in latitude over the
next five to ten million years, and will change climate and vegetation
accordingly.!

The appearance of human-like creatures in the last few million
years marked the beginning of a new biological age, for these animals
were the first to willfully alter the environment for self-gratification.
The human ability to do so grew almost imperceptibly for most of
our species’ tenure on earth, but eventually, in the last 1 percent of
that time, it mushroomed until man came to rival the weather as a
shaper of the vegetative environment—and in some regions to sur-
pass it.

Though it understandably remains unwritten, a complete history
of the earth’s forests in the period since man evolved would be a
fascinating analogue to the history of human civilization. Man’s
treatment of forests is deeply enmeshed in the history of technolo-
gies, empires, and ideas, as the fate of one well-known and well-
studied stand of trees, the cedars of Lebanon, teaches.

Mount Lebanon, the backbone of the country of the same name,
was once carpeted with a rich stand of stately cedars whose utility for
human ends, in a part of the world where few tall, strong trees existed,
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became legendary throughout the Old World, and was finally their
undoing. Where the cedars did not grow, the slopes of this range
were filled with pine, fir, juniper, and oak. Today only scattered
remnants of these once extensive forests endure. The cedar is limited
to twelve small, widely separated groves that were protected over the
millenia by either their inaccessibility or their proximity to chapels.
Most of Mount Lebanon is now, in the words of Marvin W. Mikesell,
who has chronicled its biological abasement, ““as barren as the moun-
tains of the Sahara.”2 Scrubby vegetation stubbornly survives amid
rocky patches off which the soil has washed. Five thousand years of
service to civilization has left the Lebanese highlands a permanently
degraded vestige of their former glory.

The felling of the cedars began as early as 3000 B.c. when a
Semitic desert tribe, later known as the Phoenicians, occupied the
eastern shore of the Mediterranean. In a mountainous land of limited
agricultural potential, the Phoenicians took to crafts and commerce,
and their trading ships sailed as far as Britain and West Africa. Their
glass, dyes, textiles, pottery, and metals helped nurture the prosperity
of port cities like Tyre and Sidon, and before long these became
trading hubs for the goods of most of the Mediterranean region and
southwest Asia. Of all Phoenicia’s products, perhaps the most highly
prized were its cedars. Valucd foi strength and size, used for ship-
building and palatial architectuie, these trees were coveted by dozens
of successive Old World civilizations, most of which faced chronic
shortages of high-quality wood.

The Pharaohs of ancient Egypt were the first documented im-
porters of Mount Lebanon cedars Records of the Pharaoh Snefru
from about 2600 B.c acknowledge the arrival of forty ships filled with
cedar, purchased to build a ship and palace doors. For the next two
thousand years timber found its way to Egypt, either as barter or,
whenever Egypt was able to maintain hegemony over Phoenicia, as
tribute.

The cedars of Lebanon were also prized in Mesopotamia, the
other cradle of civilization in the Middle East. A vast green mountain
with tall cedars is alluded to in the Epic of Gilgamesh, the famous
Mesopotamian myth of the third millenium B.c., but the first proof
or a timber trade comes about 1100 8.c., when the conquering Assyri-
ans demanded a steady tribute of cedar wood for the construction of
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temples and palaces. Successive Mesopotamians kept up the practice,
often hauling logs to the Euphrates and floating them home. Nebu-
chadnezzar, the Babylonian King of the sixth century B.C., even left
inscriptions on Mount Lebanon boasting of his achievement in secur-
ing such fine wood frem afar for his kingdom.

The story of the exhaustion of this valuable resonrce by successive
civilizations has many chapters Biblical references to Palestinian
cedar imports tell of Solomon, King of Israel, sending to Hiram, King
of Tyre, the following message about 950 B.C.: “As you dealt with
David my father and sent him cedar to build himself a house to dwell
in, so deal with me.” Thousands of laborers traveled to Lebanon in
relays to obtain timber for Solomon'’s famous temple in Jerusalem. In
return Solomon sent 125,000 bushels of wheat and a million gallon;
of olive oil.3 Six hundred years later, Alexander of Macedon probably
used Lebanese cedars in his Euphrates fleet, and Antigonus, one of
his successors, reportedly sent eight thousand laborers and a thousand
pairs of draft animals to Mount Lebanon to obtain lumber for his
fleet.

After controlling Lebanon for a century and a half, Rome finally
attempted to protect the remaining stands of cedar; the Emperor
Hadrian (117-138 a p.) placed nearly one hundred rock inscriptions
on the northern half of Mount Lebanon, designating the surviving
forests as an imperial domain The pace of exploitation probably
slowed for several centuries thereafter, though likely due as much to
the diminished supply as to any restraint on the part of the region’s
rulers.

New threats to the forests of Mount Lebanon emerged when
settlers, particularly persecuted religious sects, and their goats began
moving onto its slopes in the seventh century. By this time much of
the range was already denuded, and while various conquerois ever
since have gathered what timber they could, perhaps the prime
agents of forest degradation over the last thousand years have been
firewood traders, who to this day sell charcoal from Mount Lebanon
in Damascus, Tripoli, and other cities of the region. The last large-
scale siege on the forests of Lebanon occurred during World War I,
when British forces cut firs and oaks from the northwestern side of
the mountain for use as ties on the railroad they built linking Tripoli
and Haifa.
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The cedars of Lebanon did not come under serious assault until
the human societies surrounding them reached a rather advanced
state; productive agricultural techniques and complex social organiza-
tion were a prerequisite of cities, ship- and temple-building, and
‘mperial adventures. The pace of forest destruction quickened on
every continent wiith the emergence of agriculture and organized
societies, but human influence on the world’s forests has a much
longer history, reaching back through hundreds of thousands of years
before the invention of agriculture some ten thousand years ago.
Well before the age of farms, axes, and armies, humans were altering
the face of the earth, and their chief agent for domg so was fire.

While occasional fires are a natural, often beneficial factor in
ecosysteins, prehistoric man accidentally as well as deliberately in-
fluenced the vegetational pattern on cvery continent with fire. Long
before he learned to manufacture flames, man almost certainly
learned to tend and transport fires started by lightning or volcanos.
Long after crude fire-starting techniques hke the fire drill were devel-
oped, the preservation of fire probably still remained a semi-sacred
chore, and even traveling groups most likely k£t their campfires
smoldering on the chance that a spark might be left on their return
journey. The logical conclusion is that, at least in drier regions and
seasons, accidental forest or brush fires must have been frequent in
prehistoric times, and could well have influenced the vegetation over
fairly large areas 4 Even modern man, with no incentive to do so,
leaves campfires unextinguished often enough to cause massive forest
damage

These relatively haphazard changes in the extent and nature of
forests were soon dwarfed by the calculated use of fire as a tool by
hunters Given the sparsity of early populations, the consumption of
wood for cooking game was probably insignificant compared to the
destruction of woodlands in the hunt. Fire, a time-honored weapon
for driving animals out of the jungle or woods into the open or into
an ambush for the kill, is a hunting technique still used today in some
places, since woods and grasslands opened up and maintained by
burning generally offer better and safer hunting than dense forests.

Once grazing animals were domesticated, the firing of wooded
areas and grasslands probably accelerated; fires clear annoying under-
brush, and fresh new grass usually springs to life after a well-timed
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burn. When such fires are set too often, or go out of control, the
consequences are less benign. Many ecologists currently see the reck-
less use of fire by herders as a major cause of desert expansion and
soil erosion in semi-arid regions.

In wooded areas, fire has traditionally been the chief means of
clearing land for farming. This was historically true in Europe and
North America, and remains so in much of Asia, Africa, and Latin
America. Especially widespread today in the humid tropical forests,
controlled fires are used by farmers to open up plots that are farmed
for a few years and then abandoned when soil fertility dissipates.

In North America the Plains Indians “very considerably extended
the prairies,” notes F. Fraser Darling, by deliberately burning forests
in order to expand the range of the buffalo Lewis and Clark, on their
famed expedition through the northern Rocky Mountains in 1803,
found extensive prairies in areas where trees can thrive. Once the
burnings stopped, forests crept back into these regions Magellan,
passing through the strait that bears his name on his historic cruise
of 1520, was so impressed by the number of fires he saw that he
dubbed the surrounding region Tierra del F uego, or “Land of Fire.”5
The name would have fit most of South America, for fire was then
a prevalent tool of hunters and pastoralists.

Fire has altered the face of the land most profoundly and exten-
sively in Africa There at least a third of the continent is covered with
savanna grasslands, many of which would be forested had they been
left unmolested by man Centuries of burnings by hunters, herders,
and tillers have createci an enormous new ecological zone between
the remaining forects and the drier natural grasslands. By 1948, one
author estimated, the forests of tropical Africa had been reduced to
just a third of their former domain—and the rate of deforestation has
climbed in the last quarter-century 6

While the slow and localized destruction of forests by hunters
and farmers continued throughout most of Africa, the Americas, and
Southeast Asia, forest destruction began in earnest in much of the
Old World with the emergence of large organized societies. The
history of Mt. Lebanon and the eastern Mediterranean has already
been recounted; as that story unfoldod, deforestation was also ac-
celerating throughout the Mediterranean region and in parts of Asia
—particularly in China.
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Most of China, which covers one-twelfth of the earth’s land
surface, is mountainous, and perhaps half its area was at one time
forested. Long the world’s most populous country, China has over the
course of more than fifty-five hundred years developed gargantuan
food and fuel needs As a result, China is now struggling to overcome
the dire ecological consequences of millenia of forest destruction. By
the mid-twentieth century, said the Chinese minister of forestry in
1956, the country had “the greatest number of barren hills in the
world.”? Throughout much of the country only temple groves re-
mained as a reminder of the original tree-covered landscape.

Even before Phoenicia was settled, people were moving into the
fertile, heavily wooded basin of the Yellow River, or Hwang Ho, in
North China The pressing need for ever more farmland over the
centuries resulted in the eventual clearing of most of the North
China plain. The trend was partially arrested during the 872 years of
the Chou Dynasty (1127-255 b.c.); this golden age produced what
must have been the world’s first “mountain and forest service,” and
careful attention was given forest conservation needs.8 But wide-
spread forest destruction again became the norm for twenty-two
centuries following the Chou Dynasty’s fall.

By the fourth and fifth centuries A p., numbe:s of people were
spreading southward to the basins of the Yangtze and Pearl Rivers,
cutting forests as they went The developmen? of productive wet-rice
cultivation sustained a large, dense population, which in turn inten-
sified the pressures on woodlands. Industrialization and imperialism
have made further inroads into China’s forest lands. The Japanese
cut deeply into Manchuria’s rich forests during the dzcades they
dominated, and then occupied this region in the early twentieth
century. By mid-century, perhaps only 8 percent of China was for-
ested.

Heavy erosion, accentuated by denudation of the mountains and
river basins, has given some of China’s rivers ‘he highest sediment
loads in the world. The beds of the Yellow and other rivers have
consequently risen far acove the surrounding countryside, and their
waters are contained only by extensive dikes. Catastrophic floods are
a constant threat that all too frequently materializes, which is why
the Yellow River has long been known as “China’s Sorrow.” Soil
erosion, siltation, and wood scarcity—all greatly exacerbated by the
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loss of forests—collectively constituted one of the major challenges
facing the new Chinese government when it took power in 1949, and
forest restoration has been a major preoccupation of the governwent
ever since China’s population, which was about one hundred million
in the early sixteenth century, had surpassed five hundred aillion in
1949; today it is probably more than eight hundred milliun, which
makes forest regeneration an extraordinarily difficult undertaking,
and China’s apparent progress in this respect an impressive achieve-
ment

The Mediterranean climate of southern Europe and North Africa
is not conducive to dense forests, but the bare hills that characterize
these regions today provide little hint of the extensive woodlands that
once existed. By the end of the classical age, deforestation in the
lowlands around the Mediterranean was acute.9 The clearance of
farmland, grazing herds, and wood gathering for fuel and construc-
tion all contributed to this condition The region’s dry climate and
nimble goats discouraged natural forest regeneration, even in centu-
ries when the pressures of civilization slackened

In the Critias, Plato lamented the consequences of denudation
in Attica, which were already severe by the fourth century B.c. Attica
once had much forest land, he wrote, but now “our land, compared
with what it was, is like the skeleton of a body wasted by disease The
plump soft parts have vanished, and all that remains is the bare
carcass.” Valuable springs had dried up as rainwater ran off the bare
earth before it could soak into the ground Early a population center,
Attica reached this sorry state several centuries before most of Greece
and its neighboring lands The eventual relevance of Plato’s words to
a far wider area, however, can be verified by any present-day visitor
to the region—if he can believe that the endless rocky, infertile vistas
once carried “plump soft parts” and rich forests.

As the Roman Empire entered an economic crists period in the
third and fourth centuries A b, aggressive land-clearing throughout
most of the dominions ground to a temporary halt. By then the only
extensive forests in the countries ringing the Mediterranean survived
in the mountains. Livestock, farmers, and the ship-builders of mari-
time powers like the Byzantine Empire, Venice, Genoa, and Cata-
lonia subsequently made heavy claims on the remaining forests of
what are now Turkey, Greece, Yugoslavia, Italy, and Spain.

The influx of people and livestock, and military activities as-
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sociated with the Arab imvasions of North Africa of the seventh
through eleventh centuries, quickly multiplied pressures on the lim-
ited forest there. A further displacement of local residents by French
colonists in the nineteenth and twentieth centuries forced mare
farmers into the mountains, necessitating a new wave of forest clear-
ance. Early industries and railroad development also took their toll.
Rapid population growth in the last five decades has multiplied the
need for firewood, grazing areas, and croplands. Forests that once
covered a third of the total area of Morocco, Tunisia, and Algeria had
been reduced to perhaps 11 percent of the area by the mid-twentieth
century. Though major reforestation programs are beirig attempted
throughout North Africa, the losses still outpace the gains earned by
new plantings.10

Central and Western Enrope were heavily wooded in prehistoric
times. With the advent of agriculture, land clearing by ax and fire
increased, and deforestation proceeded slowly until, by the twelfth
century, the substantial reduction in forested area was plain. Through
the Middle Ages, European forests expanded or contracted with the
ebb and flow of human populations affected by plagues, wars, and
social reorganizations. Over most of central and western Europe, the
spread of agriculture apparently peaked by 1300; the era of expanding
arable land was followed by two centuries of stagnation and contrac-
tion.11 In temperate central Europe, unlike the drier Mediterranean
zone, forests were able to recover naturally when given the oppor-
tunity to do so.

Europe’s lengthy economic recession drew to a close near the end
of the fifteenth century, and with it ended the respite for forestlands.
The acceleration of science and industry associated with the spread
of the Renaissance from Italy brought not only a cultural flowering,
but also a deflowering of many of Europe’s remaining untouched
forests Expanding glass, mining, smelting, tanning, soap, and other
industries required huge quantities of timber. Glass-makers obtained
the potassium they needed from wood ash and their heat from char-
coal or timber The soaring production of iron and steel made particu-
larly huge demands on woodlands for smelting. The manufacture of
steel (an alloy of iron and carbon) long depended upon charcoal as
its carbon source. The eventual adoption of coal rather than wood as
a heat and carbon source for blast furnaces in the eighteenth and
nineteenth centuries may be all that prevented the Industrial Revolu-
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tion from totally swallowing Europe’s woodlands. The colonial expan-
sion of Europe further accelerated timber needs for ship-building,
and the declining availability of suitable timber became an acute
problem throughout the continent until 186z, when an American
Civil War battle announced the age of iron-clad ships For sound
reasons, arable lands in flatter zones had been cleared for agriculture,
but the forest cutters and charcoal producers of these early European
industries habitually clear-cut one mountain slope after another with-
out any consider iiion for regeneration,12

Although, as we shall see, the pernicious consequences of such
indiscriminate tree destruction were then becoming apparent in
Europe, and were sparking second thoughts about forest strategies,
European conquerors competing for empires in the New World
took environmentally destructive habits with them Oversized herds
of cattle, sheep, and goats brought from the Old World have
helped destroy needed woodlands, create deserts, and degrade
rangelands through much of South America. Mexico, and the
southwestern United States ever since their introduction in the six-
teenth century Construction in the new Spanish cities of the An-
dean region and Mexico was a major cause of deforestation, mur,
of it on erosion-prone slopes A famous stand of cedars in the hills
near Mexico Cuty followed the fate of its ancient Lebanese relative:
it was obliterated during the reconstruction of Mexico City after
the Spanish conquest.

Even more damaging than city construction were the newly
opened mines of Mexico and the Andes. Land denudation and subse-
quent erosion wrought by the quest for mineshaft timber and smelt-
ing charcoal soon became notorious in both regions. L. B. Simpson
has described what happened in Mexico:

Wherever a mining community was established a diseased spot began to
appear, and it spread and spread until each mining town became the center
of something like a desert. As early as 1543 the Indians of Taxco complained
to Viceroy Mendoza that all the forests nearby had been cut down and that
they were obliged to make a day's Journey to get timber for the mines The
mountains of Zacatecas were once covered with a heavy forest. After four
centuries they are now rocky grasslands where the ubiquitous goat has to
scratch for a living. The same story was repeated at all the other famous
mining centers of Mexico: Guanajuato, Ixmiquilpan, Zimapan, Pachuca,
Chaucingo, Zacualpan, Temascaltepec, Tlalpujahua, Parral, and the rest.!3
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Psychological as well as economic needs apparently influenced
the Spaniards as they cleared the hills of central Mexico Accounts
from the period suggest that the homesick colonizers cut trees partly
so that the terrain would resemble that of their native land, Castile,
which had been so denuded for centuries that, according to an old
saying, a bird could fly over it and never find a branch on which to
rest. Whatever the causes, the deforestation of Mexico was rapid.
Early explorers estimated that from 40 to 50 percent of Mexico
supported marketable timber; by 1950 that total had been reduced
to 10 percent, and it has continued to fall.14

To the north, other European colonists moving inland from the
Atlantic found one of the richest forests in the world. The settlers
of the United States, generally mesmerized by the boundless expanse
of American forests, and often charged with a frontier spirit oblivious
to the delicacy of environmental balances, proceeded to raze large
areas in their drive to forge a new civilization. Considerable clearance
for farms and settlements was, of course, necessary and desirable, but
many environmentally strategic forests were also destroyed. By the
early twentieth century, a third of the country’s forests had disap-
peared.

At this point conservationists and politicians began to worry as
erosion, siltation, ard flood problems—all linked to forest trends—
began to mount. Gifford Pinchot, the doyen of American foresters,
reportedly showed President Theodore Roosevelt a fifteenth-century
painting of a beautiful, populous, well-watered valley at the foot of
forested mountains in North China—and then a photograph of the
same valley taken about 1900 “The photograph,” as Walter Lowder-
milk recourts, “showed the mouatains treeless, glaring and sterile;
the stream bed empty and dry; boulders and rocks from the moun-
tains covering the fertile valley lands. The depopulated city had fallen
in ruins. The President illustrated his message to Congress with these
pictures and caused the establishment of the U.S Forest Service for
the protection of forest lands 15

Extensive, federally controlled national forests were subsequently
created The principles of sustained yield forestry, under which a
long-ierm balance of timber cutting and regrowth is sought, and
multiple use, which recognizes that forests serve a variety of eco-
nomic, ecological, and recreational purposes in addition to supplying
wood, were incorporated into Forest Service policy. While the effec-
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tiveness with which these ideals have been implemented has often
been a source of controversy, the United States is protected against
the fairly mindless, large-scale forest destruction of its first century
of existence. In many regions, particularly the Southeast, once-deva-
stated watersheds have been replanted

Early American foresters had a rich body of knowledge and expe-
rience from which to draw. In the eighteenth and nineteenth centu-
ries, forestry had emerged as a science in Europe, particularly in
England, Germany, and France. Like many other intellectual break-
throughs, scientific forestry was born out of necessity: the need for
ship timber and wood for industry had forced attention to forest-
regeneration techniques.

The rampant clearing of mountain slopes in the Alps and
Pyrennees produced a severe ecological backlash. Strange occur-
rences were noticed in northern Italy as early as the mid-Gfteenth
century, providing an object lesson in forest ecology. Smelters,
which had long obtained their fuel from the adjacent slopes, began
finding their summer operations interrupted as streams temporarily
dried up, and the incidence of floods and deadly landslides also
rose. A French prefect’s report in 1793 summarized the problem
well: “Around Grenoble, mountainsides have been denuded of their
tree cover to such an extent that there are only barren rocks left.
Each rain causes terrible damages. Rivers have no steady water flow
any more. They are either low, or after rains, carry torrential
amounts of debris, which devastates the lower fields and makes
navigation near their junctions with the Rhone impossible. There
are fewer wells and headwaters and less irnigation for the fields,””16
By the end of the eighteenth century, landslides and raging floods,
known as alpine torrents, were a chronic threat in Austria, Ger-
many, Italy, France, and Spain.

Sudden torrents overwhelmed farms, homes, and lives, but also
sparked pioneering studies of the relationship between forests and
environmental stability. In 1797 a French engineer named Fabre
published his conclusion that the violent torrents were the result of
deforestation in the high Alps. Contemporary and subsequent stud-
ies throughout Europe further established the role of people in un-
dermining their own livelihood in the alpine valleys.17 These
findings eventually prompted massive reforestation campaigns
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throughout the Alps and Pyrenees in the aineteenth and twentieth
centuries, which have ameliorated the problems of torrents and
landslides in many 2reas, though thic problems remain serious.
Thioughout most of Europe, in fact, the trend of deforestation has
been halted and the forested area, mo:t of it expertly managed, has
gradually increased in the current century. Today, more than one-
fourth of central and western Europe is forested. H. C. Darby, the
chief historian of Europe’s forests, observes that “Could the Roman
legionaries tramp the countryside once more, they would be re-
minded only rarely of the dense shades they had encountered when
they left the Mediterranean lands to build an empire.”18 Still, nei-
ther would they find the accelerating devastation of the landscape
that characterized their homelands and much of Europe in their
own time.

By the mid-twentieth century, human beings had reduced the
world’s original forested area by at least one-third, and perhaps by
one-half. Using a loose definition that includes everything from des-
ert scrub and lightly wooded Arctic tundra to luxurious jungles, 29
percent of the land surface of earth could be considered as forested
in 1963 when the last global survey was undertaken.1?

[t is impossible to ertimate how rapidly this area is now shrinking;
most poor countries are fortunate if one good inventory of their
forests has been carried out during the last several decades, let alone
two or more to permit comparisons. Published national forestry statis-
tics are often misleading They usually cover only those wooded areas
officially designated as “forest lands” by governments—and even the
figures for these areas are sometimes grossly doctored. The United
Nations researchers carrying out the 1963 World Forest Inventory
discovered that as much as half the area reported as “forest land” in
many countries was also labeled “unstocked”—generally a euphe-
mism for partially or wholly denuded lands on which reforestation
remains a hypothetical prospect.

In the industrial countries, ecologically vital forests are often
reasonably well-protected, and in many areas agricultural progress
since World War II has released considerable marginal farmland for
reforestation. Where clearing continues, it seldlom poses a major
threat to farmlands and water cycles. Still, serious environmental
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disputes over forests continue to occur in these countries. A general
concept like “multiple use,” for example, can mask bitter clashes
among competing interests. Priority uses of a forest for heavy grazing,
as a productive timber source, as a public recreation area, or as a
primordial preserve require quite different management strategies,
and the choice of timber-harvesting techniques has both biological
and esthetic ramifications.

In most poor countries, by contrast, the central issues posed by
forests are more basic. In some countries the first step—the designa-
tion of adequate forest reserves—remains to be taken, Elsewhere the
protection of such forests from farmers, wood poachers, grazing live-
stock, or officially licensed but unscrupulous wood merchants remains
vital. And outside legally protected forests in many countries, the
trees of the countryside are disappearing at a frightening pace with
huge, if unmeasured, economic and ecological costs.

Areas that were densely settled long ago, such as the Middle East,
parts of North Africa, the Andean region of South America, northern
Ethiopia, and much of China, generally lost their stock of trees in
ages past. But many other poor countries are, in this century, passing
through the same stage of accelerated forest destruction that Europe,
and later the United States, passed through in the last several centu-
ries. For many, unfortunately, there seems little prospect that West-
ern Europe’s rather benign experience—ecological recovery after na-
ture made its needs clear to human beings—will be the model for
present-day transformations. The pressure of rapidly multiplying
populations on rapidly depleting woodlands is too great; the financial,
technical, and political forces working to reverse it too meager. As
barren landscapes are created, there will be no New World to colo-
nize and few virgin tropical forests to serve as foreign lumber sources.
Like the Middle Eastern civilizations of antiquity, some countries are
in the process of desecrating their landscapes to the point of no
return. Once enough topsoil washes or blows away, the capacity of
the land to support either trees or human beings is permanently
stunted.

The evaluation of current forest trends in various regions depends
in part on the perspective of the evaluator. Most of the Indian
subcontinent, China, West Asia, North Africa, Central America and
northwestern South America is depleted and forest-poor by any ac-
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count. In all these areas, wood and its products are scarce and expen-
sive; in all, the absence of trees has taken a heavy toll on the environ-
ment and its productivity for people. With the notable exception of
China, the net loss of trees continues in these regions.

But in Southeast Asia, Central Africa, and the Amazonian heart
of South America the situation is more equivocal. In these humid
tropical zones, the lumberman sees great, untapped resources of
valuable timber—and also a terrible economic waste as prime species
are thoughtlessly felled by farmeis in the hinterlands. The ecologist,
in turn, sees whole ecological zones under seige, with untold species
being driven to extinction, and harmful consequences for environ-
mental stability as the forested area is gradually cut down.

Most of Western Europe has achieved a reasonable balance be-
tween the ecological need for forests and other land uses, but it is a
balance maintained in part by large imports of wood and wood
products from northern Europe, the Soviet Union, and tropical
Africa. Japan, too, is now protecting its steeper slopes from deforesta-
tion, but imports a huge volume of timber from Southeast Asia. Only
North America, the Soviet Union, and northern Europe have both
great economic forest wealth and generally adequate ecological forest
protection.

The two princinal causes of deforestation today are land clearing
for agriculture and wood gathering for fuel. A third cause is lumber
harvesting for direct or industrial use, but, as a source of deforesta-
tion, this is far less significant on a global basis than the other two.
Much of the world’s timber and forest-products industry manages its
available forests on a sustained yield basis. In some of the areas where
timber concessionaires, local or foreign, are often less considerate of
the future, such as in Southeast Asia and tropical Africa, the principal
negative consequence is frequently not land denudation—vegetation
of some sort springs up quickly in the humid tropics—but rather the
economic loss as the more valuable and usable species disappear. In
Nigeria, for example, where forests have been overexploited for
decades to meet local and foreign commercial wood demands, a
leading forester fears that the country will “experience a degree of
timber famine before the end of the century.”20 In areas of low
rainfall, or on mountain slopes, irresponsible timber practices can
cause severe ecological problems, as they are now in the mountains
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of Pakistan and Afghanistan. A layer of fertile topsoil that took
centuries to build can wash away in one storm when land is com-
pletely exposed to the elements.

Since the Neolithic revolution, more forests have given way to
farms and pastures than to any other use, and the spread of agricul-
ture is still the biggest single cause of forest clearing today. Most of
the farmland in virtually every nation was once at least modestly
tree-covered, the main exceptions being irrigated desert lands and dry
prairies. This shift from forests to farms, usually carried out by people
who badly need the land’s produce, is generally desirable; but if
clearance occurs on ecologically strategic slopes, or on soils unsuited
to agriculture, it becomes self-defeating. Even today, considerable
potentially arable land remuns forested in parts of Latin America,
Africa, and Southeast Asiz, though its extent is frequently exag-
gerated. The planned conversion of a good share of this area to
cropland over the next few decades may be necessary to meet human
needs, whatever the biological risks and costs in plant and animal
species driven to extinction.

Unfortunately, however, the spread of cultivation is frequently
more chaotic than rational. Colonists hungry for land as well as for
food, sometimes moving under the sponsorship of governments un-
willing to confront the need for a redistribution of proven farmlands,
carve plots out of the forest where almost nothing is known of soil
conditions. Much land colonization, say analysts of the U.N. Food
and Agriculture Organization (FAQ), “is indiscriminate . . . an jll-
advised use of the land. It is merely a process of trial and error. Very
often the chosen forest land cannot support permanent agriculture.
When soil fertility is lost, cultivation is abandoned and the land is
often grazed. The bare soil will frequently return to forest, unless, as
is often the case, it is first destroyed by erosion.”21

Settlement failures like these are frequent in the tropics, but
perhaps even more harmful to life-support systems is the upward
creep of cultivation onto forested mountainsides that should, for both
economic and ecological icasone, remain tree-covered. Apart from
the tropical rain forests, the last extensive forests left in many poor
countries are on the steep slopes and sometimes inaccessible reaches
of mountains. Nearly everywhere agricultural activity has tradition-
ally been heaviest on the plains and valley floors, and with good
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reason, for severe erosion usually ensues when population pressures
force farmers onto steep hillsides The deteriorating environments of
the Himalayas, the Andes, and the East African highlands (examined
in Chapter ) are dramatic examples, but the problem exists wherever
sloping lands border crowded farm regions.

Clearing and farming these slopes is a precarious and usually futile
business; crops are easily washed away, and erosion often necessitates
the abandonment of a plot within two or three years. But any possible
net gains for the individual are usually heavily overshadowed by the
social costs of hillside deforestation. As the alpine torrents revealed
to Europe centuries ago, people strip mountainsides of trees at great
risk to their own well-being. To take one example, the Indonesians
are now learning the same lesson in Java- as the clearing of hillsides
by farmers accelerates, so does the load of silt that clogs Java's indis-
pensable irrigation systems and destroys the usefulness of its reser-
voirs.22 Dozens of similar examples tell the same story

As desperate farmers, aided by wood merchants and firewood
gatherers, clear more and more hills in the Himalayas, the incidence
and seventy of floods in the lowlands below is rising. The lives of
twenty mullion people in India are directly disrupted by flooding in
the average year, and when the rains are particularly heavy, as many
as fifty million people are so affected. Monsoon rains rush off tree-
shorn slopes, and ‘*he increased load of silt carried by the Indian
subcontinent’s nivers raises their beds so that annual floodwaters are
spread outward more rapidly. Writing in the late sixties, a World
Bank study group noted that high floods on the Indus plains of
Pakistan have occurred more frequently during the last twenty-five
years thian over the previous sixty-five years.2? In August, 1973, a
flood considered by many to be the worst 1n Pakistan’s history flooded
nearly two million hectares of standing crops and ten thousand vil-
lages.

Flood problems are similarly accentuated by lillside deforestation
in areas of eastern India, Thailand, the Philippines, Indonesia,
Malaysia, Nigeria, Tanzania, and many other countries.24 Though
hundreds of millions of dollars are spent around the world each year
on engineering projects like dams and embankments to control
floods, engineering “solutions” can address only the effects, not the
causes, of basic ecological imbalances. Floods are an incontrovertible
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and natural fact of life, but as watersheds are denuded and popula-
tions are crowded into flood-prone areas, the annual worldwide de-
struction of crops, homes, and equipment by floods is escalating.

In the tropical zones of Africa, Asia, and Latin America the
dominant form of agriculture is shifting cultivation, whereby plots are
cleared, farmed for a few years until their fertility wanes, then aban-
doned. This practice annually accounts for far more felled trees than
the spread of permanent agriculture. In Asia, for example, the FAO
estimates that 8.5 million hectares of forest are cleared annually by
shifting cultivators; a woodland the size of Portugal is cleared each
year. An estimated five to ten million hectares are cleared annually
for agriculture in Latin America, mostly for temporary farming.2%

When the ratio of humans to forest is low enough to permit the
lengthy abandonment of these lands, woody vegetation soon re-esta-
blishes itself Regeneration begins especially quickly in rain forest
areas such as the huge basins of the Amazon and Congo Rivers. As
the number of cultivators grows, however, so does the cleared area,
until finally whole forests are threatened, as is the fertility of the soils.
Successive aerial surveys of the dense rain forest of the Ivory Coast
showed a reduction in forested area of 30 pezcent between 1956 and
1966.26 Migrants from land-short regions in the north and neighbor-
ing African countries follow new logging roads into the forest to join
locl residents in clearing new farms. Too-frequent clearing in the
humid tropics reduces precious high forests to thick shrubbery of
little economic value and, in some cases, to tough grasslands difficult
and costly to reclaim for farms or any other economic use. The loss
of high forest to the tenacious grass Imperata cylindrica following
temporary cultivation is a major problem in the Philippines, In-
donesia, and parts of Africa.

The combined impact of shifting cultivators, ranchers, and log-
ging industries has placed the world’s tropical rain-forests in jeopardy.
The problem is not usually that tropical rain-forests are being re-
placed by bare ground, though this is a looming threat in few areas,
but that an incredibly diverse ecosystem, about which we still know
very little, is being radically transformed at an amazing pace. Paul W,
Richards, a leading world authority on tropical rain-forests, fears that
the tropical-forest ecosystem as we have known it will virtually disap-
pear from the face of the earth by the end of the twentieth century.
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The costs of this decimation are impossible to measure in economic
terms, but they are profound. As Richards recently wrote, “much of
the plant and animal life of the tropics may thus become extinct
before we have even begun to explore it . . a vast realm of potential
human experience may disappear before there is even a bare record
of its existence.”27 The preservation of some limited tropical-forest
areas in their original rich state is likely to be one of tlie major global
conservation issues of the next decade.

At least half of all the wood cut in the world each year is burned
as fuel, a practice whose many social and ecological ramifications are
explored in Chapter 6 Unfortunately the accelerating depletion of
world oil and zas reserves, and the high cost of alternative energy
sources, guarantee that this particular demand for wood will not abate
in the years ahead In the huge semi-arid zones of Africa, Asia, and
Latin America, which were only lightly wooded to begir with, fuel-
wood gatherers are generally the chief agents of deforestation, and
contribute to the creation of desert-like conditions. Throughout the
remainder of these continents, the inescapable and expanding need
for cooking fuel is responsible for the depletion of tree stocks both
0.1 and off the forest reserves Where trees are plentiful, families may
gather their own firewood, but where they are scarce, and around
larger cities, a profitable trade in firewood or charcoal flourishes. Few
of the fuel merchants maintain a stock of trees on a sustained-yield
basis, instead, they obtain their basic raw material as a gift of nature.
At present no one holds them accountable for the heavy costs to
society of their business practices.

Growing shortages of trees for fuel, lumber, newsprint, and eco-
logical protection have prompted many governments to recognize the
need for reforestation The annals of the past few decades are littered
with ambitious national forestry plans unfulfilled by governments
either unwilling or incapable of backing their schemes with sufficient
money and political commitment. To take one notable example,
India in 1952 adopted a National Forest Policy which explicitly
recognized the importance of forests to society. It called for nearly
a doubling of forest lands to eventually cover 33 percent of the
country, a goal whose implementation would ameliorate much suffer-
ing in India. By 1975, India had designated 23 percent of its territory
as forest land, but high officials privately admitted that little more
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than half of that area deserves the title. India’s wood famine contin-
ues to pauperize both its people and its environment.

A more encouraging effort at forest rehabilitation is underway in
China. Soon after assuming power, the new Chinese leadership
recognized the futility of undertaking the needed agricultural devel-
opment efforts without also giving more basic attention to the coun-
try’s barren, erosion-prone landscape. Moreover, what was probably
the world’s most acute scarcity of forest products severely constrained
overall national development, especially communications. The spread
of the vital railroad system, for example, was hampered less by a
shortage of steel than by the paucity of timber for ties.28 Scarcities
of fuel wood, paper, power-line poles, construction lumber, and tim-
ber braces for coal mines have all retarded China’s economic develop-
ment.

In the 1950s, ambitious though probably unrealistic plans were
made for mass reforestation, to be implemented mainly by the rural
communes. The leadership hoped to raise the forested area to 20
percent of the country by the late 1960s, and 25 percent by the
1980s. Not only were mountains and marginal or abandoned farm-
lands to be planted, but a “great green wall” of shelterbelts, reminis-
cent of China’s famous Great Wall, was to encircle the huge Gobi
Desert to halt the march of the “sand dragon "

Tens of millions of workers have since been mobilized to plant
trees each year in the slack seasons between crop harvesting and
sowing. The effort expended has been stupendous, though the results
have sometimes been disappointing. By 1963, according to Chinese
officials, about seventy million hectares—nearly 7 percent of the
country—had been replanted, but in many areas the survival rate of
the newly planted trees was, in this early period, below 10 percent.29
Untrained labor, poor maintenance, mutilation or even uprooting of
newly-planted trees for fuel, and frequently inhospitable growing
conditions combined to corrode the efficiency of the mass planting
efforts. By the mid-sixties, official emphasis had been shifted away
from massive annual new plantings to careful maintenance within
planted areas.

Accurate figures on the extent and success of China's reforesta-
tion programs are not available, but uccessible written and visual
evidence indicates that the progressive deterioration of more than
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five millenia has been reversed, and that the forested area is slowly
increasing, though wood scarcity remains severe. As European au-
thors who visited China in the mid-sixties put it, “The reforestation
of China, however incomplete as yet, is now well-launched and defi-
nitely a fact. There is little doubt that this constitutes one of the
major cultural accomplishments of our times, and the effect, both on
the environment of China and on the development efforts of other
countries, particularly wood-poor and ecologically disinherited na-
tions, will not fail to manifest itself.”30



3. Two Costly Lessons: The Dust
Bowl and the Virgin Lands

A. CLOUD OF pUST thousands of feet high, which came
from drought-ridden states as far west as Montana, 1,500 miles away,
fltered the rays of the sun for five hours yesterday,” reported the New
York Times on May 12, 1934, with the paper's characteristic sang-
froid. The account continued: “New York was obscursd in a half-light
similar to the light cast by the sun in a partial eclipse A count of the
dust particles in the air showed that there were 2 7 times the usual
number, and much of the excess seemed to have lodged itself in the
eyes and throats of weeping and coughing New Yorkers

Washington, D C, the nation’s capital, was overhung with a
thick cloud of dust denser than any seen before The whole eastern
coast of the United States appeared to be covered with a heavy fog
—a fog composed of 350 million tons of rich topsoil swept up into
the transcontinental jet streams from the Great Plains, half a conti-
nent away. Even ships three hundred miles out in the Atlantic Ocean
found themselves showered with Great Plains dust

As the winds subsided the particles settled, covering half the
nation with a thin layer of gnt. In New York, Chicago, and Kansas
City, businessmen expecting to get rich from their investments in
Great Plains wheat or cattle empires saw their prospects dissipate
first-hand, as their topsoil seeped around doors and windows to settle
on top of their shiny office desks. The United States was learning an
expensive lesson in ecology.

o



Two Costly Lessons 47

shiny office desks. The United States was learning an expensive lesson
in ecology.

The Great Plains stretch northward from Texas through Mon-
tana and the Dakotas into Canada, including parts of ten states.
Before the European invasions of the sixteenth through nineteenth
centuries, these grass-covered, wind-swept plains were occupied by
nomadic Indians and great herds of buffalo Though Indian-set fires
pushed back the forest in some areas and may have altered the grass
species in others, land use before the nineteenth century was gener-
ally well-adapted to the region’s environmental constraints.

The soils of the plains tend to be rich; their full exploitation is
limited by water shortages. Throughout much of the region, grains
can be grown in the wetter years, but when the rains fail—as they
do periodically, usually in clusters of drought years—unirrigated crops
can be devastated. And in no other region of the United States is the
prevailing wind velocity so high From both economic and ecological
viewpoints, most of the Great Plains is better suited to grazing than
to farming. Yet several times over the last century, prolonged periods
of good rainfall have encouraged a counterfeit optimism about the
capacities of the Plains among newcomers, and even among many
long-time residents Humans have repeatedly extended their farms
and expanded their cattle herds beyond safe levels during the wet
years, to be brought rudely back to reality when the drought cycle
returned.

Perceptions of the environmental potentials and limitations of
the Plains have varied with the climatic trends of each decade. They
have also been actively influenced by shortsighted commnercial inter-
ests and even by national moods. The semi-arid grasslands of the
west-central United States were not always known as the Great
Plains, early in the nineteenth century, the region was known as the
Great American Desert. If this label exaggzrated the area’s aridity,
it was probably less inaccurate and certainly less dangerous than the
myth of fecundity that followed it. The term “Great Plains” came
into general use only after the American Civil War of the 1860s, in
part because of the deliberate propaganda of railroad companies and
land speculators who wished to sell off their holdings and also to see
the Plains settled, creating business for the trains. Newspaper adver-
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tisements designed to lure Easterners westward pictured lush corn
fields, rich pastures and prosperous families, and helped to fabricate
an image of the Plains as a garden spot. The claims of profiteers
coincided conveniently with the prevailing national mythology of the
American West as a potential agricultural empire, a place where the
good life would come easily to those enterprising enough to move
there and take advantage of it.1

And settle the Plains they did In the 188o0s, the first wave of
farmers moved into the region, their barbed wire fences marking the
closing of the earlier era of cattle empires based on unfettered access
to a vast open pasture. The federal government’s offer of 160-acre
homesteads sounded attractive indeed; homesteaders in moister
woodlands and grasslands to the east had prospered with the same
acreage allotment. It was not long before the first drought revealed
the impossibility of supporting a family on a parcel of that size in the
Great Plains Farmers continually resorted to planting grains on fields
that needed a year-long fallow period to permit the accumulation of
moisture in the soil, and there was inadequate space left for livestock.
Poor rainfall in the 18q0s drove many of the homesteaders and other
settlers away, forcing them to sell their land to neighbors or specula-
tors. Others remained to become tenant farmers on the holdings of
absentee landlords. After another drought in 1910 brought ominous
clouds of dust and drove more farmers off the land, two new forces
began to influence developments on the Plains. The tractor, the
combine, and other power machinery permitted a farmer to plant and
harvest a larger area than ever before. For many, the costly new
machines were a mixed blessing; farmers went heavily into debt to
buy them and then were compelled to maximize crop production in
order to obtain enough cash to meet their Payments. Second, as
World War I disrupted European agriculture, international wheat
prices soared, enticing farmers to convert more and more pastures
into wheat fields.

In the 19205, which environmentalist Paul Sears has labeled the
“cloud nine decade” of the Plains, the extension of wheat farming
continued. Smaller farmers desperately trying to pay off their debts
planted as much wheat as they could, evzn after the price plummeted
in the postwar period. Big-time mechanized wheat operations, as well
as huge cattle ranches, attracted investments from Wall Street, and
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in some cases from as far away as Europe. “Suitcase farmers” plowed
and planted huge holdings with their tractors in the fall, retired to
Florida or California for the winter, then returned for the quick
harvest and sale of their crop in the summer; if prices were too low,
they did not bother to return, instead leaving their dying crops to the
winds.2

Though periodic droughts and strong winds had always plagued
the Great Plains, in the early thirties their effects on the land became
visibly worse. The Plains normally turned brown when the rains
failed, but the intertwined roots of the hardy native grasses shielded
the earth from the wind Now, however, on huge areas of former
grassland plowed under for grain planting, the gales of the Great
Plains lashed against the unprotected ground. Soils desiccated by
drought ceased to support plant life, instead, their lighter particles
became dust in the ai1, while the heavier particles rolled about until
they formed snow-like drifts of sand that smothered fields and ma-
chinery By the summer of 1933, after two successive years of
drought, millions of acres planted to grains were not harvested be-
cause the plants were too shriveled to repay the effort. Cattle were
dying on the parched rangelands, and thousands of farm families
found themselves broke and able to fight starvation only by signing
on for governinent make-work programs. Otheis gave up, or found
themselves displaced by the tractors landlords were purchasing in
growing numbers. Many of these refugees made the westward trek,
so well-chronicled by John Steinbeck in The Grapes of Wrath, to
another mythical land of bounty—California

In the spring of 1934, as hot, dry winds introduced another failure
of the grain crops, the situation reached an awesome climax. On April
14, a month before the storm that inundated the eastern half of the
country with dust, families of the Plains learned in no uncertain
terms that their region was entering a new era Winds from the north
swept through Kansas and eastern Colorado, skimming soil off the
roots of crops as they went and building into a massive ebony cloud
that avalanched southward The cloud was sufficiently thick to cause
hours of eerie total darkness at midday, and the litter of dead birds
and rabbits in its wake revealed the dangers of breathing the palpable
air. People in its path could only tie handkerchiefs around their faces
to help ease the pain of breathing.
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As the dust storms continued intermittently over the next several
years, cases of pneumonia, nicknamed “dust pneumonia,” were to
double in some counties, and other respiratory ailments increased as
well. Many found the dark color of the dust storms of the thirties to
be especially frightening, and with good reason. Soil scientists deter-
mined that it was a disproportionately high share of the topsoil’s
richly fertile organic matter that gave the clouds their black hue,3

President Franklin D. Roosevelt chose drought as the subject of
his first “fireside chat” with the nation in the 1936 presidential
campaign. His account of the devastation he saw in a tour of the
Plains could easily have been drawn from 1973 news accounts of the
West African drought: “I talked with families who had lost their
wheat crop, lost their corn crop, lost their livestock, lost the water in
their well, lost their garden and come through to the end of the
summer without one dollar of cash resources, facing a winter without
feed or food—facing a planting season without seed to put in the
ground.”4

The rain of dust over half the nation, the vivid tales of human
suffering, and the images of a potential new desert being created by
Americans in the heart of their own country captured national atten-
tion far more effectively than the urgent warnings that had been
oftered for decades by scientists Paul Sears has recounted what surely
was one of the most convincing political lobbying efforts ever under-
taken in Washington The land argued its own case as dust from a
thousand miles away visibly filtered into the congressional hearing
room where Hugh H. Bennett of the U.S Department of Agricul-
ture, then one of the world’s leading soil conservationists, pleaded for
new funds and programs to protect the nation’s topsoil.s

The Dust Bowl of the thirties catalyzed a major turn in the
ecological history of the United States. A century and a half domi-
nated by the empty legend of endless frontiers and boundless re-
sources had left much of the country’s land in deplorable shape.
Indeed, many experts agreed with Walter Lowdermilk, a noted col-
league of Bennett's, when he observed in 1935 that “America has
been developing desiccated and unproductive lands more rapidly
than probably ever before occurred.” Research in the 19205 had
shown at least eighty million hectares in the country to be suffering
from accelerated erosion, with twenty million formerly productive
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hectares already abandoned.6 Though erosion was by ther: a critical
national problem, it took the spectacular collapse of an entire region
to spur the political leadership into action on a meaningful scale.

The unprecedented dust storms were soon followed by the forma-
tion, in 1935, of a Soil Conservation Service, with Bennett as its first
chief. Federal pronotion of soil conservation practices in the Great
Plains, and soon in every state, helped to arrest and, in many areas,
reverse the accelerating trend of soil degradation which many at the
time believed was jeopardizing the nation’s survival. In the Great
Plains, a federally appointed Great Plains Committee studied the
state of the land and recommended solutions. The committee’s elo-
quent description of trends in the Plains, issued in 1936, is a classic
statement of the continuing plight of enormous semi-arid regions
around the world today:

Current methods of cultivation were so injuring the land that large areas
were decreasingly productive even in good years, while in bad years they
tended more and more to lapse into desert

The steady progress which we have come to look for in Ame-ican com-
mumties was beginning to reverse itself. Instead of becoming more produc-
tive, the Great Plains were becoming less so Instead of giving their popula-
tion a better standard of hiving, they were tending to give them a poorer one.
The people were energetic and courageous, and they loved their land. Yet
they were increasingly less secure on it 7

As rains returned to the Plains in the late 1930s, soil conservation
officials urged upon farmers a variety of practices to restore and
preserve the land’s utility. Millions of hectares ~f especially vulner-
able cropland were returned to pasture. Falluwing, supplemented by
the calculated use of crop stubble and plant residues left on the
unplanted fields to protect them from the wind, was advocated to
conserve moisture and thus ensure a better crop in the years of
planting Strip cropping—the alternation of bands of grain with
bands of other more soil-protective crops or grasses—helped cut wind
erosion, as did the wholesale planting of trees in windbreaks between
fields. Terracing of fields, and plowing along the contour of the land,
were encouraged to reduce erosion by water. Herd sizes were limited
to prevent the destruction of pastures by overgrazing.

Drought plagued the Plains again in the early 1950s, visiting some
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areas with even greater severity than two decades before. Improved
farming practices helped prevent the large-scale regional debacle of
the 19305, but land damage was widespread enough to provoke an-
other federal inquiry. This time a special new program for the Great
Plains was established, under which the federal government provides
financial assistance to farmers who wish to implement conservation
measures.

Surging world grain prices in the mid-1970s, and consequent
all-out production efforts by U.S. farmers in 1974 and 1975, have
inculcated new fears for the land and provoked strong warnings from
agricultural scientists. Government surveys show that of the nearly
four million hectares of former pastures, woodlands, and idle fields
converted to crops nationwide in late 1973 and early 1974, over two
million hectares had inadequate conservation treatment. The average
loss of topsoil to water and wind on the latter lands in 1974 was
twenty-seven tons per hectare, more than double the twelve tons
considered “tolerable” by government soil conservation officials (a
bigure still above the rate of natural soil regeneration in many re-
gions). In the southern portion of the Great Plains, the surveys
showed, the year’s soil loss on twenty thousand hectares of newly
planted land ranged trom thirty-four to 314 tons per hectare.8

In a report to the U.S. Senate in early 1975, a committee of
leading experts on the private Council for Agricultural Science and
Technology warned that “the farm community may be creating
another dust bowl ” Despite the substantial progress of the last four
decades, they noted, several recent trends could lead to another surge
of land devastation should prolonged drought reoccur on the plains.
In response to high wheat prices, strip cropping and fallowing have
often been neglected in favor of continuous wheat cultivation. To-
gether with low cattle prices, high grain prices have also encouraged
a limited shift of rangeland into crops in drier, riskier areas. Many
farmers, faced with a growing weed problem on continuously planted
wheat fields, have returned to once-abandoned plowing techniques
that bury the weeds—but that also leave the soil surface bare of
wind-resistant plant residues. The leveling of sandy hills to permit
new center-pivot irrigation techniques, the committee observed,
often exposes easily blown barren sands. Finally, high land and com-
modity prices are promoting a reduction in the area planted to trees
as windbreaks.?
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Whether the market conditions encouraging these dangerous
trends will persist, and whether the alarms being sounded will spur
corrective actions, remain to be seen. Meanwhile, some basic lessons
emerge from the history of the Great Plains. Hearteningly, the hu-
man ability to reclaim devastated semi-arid regions and, through
proper management, to exploit them in a sustainable fashion has
been proven Less encouraging is the continuing widespread erosion
in the Plains and the lurking possibility of another Dust Bowl emerg-
ing despite the ordeals of the past and the ready availability of
conservation technologies. Apparently, neither the hard-bought and
soon-forgntten lesson of tke Dust Bowl, nor the unregulated forces
of the free market, is sufficient to safeguard the soil.

Ecological lessons seem to travel the oceans slowly. The Soviet
Union, like the United States, has learned through experience that
efforts to stretch natural systems too far will eventually backfire.
Nikita Khrushchev inherited some difficult agricultural choices when
he assumed Ieadership of the Sovict Union in 1953. Food production
in the previous year had barely been above the pre-revolutionary level
of four decades earlier, while growing numbers ot consumers were
clamoring for a better diet For decades, the country’s agricultural
sector had been drained of capital to finance the building of factories,
but by now it was apparent that grain production had to be boosted
rapidly and massively.

Raising the yields substantially on existing farmlands, Soviet lead-
ers calculated, would be tremendously expensive. Multi-billion-dollar
irrigation schemes and costly fertilizer factories would hav> to be
built, channeling resources away from the drive to catch up with their
Cold War competitor nations in heavy industry and the production
of consumer goods. Instead, they looked to the east. In northern
Kazakhstan, western Siberia, and eastern Russia, they saw vast grass-
lands untouched by the plow, and millions of hectares of established
farmlands intentionally left idle each year by farmers. Perhaps plow-
ing these “Virgin Lands” and reducing these wasteful fallow periods
would make it possible to multiply the country's grain production at
comparatively little cost. . . . The Soviet weather roulette, with its
frequent droughts in one region or another, meant there was some
inherent risk, but even two good harvests out of three would repay
the investment many times over.
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A gigantic program to farm the Virgin Lands and ameliorate the
Soviet Union’s chronic food problem quickly and cheaply was vigor-
ously undertaken. Between 1954 and 1960, hundreds of thousands of
enthusiastic settlers brought forty million hectares of new land, an
area over three times the size of England, under cultivation They
faced great hardships, often living in tents and using inadequate
equipment, but many took to heart Premier Khrushchev's exhorta-
tion to work hard, and the initial results were napressive National
grain output climbed by 5o percent over the six-year period, mainly
because of these additions to the country’s cultivated area.10

By 1958, however, some farmers in the fields were openly ques-
tioning the government’s strategy. The directors of one state farm
sent their protest to Izvestia, the official government newspaper:
“Why are we given sowing plans that require us to cut the ground
from under our feet-—to use a figure of speech—to fulfill them? Can
it be that the officials of the republic organization are not aware that
if grain crops are planted in the same soil for the fourth year running,
that soil will be exhausted?”’ Although the planted area had increased
fourfold on their farms, the directors complained, they had been
instructed to hold fallow 429,000 hectares fewer than they had before
the expansion began. “Perennial grasses,” they warned, “have been
eliminated completely.”11

Alarmed by mounting wind erosion in the Virgin Lands, A.
Barayev, director of the Grain F arming Research Institute at Shor-
tandy, experimented with farming methods quite different from
those recommended by Moscow. Keeping a third of the farmland out
of crop production each year, he figured, would bring the greatest
total grain production over the long run. Moisture could build up in
soil as it rested in “clean fallow,” encouraging higher yields in the
times it was cropped, and reducing the chances of severe wind erosion
of desiccated soils. In contrast, the official “crop fallow” system
specified that corn, rather than grass or leftover stubble, was to be
planted in what were supposed to be rest years for the land between
wheat plantings.

Khrushchev advocated deep plowing that would remove the
stubble left from previous crops, thus allowing traditional planting
equipment to proceed more quickly, and planting to be completed
earlier in the season. But Barayev preferred shallow plowing with
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equipment designed to leave stubble on the ground. Stubble, which
he called the soil’s “armor,” would prevent the vicious winter gales
from blowing the snow cover off the ground. Otherwise, he observed,
the soil tended to freeze to great depths, and, when snow melted in
the spring, it would run off the surface rather than soaking in for later
use by crops. In spring and summer, stubble would he'p protect the
soil from the persistent winds, and it was an essential gu 'rd of topsoil
on fallowed fields The early planting Khrushchev urged would
reduce the chance of widespread crop losses to an early snow at
harvest time, such as occurred in the fall of 1959, but this practice
ensured major crop and soil damages whenever the unreliable May
rains came late—a far greater threat to long-term productivity, in
Barayev's eyes. Finally, Barayev saw the alternation of belts of peren-
nial grasses with belts of annual grains as essential to holding down
wind erosion, though this strip cropping meant sacrificing grain out-
put in any given year 12

With his unorthodox ideas, Barayev was not popular among the
national leadership in the early sixties. Those in power found more
appealing the methods of A. Nalivaiko, director of the Altai Institute,
who supported early planting and crop fallowing rather than clean
fallowing. Premier Khrushchev’s preferences were clear when he
spoke to Virgin Lands agricultural workers in late 1961:

A conversion to the correct system of farming 1s of great importance both
for the Virgin-Land areas and for the country as a whole At the 22nd Party
Congress [ spoke of the advisabihty of having clean fallow wherever it is
needed There is a dispute on this matter between the Altai Research Insti-
tute, of which Comrade Nalivaiko 1s director, and the Grain Farming Re-
search Institute, dirccted by Comrade Barayev. 1 must side with Comrade
Nalwaiko in this dispute

You yourselves understand that this is not a matter of personal sympathy.
The system recommended by the Altai Institute is more effective and gives
better results I have probably heard Comrade Nalivaiko speak four times.
I have listened to his arguments, and I think he is on the nght track.

. What is our approach to clean fallow? If we are speaking from the
point of view of farm development, the answer would be that the less clean
fallow there is, the better If there is no clean fallow and a good harvest is
obtained, this is best of all. I call upon you to study and decide for yourselves
to what extent this is possible. . . . But, comrades, take risks, because it is
not always possible to achieve the desired goal without taking risks.
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.« . If you can prove in practice that you can obtain more grain per
hectare of plowland than Comrade Nalivaiko gets, if you win the competi-
tion, Comrade Barayev, we will quickly turn to you. . . . I do not think you
will win.

Put Comrade Barayev into conditions of capitalist competition and his
farm, with its present system of plantings, probably would not survive, Could
he ever compete with a large capitalist farm if he keeps 32 percent of his
plowed land in clean fallow?13

The new state farms of the Virgin Lands followed the premier’s
advice and took risks, but events of 1963 revealed the heavy odds
against this gamble with nature. As a dry spring became a dust-filled
summer, desolation crept over the Virgin Lands. The Virgin Lands
had no John Steinbeck to record indelibly the social consequences of
the emerging dust-bowl conditions, but the direct agricultural conse-
Quences were more easily registered. Crops on three million hectares
were lost altogether to the drought.!* Yields were slashed throughout
the region, and the normally savage winds carried precious topsoil,
now dehydrated and easily torn from the earth, off the farms.

The dramatic crop failures and land devastation of 1963 were a
serious challenge to the national leadership. Questions about the
wisdom of Khrushchev’s agricultural strategy grew louder and, with
supporting evidence readily visible in the fields, more pointed. In a
May, 1963, issue of Izvestia, Barayev outlined the steps needed to
combat the erosion menace—practices that the premier had derided
two years earlier.

Other analysts were adding up the costs of unsound farming
techniques, costs that had begun accumulating well before the 1963
debacle. In one district of Kazakhstan, for example, up to 180,000
hectares of grain had annually been lost to the wind between 1955
and 1959. In 1960, 450,000 hectares were decimated; in 1961,
700,000; and in 1962, 1.5 million. The total rose still further in the
next year. Not surprisingly, as the losses of planted crops climbed, the
yields on fields still worth harvesting fell to dismal lows. The govern-
ment had originally projected Kazakhstan's average grain yield to
reach two tons per hectare by 1963, but the yields peaked in 1956
at only 1.1 tons, and plummeted to 0.64 tons in the exceptional
drought year of 1963. F. A, Morgun, a senior Soviet agricultural
official, later calculated that in the 1962-65 period a total of seven-
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teen million hectares were damaged by wind erosion in the Virgin
Lands, with four million of these lost to production altogether.15

In 1963, Premier Khrushchev appointed a commission to study
the year's crop failure, but its findings were never made public. In
December of that year, Barayev, while retaining his research post,
was elected to the high position of deputy of the Supreme Soviet.
Thiee months later, he was invited to address the national Commu-
nist Party’s Central Committee—a tangible indication that support
for his ideas was accumulating among powerful national leaders.
Khrushchev himseif admitted, in an early 1964 interview with an
Italian publisher, that the exhaustion and erosion of the Virgin Lands
did indeed require the return of some portions to grazing land or
fallow. But later in the year he was again exhorting the state farms
to engage in all-out production.6 In October, 1964, Khrushchev was
deposed by his fellow party leaders, his disastrous agricultural policies
part of the mosaic of grievances that led to his political demise.

Khrushchev’s successors proved more erosion-conscious. Begin-
ning in 1965, new machinery designed to leave crop stubble on the
ground was employed and the annual fallow area was increased. Tree
planting was stepped up to create windbreaks on the bleak plains of
the Virgin Lands.

The dreams that originally inspired the Virgin Lands campaign
will never be fulfilled, and erosion will always be a serious menace in
this region’s inhospitable conditions. Once human practices were
adapted to the environment, however, the program did evolve from
an embarrassing liability to a moderate success These new farmlands
provide the Soviet Union with an important back-up harvest that can
ameliorate the impact of the periodic crop failures on the more
productive western farmlands, though massive agricultural invest-
ments elsewhere in the country have also proved necessary. And, as
the world learned in 1972, and again in 1975, massive grain imports
from abroad are also necessary in years when nature is uncharitable
to the Soviet Union.



4. Encroaching Deserts

Ho-r, DRY REGIONS ccver more than one-third of the
earth’s land surface. In atlases and daydreams they usually appear as
vast blank areas, but in fact they encompass a variety of ecological
zones, ranging from lifeless seas of sand dunes to lush irrigated oases.
Where human ingenuity has devised means for diverting river waters
onto them, desert lands have frequently become extraordinarily pro-
ductive and densely populated. Indeed, desert civilizations that har-
nessed the flow of such rivers as the Tigris, the Euphrates, the Indus,
and the Nile dominated early human history.

In less richly endowed regions of the central Sahara or Saudi
Arabia, one can travel through i.undreds of miles of sand without
seeing a sign of life. There are spots in the Atacama Desert of western
Chile where no rainfall has ever been recorded. Most lands that
might be :onsidered arid or semi-arid, however, are between these
two extremes. They include the thinly vegetated desert fringes that
sustain only nomadic populations and their grazing animals, and the
larger areas comprising much of central Africa, Asia, and Latin Amer-
ica that support a settled population, crops, and livestock. The single
defining factor linking all these zones is low, often unreliable rainfall
that limits the level and kinds of animal life and vegetation they can
support.

Less than half the world’s drier zones are unproductive deserts for
climatic reasons, but usable land is being converted to waste by the
influence of man and livestock. When water supplies are limited, a
population density that seems low on paper can be overwhelming on
land. Deserts are creeping outward in Africa, Asia, and Latin Amer-

A
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ica, and, worse, the productive capacity of vast adjacent semi-arid
regions is being shrunk. About sixty million people in the poor coun-
tries live directly on the interfaces of deserts and arable lands, and
the basis of their livelihood is in jeopardy.? Once lost to desert sands,
land is reclaimed for human benefit only at enormous cost.

Deserts have held sway over outsiders frequently over the mil-
lenia. The splendors of ancient Egypt lured Roman armies and em-
perors. For both Christians and Moslems desert areas are the Holy
Land. In the early 1970s world attention has again been riveted on
arid lands—on some because of new-found wealth, and on others
because of human and ecological catastrophe. As word spread of a
great drought and famine south of the Sahara Desert in Africa,
little-known countries such as Chad and Upper Volta suddenly ap-
peared in front-page newspaper stories. The hollow faces and stick-
like limbs of starving humans haunted television screens around the
world. Belatedly, a huge international relief effort got underway,
eventually eliminating most overt starvation in the afflicted areas.
Even so, hundreds of thousands of iefugees, mustly proud nomads
never before so humbled, poured into West Africa’s larger cities
begging for sustenance. And still there were deaths—perhaps hun-
dreds of thousands of them.

A term unfamiliar to most, the Sahel, soon became common
journalistic coin. Actually a geographic description of the narrow
band bordering the Sahara, derived from the Arabic word for “bor-
der,” in popular usage the term Sahel has often been applied in a
general way to the six West African countries that faced drought
from 1968 through 1973' Mauritania, Senegal, Mali, Upper Volta,
Niger, and Chad. In fact the drought affected not just the Sahelian
zone, but also the broader Sudanian zone to its south, which includes
most of these six countries, and parts of many others in central Africa
as well. Then, even as the West African tragedy was unfolding,
similar droughts and famines struck the countries to the east, includ-
ing Sudan, Somalia, Ethiopia, Kenya, and Tanzania—droughts that
persisted in some areas in mid-1975.

As awareness of the misery a..d dislocation of millions of Africans
grew, so did a realization that something deeper was occurring than
just a hiatus in the area’s always low rainfall. Those studying the
history and ecology of the Saharan fringes quickly discovered that the
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ecological calamity triggered by the drought had been stewing for
decades. Its roots lay in social and economic patterns incompatible
with the region’s environmental limitations; the fundamental
predicament remained when the rains Gnally returned to most of the
Sahel in 1974.

Disasters in the desert are nothing new; droughts and crop fail-
ures have always plagued arid lands, as Joseph recognized when he
advised the Pharaoh to set aside grain reserves in ancient Egypt. But
both the scale of suffering when the rains fail, and the scale of
destructive human pressures on delicate arid zone ecosystems, are
reaching unprecedented proportions in the Sahel and many other
desert regions. Populations are, in effect, outgrowing the biological
systems that sustain their lifestyles, and it is an open question
whether their ways will change in time, or their life-support systems
will disintegrate irretrievably.

Many deserts are spreading, but the terms used to describe this
phenomenon are frequently misleading. Commonly an image is
drawn of sand dunes reaching out to engulf productive land. But
rather than thinking of deserts relentlessly pushing outward, it is
more accurate to say that deserts are being relentlessly pulled out-
ward by man. And even more significant, in huge areas far away from
the actual “edge” of sandy deserts, desiccated, desert-like lands are
being created, a process that has come to be known as desertification.

Where and at what pace are these trends at work? Documenta-
tion is spotty even on current soil conditions in the affected areas, let
alone on conditions over a time period long enough to permit precise
scientific conclusions. Still, scientists have made valuable estimates of
desertification in various regions based on available facts Perhaps the
boldest, if admittedly imprecise, effort has been made by an eminent
Egyptian ecologist, Professor M. Kassas. Detailed surveys of climatic
data, he observes in a report to the United Nations Environment
Program (UNEP), indicate that 36.3 percent of the earth’s surface
is extremely arid, arid, or semi-arid—categories he combines under
the general heading of deserts Yet a world survey of land conditions
based on soil and vegetation data indicates that 45 percent of the
earth’s surface falls within these categories. The difference of 6.7
percent, Kassas suggests, “is accounted for by the estimated extent
of man-made deserts.”2 A collective area larger than Brazil, »with
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rainfall above the level classified as semi-arid, has been degraded to
desert-like conditions through deforestation, overgrazing, burning,
and injudicious farming practices. These lands support less life of any
kind than they would if not misused. And, it should be stressed, this
estimate does not take into account the far greater degradation within
the zones that are arid or semi-arid in the climatic sense.

As subject to error as an estimate like this may be, it is a meaning-
ful reflection of the problem’s scale. Regional estimates of the spread
of deserts and the degradation of semi-arid lands support the conclu-
sion that desertification is a major world problem and is growing in
magnitude. It is a malignancy undermining the food-producing ca-
pacity of Africa, Asia, and Latin America.

The southward encroachment of the Sahara Desert is legend, but
it is also fact. If the wilder visions of some nineteenth- and early
twentieth-century commentators who believed the desert to be en-
gulfing lands at a terrifying, inexorable rate have proven overdrawn,
there is little doubt that the desert is gradually being pulled south-
ward. Researchers for the U.S. Agency for International Develop-
ment estimate that 250,000 square miles (about 650,000 square kilo-
meters) of land suitable for agriculture or intensive grazing have been
forfeited to the Sahara over the past fifty years along its southern
edge.?

Desert encroachment in West Africa has received the greatest
international attention recently, but the countries to the east—Su-
dan, Ethiopia, and Somalia—all face similar threats. Sudan, it is
frequently observed, has the potential to become the granary of the
Azab world, given its extensive unused lands and unexploited rights
to the Nile River waters. If the deterioration of Sudan’s natural
resources is not halted soon, however, at least some of this potential
will dry up. “Perhaps the most striking environmental phenomenon
in the Sudan at present,” writes Samir I. Ghabbour, an Egyptian
zoologist, “is the gradual shifting of vegetational zones toward the
south, with an ever-increasing loss of forest and widening of the
desert. Desert creeps into steppe, and while steppe loses ground to
the desert it creeps into the neighboring savannah which, in turn,
creeps into the forest.””+

The Acacia tree, ubiquitous in many arid zones and useful for
frewood and forage, was common around the Sudanian capital of
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Khartoum as recently as 1955; by 1972, the nearest such trees were
ninty kilometers south of the city, according to M. Kassas.® Both
Kassas and Ghabbour conclude that a combination of overgrazing,
accelerated erosion, and the indiscriminate use of fire is responsible
for this costly biological march.

The situation in Somalia, as described by Kai Curry-Lindahl of
UNEDP, is also acute. Although some parts of Somalia are natural
desert, extensive additional areas have become deserts or semi-deserts
within the last century. Curry-Lindahl predicts that without a radical
change in land use practices, inside a few decades the whole country
will be desert-like except for some perennial river valleys and the
moist southernmost region. He describes the country as “on the verge
of a disaster.”6

While the southward movement of the Sahara has been genera-
ting headlines in the early seventies, the desert is also creeping north-
ward toward the Mediterranean. The population of arid North Africa
has multiplied sixfold since the beginning of the century, and the
destruction of vegetation in Morocco, Algeria, Tunisia, and Libya has
accelerated in this period, particularly since about 1930, when the
population of these countries began to climb steeply. Intense over-
grazing, the extension of “nsustainable grain farming, and firewood
gathering have all contributed to a deterioration of the agricultural
environment. The result, calculates H N. Le Houérou of the UN
Food and Agriculture Organization, is the loss of more than a hun-
dred thousand hectares of land to the desert each year.?

With increasingly eroded lands in the Atlas Mountains to the
north, and an encroaching desert to the south, food production has
stagnated in many areas of North Africa. This one-time granary of
the Roman Empire is a chronic, major food-importing region. Soar-
ing proceeds from petroleum and phosphate exports, and remitted
earnings of the millions who have migrated to Europe for work, help
mask the rural deterioration that is prevalent throughout much of
North Africa.

Desertification is by no means limited to the Saharan fringes. It
is a major problem in parts of southern Africa, particularly Botswana.
Vast semi-arid grasslands in Kenya and Tanzania have been seriously
damaged by overgrazing. Barren, desert-like environments have been
created by centuries of overgrazing and wood gathering over huge
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areas of the Middle East from the Mediterranean coast of Israel all
the way to Afghanistan—areas that were once at least moderately
vegetated. Some such lands would recover if the constant pressure of
overgrazing, which is the norm in virtually every Middle Eastern
country, were removed. But others have been permanently down-
graded by erosion and, in more extreme cases, dune formation. In
North America, some experts believe, much of both the Sonoran
Desert in Arizona and the Chihuahuan Desert in New Mexico has
been created by overgrazing in the few hundred years since the
European invasion.8

Desert-like lands are also being created in the Argentinian states
of La Rioja, San Luis, and La Pampa, and southward encroachment
by the Atacama Desert plagues northern Chile. A decade-long
drought there in the sixties was accompanied by desert advancement
across an 8o- to 160-kilometer front at a rate of about 1.5 to 3
kilometers per year 9

Apart from intensively irrigated regions like the Nile and Indus
Valleys, northwestern India is the world’s most densely populated
arid zone—a distinction that may turn out to be an epitaph. An
average of sixty-one people now occupy each square kilometer of
India’s arid lands, which include the sandy wastes of the Thar Desert
of western Rajasthan; a larger inhabited but desolate area surround-
ing it that is often loosely called the Rajasthan Desert; and other dry
areas farther south and east. This density is but a small fraction of
that supported in nearby irrigated valleys, but it is also, as scientists
at India’s Central Arid Zone Research Institute recently understated,
“quite high in view of limited resources.”10

The practical consequence of this pressure has been the extension
of cropping to sub-marginal lands fit only for forestry or range man-
agement, helping to make this perhaps the world’s dustiest area,
Meanwhile, as the land available for grazing shrinks, the number of
grazing animals swells—a sure-fire formula for overgrazing, wind
erosion, and desertification. The area available exclusively for grazing
in western Rajasthan dropped from thirteen million to eleven million
hectares between 1951 and 1961, while the population of goats,
sheep and cattle jumped from 9.4 million to 14.4 million. The live-
stock population has since continued to grow, while during the
decade of the sixties the cropped area in western Rajasthan expanded
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further from 26 percent to 38 percent of the total area, squeezing the
grazing area even more.1!

Under these circumstances it should come as no surprise that
agricultural output is low and, in some regions, falling. So long as
current land use patterns continue, the livelihood of the tens of
millions living in India’s arid lands will at best remain at its current
dismal level. At worst, and most probably, a prolonged drought at
some future point will mercilessly rebalance people and resources. As
it is, relief programs in the arid zones are already chronically sapping
the central government’s meager funds and food stocks.

Whether, and how fast, the Thar Desert is spreading is disputed.
The topographical studies cited in 1952 by the Indian Planning
Commission in the then-young country’s First Five-Year Plan
reached an alarming conclusion: the desert had been spreading at the
rate of one-half mile (0.8 kilometers) per year for fifty years, and was
annually engulfing thirteen thousand hectares of land. A similar rate
of desert encroachment has been widely assumed ever since, but a
1970 study by Indian scientists concluded that expansion by the
desert was not now a serious problem At least part of the discrepancy
between this recent conclusion and the continuing assertions by
other authorities that the desert is indeed expanding may well be due
to definitional differences—what, after all, constitutes the spread of
a desert amid a rather desolate landscape? There is no question that
thousands of acres of arable land are lost to cultivation each year, and
all parties agree that the productivity of an arid area covering more
than a fifth of India, an area larger than France, is being seriously
impaired.12 After several decades of accelerating deforestation and
chronic overgrazing, much of west and central India is assuming the
appearance of a lunar landscape.

Water is the source of desert life, and a long-term shift toward
more or less rainfall can, by itself, transform the ecological character
of a region. When deserts appear to be spreading, it is natural to
question whether a changing climate might be the real culprit. Un-
fortunately our understanding of climatic change, and factual knowl-
edge of historical weather trends in most desert regions, are too
speculative to permit unequivocal conclusions about the role of cli-
mate in the current spread of deserts.
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Theories of the causes and nature of world climatic change are
now almost as numerous as the scientists seriously studying the prob-
lem. Major climatic changes over exceptionally long time periods 1. ay
not be hard to prove. There seems little doubt, for example, that the
Indus River civilization flourished four thousand years ago in a mois-
ter climate than that region of Pakistan enjoys today. Establishing
whether a present-day drought reficcts a twenty-year cycle of recur-
ring droughts, a two-hundred-year cycle of oscillating rainfall pat-
terns, the beginnings of a new climatic age, or simply a random event
is far more difficult. A review of current theories and knowledge
suggests the urgency of research effort: on climatic trends and their
causes. It also reveals the undeniable role of people and their livestock
in downgrading the carrying capacity of arid lands, and in creating
new desert regions.

Some recent theories of climatic chang: suggest an intriguing, if
unproven, compromise between those blaming the climate and those
blaming people for encroaching deserts These theories suggest that
the level of rainfall in some important arid zones may indeed be
declining, but that this drop has been partly induced by human
mismanagement of the land. The increased atmospheric dust pro-
duced by overgrazing, rangeland burning, and overcropping, it is
surmised, can reduce local rainfall or perhaps even encourage global
climatic shifts. Reid Bryson and David Baerreis of the University of
Wisconsin, for example, argue that the dense pall of dust annually
covering northwestern Irdia and eastern Pakistan has measurably
reduced the area’s precipitation.13

Norman MacLeod of the American University, in Washington,
D.C., suggests that the rising amount of atmospheric dust over West
Africa resulting from accelerating devegetation of the land is altering
climatic patterns and reducing rainfall in the Sahelian zone. Bryson
and others have recently postulated global climatic shifts, accen-
tuated by human-caused atmospheric dust, which are pushing the
monsoon belt of Central Africa and South Asia southward, and thus
increasing the incidence and severity of droughts in the Sahelian zone
and northern India.14

For every theorist of a particular type of climatic change, there
are other experts who dispute both the causes and directions of
current climatic trends. The more elaborate theories concerning pos-
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sible shifts in the Northern Hemisphere’s monsoon belt are based
mainly on extrapolations from data gathered in other parts of the
world; the slim local climatic records available in such major desert
fringe areas as North Africa, the Sahel, and northwest India do not
prove to many the case for climatically induced desert encroachment.
While a climatic change in this direction is quite possible, research
on weather trends in each of these regions also underscores the heavy
responsibility of people in creating new desert lands.

Extensive reviews of available rainfall records in the countries of
North Africa reveal ne 2vidence of a decline in rainfall over the last
one hundred years, though the desert continues its northward crawl.,
Indian scientists studying the Thar Desert found no signs of recently
increased aridity on its fringes. Dr. E. G. Davy, who carried out a
special study of the Sahelian drought for the World Meteorological
Organization, concluded that “no serious analysis of available data is
known to show a falling trend of rainfall in the zone over the periods
for which records are available.” The length of the Sahelian drought
proves nothing by itself, for comparable droughts have existed in the
past and will likely visit the region once again whether or not a major
climatic change is taking place The Sahelan rainfall in the period
from 1907 to 1915 was probably just as weak as it was in the recent
drought, though a smaller area may have been affected Reid Bryson,
however, maintains that these observed rainfall patterns of the last
century strongly support his theory of change Bryson points out that
the resemblance between recent Sahelian rainfall patterns and those
of the 1907-15 period is consistent with the postulated reversal of the
atmospheric circulation patterns of the intervening period. And while
the decade average of total rainfall in the Thar Desert may not have
changed, the frequency of severe drought years, a calculation lost in
decade averages, appears to be increasing,!s

Whatever the results of climatic research, an inescapable central
lesson to be drawn from the experience of the world’s drier zones—
whether in the American Great Plains or the Sahel—is that droughts
are an unavoidable aspect of the arid environment. Though they
cannot be predicted with any precision, they should never come as
a shock. Over and over again droughts are perceived as unexpected
natural disasters just like tornadoes or earthquakes; the real calamity
arises from the failure of societies to mold their habits to fit environ-
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mental reality. Human cultural patterns in the desert must be re-
shaped to survive the driest years, not to push the land to its limits
in years of favorable rainfall. Any other approach promises death and
dislocation every time the rains fail for long. And as the number of
people and animals living in the arid zones climbs, while the quality
of the land on which they must live simultaneously shrinks, the
impact is bound to be more catastrophic with each successive
drought.

Just as human suffering in the desert peaks during a drought
period, so do the destruction of vegetative cover, wind erosion on
cultivated fields, ar.d the formation of unusable wastelands. Several
consecutive yezss, or even decades, of reasonably good rainfall en-
courage the growth of forage and thus of herds, and the extension
of cultivation to lands more safely lett in grass. False confidence about
the carrying capacity of the land often grows among farmers and
governments—a recurring phenomenon in both the United States
and Africa. Then, when the rains finally fail, overabundant animals
eat every available blade of grass on the weather-decimated rangeland
until finally many starve to death, especially around wells, which
attract a heavy concentration of livestock. Goats start climbing trees
to eat the last bit of greenery, leaving behind a wooden skeleton fer
the firewood gatherers. Crops fail to take root in the parched ground;
the bare plowed soil yields to the wind; and a dust bowl is created.
Sand dunes appear where none existed before, and, if the rains stay
long absent, a new patch of desert may appear. Nomads, farmers and
their surviving herds retreat before denuded laads, setting in process
a self-reinforcing negative spiral as successive areas become over-
crowded and overgrazed due to the influx of refugees.

The years immediately following a severe drought can again bring
a bogus optimism about the land’s capacity. By killing off a share of
the herds and A-iving some of the people from the region, nature has
temporarily restored an equilibrium of sorts Decimated herds put
only a small fraction of the earlier pressure on grazing lands, and, with
better rainfall, grasses and shrubs spring back to life wherever the soil
has not been seriously damaged. Refugees trickle back and, unless
some new force has intervened to break the pattern, the same deadly
cvcle begins again. To the extent that desertification has occurred,
though, the area available for grazing and cropping is reduced, even
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while the spread of modern medicines, livestock-disease control, and
well construction encourage ever larger populations of humans
and livestock Thus without a concomitant transformation of farming
and pastoral techniques, “development” activities like well construc-
tion or cattle inoculation can have a negative net impact on human
welfare along the desert fringes.

While there is great disagreement about the causes and directions
of any current global climatic changes, a number of the world’s
leading meteorologists predict a period of greater global climatic
instability in coming decades than that experienced over the first sixty
years of this century. The slight global cooling trend in evidence since
1940 may, for complex reasons, mean a more variable climate
throughout the world.16 If this assumption is accurate, the conse-
quences for agriculture almost everywhere will be negative, since
crops and farming habits are closely geared to a predictable climate.

Likely to be hardest hit by such instability would be the dry zones,
such as the Saharan margins and northwestern India, which would
face more frequent droughts and monsoon failures than s customary.
The familiar arid-zone cycle of expanding herds, followed by drought
and economic and ecological collapse, is being recapitulated on a
century-long scale if the theories of a new climatic instability are
correct. The climate of the last several decades, it is posited, has been
unusually benign and stable compared with tha; throughout most of
the earth’s history. These have also been the decades when traditional
natural checks on human and livestock populations everywhere were
to a great extent overcome by modern science. If some arid zones are
entering an era of more frequent drought, their capacity to support
life will be generally lower in the future than in the recent past, and
the already acute man-made ecological pressures on them will be
intensified.

The possibility of climatic change clearly complicates prospects
in such dry zones as the Sahel, but it does not alter the basic strategies
for reversing ecological deterioration—the outlines of which have
long been known. In virtually every case the two keys to recovery of
the land are a sizable reduction in the number of grazing animals, and
a halt to the myopic spread of cultivation every time a few years of
good rainfall lures desperate farmers onto marginal land.

Making such a statement is, of course, easier than implementing
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it. Decades of cumulative environmental deterioration, despite the
Cassandra-like warnings of scientists, attest to the seemingly implaca-
ble nature of the problem. The basic dilemma is that what is essential
to the survival of the society often flies in the face of what is essential
to the survival of the individual The individual nomadic family,
largely isolated from the cash economy of the cities, needs many
dozens of animals just to meet its basic needs for milk and milk
products—often the principal foods. A surplus of livestock beyond
the basic minimum is both an investment and a form of insurance
for the drought years, when some animals can usually be sold if the
group moves toward the citizs, and when some are bound to die in
any case. The individual farmer sees little choice but to plow up
high-risk sub-marginal fields On the best fields, yields may be too low
to provide enough food for the local populace, and may even be
falling as the traditional fallowing custom is abandoned to compen-
sate for the shortage of good new farmlands. Plantations of cash crops
for export set up by the government, a few wealthy farmers or foreign-
ers may have squeezed the subsistence farmers out of important
cultivated areas. Moreover, as long as childrcn are a form of insurance
against inevitable family deaths, and are valuable contributors to the
labor pool for iobs like tending herds, couples in the arid zones will
naturally place a premium on large families

A better future for the arid land; and their peoples, then, depends
upon a fundamental shift from a system in which the exercise of
personal aspirations encourages social suicide to an institutional struc-
ture in which those working to better their own lot are also furthering
the long-term welfare of society. It will have to be a system in which
livestock is valued for quality and economic value rather than simple
numbers; in which farmers have the knowledge and equipment to
grow enough food on the best-suited lands without running down the
land’s long-term fertility; and in which families see an advantage in
remaining small A successful new order along these lines will almost
certainly involve the closer economic integration of the arid zones
with the cities and regions with more moderate climates. An inward
flow of resources, information, and goods to the desert edges is
essential to a new order there; equally essential, in turn, is the quite
feasible outward flow of high-valued meat and other agricultural
products.

Faced with the urgency of such a radical transformation of life
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on the desert margins, some analysts retreat into oversimplified solu-
tions that do not address the fundamental predicament. As nomads
find their movements restricted and their grasslands deteriorating,
some governments see a need to settle them down at almost any cost.
Watching the ubiquitous goat destroy trees, shrubs, and grasses, a few
ecologists advocate the total elimination from arid lands of this hardy,
well-adapted animal. As water becomes scarce, local leaders demand
that national governments or international aid agencies dig wells,
without simultaneously instituting controls on the size of local herds
and on their access to the pastures surrounding a new well.

In the desert, as elsewhere, planners have much to learn from the
plants, animals and cultures that have survived over the centuries
under extraordinarily adverse environmental conditions. If the eco-
logical balance historically maintained by most nomadic groups was
a rather wretched one, one predicated on high human death rates,
it also made remarkably resourceful use of the life-defying desert. In
popular mythology, nomads are often pictured as aimless wanderers,
but in fact, nomadic movements are nearly always systematically
attuned to the seasonal rhythm of climate and plant life; they are
geared to provide adequate forage for the herds throughout the year
and to permit the regrowth of grazing lands.17

A return to an earlier historical age is probably no more desirable
than it is possible. The harsh system of unmitigated natural selection
that underlay the past viability of nomadic systems is not a condition
ethically acceptable to most today. In any case, modern medicine has
trickled into the arid zones well ahead of such other modern accouter-
ments as advanced agricultural technology, thereby ensuring lower
death rates than those of the past. National boundaries now impose
artificial divisions on natural ecological zones and impair the tradi-
tional movements of nomadic groups, while the spread of sedentary
agriculture further constricts their migrations. It also appears likely
that some nomadic groups never achieved an ecological equilibrium
with their habitat. The Masai of East Africa, for example, seem to
have gradually shifted southward over many centuries preceding the
colonial era, abandoning denuded and overgrazed lands.18

Yet some modernized version of the nomadic way of life may be
the only possible means of exploiting the protein-producing potential
of the more arid desert fringes, and the only way to save the livelihood
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of many of the millions inhabiting these zones. Huge regional man-
agement schemes, in which clan leaders regulate grazing and migra-
tory movements according to natural conditions and the advice of
range specialists, are one possibility now being explored in Niger. A
system like this would ideally retain much of the flexibility of no-
madic ways, while also permitting technological progress. Once mini-
mal control of grazirg is established, wells and pasture improvements
can be introduced with less chance that their long-run impact will be
twisted.

A basic prerequisite for the success of any livestock scheme is a
major rcduction in herd sizes. According to some specialists, the
number of grazing animals maintained in the Sahel up to 1972 and
1973, as the lengthy drought reached its climax, was at least double
what the zone’s ranges can sustain without damage. The drought cut
animal numbers steeply, but not enough to put grazing and grasses
back into balance. Yet numbers deceive: if the total number of
animals were maintained at half the 1971 level, and simple manage-
ment techniques were implemented, the region’s output of meat and
milk could easily be double its former level.1®

This somewhat paradoxical formula arises from the nature of
livestock growth Of all the food consumed by a grazing animal,
roughly the first half is required just for physiological maintenance;
the next fourth is largely required for reproduction, and the final
fourth goes into milk producticn, growth, and fat storage. Any cut-
back in feeding forced by overgrazed, depleted pastures is mostly at
the expense of these fnal functions. Of course, the henefits of a more
efficient grazing system that emphasizes productivity over herd num-
bers can be realized only when a marketing system to reach consum-
ers with the valuable livestock products is also created.

Improved farming in the sedentary zones is just as crucial as
controlled grazing; some would give it even higher priority. In past
decades most research and investment in arid zone agriculture con-
centrzted on cash crops like cotton and peanuts for export, and on
large-scale ir'igation schemes that hoped to bring desert regions un-
der intensive production of food or fiber. The simple subsistence
farmer, growinyg millet or sorghum for his or her family and, in good
years, for trade with nomads or urbanites, has frequently been ne-
glected, with sorry consequences for the land. Cash crops, the princi-
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pal source of foreign exchange for many arid countries, can be one
key to economic nrogress. But if their expanded cultivation is not
accompanied by careful land use planning, taking into account local
food and land needs, and if a major share of the income they produce
is not earmarked for the betterment of rural economic and sccial
prospects, the main impact may be to worsen the lot of the rural poor.
Satellite photographs indicate that, due to the combined impact of
rapid population growth, traditional technologies, and the extension
of cask cropping, Sahelian farmlands once left fallow for ten to fifteen
years o allow a regeneration of fertility and moisture are frequently
now idled for three years or even less 20 Under these circumstances,
the land is sapped of its natural protection against drought.

Neither population pressures nor claims for other land uses will
ever permit a return to the former fallow system The only alternative
is to move toward new cropping systems that minimize erosion by
maximizing vegetational cover on the land, and to preserve fertility
through crop rotations, organic fertilizers, scientific fallowing, and,
perhaps, the introduction of chemical fertilizers. Agricultural tech-
niques that prevent dust bow! conditions like those that emerged in
cropped areas of West Africa in 1972 and are fairly chronic in
northwestern India have been developed and proved effective in such
countries as Australia, the Soviet Union, and the United States.

In addition to the adoption of new agricultural methods, tree-
planting programs are urgently needed throughout virtually every
region of dryland agriculture in Africa, Asia, and Latin America. In
the American Great Plains, many thousands of windbreaks have been
planted since the 1930s and have, along with other improved prac-
tices, helped stabilize a system that once threatened to become a
permanent dust bowl. Reforestation programs will also help relieve
the critical shortage of fuel for cooking that now plagues every arid
zone in the developing world.

Tree-planting programs directly on the fringe of sandy deserts can
also help stem the tide of encroaching dunes. While localized pro-
grams of dune stabilization have been tried in most of the threatened
countries, Algeria is setting an example for the rest of the world with
its bold new plan to plant a sixteen-kilometer-wide forest barrier all
the way across its fifteen-hundred-kilometer expanse. The Algerian
national youth corps and army have been given the job of reforesta-
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tion; through this program they may do more to safeguard the coun-
try’s “national security” than they could through any other undertak-
ing.

The recent lengthy African drought and famine will stand out as
a major event in the history of arid lands. Not only the drought’s
unusual severity, and its bitter toll of lives, but also its timing account
for this; it arrived in an era of global coramunications and rising
awareness of ecology.

At the intellectual level, at least, the tragedy of the Sahel has had
a catalytic impact comparable to that of the American dust bowl of
the 1930s. For several decades ecologists and range specialists have
been warning, to little avail, about the growing pressures being placed
on delicate arid environménts like the Sahel, but their perception did
not penetrate very deeply into the priorities and working programs
of governments and aid agencies. The understanding of the extent
and causes of desertification, however incomplete, is by now far too
clear for any responsible leader to ignore A 1977 United Nations
Conference on Desertification will further deepen both the technical
knowledge and the political awareness of this global challenge. Even
50, solutions will not come easily or quickly in the Sahel or any other
distressed arid zone, for the social and economic obstacles to a new
pattern of existence are formidable.



5. Refugees From Shangri-La.
Dezeriorating Mountain
Environments

A.N UNUSUAL MEETING was convened in Munich, Ger-
many, in December, 1974. Any organizing principle, any common
thread among the participants, would have eluded an outsider. The
group included biologists, anthropologists, foresters, ecologists,
economists, geographers, businessmen, and civil servants, and they
had traveled to Munich fron: Europe, North and South America,
Africa, and Asia What drew this diverse group together was a shared
concern for a problem seldom recognized as deserving attention in
its own right- the deterioration of mountain environments in the poor
countries.

Mountains, in contrast to deserts—another sparscly populated,
economically marginal portion of the earth—have been largely ne-
glected by researchers and governments. Perhaps the fact that the
earliest human civilizations evolved i» and regions has something to
do with the special fascination deserts have always held for human-
kind. Whatever *he reason, a major international program of arid-
zone research v as initiated by the United Nations as early as 1951,
whereas coc:dinated interdisciplinary research on mountain environ-
ments is just now getting underway.

Highlands occupy about one-fourth of the earth’s land surface but
provide a home for only a tenth of the world’s people.? Still, it is
curious that mountain ecosystems have been ignoied so long in com-

ol
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parison to other natural areas, for history has repeatedly shown that
when ecological changes take place in the highlands, changes soon
follow in the valleys and the plains. And while only 10 percent of the
human population lives in the highlands, another 4o percent lives in
the adjacent lowland areas, their future intimately bound to develop-
ments on the slopes and plateaus above.

For all the diversity that characterizes their land and peoples, the
three major mountain ranges of the developing regions—the Hima-
layas, the Andes, and the East African highlands—present a rather
uniform set of environmental and economic challenges. What strikes
the casual observer of ranges like these is their stark immutability,
their massive grandeur, but in fact they are among the most fragile
ecosystems on earth. Steep mountain slopes can seldom sustain the
degree of cropping, woodcutting, and grazing that is customary in
flatter areas. Yet ull three practices are escalating in order to cope
with rising populatiuns throughout the mountains. And the inherent
difficulty of adapting cultural practices to rapidly changing environ-
mental circumstances is exacerbated by the fact that, in many coun-
tries, mountain populations are those with the least income, the least
education, and the least political power. Basic development activities
like providing farmers with technical advice, children with schooling,
or parents with family planning services are severely hampered by the
craggy geography of high mountains.

When the environment siarts to deteriorate on steep mountain
slopes, it deteriorates far more quickly than on gentler slopes and on
plains. And the damage is far more likely to be irreversible. The
mountain regions are poor not only in economic terms; many areas
are rapidly losing any chance of ever prospering as their thin natural
resource base is washed away. Degenerating economic and ecological
conditions in the mountains, in turn, often push waves of migrants
into the lowlands, leaving behind an aged, dispirited population inca-
pable of turning around the negative trend. Mountain people have
little choice but to follow their soils down the slopes. This movement
simultaneously adds new pressures to the lowland ecosystems, which
are often under stress themselves, and to the generally overburdened
cities.

The net result of current trends, as evaluated by the international
committee of experts recently established by UNESCO to study
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mountain environments, is “accelerating damage to the basic life-
support systems” today in practically every mountainous region of
Asia, Africa, and Latin America. “Within the last decade there has
been a marked increase in the destructive clearance of forests, in flood
damage and silting, in soil erosion and the explosive spread of pests.
.+ . In sum, human pressures on tropical high mountain ecosystems
are increasing nearly everywhere. . . . They are unusually prone to
sudden, rapid, and irreversible loss of soils if slope stability and vegeta-
tion cover are distrbed.”2

The unanimity of the concern of scientists and laymen with
experience in the mountains of every continent was striking at the
1974 Munich gatheiing, which was called by individuals who hope
to institutionalize greater cooperation in research and public educa-
tion on mountain problems The group warned of “the irretrievable
loss to human use of the developn:g world’s mountain resources—in
some cases within one or two decad~s—unless the present rate of
deforestation and land mismanagemeni can be halted. . . . The
ever-widening circle of destruction originating in the mountains is
spreading to the plains, river systems and harbors.””3

The mountain regions often possess great economic potential as
sources of hydroelectric power, of valuable timber, minerals, pastures,
orchards, and scenic natural refuges that are in growing demand and
diminishing supply But a distinction must be made between the
theoretical potential and the present-day realities. For without a
massive effort to preserve and restore the ecological integrity of the
mountains, within a few decades idyllic panoramas will become bar-
ren eyesores that perennially overwhelm the lowlands with devastat-
ing torrents and suffocating loads of silt.

There is no better place to begin an examination of deteriorating
mountain environments than Nepal. In probably no other mountain
country are the forces of ecological degradation building so rapidly
and visibly. This kingdom of twelve million people is minuscule by
Asian standards, but it forms the nucleus of one of the world’s
strategic ecological nerve-centers The Himalayan arc, stretching
from Afghanistan through Pakistan, India, Nepal, and Bhutan to
Burma, forms an ecological Gibraltar whose fate will affect the well-
being of hundreds of millions. From the Himalayas flow the major
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rivers of the Indian subcontinent—the Indus, the Ganges, and the
Brahmaputra—which annually bring life, and sometimes death, to
Pakistan, India, and Bangladesh.

Nepal itself does justice to irrepressible superiatives. It boasts the
world’s highest mountain, and its features, among the most varied of
any country, range from the glaciers of Everest to warm tropical
forests on its southern fringe. But in this land of unexcelled natural
beauty live some of the world’s most desperately poor. Nepal also
faces what could be the world’s most acute national soil erosion
problem.

Popular image and reality rarely diverge so widely as they do in
the case of Nepal. Most know the kingdom as the photogenic home
of Mount Everest, as an exotic Shangri-la sprinkled with pagodas and
quaint villages tucked away in the folds of the Himalayas. The color-
ful, anachronistic coronation of its king in early 1975 sparked a flurry
of articles on the land’s charms in the international press, and pic-
tures of the visiting socialites overshadowed those of the king and
queen themselves on society pages around the world.

The fagade of romance and beauty remains intact, but behind it
are the makings of a great human tragedy. Population growth in the
context of a traditional agrarian technology is forcing farmers onto
ever steeper slopes, slopes unfit for sustained farming even with the
astonishingly elaborate terracing practiced there Meanwhile, villag-
ers must roam farther and farther from their homes to gather fodder
and firewood, thus surrounding most villages with a widening circle
of denuded hillsides Ground-holding trees are disappearing fast
among the geologically young, jagged foothills of the Himalayas,
which are among the most easily erodable anywhere. Landslides that
destroy lives, homes, and crops occur more and more frequently
throughout the Nepalese hills.4

The decade of the 1960s was a period of record economic growth
for most of the world’s poor countries. For the seven and a half
million Nepalese who live in its hilly region, however, as well as many
of the tens of millions of hill residents of northern India, the decade
was characterized by what World Bank analysts and key Nepalese
planners have both frankly labeled a “deteriorating economy.” Per
capita income, already well below one hundred dollars a year, is
falling, as is per capita food production. Undernourishment is wide-
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spread and combines with the near total lack of modern medical
services to ensure one of the highest infant mortality rates in the
world. As many as three hundred out of every thousand babies born
in Nepal's hills die before their first birthday.

Topsoil washing down into India and Bangladesh is now Nepal's
most precious export, but one for which it receives no compensation.
As fertile soils slip away, the productive capacity of the hills declines,
even while the demand for food grows inexorably. Some terraces are
expertly managed and ecologically stable, others continue to be
farmed despite their waning productivity, and others reach the point
of no return and are abandoned. In the country’s most densely popu-
lated region, the eastern hills, as much as 38 percent of the total land
area consists of abandoned fields.6 Once these slopes are left to face
the violent monsoon downpours without protective vegetation, their
more fertile soils may be lost forever and their potential usefulness
to people permanently reduced.

While acceleration of naturally heavy erosion is the chief threat,
the declining fertility of the hills stems in part from another problem
as well. Nepalese farmers have always assiduously applied the avail-
able animal manures to their fields as fertilizer, but in some regions
the fields now receive less manure than in the past—well below the
full amount necessary to preserve high fertility.? This is partly be-
cause herds have not grown as rapidly as the cultivated area; the hills
are already overgrazed and fodder of any kind, whether tree leaves or
forage crops, is scarce Even more ominously, farmers faced with an
unduly long trek to gather firewood for cooking and warmth have
seen no alternative to the self-defeating practice of burning dung—
sorely needed for fertilizer—for fuel.

The average hectare of arable land in Nepal’s hills must now
support at least nine people. This is a person-to-land ratio comparable
to that in Bangladesh or Java, where far more fertile soils and more
developed irrigation systems often permit several crops a year on the
same land. And in the hills, the Nepalese government realizes, “there
is absolutely no scope whatsoever for bringing new land under agricul-
ture.”’8

If Nepal's borders ended at the base of the Himalayan foothills,
the country would by now be in the throes of a total economic and
ecological collapse. Luckily, the borders extend farther south to in-
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clude a strip of relatively unexploited plains known as the Terai, an
extension of the vast Indo-Gangetic Plain of northern India, one of
the world’s most productive agricultural areas. The Terai suffers
seasonal flocds and is heavily vegetated, and until mid-century the
high incidence of malaria precluded heavy settlement. Once an effec-
tive malaria eradication program got underway in the fifties, however,
a rush to colonize the region was inevitable, for the Terai was
bounded on the north by increasingly cramped hills, which offered
declining economic prospects, and to the south by the badly over-
crowded plains of India.

The Nepalese government recognizes that the controlled settle-
ment of the Terai is an essential step toward taking some of the
pressure off the hills, but it lacks the power to keep the land rush
under any meaningful control. In the decade from 1964 to 1974,
77,700 hectares of Terai forestland were officially distributed by the
government to settlers. But more than three times that amount was
cleared illegally by migrants from the hills or, perhaps even more
significantly, from India. Though the ate of population growth for
Nepal as a whole is about 2.3 percent, migration joins the natural
increase in the Terai to push its growth rate up to 3.6 percent.
Emigration does simultaneously hold down the rate of growth in the
hills to an average of 1 3 percent, though it remains much higher in
some hill regions.?

The presence of undeveloped arable land in the Terai provides
Nepal with some breathing space in which to reverse the downward
spiral of population growth, land destruction, and declining produc-
tivity in which it is now caught. Yet the length of this reprieve is
frequently exaggerated, both by outsiders and by some Nepalese.
Analysis of satellite photographs indicates that less than half the
remaining three-quarters of a million hectares of Terai forestlands
will be suitable for cultivation.1® Much of the remainder is too steep
or swampy for economical cultivation, or must be kept under forest
for watershed protection If migration down into the Terai continues
at the pace of the last ten years, all the gocd farmland will be
occupied in little more than a decade.

The reckless settlement of the Terai is already taking its toll on
the area. Though the soils tend to be of good quality, as a result of
primitive technology and the doubling of the regional population
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every twenty years, the Terai’s food surpluses, which help keep afloat
the national balance of payments, are gradually falling. Indeed, if
recent trends continue, Nepal, which has long been a net exporter
of food to India thanks to its Terai surplus, may well join the ranks
of food-importing nations by the late seventies—if it can find the
foreign exchange to do so.

Agricultural modernization—better seeds and innovative tech-
niques, land reform, extension and marketing services, and so on—
will quickly have to replace the extensive spread of farming to new
lands if Nepal is to avoid an acute food crisis Yields must be raised
dramatically on the best farmlands, so that the dangerous spread of
cultivation to marginal lands can be reversed. The potential for rais-
ing yields may be greatest in the Terai, but the hills cannot be
neglected any longer either. Migration is a temporary palliative, not
a long-term solution; a large share of the country’s citizens will always
live in the hills regardless of the quality of life they provide, and soon
there will be no place else for the people to go in any case. Further-
more, the devastation in the hills is exacting a heavy, if as yet un-
measured, price on the potential productivity of the Terai. Those
living near their banks tell government officials that the incidence of
flooding by swollen rivers coming down from the mountains is in-
creasing. Furthermore, soil conservation officials observe that the bed
level of many Terai rivers is rising from six inches to one foot every
year.11 Not only does this guarantee wider floods from even normal
volumes of water in the monsuon scason; it also causes the river
courses to meander about, often destroying prime farmland as they
go.

The cultures of Nepal have not had to contend with such a serious
problem of land scarcity before. While terracing has always been
necessary to farm the hills, the development of a national conserva-
tion ethic has never L<fore been so essential to their survival. A review
of successive reports hled in Kathmandu, the country’s capital, by
Western forest-conservation directors in the fifties and sixties makes
fascinating reading; these were, quite literally, plaintive cries in the
wilderness. As early as 1954, a UN-supplied forester wrote that
deforestation in the hills was “becoming catastrophic and erosion is
causing the loss not only of property but also of human lives.” One
of his successors followed up in 1967 with these words, after an
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apparently frustrating five years in the country: “It seems an extraor-
dinary thing that in a poor mountainous country such as Nepal,
where every foot of soil is precious and is required to produce the
necessities of life in the shape of food and shelter, the brown soil-
laden rivers should go unnoticed during the monsoon, and the fact
that they are carrying away forever the basis of the very life of the
people should mean nothing at all to the vast majority.”12

By now, however, the scale of destruction is hard to ignore, and
this, in combination with the continuing efforts of dedicated in-
dividuals both inside and outside of the Nepalese government, is
stirring new interest in the integrity of the environment. The coun-
try’s influer tial Natioral Planning Commission recently expressed its
concern with an urgency unsurpassed by any party. Soil erosion, the
commission fears, is “almost to the point of no return. . . . It is
apparent that the continuation of present trends may lead to the
development of a semi-desert type of ecology in the hilly regions.”13

Translating ofhicial awareness into meaningful programs on the
ground is no mean task, particularly in a country with such limited
resources and unique transportation and communication problems.
In August, 1974, a Department of Soil and Water Conservation was
finally formed within the Ministry of Forests It hopes to establish
demonstration projects in villages scattered about the country, but in
early 1975 the Department included just sixty-seven employees, of
which fewer than a third had professional training. According to
national development policy, this department is slated to expand to
167 employees over the next five years—a mere beginning.

Faced with the inevitability of absorbing many of the conse-
quences of ecological degradat'on in Nepal, Indian officials have
encouraged the Nepalese to attack their problems head-on and have
even provided limited assistance in land-management research.
When mounting silt loads threatened the viability of an Indian
diversion dam and irrigation project on the Kosi River, built just
where the river emerges from Nepal, India in 1969 sponsored a
research mission into the Nepalese portion of the Kosi watershed,
which also extends north of Nepal, deep into Tibet. The team deter-
mined that while heavy siltation was inevitable given the geclogy of
the catchment, a significant share of the sediment was produced by
improper cultivation and overgrazing on the steep interior hills. Un-
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fortunately the group was unable to examine the extent of land
deterioration in the Tibetan portion of the watershed, which is nearly
as large as Nepal's The gioup warned that the Kosi catchment,
which includes most of eastern Nepal, was now “one of the worst
eroded in the world” and that “the hill slopes, which are generally
cultivated along the gradient, quickly lose their topsoil and the ability
to grow crops or sustain any economic type of vegetation.”14

The Indians are worried about environmental trends in Nzgai,
and with good reason, but the fact is that virtually identiczi problems
plague even larger hilly expanses within India itself in such states as
Himachal Pradesh, Uttar Pradesh, Assam, and Jammu and Kashmir.
In large mountain regions, the fertile valley floors have long been
overcrowded, and cultivation is constantly pushed onto steeper slopes
by population growth in the absence of non-agricultural employment
opportunities. On millions of hectares there is no longer any topsoil
at all, just a rocky sub-stratum lacking organic matter or fertility.
Forests are receding under the combined pressures of shifting cultiva-
tors; uncontrolled herds of goats, sheep, and cattle; and wood gather-
ing for home consumption or sale.! In many areas, firewood is so
scarce that dung must be burned for fuel

Many farm families cannot subsist un the output of their small,
often infertile landholdings, which in many cases are fragmented into
widely separated plots the size of table-tops As a result, a high
proportion of the able-bodied men migrate to the plains to find
seasonal work, usually returning to help with the planting and har-
vesting. Families sce little choice but to squeeze trom the land what
benefits they can, regardless of any possible long-term consequences
for its fertility or for the farmers downstream. Even su, the battle for
subsistence through agriculture is often lost, and the death rate
among infants and children is high.

Moving westward in the Himalayas, into northern Pakistan and
then Afghanistan, the outlook for the mountain environment is
hardly more encouraging Both countries are mainly arid and des rt-
like, which means that the limited available forests in the mountains
must bear an especially heavy burden. Pakistan today, for example,
classifies only 3.4 percent of its land as forest, and nearly all of that
is concentrated in its hilly northern provinces. Large stretches in
these hills have been visibly deforested within the last century.16 On
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top of the growing pressures from agriculture and overgrazing, the
remaining forests must satisfy the burgeoning national -vood need for
construction, industry, furniture, and f :l. While farmers lop the
branches off of trees to provide their animals with fodder and their
homes with fuel, timber concessionaires respond to some of the
world’s highest lumber prices in the cities below by clearing large
stands of timber, often heedless uf the environmental consequences.

Through these northern hills, after passing through India, flows
Pakistan’s jugular, the Indus River system. The water of the Indus
and its six major tributaries is about all that stands between a bustling,
densely populated civilization and a deserted, sandy wasteland. With
erosion rampant in the uplands, the exceptionally heavy silt load
carried by these rivers is rendering the country’s expensive new reser-
voirs useless with startling rapidity, and has become a pet subject of
editorials and political speeches over the last decade Pakistam forest-
ers are pressing ahead with an excellent series of forest-resource and
land-management surveys in the mountain regions, but obtaining the
Finds and political commitment needed to act on their research
findings is proving more difficult The absence of any type of regional
cooperation between Pakistan and India—whether for academic re-
search on their shared watersheds or action programs to halt their
degradation—further hampers the task of ecological protection. In
Pakistan, as elsewhere, the sheer scale of the problem is o'z, wielm-
ing the scattered attempts to reverse the negative trends

The barren, infertile landscape presented by most of Afghanistan,
and by the Zagros and Elburz mountains farther west in [ran, are fair
warning of what lies ahead for parts of Pakistan, India and Nepal if
prevailing trends are not reversed A United Nations team visiting
Afghanistan in the mid-1960s found the country’s river basins “re-
markable fcr their sparseness of vegetation and the paucity of animal
life. The upper catchments are often bare rocky mountains with
2lmost no soil cover and very little vegetation.” A German agricultur-
alist who worked five years in Paktia Province, where most of Afghan-
istan’s few remaining trees are standing, laments their imminent
demise by writing: “In Afghanistan the last forest is dying—and with it
the basis of life for an entire region.”!” Afghanistan was never blessed
with ample rain and fertile soils; even many centuries back the forests
covered only a small area. By now, however, they have been reduced
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to well below onc-tenth of 1 percent of the country. As in neighboring
Pakistan, a profitable lumber trade, browsing animals, and the rising
number of cultivators are conspiring to undermine the mountain
ecology.

Halfway around the world from the Himalayas, dominating the
west coast of South America, stand the Andes Mountains. The long-
est range in the world, these mountains form what looks like the
misplaced spine of an entire continent, stretching all the way from
Venezuela through Colombia, Ecuador, Peru, Bolivia, and Chile
almost to Cape Horn This massive ridge juts forcibly from a deep
trough in the Pacific, then quickly falls almost to sea level and the
tropical forests where the Amazon’s tributaries begin their five-thou-
sand-kilometer course to the Atlantic The close juxtaposition of arid
coastal deserts, snow-covered peaks, and steamy jungles gives some of
the Andean countries a terrain of even greater contrast than that of
Nepal. In places, a distance of only 320 kilometers separates points
six thousand meters below sea level from others more than six thou-
sand meters above Travelers in the Andes invariably register surprise
when their train or bus crosses the continental divide near the west
coast, in spots only one hundred kilometers from the Pacific.

The major temperate-zone mountain ranges, such as the Alps and
the Rockies, have always been thinly settled in comparison with the
surrounding lowlands. Just the opposite is true of the Andes and the
Ethiopian highlands, which have been densely populated for many
centuries, and are bordered by sparsely populated tropical rain-forests
or deserts. The highland valleys and plateaus hidden among the steep
Andean peaks still contain a majority of the people in the principal
Andean countries Though rugged, these uplands present a natural
environment far more hospitable to permanent agniculture and hu-
man life than the surrounding arcas. They include such regions as the
Cuzco Basin, once the seat of the remarkable empire of the Incas,
and the Bolivian altiplano This treeless tundra-like plain, the home-
land of tne llama and the alpaca, surrounds the basin of Lake
Titicaca, the world’s highest navigable lake.

From Ecuador southward, much of the narrow coast separating
the Andes from the Pacific Ocean is a leafless dese:t. striped with the
irrigated oases that surround each of the sixty or so rivers flowing
down the westward side of the mountains. Some of these fow only
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seasonally, but most flow the year round, and for centuries they have
supported intensive agriculture and compact human settlements.
Across the mountains to the east, in the jungle of the upper Amazon,
an area that encompasses more than ha!f of Peru and Bolivia and
parts of Ecuador and Colombia, tropical diseases and the limited
producing capacity of *ropical agricultural systems have historically
kept the population low. Over the last few decades, however, this
humid tropical zone has been on the receiving end of one of the great
human migrations of the century- the movement of highland people
throughout Latin America down into the humid lowlands. The
spread of modern medicine to the jungles has paved the way for this
procession; its causes, however, lie in the slopes above Most of its
participants, like those in the even larger procession to the region’s
cities, are refugees from the deteriorating agricultural systems and the
exploitative social systems of the mountains.

The pressure of human numbers on the environment is not a new
phenomenon in the Andes, nor is knowledge of the farming tech-
niques necessary to save the soil from accelerated erosion. Some
Andean valleys doubtlessly provided sustenance for more people five
hundred years ago than they do today, and did so at less cost to their
long-term fertility than is exacted by present-day farmers. The
unusual history of ecological deterioration in the Andes begins long
ago, in the millenia preceding the European discovery of the New
World.

By about 500 A.D. one of the major cultures of pre-Columbian
America was emerging in the coastal valleys and upland plateaus and
gorges of Peru. In relatively independent small settlements ruled
strongly by priestly and warrior castes, the fruits of many centuries
of technological and political development began to crystallize in
societies able, like the earlier Egyptians and Sumerians in the Old
World, to master the hydraulic cycle and thus create a large, complex
civilization. These ancient Peruvians created an intensive agricultural
system in the arid valleys of the coast, and on the slopes and plains
of the mountains, by performing what historian William H. McNeill
has termed “extraordinary feats of water engineering,” and building
“terraces as elaborate as any the world has ever seen.”’18 The terraces
held down erosion, while fallowing was practiced to preserve the
fertility of the soil.

The modern world owes a great debt to these ancient Andean
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cultivators. The area now called Peru was one of the world's great
centers of plant domestication, and the sixteenth-century Spanish
conquerers of Peru (and Mexico) found many unknown vegetables to
enrich the diets of their homelands, vegetables like maize, squash,
numerous strains of beans, manoic, the tomato, sweet potato, peanut,
and avocado 19 Most significant of all was the white potato, which
had evolved, and remains, as the principal staple of the Andean
residents of the higher altitudes, where maize cannot grow. The
potato quickly spread through the Old World, contributing to an
increase in European population by greatly augmenting food supplies
there. Today production of the potato in Europe and the Soviet
Union is seversi fimes that in the New World, where it originated.

Hydraulic engineering and social regimentation both reached a
climax in the fourteenth and fifteenth centuries, when the Incas of
the Cuzco Valley overran the city states of the Andes and the coast
to establish the empire of s .shuantinsuyu, the Four Quarters of the
World, otherwise known as the Inca Empire. These Indians of the
mountains extended their rule over an area the combined size of
France, Switzerland, Italy, Belgium, the Netherlands, and Luxem-
bourg. Its span was equal to that of ancient Rome, from Britain to
Persia. Considering the rugged terrain into which they forged, which
included parts of what are now Colombia, Ecuador, Peru, Bolivia,
Argentina, and Chile, the Incas imposed extraordinary political and
economic control comparable to that of the Pharaonic societies of
Egypt. Their skillful waterworks and wide mountain roads were mar-
vels to the sixteenth-century Spanish conquerers who copied them.

The Inca Empire fell in 1532 under the combined impact of a
major succession crisis, quite possibly a devastating epidemic of small-
pox introduced by Francisco Pizarro and his followers, and, finally,
Pizarro’s military invasion. The Incas had successfully created, in a
fragile environment, a sustainable agricultural system that minimized
the damage to the productivity of the land Yet, by the latter years
of the empire, there is some evidence that the pressure of population
on the limited arable area was beginning to show.

Felix Monheim, a German geographer, cites the extensiveness of
the costly irrigation, terracing, and artificial feld elevation works, as
well as the empire’s food-reserve policy, as evidence that, by the early
sixteenth century, the carrying capacity of the land kad been reached
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or perhaps even, in unfavorable weather years at least, surpassed.
Even before this time the central Andes were largely deforested and
most mountain residents were dependent on the dung of llamas for
cooking fuel.20

The extent of incipient land degradation in the Incan empire is
open to debate. More certainly, any threat of overpopulation quickly
dissipated following the Spanish occupation. Historians disagree
about the population of the Inca Empire at its height, estimates range
from several million to over sixteen million. But in any case, the
combined influence of wars, forced labor in unhealthy silver and
mercury mines, and European diseases sharply reduced the popula-
tion of the Andes—probably by as much as three-fourths in the first
century of colonial rule.2?

While this decimation of the population obviously reduced any
immediate pressures on the land, it did contribute, ironically, to the
emergence of quite unfavorable conditions for land conservation in
the following centuries A small population and vast open spaces
facilitated the adoption of huge European-owned estates, including
cattle ranches on the highest plateaus and crop-growing haciendas in
the middle and lower valleys. The former Inca system of central rule
and labor tributes was replaced by one in which Spaniards favored by
the Crown were given large landholdings, and control over the Indian
villages they contained The estate owners extracted produce and
labor from their Indian charges, while the government requisitioned
further Indian labor for the mines, plantations, and cities. Though
these conditions of virtual slavery passed with political reforms and
the nineteenth-century emergence of independent nations, by the
mi--twentieth century many of the Andean Indians remained bound
in servitude to landed proprietors And outside the large estates on
which many have lived and worked are overcrowded, fragmented
landholdings unable to provide sustenance for their populations. By
1957, an historian of the Incas could write of the Andean Indians:
“Centuries of exploitation, degradation, and neglect have reduced
them to a stolid, poverty-stricken people. . . Despite their greater
freedom from regimentation and regulation, their lot is probably less
desirable than in Inca days.”22

Unfortunately, the decimation of the Inca population and social
order was accompanied by the loss of the conservation ethics and
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know-how of the former empire. With scarce labor concentrated in
the mines and on the hacienda fields of fertile valley floors, most of
the terraces and irrigation facilities constructed over previous centu-
ries fell into ruin. Though in a few areas the very terraces constructed
by the Incas are still in use today, this basic soil conservation tech-
nique has almost completely disappeared in the Andes.23

If the population of the Andes had remained at the reduced level
of the seventeenth century, the absence of conservation practices
would not be so threatening. With land abundant, farmers could
afford to exploit the slope for a year or two, watch its topsoil and
fertility wash away, and move on to another hill But over the last
century the population in the Andes has far surpassed that of the Inca
Empire, with devastating consequences for the land and those whose
livelihood depends on it.

Peru’s total population was about four million at the turn of the
century, nine million by 195c, and fiiteen million by 1975. Colom-
bia’s population grew from about three million in 1900 to eleven
million in 1950, and to twenty-six million in 1975. The ecological and
social consequences of the mounting human pressure on the Andes
become more apparent with each passing decade Farmers are driven
onto slopes so steep that erosion is a serious problem from the mo-
ment cultivation begins. Lands which need to rest for eight years,
twelve years, or longer to regain their fertility can now be left fallow
for only a few years.

A reduced fallow period results in the production of less organic
matter and hence reduces the capacity of the soil to absorb and hold
water. The suil structure deteriorates and compacts, resulting in an
increase in the runoff of rainwater and an acceleration of erosion An
agricultural system that was viable under the conditions of earlier
centuries is breaking down. It is no longer a rational adjustment to
environmental conditions. Agricultural output is generally stagnant
in the Andes, and in some areas is declining.24

Land reforms in Bolivia since 1953, and in Peru since 1964, are
benefiting many mountain residents by improving the ownership
patterns in these two countries but cannot, of course, create new
land. Nor does land reform guarantee land-management practices
that preserve the productivity of the soil, though it may be an essen-
tial first step. In the near-feudal economic system that has character-
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ized the Andes, land redistribution is a prerequisite of improved farm
productivity and modernized farming practices. But a look at Boli-
via's mounting soil exosion problem in the decade and a half after the
1953 reforms suggests the necessity of safeguarding their benefits for
future generations by the simultaneous introduction of new farming
systems and family planning.

Overgrazing and overcropping have been depleting the fertility
and vegetation of the Bolivian altiplano and the surrounding valleys
at least since the beginning of Spanish rule, but fresh gulleys, increas-
ingly frequent abandonment of once fertile fields, and a fall in crop
yields on the steeper fields in recent years all indicate that the scale
of damage has accelerated since the early fifties. David A. Preston
argues that the increased access—for grazing, cropping, and firewood
gathering—to areas once controlled by large landowners is an impor-
tant cause of this acceleration in Bolivia, since this new accer - was
not accompanied by a comprehension of soil conservation needs and
practices He writes:

Their revolution effected a change in land ownership—the workers now
own more land than the rich hacendados and they are free to make their own
decisions, and they have their own representative organization But nowhere
has the social and political enfranchisement of the rural labour population
brought a reahzation of the responsibilities involved with ownership, for such
responsibtlities have been ignored for 350 years The Revoiution has not
changed the landscape. the peasants, freed by it, have made changes some
of which, as we have demonstrated, have adversely affected the value of the
land that they have so recently acquired 23

The mountainous third of Peru which, despite its harsh terrain,
is the home of half the country’s people, is entering into what R. F.
Watters calls an “agricultural crisis.” Detenoration may be most
acute in the southern half of the sierra, as the mountain zone is called
there. “This bleak, denuded region,” Watters observes, “includes
nearly one-half of the cultivated lands of Peru but produces only a
little over one-sixth of the national income derived from agricul-
ture.’26

Families in the more densely settled areas of Peru and Bolivia,
such as the Lake Titicaca Basin, have as little as one-half to two
hectares of land available for farming. With the technologies cur-
rently employed, this area often does not provide enough food to
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meet even the modest needs of the family. Chronic food short-
ages impel overexploitation of the soil and hence extensive soil
erosion, and finally result in the abandonment of farms and sea-
sonal or permanent migration. Accentuating the erosion problem
in the most crowded areas of the sierra is a practice recently dis-
cussed in a Peruvian government study. Wood is so scarce that
not only is all available dung burned for fuel, but people pull the
roots out of the ground to burn as they cut the remaining
shrubs,27

In Colombia, erosion, landslides, and sedimentation—all natural
problems now accelerated by the pressures of humans and livestock
on the land—are major obstacles to national development. Cornell
University engineers working in one area, the Cauca region of the
southern mountains, have described the readily visible economic
damage, and the heavy loss of life, resulting each year from the
deteriorating environment. One recent landslide dammed the
Yumbo River and caused flooding deaths in the town of Yumbo.
“Landslides are so common that socially important slides occur every
few months,” they write.

Recent deforestation in the watersheds has increased the inten-
sity of floods and boosted the already heavy silt load of the region’s
rivers. Much of this sediment is deposited where the mountain slopes
sink into valleys or plains Cities, villages, and agricultural fands in
valleys are then damaged as the rivers spread or change their courses
due to the rising bed. Sediment deposits regularly block the Cali and
Canaveralejo rivers and cause major flooding problems in the city of
Cali. Rising silt loads may cost Colombia billions of dollars in hydro-
electric benefits in coming decades The lower Anchicaya Reservoir
has filled with silt in only seven years Since the reservoir has lost jts
capacity to store water, the multi-million-dollar hydroelectric plant it
was built to support now runs on the river flow alone—at one-third
of its planned capacity. A dredging operation keeps silt out of the
turbines,28

Colombia is not the only Andean country where a deteriorating
mountain environment is bringing destruction to the towns and
agriculture below. Increased flooding, the silting of riverbeds, and the
deposition of coarse, useless debris on fertile fields are common
phenomena throughout the Andean countries. In Venezuela, for
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example, thousands of tons of detritus are deposited each year on
fertile lands south of Lake Maracaibo by the rivers Catatumbo, Es-
culante, Chama, Motatdn, and Carache.29

Decforestation upsets the normal workings of the hydrological
cycle by affecting the course of fallen rains; instead of sinking into
hillsides for later seepage into streams, rains on denuded lands run
down in one major flood. Thus wet-season fleods can increase while
the flow in other seasons dries up entirely. Even in the nineteenth
century, it was observed in Peru that several of the coastal rivers then
flowing only seasonally had formetly carried a continuous flow. Denu-
dation around their mountain sources had apparently caused the
change. According to the Peruvian government study quoted above,
deforestation in upper river valleys of the western slopes continues to
disrupt river flows, and hence the valuable coastal irrigated agricul-
ture of Peru 3¢

With life untenable for so many residents of the Andes, large-
scale migration to other areas is inevitable.3! As usually occurs when
human populations are forced to flee an impossible situation, the
movement out of the mountains has given rise to many new social
problems. Some migration has been seasonal and keyed to available
jobs, with able-bodied family members finding work in plantations,
mines, or construction jobs along the coast or in Argentina. But the
mushrooming shantytowns of the major cities of the Andean region
attest to the fact that many uprooted families face conditions in their
new homes little better than those they left. Unemployment, pov-
crty, and despair are widespread.

The eastward movement of settlers to the jungles of the upper
Amazon Basin is anarchic. Every government has colonization pro-
grams which have met with varying degrees of success or failure, but
for the most part, the evacuees of the highlands are ill-prepared to
face the unfamiliar conditions of the humid tropics. The frequent
result is double disaster- a costly depletion of lumber resources as trees
are cleared without regard to the soil’s suitability for agriculture,
followed shortly thereafter by the abandonment of the unproductive
farms. Due to destructive farming techniques, notes R. F. Watters,
“the migrants are re-creating many of the deplorable conditions from
which they fled.”32

There is, of course, no doubt that further resettlement of moun-


http:Carache.29

92 Losing Ground

tain residents in the lowlands will be necessary over the coming
decades, as will the expansion of non-agricultural employment
throughout the Andean region. The questions to be confronted are:
How many people can the jungles and cities safely absorb? And will
the spread of roads, infrastructure, and technical know-how in the
eastern lowlands catch up with a continuing flow of settlers? Already,
suggests Peru’s Office for the Evaluation of Natural Resources, the
most fertile agricultural soils of the country’s vast jungle region are
being cultated. New colonists will have to settle on increasingly
inferior soils.33

With the exception of the more economically developed Chile,
the Andean countries have some of the world's highest population
growth rates. At the current pace, the populations of Peru, Bolivia,
Colombia, Ecuador, and Venezuela all will double in size inside of
three decades Oil, ccoper, and tin will certainly continue to boost
the economic development and diversification of the Andean coun-
tries. Yet at this point it is difficult to imagine where these unborn
citizens will live, where they will work, and where their food will
grow.

Africa’s principal mountainous zone, the highlands of the eastern
side, presents a topography quite different from that of the Andes.
These highlands, which stretch southward from Ethiopia through
Kenya, Uganda, Tanzania, and beyond, are not a sharply rising moun-
tain range in the customary sense, but are rather a wide, bulky massif.
The huge Amhara Plateau, which constitutes most of Ethiopia and
is the most extensive mountain region of any African country, rises
abruptly from the surrounding arid plains and generally towers about
two thousand meters above them. Yet the term “plateau” is also
misleading in this case, for on these highlards are superimposed other
mountains that rise to more than 4,500 meters above sea level. The
plateau is ribboned by steep, sometimes impassable gorges and val-
leys, and is dotted with strange flat-topped mountains with nearly
sheer sides—impregnable fortresses that have played a key role in the
country’s turbulent history. Jagged, intricate and fantastic, the Ethi-
opian highlands share with the Himalayas and Andes the unfortunate
distinction of being one of the most erosion-prone areas on earth.

Ethiopia is remembered by many outsiders as the land whose
late emperor at once stirred worldwide guilt and inspiration in
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1936, when the League of Nations acquiesced in its invasion by
Italy. Another special but frequently unappreciated role played by
Ethiopia in the history of human civilization stems from its geogra-
phy. It is commonly known that the cultural achievements of the
ancient Egyptians were contingent upon the annual deposition of
fertile silt on the River Nile’s flood plain, but few have ever stopped
to wonder where 1his silt came from. In nature few things are free,
and for the bounty of the lower Nile, nature exacted a heavy price
in the uplands of Ethiopia. Herodotus called Egypt the “gift of the
Nile” but he might just as well have called it the gift of Ethiopia.
The mud caried out of Ethiopia by the legendary Blue Nile and
two other major tributaries of the Mil: i a huge annual transfer of
productive capacity.

With a population estimated at twenty-eight million in 1975,
Ethiopia is the third most populous country in Africa, surpassed in
numbers only by Nigeria and Egypt. The country’s population
growth rate of 2.6 percent annually is not so high as that of many
neighboring countries. This is due not to a lower birth rate but to one
of the world’s highest death rates Low agricultural productivity, and
the historic need to give a high share of the land’s produce to the
landholding elite, has chronically kept much of the peasantry at a
bare subsistence level 34 In the bad years, such as those that visited
the northern provinces of Wollo and Ogaden in the early and mid-
seventies, the line between bare subsistence and famine for tens or
even hundreds of thousands is quickly crossed.

The Ethiopian plateau receives good rainfall, and as much as
three-fourths of the country was once forested. Clearing for cultiva-
tion, burning to create pasturelands, and tree felling to meet fuel and
timber needs have reduced the forest area to a mere shadow of its
historical domain; significant stands of timber now cover less than 4
percent of the country. The tempo of destruction has quickened since
mid-century, and by the early sixties, reported an American research
team, natural woodlands were disappearing at a rate of one thousand
square kilometers per year. The country’s major watersheds and steep
mountain slopes are not being spared. “Even to the casual visitor to
Ethiopia,” a top-level soil conservation advisor recently wrote, “the
extent of soil erosion seen in many parts of the country . . . will leave
a lasting impression of desolation and impending disaster.”3%

The extent of deforestation and erosion varies by region accord-
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ing to population density and historical length of settlement. Leslie
Brown, a prominent ecologist with decades of experience in East
Affrica, points out that one can observe the historical progress and
results of land degradation in Ethiopia by journeying from north to
south.36 In the oldest inhabited areas to the north, such as the
provinces of Tigre and Eritrea, some of the steepest slopes no longer
even carry grass or shrubs. People coax what produce they can from
eroded, infertile patches Many streams have dried up except during
the rainy season, when they are prone to violent torrents.

Following the depletion of the soils and forests to the north, the
center of Ethiopian civilization moved southward around the tenth
century.37 The central highlands, including the region surrounding
Addis Ababa, the nation’s capital, have thus been increasingly ex-
ploited over the last millenium. Throughout much of this region, the
high forest ccver has been replaced by grass and scrub; springs have
often dried up and silty rivers flow erratically. Farther to the south,
where cultivators have more recently penetrated the forests, the
streams tend to carry clear water and run constantly even in dry
seasons.

A dramatic alteration in environmental quality has been visible
wit.iin a single lifetime in the hills surrounding Addis Ababa. When
the capital was founded in 1883 by the Emperor Menelik I, it was
still surrounded by remnants of rich cedar forests and reasonably clear
streams. Deforestation and erosion were immediately spurred by the
influx of humans. In the ensuing nine decades, virtually all the avail-
able land in the region has been cultivated, while charcoal producers
cut trees within a 160-kilometer radius for sale in the city. Now the
waters of the nearby Awash River and its tributaries are thick with
mud, and waterways are shifting their courses more markedly and
frequently than in the past. A United Nations research team has
expressed fears that the upper Awash Basin may become a “rocky
desert.”38

Within two decades after its founding, Addis Ababa faced a wood
shortage so severe that some observers predicted the capital would
have to be abandoned. And indeed it might have been, had not
Menelik initiated a nationwide program to plant the eucalyptus tree,
a quick-growing native of Australia that has spread to every conti-
nent. The eucalyptus saved Addis Ababa and is now the prime source
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of fuel and timber in many Ethiopian communities. Indeed, a single
tree species has probably never had such a deep influence on the life
of a city as the cucalyptus does in Addis Ababa today. Over go
percent of its buildings have frames of eucalyptus wood. Wood and
leaves from this species, gathered from trees inside the city, in planta-
tions on its outskirts, and on farms in the surrounding countryside,
are the city’s principal source of tuel. A steady stream of porters, pack
animals, and trucks bring eucalyptus wood and leaves into Addis
Ababa daily.3°

Unfortunately, the eucalyptus is not widespread enough in Ethi-
opia to eliminate the common practice of burning cow dung for fuel.
'The tree also has its disadvantages; it tends to dry out the soil
wherever its numbers are profuse. Nor have eucalyptus plantations
and copses proved a safeguard against erosion. The fallen bark and
leaves of these trees do not readily decompose and mix in the soil,
and the tendency for Ethiopians to systematically rake up available
bark, twigs, and leaves under the trees for use as fuel further cuts their
anti-erosion potential.

South of Addis Ababa in the ©amu highlands, Oxford University
geographers recently witnessed the incipient breakdown of a sustain-
able agricultural system. When they visited this area in 1968, erosion
was not yet a serious problem The steeper slopes had been saved for
grazing animals rather than plows, and the people showed an aware-
ness of the erosion hazard by terracing the hillsides and constructing
drainage channels on slopes to carry off excess rain. Animal manure
was carefully collected and applied to the fields, while crop rotations
and fallowing also helped to preserve the soil’s fertility.

Under the pressure of a mounting population, however, farmers
have started plowing up lands formerly reserved for grazing. This has
accentuated overgrazing and, subsequently, erosion on the remaining
pastures, and has also dented the cattle population. Fewer cattle
mean less manure, which in turn means lower yields and greater
requirements for arable land, which, to turn the screw agaiu, will then
necessitate further inroads into the pastureland, thus completing the
cycle of degeneration. The villages in this area are violating their own
land management rules and they know it, but they see no alterna-
tive.40

Ethiopia is unique in Africa for its seven and a half centuries of
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virtually uninterrupted independence, and for its sixte:n centuries of
Christianity. At least until the announcement of sweeping land re-
forms in early 1975 by the country’s new military government, it also
had the most rigidly stratified land-tenure system on the continent.
Most of Ethiopia’s best farmlands were owned by the Church, the
royal famuly, or the powerful landed aristocracy The land was worked
by peasants in a state of bondage, whose daily lives were circum-
scribed by an elaborate system of social and economic castes.#! There
is no question that the economic and political conservatism inherent
in this land-tenure system slowed the modernization of agriculture in
Ethiopia and reduced the incentive for the peasantry to manage soils
properly Whether the new regime will successfully carry out its
announced reforms—and whether they will be accompanied by a
new concern for soil conservation-—remain to be seen

The fertile soils and pleasant climate of the highlands of Kenya,
Tanzania, and Uganda have proved attractive to both Africans and
Europeans, and it is no accident that Nairobi, Kenya’s capital in the
heart of the highlands, 1s the nexus of industry and economic develop-
ment in East Africa. Above undulating plains, deep valleys, and
numerous smaller mountain ranges tower Mount Kenya and Mount
Kilimanjaro, Africa’s highest point.

These highlands are less rugged than those of Ethiopia, and
include some of the most productive—and densely settled—farm-
lands of Africa They are bounded by zones infested with the tsetse
fly, a formidable enemy of the cattle so highly prized by most of East
Africa’s peoples, and to the north by semi-arid lands best suited to
grazing. The concentration of people on the more fertile lands, such
asaround Lake Victoria, on the slopes of Uganda’s Mount Elgon, and
in the vicinity of Nairobi, is more than five hundred per square
kilometer—and in places it is far higher. In the colonial era, the
pressure of the African population on available lands in Kenya was
intensified by the reservation of a fourth of the arable area, including
many of the most fertile portions, for use by whites only. Since 1960,
these lands have been gradually resettled by Africans. .

Between the efforts of land-hungry cultivators and charcoal mak-
ers, the East African highlands have been largely deforested except
for the most inaccessible mountain areas and occasional government-
protected reserves. Particularly where cultivators have moved up
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steeper mountain slopes, and where the combination of population
density and traditional techniques has run down fertility, erosion is
on the rise.#2 Not surprisingly, migrants from the fragmented, over-
crowded farming areas are pouring into the cities of East Africa,
where they freruently wind up subsisting on whatever occasional
work can be found. The future of East Africa’s magnificent game
reserves is also being jeopardized as the public pressure for new
farmlands grows.

Ecological trends in the Uluguru Mountains of eastern Tanzania
have been reasonably well-documented and provide a useful, if by
now familiar-sounding, case study. The source of several important
streams, the Ulugurus were once heavily forested, but, over the last
century and a half, subsistence cultivation has spread throughout
their slopes at the expense of trees. By the mid-twentieth century, the
frightening consequences of denudation and improper cultivation
practices in these mountains began to materialize. Severe flash flood-
ing and silting have become expensive problems in downstream
towns and croplands, and hydrological studies show flooding to be
worsening The River Ngerenge has begun to dry up completely in
the dry season with increasing frequency. In 1960, for the first time,
then again in 1966, sisal production on estates reliant on river waters
suffered forced halts. By the late sixties, reports Paul H. Temple, a
new and ominous phenomenon was recorded in the Ulugurus—
catastrophic landslide damage, a trend which elsewhere has been
characterized as the terminal phase of human-induced accelerated
erosion. 43

All in all, little hard data is yet available on the scale and nature
of environmental deterioration in the mountains. However, there is
a rather broad consensus among the various scientists and govern-
mental agencies cited above, as well as many others, about the general
direction of prevailing mountain trends. On the basis of already
available knowledge, it is no exaggeration to suggest that many moun-
tain regions could pass a point of no return within the next two or
three decades. They could become locked in a downward spiral from
which there is no escape, a chain of ecological reactions that will
permanently reduce their capacity to support human life. A nastened
flow of migrants to urban slums will be a principal con equence.

This possibility is very rcal, bur it is not inevitable. ‘There is no
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major mountain problem for which technological solutions are not
already known If the existing negative trends are not abruptly re-
versed within the coming decades, it will be because human institu-
tions have failed to adapt themselves to environmental necessity.

While every mountain zone has its peculiar problems and solu-
tions, some general considerations with wide application can be
noted. Undoubtedly, the most important need in virtually every case
is an intensification of food production on the best farmland—in the
lowlands and valleys, and on the gentler mountain slspes. Only when
this occurs can the self-defeating pressure to move onto ever steeper
hillsides be countered. In many cases reforms in land tenure and the
distribution of extension and credit services—political, not technical
tasks—are the first requirements of agricultural progress.

Where hillsides must be farmed, the adoption of soil-conserva-
tion techniques is essential. Often erosion can be curbed markedly
through the simplest of measures. In parts of Nepal, for example,
many terraces are poorly constructed, with an outward rather than
inward slope and an inadequate buttress of stone to help them survive
the annual monsoon deluge. In the Andes, a restoration of the lost
art of terracing would bring immediate benefits to farmers, the land,
and cities downstream. Terracing is not always the answer; soil ex-
perts in the Uluguru Mountains of Tanzania, for example, found that
terracing encourages landslides there and exposes too much infertile
subsoil. They did find that strategic tree planting, farming on the
contour, and other simple changes in cultivation practices could
greatly reduce erosion.#4 Measures like these have not been widely
adopted because farmers are either not aware that they are possible
or are not convinced that sufficient production benefits would ensue
to justify the extra labor. Many mountain farmers have never seen an
agricultural extension agent.

Where population pressures do not permit a return of mountain
slopes to forest, which might be the ecological ideal, the introduction
of permanent tree crops like apples, apricots, nuts, or timber planta-
tions may be a good compromise. Tree crops combine many of the
ecological advantages of the forest with employment and income for
former farmers; an apparently successful United Nations watershed
improvement project in Pakistan has utilized foreign-donated food
aid as wages in road construction and planting activities to help tide
farmers over until their new orchards start producing income.45
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More extensive reforestation programs are needed throughout
the mountains of Asia, Latin America, and Africa. Trees are required
not only to protect vulnerable slopes and soils, but also to provide
firewood and thus reduce the increasing use of manures for cooking
fuel. Putting mannre back onto the fields will in turn help boost their
productivity, reducing the pressure to spread cultivation onto unsuit-
able slopes. Virtually every government in the mountain regions has
demarcated forest reserves in especially strategic locations such as
those above important rivers. But it is only when adequate food any
fuel arc available from other sources that these “protective forests”
can be genuinely protected.

Greater opportunities to earn a living outside of agriculture can
also reduce pressures on the land. Mining and related industries are
already a source of jobs and money in the Andes. However, the
environmental consequences of these operations must be carefully
monitored and controlled, lest their impact prove self-acfeating. It
has become something of an axiom in many quarters that the poor
countries cannot afford the luxury of pollution controls on their
industries, but the gap between environmental protection needs in
the rich and poor countries may be narrower than many think. In
Peru, = government agency points out that air pollution is killing
vegetation on thousands of mountainous hectares surrounding mines
and refineries, resulting in “truly spectacular” soil erosion.46

Tourism, too, at once poses a great potential and a threat fo: the
mountains. With their fascinating scenery and cultures, countries
like Nepal, Peru, and Ethiopia clearly can expand their tourist trade
severalfold. Yet planning will be essential to pievent the further
degradation of their natural resources by visiting sightseers. The
soaring number of trekkers in the high Himalayas of Nepal over the
last decade has created a booming firewood business for some moun-
tain people, but it has grown at the expense of the forests and
particularly fragile ecosystems of the upper slopes

The central threat to the future of the mountains is the burden
of the burgeoning human numbers they must bear. Planned migra-
tion to less crowded lowlands, where possible, will be important, but
can only purchase a brief reprieve. The need to rapidly bring popula-
tion growth to a halt in the mountains cannot be circumvented; the
limited carrying capacity of these lands will become all too plain over
the next few decades.
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It is generally easy to recommend technological answers o eco-
logical problems. Political and cultural factors are invariably the real
bottlenecks holding up progress. Changing the relationship of people
to land in the mountains, as anywhere else, invariably involves sensi-
tive changes in the relationship of people to one another. Develop-
mental funds and talents spent in the mountains are resources denied
the cities and the plains. In the end, the greatest challenge of all may
be convincing the people of the plains that the future of the moun-
tains cannot be isolated from their own.



6. The Other Energy Crisis:
Firewood

DWINDLING RESERVES of petroleum and artful tamper-
ing with its distribution are the stuff of which headlines are made.
Yet for more than a third of the world’s people, the real energy crisis
is a daily scramble to find the wood they need to cook dinner. Their
search for wood, once a simple chore and now, as forests recede, a
day’s labor in some places, has been strangely neglected by diplomats,
economists, and the media But the firewood crisis will be making
news—one way or another~ for the rest of the century.

While chemists devise ever more sophisticated uses for wood,
including cellophane and rayon, at least half of all the timber cut in
the world still serves in its original mle for humans—as fuel for
cooking and, in colder mountain regions, home heating. Nine-tenths
of the people in most poor countries today depend on firewood as
their chief source of fuel. And ali toc often, the growth in human
population is outpacing the growth of new trees—not surprising
when the average user burns as much as a ton of firewood a year.1
The results are soaring wood prices, a growing drain on incomes and
physical energies in order to satisfy basic fuel needs, a costly diversion
of animal manures from food production uses to cooking, and an
ecologically disastrous spread of treeless landscapes.

The firewood crisis is probably most acute today in the countries
of the densely populated Indian subcontinent and in the semi-arid
stretches of central Africa fringing the Sahara Desert, though it
plagues many other regions as well. In Latin America, for example,

10\
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the scarcity of wood and charcoal is a problem throughout most of
the Andean region, Central America, and the Caribbean.

As firewood prices rise, so does the economic burden on the urban
poor. One typical morning on the outskirts of Kathmandu, Nepal's
capital city, I watched a steady flow of people—men and women,
children and the very old—trudge into the city with heavy, neatly
chopped and stacked loads of wood on their backs. I asked my taxi
driver how much their loads, for which they had walked several hours
into the surrounding hills, would sell for “Oh wood, a very expensive
item!” he exclaimed without hesitation. Wood prices are a primary
topic of conversation in Kathmandu these days. “That load costs
twenty rupees now. Two years ago it sold for six or seven rupees.”
This 300 percent rise in the price of fuel wood has in part been
prompted by the escalating cost of imported kerosene, the principal
alternative energy source for the poor But firewood prices have risen
much faster than kerosene prices, a rise that reflects the growing
difficulty with which wood is being procured. It now costs as much
to run a Kathmandu household on wood as on kerosene

The costs of firewood and charcoal are climbing throughout most
of Asia, Africa, and Latin America Those who can, pay the price,
and thus must forego consumption of other essential goods Wood
is simply accepted as one of the major experses of living. In Niamey,
Niger, deep 1n the drought-plagued Sahel in West Africa, the average
manual laborer’s family now spends nearly one-fourth of its income
on firewood. In Ouagadougou, Upper Volta, the portion is 20 to 30
percent.2 Those who can’t pay so much may send their children, or
hike out into the surrounding countryside themselves, to forage—if
enough trees are within a reasonable walking distance. Otherwise,
they may scrounge about the town for twigs, garbage, or anything
burnable. In many regions, firewood scarcity places a special burden
on women, who are generally saddled witn the tasks of hiking or
rummaging for fuel.

In some Pakistani towns now, people strip bark off the trees that
line the streets; thus, meeting today’s undeniable needs impoverishes
the future. When I visited the chief conservator of forests in Pakis-
tan’s North West Frontier Province at his headquarters in the town
of Peshawar, he spoke in a somewhat resigned tone of stopping his
car the previous day to prevent a woman from pulling bar}. off a tree.
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“I told her that peciing the bark off a tree is just like peeling the skin
off a man,” he said. Of course the woman stopped, intimidated by
what may be the most personal encounter with a senior civil servant
she will have in her lifetime, but she doubtless resumed her practice
shortly, for what else, as the chief conservator himself asked, was she
to do?

It is not in the cities but in rural villages that most people in the
affected countries live, and where most firewood is burned. The rural,
landless poor in parts of India and Pakistan are now feeling a new
squeeze on their meager incomes. Until now they have generally been
able to gather free wood from the trees scattered through farmlands,
but as wood prices in the towns rise, landlords naturally see an
advantage in carting available timber into the nearest town to sell
rather than allowing the nearby laborers to glean it for nothing. This
commercialization of firewood raises the hope that entrepreneurs will
see an advantage n planting trees to develop a sustainable, labor-
intensive business, but so far a depletion of woodlands has been the
more common result And the rural poor, with little or no cash to
spare, are 1n deep trouble in either case

With the farmland trees and the scrubby woodlands of unfarmed
areas being depleted by these pressures, both the needy and the
ever-present entrepreneurs are forced to poach for fvel wood in the
legally protected, ecologically and economically essential nationa®
forest reserves The gravity of the poaching problem in India has been
reflected in the formation of special mobile guard-squads and mobile
courts to try captured offenders, but law enforcement measures have
little effect in such an untenable situation. Acute firewood scarcity
has undermined admnistrative control even in China, where trees on
commune plantations are sometimes surreptitiously uprooted for fuel
almost as soon as they are planted 3

Trees are becoming scarce in the most unlikely places In some
of the most remote villages in the world, deep in the once heavily
forested Himalayan foothills of Nepal, journeying out to gather fire-
wood and fodder is now an entire day’s task Just one generation ago
the same expedition required no more than an hour or two.4

Because those directly suffering its consequences are mostly illit-
erate, and because wood shortages lack the photogenic visibility of
famine, the firewood crisis has not provoked much world attention.
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And, in a way, there is little point in calling this a world problem,
for fuel-wood scarcity, unlike oil scarcity, is always localized in its
apparent dimensions. Economics seldom permit fuel wood to be
carried or trucked more than a few hundred miles from where it
grows, let alone the many thousands of miles traversed by the modern
barrel of oil. To say that firewood is scarce in Mali or Nepal is of no
immediate consequence to the boy scout building a campfire in
Pennsylvania, whereas his parents have already learned that decisions
in Saudi Arabia can keep the family car in the garage.

Unfortunately, however, the consequences of firewood scarcity
are seldom limited to the economic burden placed on the poor of a
particular locality, harsh as that is in itself. The accelerating degrada-
tion of woodlands throughout Africa, Asia, and Latin America,
caused in part by fuel gathering, lies at the heart of the profound
challenges to environmental stability and land productivity reviewed
in this book—accelerated soil erosion, increasingly severe flooding,
creeping deserts, and declining soil ferulity.

The Di..t Bowl years in the Great Plains of the thirties taught
Americans the perils of devegetating a region prone to droughts. The
images provided by John Steinbeck in The Grapes of Wrath of the
human dislocation wrought by that interaction of people, land, and
climate could easily describe present-day events in large semi-arid
stretches of Africa along the northern and southern edges of the
Sahara, and around the huge Rajasthan Desert in northwest India.
Overgrazing by oversized herds of cattle, goats, and sheep is the chief
culprit, but gathering of fuel wood is also an important contributor
to the destruction of trees in these regions. Firewood is a scarce and
expensive item throughout the Sub-Saharan fringe of Africa, all the
way from Senegal to Ethiopia, but citizens in towns like Niamey are
paying a much higher price than they realize for their cooking fuel.
The caravans that bring in this precious resource are contributing to
the creation of desert-like conditions in a wide band below the des-
ert’s edge. Virtually all trees within seventy kilometers of Ouagadou-
gou have been consumed as fuel by the city’s inhabitants, and the
circle of land “strip-mined” for firewood—without reclamation—is
continually expanding.

In the Indian subcontinent, the most pernicious result of fire-
wood scarcity is probably not the destruction of tree cover itself, but
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the alternative to which a good share of the people in India, Pakistan,
and Bangladesh have been forced. A visitor to almost any village in
the subcontinent is greeted by omnipresent pyramids of hand-molded
dung patties drying in the sun. In many areas these dung cakes have
been the only source of fuel for generations, but now, by necessity,
their use is spreading further. Between three hundred and four hun-
dred million tons of wet dung—which shrink to sixty to eighty million
tons when dried—are annually burned for fuel in India alone, robbing
farmland of badly needed nutrients and organic matter. The plant
nutrients wasted annually in this fashion in India equal more than a
third of the country’s chemical fertilizer use. Looking only at this
direct economic cost, it is easy to see why the country’s National
Commission on Agriculture recently declared that “the use of cow
dung as a source of non-commercial fuel is virtually a crime.” Dung
is also burned for fuel in parts of the Sahelian zone in Africa, Ethi-
opia, Iraq, and in the nearly treeless Andean valleys and slopes of
Bolivia and Peru, where the dung of llamas has Seen the chief fuel
in some areas since the days of the Incas.’

Even more important than the loss of agricultural nutrients is the
damage done to soil structure and quality through the failure to
return manures to the fields. Organic materials—humus and soil
organisms which live in it—play an essential role in preserving the
soil structure and fertility nezded for productive farming. Organic
matter helps hold the soil in place when rain falls and wind blows,
and reduces the wasteful, polluting runoff of chemical nutrients
where they are applied Humus helps the soil absorb and store water,
thus mitigating somewhat the impact on crops of drought periods.
These considerations apply especially to the soils in tropical regions
where most dung is now burned, because tropical topsoils are usually
thin and, once exposed to the burning sun and torrential monsoon
rains, are exceptionally prone to erosion and to loss of their structure
and fertility.

Peasants in the uplands of South Korea have adopted a different,
but also destructive way to cope with the timber shortage. A United
Nations forestry team visiting the country in the late 1960s found not
only that live tree branches, shrubs, seedlings, and grasses were cut
for fuel; worse, many hillsides were raked clean of all leaves, litter, and
buiiable materials. Raking in this fashion, to meet needs for home
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fuel and farm compost, robs the soil of both a protective cover and
organic matter, and the practice was cited by the UN experls as “‘one
of the principal causes of soil erosica in Korea.” Firewood scarcity
similarly impairs productivity in eastern Nigeria, where the Tiv
people have been forced to uproot crop residues after the harvest for
us. as fuel Traditionally, the dead stalks and leaves have been left
to enrich the soil and hold down erosion.6

The increasing time reguired to gather firewood in many moun-
tain villages of Nepal is leading to what the kingdom’s agricultural
officials fear most of all. For once procuring wood takes too long to
be worth the trouble, some farmers start to use cow dung, which was
formerly applied with great care to the fields, as cooking fuel. As this
departure from tradition spreads, the fertil:tv of the hills, already
declining due to soil erosion, will fal! sharply. In the more inaccessible
spots, there is no economic possibility whatsoever of replacing the
manure with chemical fertilizers.

And sc the circle ctarts to close in Nepal, a circle long completed
in parts of India As wood scarcity forces farmers to burn more dung
for fuel, and tu apply less to their fields, falling food output will
necessitate the clearing of ever larger, ever steeper tracts of forest—
intensifying the erosion and landslide hazards in the hills, and the
siltation and flooding problems downstream in India and Bangladesh.

Firewood scarcity, then, is intimately linked in two ways to the
food problem facing many countries Deforestation and the diversion
of manures to use as fuel are sabotaging the land’s ability to produce
food. Meanwhile, as an Indian official put it, “Even if we somehow
grow enough food for our people in the year 2000, how in the world
will they cook it?”

B. B. Vohra, a senior Indian agricultural official who has pushed
his government ahead on numerous ecological causes, shcok his head
as we talked in his New Delhi office. “I'm afraid that we are ap-
proaching the point of no return with our resource vase. If we can't
soon build some dramatic momentum in our reforestation and soil
conservation programs, we'll find ourselves in a downward spiral with
an irresistible momentum of its own ” Without a rapid reversal of
prevailing trends, in fact, India will find itself with a billion people
to support and a countryside that is little more than a moonscape.
But the politicians, in India and other poor countries, will take notice
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when they realize that, if people can't find any firewood, they will
surely find something else to burn.

The firewood crisis is in some ways morc, and in others less,
intractable than the energy crisis of the industrialized world. Re-
source scarcity can usually be attacked from either end, through the
contraction of demand or the expansion of supply. The world con-
tiaction in demand for oil in 1974 and early 1975, fcr example,
helped to ease temporarily the conditions of shortage.

But the firewood needs of the developing countries cannot be
massively reduced in this fashion. The energy system of the truly poor
contains no easily trimmable fat such as that represented by four- to
five-thousand-pound private automobiles. Furthermore, a global
recession does little to dampen the demand fou firewood as it tempo-
rarily does in the case of oil. The regrettable truth is that the amount
of wood burned in a particular country is almost completely deter-
mined by the number of people who need to use it. In the absence
of suitable alternative energy sources, future firewood needs in these
countries will be determined largely by population growth. Firewood
scarcity will undoubtedly influence the urgency with which govern-
ments address the population problem in the years ahead.

Even if the demographers are surprised by quick progress on the
population front over the next few decades, the demand for basic
resources like firewood will still push many countries to their limits.
Fortunately trees, unlike oil, are a renewable resource when properly
managed. The logical immediate response to the firewood shortage,
one that will have many incidental ecological benefits, is to plant
more trees in plantations, on farms, along roads, in shelter belts, and
on unused land throughout the rural areas of the poor countries. For
many regions, fast-growing tree varieties are available that can be
culled for firewood inside of a decade.

The concept is simple, but its implementation is not. Govern-
ments in nearly all the wood-short countries have had tree-planting
programs for some time—for several decades in some cases. National
forestry departments in particular have often been aware of the need
to boost the supply of wood products and the need to preserve forests
for an habitable environment. But several problems have generally
plagued tree-planting programs.
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One is the sheer magnitude of the need for wood and the scale
of the growth in demand. Population growth, which surprised many
with its acceleration in the post-war era, has swallowed the moderate
tiee-planting efforts of many countries, rendering their impact almost
negligible. Wood-producing programs will have to be undertaken on
a far greater scale than most jovernments presently conceive if a
significant dent is to be made in the problem.

The problem of scale is closely linked to a second major obstacle
to meeting this crisis: the perennial question of political priorities and
decision-making time-frames. With elections to win, wars to fight,
dams to build, and hungry people to feed, it is hard for any politician
to concentrate funds and attention on a problem so multi-dimen-
sional and seemingly long-term in nature Some ecologists in the poor
countries have been warning their governments for decades about the
dangers of deforestation and fuel shortages, but tree-planting pro-
grams don’t win elections. This phenomenon is, of course, quite
familiar to all countries, not just the poorest. In the United States,
resource specialists pointed out the coming energy crisis throughout
the 1960s, but it took a smash in the face in 1973 to wake up the
govermment, and, as of late 1975, the country still can hardly be said
to have tackled the energy challenge head-on.

Despite these inherent political problems, India’s foresters made
a major breakthrough a few years back as the government drcw up
its five-year development plan for the mid-to-late seventies Flans
were laid for the large-scale establishment of fast-growing tree planta-
tions, and for planting trees on farms and village properties through-
out the country.” A program is going ahead now, but there have been
some unexpected events since the projects were first contemplated
two or three years ago: the quintupling of the world price of pe-
troleum, the tripling in price and world shortages of grains and
fertilizers, and the subsequent wholesale diversion of development
funds to maintenance and emergencies in order to merely muddle
through 1974 without a major famine and a total economic break-
down. India’s development efforts have been set back several years
by recent events, and forestry programs have not been immune to this
trend.

Even with the right kind of political will and the niccessary alloca-
tion of funds, implementing a large-scale reforestation campaign is
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a complex and difficult process. Planting millions of trees and success-
fally nurluring them to maturity is not a technical, clearly defined
task like building a dam or a chemical-fertilizer plant. Tree-planting
projects almost always become deeply enmeshed in the political,
cultural, and adiministrative tangles of a rural locality; they touch
upon, and are influericed by, the daily living habits of many people,
and they frequently end in failure.

Most of the regicns with too few trees also have too many cattle,
sheep, and goats. Where rangelands are badly overgrazed, the leaves
of a young sapling tempt the appetites of foraging animals. Even if
he keeps careful control of his own livestock, a herdsman may reason
that if his animals don’t eat the leaves, someone else’s will. Maraud-
ing livestock are prime destroyers of tree-planting projects through-
out the less developed world. Even if a village is internally disciplined
enough to defend new trees from its own residents, passing nomads
or other wanderers may do them in To be successful, then, reforesta-
tion efforts often require a formidable administrative effort to protect
the plants for years—not to mention the monitoring of timber-
harvesting and replznting activities once the trees reach maturity.

Village politics can undernine a program as well. An incident
from Ethiopia a few years back presents an extreme case, but its
lessons are plain. A rural reforestation program was initiated as a
public works scheme to help control erosion and supply local wood
needs. The planting jobs were given to the local poor, mostly landless
laborers who badly needed the low wages they could earn in the
planting program. Seedlings were distributed, planting commeaced,
and all scemed to be going well—until the overseers journeyed out
to check the progress. They found that in many areas the seedlings
had been planted upside down! The laborers, of course, well knew the
difference between roots and branches; they also knew that given the
feudal land-tenure system in which they were living, most of the
benefits of the planting would flow one way or another into the hands
of their lords They were not anxious to work efficiently for substand-
ard wages on a project that brought them few identifiable personal
returns.8

In country after country, the same lesson has been learned: tree-
planting programs are most successful when a majority of the local
community is deeply involved in planning and implementation, and
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clearly perceives its self-interest in success. Central or state govern-
ments can provide stimulus, technical advice, and financial assist-
ance, but unless community members clearly understand why lands
to which they have traditionally had free access for grazing and wood
gathering are being demarcated into a plantation, they are apt to view
the project with suspicion or even hostility. With wider community
participation, on the other hand, the control of grazing patterns can
be built into the program from the beginning, and a motivated
community will protect its own project and provide labor at little or
no cost.

An approach like this—working through village councils, with
locally mobilized labor doing the planting and protection work—is
now being tried in India There are pitfalls; Indian villages are notori-
ously faction-ridden, and the ideal of the whole community working
together for its own long-term benefit may be somewhat utopian. But
if it can get underway on a large scale, the national program in India
may succeed. Once given a chance, fast-growing trees bring visible
benefits quickly, and they just could catch on. The Chinese have long
used the decentralized, commumty labor-mobilizing approach to
reforestation, apparently with considerable success.

A new program of global public education on the many benefits
of reforestation, planned by the United Nations Environm-nt Pro-
gram, will hopefully direct more attention to the tremendous global
need for tree planting. Whatever the success of refores*ation projects,
however, the wider substitution of other enerzy sources for wood can
also contrivute greatly to a solution of the firewood problem. A shift
from wood-burning stoves to those running on natural gas, coal, or
electricity has indeed been the dominant global trend in the last
century and a half. As recently as 1850, wood met 91 percent of the
fuel needs of the United States, but today in the economically ad-
vanced countries, scarcely any but the intentionally rustic, and scat-
tered poor in the mountains, chop wood by necessity anymore. In the
poor countrics, too, the proportion of wood users is falling gradually,
especially in the cities, which are usually partly electrified, and where
residents with any income at all may cook their food with bottled gas
or kerosene. Someone extrapolating trends of the first seven decades
of this century might well have expected the continued spread of
kerosene and natural gas use at a fairly brisk pace in the cities and
into rural areas, eventually rendering firewood nearly obsolete.
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Events of the last two years, of course, have abruptly altered
energy-use trends and prospects everywhere. The most widely over-
looked impact of the fivefold increase ir oil prices, an impact
drowned out by the economic distress caused for oil-importing coun-
tries, is the fact that what had been the most feasible substitute for
firewood, kerosene, has now been pulled even farther out of reach of
the world’s poor than it already was. The hopes of foresters and
ecologists for a rapid reduction of pressures on receding woodlands
through a stepped-up shift to kerosene withered overnight in Decem-
ber, 1973, when OPEC announced 1its new o prices. In fact, the
dwindling of world petroleum reserves and the depletion of wood-
lands reinforce each other; climbing firewood prices enccurage more
people to use petroleum-based products for fuel, while soaring oil
prices make this shift less feasible, adding to the pressure on forests.

The interconnections of firewood scarcity, ecological stress, and
the broader global energy picture set the stage for some interesting,
if somewhat academic, questions about a sensible disposition of world
resources In one sense it is true that the poor countrics, and the
world as a whole, have been positively influenced by the OPEC
countries, which, through price hikes and supply restrictions, are
forcing conservation of a valuable and rapidly disappearing resource,
and are not letting the poor countries get dangerously hooked on an
undependable energy supply. In a world in which energy, ecology,
and food were sensibly managed, however, the oil distribution picture
would look far different. The long-term interest in preserving the
productive capacity of the earth and in maximizing welfare for the
greatest number of pecple might argue for lower prices and a rapid
increase, not a halt, in the adoption of kerosene 2nd natural gas in
the homes of the poor over the next two decades. This, in turn, would
be viable for a reasonable time period only if the waste and compara-
tively frivolous uses of energy in the industrial countries, which are
depleting petroleum reserves so quickly, were cut sharply. It is not so
far-fetched as it might first seem to say that today’s driving habits in
Los Angeles, and today’s price and production-level decisions in the
Persian Gulf, can influence how many tons of food are lost to floods
in India, and how many acres of land the Sahara engulfs, in 1980.

Fossil fuels are not the only alternate energy source under consid-
eration, and, over the coming decades, many of those using firewood,
like everyone else, will have o turn in other directions. Energy
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sources that are renewable, decentralized, and low in cost must be
developed. Nothing, for example, would be better than a dirt-cheap
device for cooking dinner in the evening with solar energy collected
earlier in the day. But actually developing such a stove and introduc-
ing it to hundreds of millions uf the world’s most tradition-bound and
penniless families is another story. While some solar cookers are
already available, the cost of a family unit, at about thirty-five to fifty
dollars, is prohibitive for many, since, in the absence of suitable credit
arrangements, the entire amount must be available at once. Mass
production could pull down the price, but the problem of inexpen-
sively storing heat for cloudy days and evenings has not been solved.?
The day may come in some countries when changes in cooking and
eating habits to allow maximum usc of solar cookers will be forced
upon populations by the absence of altc.natives.

Indian scientists have pioneered for decades with an ideal-sound-
ing device that breaks down manures and other organic wastes into
methane gas for cooking and a rich compost for the farm. Over cight
thousand of these bio-gas plants, as they are called, are now being
used in India. *Vithout a substantial reduction in cost, however, they
will only siowly infiltraiz the hundreds of thousands of rural villages,
where the fuel problem is growing. Additionally, as the plants are
adopted, those ico poor to own cattle could be left worse off than
ever, denied traditional access to dung, but unable to afford bio-gas.10
Still, relatively simple and decentralized devices like solar cookers and
bio-gas plants will likely provide the fuel sources of the future in the
poor countries. .

In terms of energy, Nepal is luckier than many countries in one
respect. The steep slopes and surging rivers that cause so many
environmental problems also make Nepal one of the few remaining
countries with a large untapped hydroelectric potential. The latent
power is huge, equaling the hydroelectric capacity of Canada, the
United States, and Mexico combined. Exploitation of this resource
will be expensive and slow, but will relieve some of the pressures being
placed on forests by the larger towns of Nepal and northern India.
On the other hand, cheap electricity will only partly reduce firewood
demands, since the electrification of isolated villages in the rugged
Himalayas may never be economically feasible.

The firewood crisis, like many other resource problems, is forcing
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governments and analysts back to the basics of human beings’ rela-
tionship with the land—back to concerns lost sight of in an age of
macro-economic models and technological optimism. Awareness is
spreading that the simple energy needs of the wo:ld’s poorest third
are unlikely ever to be met by nuclear power plaats, any more than
their minimum food needs will be met by huge synthetic-protein
factories.

Firewood scarcity and its attendant e-ological hazards have
brought the attitude of people toward trecs into sharp focus. In his
essay “Buddhist Economics,” E F. Schumacher praises the practical
as well as esoteric wisdom in the Buddha’s teaching that his followers
should plant and nurse a tree every few years 1! Unfortunately, this
ethical heritage has been largely lost, even in the predominantly
Buddbhist societies of Southeast Asia In fact, most societies today lack
a spirit of environmental cocperation—not a spirit of conservation for
its own sake, but one needed to guarantee human survival amid
ecological systems heading toward collapse.

This will have ‘o change, and fast. The inexorable growth in the
demand for firewood calls for tree-planting efforts on a scale more
massive than most bureaucrats have ever even contemplated, much
less planned for. The suicidal deforestation of Africa, Asia, and Latin
America must somehow be slowed and reversed. Deteriorating eco-
logical systems have a logic of their own; the damage often builds
quietly and unseen for many years, until one day the system falls
asunder with lethal vengeance. Ask anyone who iived in Oklahoma
in 1934, or Chad in 1975.



7. The Salting and Silting
of Irrigation Systems

THE FIRST human civilization may well have emerged in
what is now Iraq, on the plain of the Tigris and Euphrates rivers
known as Mesopotamia. Here people learned, six or seven thousand
years ago, to raise abundant crops in the desert by diverting river
water onto their fields The need to maintain irrigation works, in turn,
provided strong impetus for cooperation among families and clans,
while the new food surplus encouraged formation of the first non-
farming classes—priests, administrators, warriors, merchants, crafts-
men, and aitists.

That Mesopotamia is possibly the world’s oldest irrigated area is
not an encouraging observation. The end result of six millenia of
human management is no garden spot. The region’s fertility was once
legendary throughout the Old World, and the American conserva-
tionist Walter Lowdermilk has estimated that at its zenith Mesopo-
tamia supported between seventeen and twenty-five million inhabi-
tants.! One early visitor, Herodotus, wrote that “to those who have
never been in the Babylonian country, what has been said regarding
its production will be incredible.” Today Iraq has a population of ten
million, and on the portions of these same lands that have not been
abandoned peasants eke out some of the world's lowest crop yields.

Rarely has the history of civilization been so directly linked to
changing ecological conditions. Environmental modification has
sometimes been the cause, and sometimes been the result, of the rise
and fall of Mesopotamian states. Their history reveals lessons for

W
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irrigation-based socicties everywhere, lessons only slowly being ab-
sorbed despite the visual aid of Iraq’s wastelands.

The first recorded civilization, that of the Sumerians, was thriving
in the southern Tigris-Euphrates valley by the fourth millenium B.c.
Over the course of two thousand years Surnerian irrigation practices
ruined the soil so completely that it has not yet recovered. The
dissolved salts present :n minute quaitities in all water do not evapo-
rate, so as water evaporates or is used by plants, the salt content of
the remaining water grows lIrngation waters unused by plants and
not apsorbed by the air may percolate down to the underground water
table, which, in turn, may become increasingly salty over time. In
Mesopotamia, in the absence of natural or artificial means of draining
away extra water, the water table began to rise. Seepage from canals
and periodic floods also added te the groundwater until it eventually
reached root zones, where its brackishness stunted or prohibited crop
giowth Even where the subterranean water was not too salty, it
damaged or killed crop roots by cutting off the oxygen supply.

Once the water table was within several feet of the surface, water
also began to move upward by capillary action, pulled by the dry air
and soil above. As it reached the surface and evaporated, a thin
deposit of salts was left behind—a familiar enough phenomenon to
anyone who has seen a glass or dish from which salty water has
evaporated Centuries of repeated wetting and drying out left a thick
white crust on the ground, rendering much of it all but useless for
agriculture. Vast areas of southern Iraq today glisten like fields of
freshly fallen snow; from 20 to 30 percent of the country’s potentially
irrigated land is unusable Where salt concentrations are lower, farm-
ers in much of Iraq are able to farm a given area only in alternate
years, despite the availability of ample water. Irrigation water is
applied to wash the salts downward into the ground a modest dis-
tance, a small crop of salt-tolerant barley 1s coaxed from the earth,
and then the land is given over to deep-rooted weeds for a year, which
help dry out the soggy soils. Until an underground system of drainage
tiles is installed—an expensive, ambitious proposition—the situation
will not improve; it may deteriorate further.

The progressive build-up of salt in lower Meospotamia has been
carefully chronicled by archaeologists. Barley tolerates saltier water
and soils than wheat, so as salinization proceeded, barley has grown
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over larger areas. About 3500 .c., wheat and barley were grown in
nearly equal proportions. A thousand years later, wheat accounted for
only one-sixth of the crop, and eight hundred years after that, by 1700
B.C., wheat cultivation had ceased entirely in most of southern Iraq.

More important than the shift in crops was the decline in produc-
tivity, a process which accelerated as irrigation grew heavier in the
waning years of the Sumerian civilization. The declining yields were
devastating for the towns, where large non-farming classes were de-
pendent on farmers’ surpluses for sustenance. Field records from
2400 B.C. indicate an average yield of 2,537 liters, or about two metric
tons, of grain per hectare—respectable by current North American
standards By 2100 B.c. the yield had declined to 1,460 liters per
hectare, and by 1700 B.C., as political and cultural dominance shifted
northward to Babylonia, yields in Sumer had fallen to 897 liters per
hectare. Many of the great Sumerian cities dwindled to villages or
were left in ruins. While “probably there is no historical event of this
magnitude for which a single explanation is adequate,” write the
pre-eminent historians Thorkild Jacobsen and Robert M. Adams,
“that growing soil salinity played an important part in the breakup
of Sumerian civilization seems beyond question.”2

Successive Mesopotamian civilizations grew up in the north,
where salinity generally did not emerge as a problem until many
centuries later, and has never been as acute as in the lower reaches
of the rivers But as irrigation systems grew in size and complexity,
another threat to food production eventually grew as well: the burden
of silt carried by the river waters into irrigation canals. For the first
four thousand or so years, irrigation in Mesopotamia was a simple
affair in comparison to its later phases; alt was not yet a serious
problem. Rather small human settlements concentrated along the
banks of major water courses meant that short, easily maintained
canals were the principzl engineering works needed to supply fields
with water. Often, river bank levees could simply be breached to flood
low-lying fields.

After Alexander the Great's conquest in the fourth century B.C.,
Mesopotamia entered a new phase of urbanization and agricultural
development. These trends peaked in the third through seventh
centuries A.D., when the conquering Sassanians of Persia built an
unprecedented, gigantic system of major and minor canals that criss-
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crossed the desert, allowing the exploitation of almost all the region’s
cultivable area. One ambitious canal, the Nahrwan, was three hun-
dred kilometers in length with thousands of brick sluice gates along
its branches.

The Tigris and Euphrates both carry heavy loads of sediment
from upstream, loads that quite likely increased over time due to the
growing use and misuse of the rivers’ headwater areas for farming and
grazi; g. The deposition of silt on floodplains, riverbeds, and at the
rivers’ delta on the Persian Gulf is a massive and never-ending pro-
cess. Thus, over the last five thousand years a new layer of soil ten
meters thick has been laid over the landscape in some parts of the
Tigris-Euphrates Basin. In the earlier, simpler phase of irrigated
agriculture and settlement in Mesopotamia, silting must have been
an occasional nuisance when it clogged channels and ditches, but, on
the whole, it was a blessing since, in the pattern of Egypt’s productive
floodplain agriculture, it meant an annual deposit of fertile topsoil on
the land.

The new scale and complexity of agriculture in the Sassanian
period, however, also meant a new vulnerability to any factor that
might disrupt the workings of the extensive, finely-tuned water deliv-
ery system. The long canals quickly filled with sediment, and keeping
the system working required continuous and backbreaking drudgery.
Coordination of labor over a large area was required; no village acting
in isolation could ensure its own survival. A powerful, centralized
state was essential. That the system worked for many centuries is
attested to by the huge mounds of silt, once cleaned from canals by
slaves and laborers, that are still a central feature of the landscape in
parts of central and northern Iraq.

The region flourished so long as state power remained inviolate,
and the Sassanian cities became cosmopolitan trade centers where
Hebrew, Greek, and Syriatic were commonly spoken. But whenever
cooperative canal maintenance was not forthcoming, whether due to
internal social decay, a preoccupation with external military adven-
tures, or hostile invasion, the system suffered catastrophic break-
downs that reduced the region’s life-support capacity. A crisis of
political authority in the late Sassanian period cavsed just such a
breakdown, and, after a brief recove.y following the Islamic invasion,
the irrigation system fell into a state of disrepair in the twelfth
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century that has not yet been righted. Accumulating silt loads re-
duced the Alow of the Nahrwan Canal to a trickle, and a leading world
civilization to a few dusty villages. Most historians now agree that the
Mongols, who invaded the region in the thirteenth century and have
often since been blamed for its downfall, found scenes of devastation
rather than opulence when they arrived in the legendary land of
Mesopotamia

A central lesson of Iraq's history, one that has been learned and
forgotten repeatedly since the decline of the Sumerians, is that irriga-
tion (providing water to thirsty crops) and drainage (removing excess
water from the soil) are inseparable components of a single system.
The need is not simply to locate water and wet the earth, though this
goal alone has, understandably, preoccupied all desert societies, but
to provide moisture at a level that maximizes crop growth and pre-
serves the land’s productive capacity over time. Often, this means
providing underground or surface drains to draw away water unused
by plants. Ironically, once water, the prerequisite of production, is
obtained, getting rid of it eventually becomes nearly as crucial as
assuring its continued supply.

Some irrigated regions are blessed with adequate natural under-
ground drainage or an efficient flow of surface water out of fields. In
Egypt, for example, the annual flooding of the Nile flushed salts out
of the soil each year, which is why the Nile Valley, in contrast to
Mesopotamia, has remained one of the world’s most productive and
densely populated areas for several thousand years. Egyptian irriga-
tion projects outside the Nile floodplain have, over the last century,
developed severe salinity problems. The Aswan Dam, which har-
nessed the Nile in the sixties, will allow further extensions of the
irrigated area, but has eliminated the historic natural soil desalination
process of the Nile Valley Waterlogging and salinity, on both old
and new farmlands, are becoming major headaches for the Egyptian
government, and coping with them demands tremendous expendi-
tures and technical skill.

Either too much or too little irrigation water can cause salinity
problems Where underground drainage is poor, as in Iraq, unused
and unevaporated irrigation waters build up toward the surface, caus-
ing the dual problems of waterlogging and, as the water near the
ground evaporates, salt deposits. But when water applications are too
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scanty, salt also builds up, since not enough water filters downward
to flush the inevitable salt deposits below the root zone.

Under the right conditions, typified by Pakistan, the problems of
too much and too little water can, in a sense, both exist at once. As
the human population of Pakistan has multiplied over the last cen-
tury, the irrigaied area has also grown—but without a commensurate
increase in the amount of water extracted from the country’s rivers
and underground aquifers As a result, water is spread thinly and is
often inadequate to satisfy the needs of crops, let alone the need to
flush or leach salt downward out of the surface soils. At the same
time, however, natural underground drainage throughout much of
Pakistan is poor, and seepage from the country’s extensive network
of unlined canals, together with irrigation waters unused by crops,
have brought the water table almost to the surface in many areas.

Pakistan, whose Indus Plain is by far the largest continuously
irrigated region on earth and is thus a major world resource, presents
many parallels to ancient Mesopotamia. It is a desert land where all
civilization is founded on the waters of the Indus and its four major
tributaries. Salt and silt challenge the survival of Pakistani society just
as they did those of the Sumerians and Sassanians One advantage
the Pakistanis hold over the ancients is access to modern techr clogies
that can probably keep irrigation sustainable on a permanent basis.
A disadvantage is a population of seventy million that promises to
double in twenty-five years, leaving little latitude for mistakes or
disruptions in the water supply without tragic consequences.

Irrigation in Pakistan has a long history, stretching back to the
Indus civilization of over four thousand years ago. Watex diversions
on a large scale, however, are relatively recent. Canal irrigation began
at the end of the seventeenth century, primarily to furnish water for
the parks and gardens of the Moghul royalty. Though: the obvious
agricultural potential of vhese canals, most of which could only oper-
ate when river flows were high, was quickly perceived, farming was
by and large still limited to narrow ribbons of land near the river-
banks. In the mid-nineteenth century the British undertook construc-
tion of the massive perennial irrigation system that was to make the
area called the Punjab the breadbasket of the Indian subcontinent.
Low dams called barrages were built to store water and channel it into
canals with a total length of tens of thousands of miles, some of which
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carry nearly as much water as the Colorado River of the southwestern
United States.

Almost as soon as these canals were built something unexpected
began to happen: the level of water in wells began to rise. The new
water courses were altering the equilibrium of the hydrological cycle,
with as much as a third of the water they carried seeping down to
the subterranean water table. Away from the riverbeds the water
table was init:ally fifty to seventy feet deep, but over huge areas the
table began to rise steadily, at a rate of one or two feet per year, until
it was within ten or fifteen feet of the surface. At this point its rise
slowed as the capillary rise and evaporation of water helped reduce
the pace of build-up. But in some areas the water table eventually
reached the surface, emerging as stagnant puddles. Well before the
water reached the roots of the crops, damage to the land’s productiv-
ity began occurring. Once underground water with a salinity content
of one part per thousand—quite acceptable to crops—is within sev-
eral feet of the surface, capillary evaporation residues will raise the
salt content of the top three feet of soil to the intolerable level of one
part per hundred in just twenty years.

By 1960 the problems of waterlogging and salinity were taking a
deadly toll. An estimated area of over tws inillion hectares, a ffth of
the annually cultivated area of the Indus Pizin, was severely affected;
either yields were significantly cut by waterlogging and/or salinity, or
production had ceased altogether. As many as forty-thousand addi-
tional hectares were falling into that category each year, a good share
of them lost to cultivation altogether And the productivity of many
more millions of i.ectares was well helow 1its potential level due to
saline soils 3 Pakistan was losing a hectare ot good agricultural land
every twenty minutes, but gaining a new claimant on that land by
birth every twenty-four seconds. Pakistan’s existence as a nation was
being called into question by this process of human-caused ecological
change, and the question could no longer be tabled.

Until 1954, almost nothing was done to counter the threat posed
by waterlogging and salinity. Research efforts initiated in that year
culminated in a comprehensive strategy for attacking the problem
that was launched by the government in 1961. Warning that Pakis-
tan had to act soon to avoid a “national catastrophe,” and invoking
the spectre of ruined hydraulic civilizations of the past, the govern-
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ment called for the consiruction of tens of thousands of miles of
drains to draw surplus water away from the fields. But the heart of
the new program, particularly in the Punjab, was the massive installa-
tion of tubewells, cylindrical shafts driven down to tap the water
table.4 Water drawn from underground could, enginzers reasoned,
replace or supplement river waters in irrigating the fields. Part of the
water drawn up by the wells would seep back down, flushing salts
downward, and enough would be lost to evaporation or plant con-
sumption so that the dangerously high subterranean water would
gradually sink lower. Where conditions were right, the introduction
of properly spaced tubewells could not only help reverse the waterlog-
ging and salinity trends, but could also provide a large, dependable
supply of new irrigation water, allowing the adoption of higher-yield
grain varieties.

Salinity-control project areas were given boundaries and thou-
sands of wells were sunk. The results were significant, if sometimes
below the expectations of the program designers. Tests in late 1964
in the initial project area indicated that in one year, despite unusually
heavy rainfall, the groundwater level had fallen by eleven inche.
Overall, by 1970, it appeared to many observers that an important
threshold had been crossed, with the land reclamation by then out-
stripping land losses.

But the processes that produce waterlogging and salinity continue
without reprieve, while competing claims on the attention and re-
sources of the government have left unrealized the salinity program’s
original goals for tubewells and drain construction. While the cost of
the recently built Tarbela Dam on the Indus River climbed from the
original estimate of $400 million to $1.2 billion, the civil war that
resulted in the breaking away of Bangladesh also soaked up funds
needed to fight salinity. Thus it would be premature to claim that the
salinity problem has been conquered by Pakistan. As one leading
foreign advisor to the government recently said, “The battle is far
from won, but at least it is now well underway. The country appears
to be holding ground.” In 1973 President Bhutto publicly recognized
the shortcomings of the past effort. “So far we have merely toyed
with the problems,” he said, as he announced a new plan involving
the anticipated expenditure of half a billion dollars over the next
decade to hold down the losses to salinity.6
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Irrigation in Pakistan, like that in ancient Iraq, is also hampered
by the extraordinarily high silt load carried by the Indus and its
tributaries—the product of easily erosive geologic conditioss, exacer-
bated by the progressive deforestation of the Himalayas The princi-
pal threat posed to Pakistan by silt is not the asphyxiation of irrigation
canals, bad as that problem may be, but the shockingly rapid sedi-
mentation of the country’s expensive new reservoirs. Pakistan’s
topography offers dam sites that are poor by usual international
standards, and, where feasible at all, dams will produce reservoirs that
are extremely small in companson with the size of the rivers they
harness. The combination of small reservoirs and large rivers bearing
heavy silt loads means reservoirs will have very brief life-spans.

The country’s first big dam project, the $600 million Mangla
Reservoir, began operations in 1967 It was constructed on the basis
of feasibility studies showing a reservoir life expectancy of one hun-
dred years or more Sediment measurements after a few years of
operation, however, indicate that most of its water-holding capacity
will be gone 1n fifty-five to seventy-five years? Even this estimate
makes no allowance for a porsible acceleration in silting as deforesta-
tion and overgrazing in the Jhelum River watershed continue.

The engineering lengths to which water-short, densely populated
countrizs can be forced 1s suggested by Pakistan’s Tarbela Dam,
which was completed in early 1975 The largest carth- and rock-filled
dam in the world, Tarbela was constructed with certain knowledge
that its reservoir will be almost completely filled with silt in fifty
years.8 The reservoir’s extraordinary expense is nevertheless out-
weighed in the calculations of the Pakistani government by its bene-
fits in electric power and irrigation. As the oniginal reservoir loses its
water storage capacity, water will be diverted to nearby valleys, and
eventually another dam may be built downstream. In the case of the
Mangla Reservoir, plans now stand eventually to heighten the dam,
thus adding to its storage ability and postponing the demise of the
irrigation system it supports

One generation of costly concrete and steel structures can be
replaced by another, but as yet little has been done to attack ac-
celerating soil erosion in the Indian and Pakistani headwaters of the
Indus and its tributaries. Pakistan is paying an enormous price for
land deterioration in the western Himalayas. Any reduction in the
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flow of soil into the Indus system would bring life-giving benefits to
the country by prolonging the economic life of *hese reservoirs.
Continuously threatened by waterlogging, salinity, and siltation,
Pakistan presents a striking juxtaposition of the primitive and the
ultra-modern. Many of the world’s poorest people subsist oblivious to
advanced technologies, and their livelihood and habits are little
affected by the decisions of seemingly faraway national governments.
In Pakistan, however, the survival of an extremely poor, largely uned-
ucated population 1s increasingly dependent on sophisticated tech-
nologies, elaborate regional cooperation, and huge, well-planned gov-
ernmental expenditures. Fighting the salinity problem requires
complex analysis using computers, and the careful control of pump-
ing and irrigation practices over large areas by highly trained techni-
cians. The country’s huge irrigation projects demand centralized
control and coope:ation over wide areas; in the face of a system
breakdown the individual farmer would be just as helpless as the
Mesopotamian farmers were who lost their livelihood nine hundred
years ago. Effectively replacing the new reservoirs as they fill with silt
will require tremendous expenditures and technical skill. Should pro-
longed political disintegration or military conflict ever impair for long
the government's ability to meet these problems forcefully, Pakistan’s
resemblance to Mesopotamia would leave little to the imagination.

Only a few decades back, it was sometimes debated whether the
irrigation of desert lands, where evaporation is particularly high and
natural drainage is often poor, could be considered a permanent
enterprise. Today, most experts believe the technology is available to
maintain svil quality indefinitely Yet, nght up to the present day,
world irrigation development has been blemished by the frequent
neglect of this knowledge in the planning and construction of new
irrigation projects Where drainage works have been provided at all,
they have often been inadequate

Insufficient provision for drainage in many countries is one aspect
of a larger problem plaguing world irrigation development. Opening
the imtial stages of a project such as a dam or major canal is always
a prestigious event, with high political payof.s for those responsible.
These are visible, impressive achievements constructed and
thereafter managed by a small core of technological elites. But the
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extra steps required to make the grand projects meaningful and
sustainable—the development of systems to deliver water on time
and in proper quantities to the individual farmer, and the assurance
of proper drainage at the farm level—are often overlooked. These
steps are more difficult, requiring the cooperation not only of a few
highly skilled technicians, but of all

One explanation for this self-defeating trend is the mindset of
many civil engineers, who sometimes plan and build dams with too
little appreciation for the management needs of the individual farmer
and for the long-term requisites of soil quality. Irrigation is too often
viewed as an end in itself, rather than as the handmaiden of agricul-
tural development. There may, furthermore, be an anti-drainage bias
built into the process of project evaluation and adoption. Govern-
ment officials and agencies competing for scarce funds and status, not
to mention the consultants and contractors who will design and build
the dams and canals, have a strong stake in keeping overall cost
estimates as low as possible, and in magnifying a project’s potential
benefits. It is common at the planning stage to underestimate both
the need for and the cost of the other side of the irrigation coin,
drainage. Once irrigation projects are under construction and costs
run over initial estimates, as they usually do, there are additional
temptations to postpone even the planned drainage work. This is
particularly easy since salinity and waterlogging usually do not start
undercutting production for many years after the irrigation, with its
dramatic initial returns, gets underway—and well after construction
firms and bureaucrats have moved on to other projects, countries or
positions.®

The legacy of this continued detiance of reality is a stupendous
loss of global agricultural output. Two American analysts have es-
timated that the productivity of at least one-third of all the world’s
irrigated land is being undermined to varying degrees by salinity
problems. The noted Soviet soil scientist V. Kovda goes further,
estimating that 6o to 8o percent of all irrigated lands are, due to
inadequate drainage or canal lining, becoming gradually more saline
and, hence, infertile By his calculations, twenty to twenty-five mil-
lion hectares of iand have been laid waste over the centuries after the
introduction of improperly managed irrigation, and two hundred
thousand to three hundred thousand additional hectares—out of a
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total worldwide irrigated area of nearly two hundred million hectares
—pass from cultivation each year due to waterlogging and salinity.10
Strangely, the awesome dimensions of this worldwide problem are
generally unrecognized.

While Pakistan and Iraq present the most dramatic examples of
the salinization threat, the problem is a critical one on every inhab-
ited continent. Waterlogging and salinization are reducing yields to
varying degrees in virtually every one of the thirty or so countries with
more than half a million hectares of land under irrigation.

In Pakistan’s neighbor, India, for example, over six million hec-
tares—compared to a total national imrigated area of about forty
million hectares—have been severely damaged by waterlogging and
salinity and in many cases rendered unusable Governmental and
private tubewell installation has recently helped draw down the water
table in parts of the Indian Punjab, but there and elsewhere, in the
states of Haryana, Uttar Pradesh, Gujarat, Maharashtra, Orissa, and
Rajasthan, the threat remains acute After learning bitter lessons
from past irrigation projects, the Indians are carefully minding drain-
age needs as the waters of the huge new Rajasthan Canal bring life
to the desert, though some analysts still {ear that salinity will harm
the newly imrigated lands. China, too, has suffered from improper
irrigation practices. Yields on at least a fifth of the irrigated area of
some major regions are reduced by salinity, and tens of millions of
hectares throughout the country are barren because of salt—some of
it natural, some of it left by farmers in the past.11

Waterlogging and salinity plague nearly every country in the
Middle East, not just Iraq. Salt-whitened sands are surpassed only hy
oil derricks as noteworthy human alterations of the landscape in that
part of the world. As irrigation development escalates in the arid
countries of the Middle East and North Africa, in part due to the
new capital resources being shared with neighboring states by the on
exporters, salinity damage is sure to increasc.

In the Euphrates Valley of Syria, above the Euphrates’ entry into
Iraq, from one-fourth to one-half the total agricultural area has been
rendered unfit for cultivation by soil salinity and saturation. Average
cotton yields in the valley’s remaining farmlands dropped from 2.5
tons per hectare in the early fifties to abzut 1.5 tons per hectare by
1966. More than half of the combined irrigable lands of the Euphra-
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tes and Khabour Valleys, about 220,000 hectares, had been harmed
or destroyed by salinity as of 1970. Nearly all this damage has oc-
curred in the last twenty-five years since the introduction of intensive,
perennial cotton production 12 The problem is certain to spread with
the current expansion of irrigated area allowed by Syria’s new dam
on the Euphrates.

In 1970, less than a decade after Jordan initiated irrigated agricul-
ture in the Jordan River Valley, salt and sogginess were affecting 12
percent of the project area, and the extent of the injury, according
to the government, was “increasing every year.” In Iran, officials say
that “the majority of irrigated lands are saline and crop yieids are
depressed by the toxcity of salt.” i an 1s planning to bring vast
quantities of water that 1s already moderately saline to large areas of
land; only conscientious attention to drainage and leaching needs will
permit these investments to fulfill their potential.13

Waterlogging and salinity problems also affect every country with
major irrigation works in the Americas. By 1200 a.p,, as the Incas of
the mountains above were gaining ascendency over Peru’s coastal
cultures, some irrigated lands of the coastal desert had already been
abandoned—due, some historians feel, to salinity and a rising water
table. Today over two hundred thousand hectares along Peru’s coast,
almost a third of the cultivated area in this region, suffer from the
same problems. Twenty to thirty percent of the agricultural lands in
the Patagonian region of Argentina have been damaged by salt ac-
cumulation In Northeast Brazil, at least half the irrigated land is
affected by waterlogging and salinity, and the yields on some irrigated
fields are actually lower now than they were before the advent of
irrigation. Food and Agriculture Organization researchers have also
identified salinity as an acute and growing problem in northwestern
Haiti, a region suffering from drought and famine in mid-1975. As
salt accumulates on the fields there, the cultivation of important food
crops like peanuts and beans is impaired and then abandoned. More
salt-resistant crops like cotton are substituted until their yields, too,
begin falling; eventually the land is given over to cactus and thorny
brush. Leaching and drainage could reverse this catastrophic trend,
report the FAO analysts, and the battle is now getting underway.14

As a result of inadequate provisicn for drainage, and the attempt
to spread irrigation waters too thialy, the tremendous expansion in


http:underway.14

Salting and Silting of Irrigation Systems 127

this century of irrigation systems in Northwestern Mexico has been
plagued by serious salinity problems 15 In the Yaqui Valley, for exam-
ple, forty thousand hectares were damaged by salts and fifteen thou-
sand hectares had been retired from production by the mid-sixties.
The problem is even worse in the large irrigated zone of the Colorado
Delta, where four-fifths of the arable land was to some degree
affected, and 14 percent was too saline for any cultivation by 196s.
The Mexican government has recently initiated drainage projects in
many salt-damaged areas, but another basic problem—the effort to
farm too much land that is often alkaline with too little water—
ensures that the salinity threat will not be countered easily

Exacerbating the already difficult salinity problem in Mexico’s
Colorado Delta, the salt content of the lower Colorado River leaving
the United States nearly doubled after 1961 In 1944 the precious
waters of the Colorado were divided between the Unitcd States and
Mexico, but no attention was given the question of water quality. The
river has a high natural salt content due to geologic deposits, and, as
its waters have been increasingly diverted for agricultural uses and
then drained back into the river, the salt concentration downstream
has steadily risen. Since irrigation uses part of the water and speeds
evaporation, the salt content in leftover waters rises.

The salt content of the river escalated dramatically when a pump-
ing program was initiated in 1961 to lower the highly saline watc.
table in the Wellton-Mohawk I:rigation and Drainage District of
Arizona. Brackish water caused serious agricultural damage down-
stream in Mexico's Mexicali Valley, and became a major diplomatic
irritant between Mexico and the United States. Protracted negotia-
tions finally produced an agreement in 1973, under which the United
States is building a desalination plant in Yuma, Arizona, to improve
the quality of the water drained from the Wellton-Mohawk Dis-
trict.16

Though the 1973 accords were billed as a “final solution” to this
international dispute over water quality, the problem persists. Irriga-
tion development in the southwestern United States continues, and
the expected diversion of upper Colorado waters for oil shale and coal
exploitation promises to intensify further the salinity problems down-
stream.17 Since the Colorado is the life-blood of much of the south-
western United States, there is little choice but to use and re-use the
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river waters, even though each additional diversion adds to the salt
concentration of the remaining flow.

Already, despite elaborate drainage systems, some farmers in the
rich Imperial and Coachella Valleys of California have suffered fall-
ing crop yields. The drainage facilities are not yet as developed in the
Mexicali Valley, but the future of irrigated agriculture on both sides
of the border will be thoray in any case as the salt content of the river
water rises, a process beyond the control of any single farmer or
region In the lower Colorado Basin, writes Harold E. Dregne, a
prominent U S. agronomist, “it is not hard to see the day coming
when on-the-farm ameliorative measures are no longer sufficient.”18
Southern California, Arizona, and northwestern Mexico are gradually
being boxed into a predicament with no easy answers. Either the
river’s salt build-up will have to be reversed in the coming decades
—perhaps in part through massive, expensive desalination opera-
tions, but also by cutting off some of the upstream salt sources—or
large areas of cropland will eventually have to be abandoned. There
are limits to how many unnatural burdens can be heaped upon a
single river, a fact whose implications many individuals now recog-
nize, but which the affected state and national governments have so
far been unable to reflect in practice

Silt, like salt, is \mdermining irrigation systems on every conti-
nent. Heavy sedimentarion of canals and other waterworks is a com-
mon preblem, reducing the efficiency of irrigation systems and ab-
sorbing funds anA labor for maintenance that are sorely needed for
activities to increase production. The accelerated silting of reservoirs,
cutting their effectiveness for hydroelectric-power generation, flood
control, and irrigation, has huge annual worldwide costs that have
never been totaled.

Silt in rivers and streams is, of course, ozie of the major end results
of erosion on the land The natural conditions of vegetation and soil
structure in the watershed area, and of rive.banks and bottoms, are
usually the major determinants of sediment loads carried by water-
ways. But human alteration of the landscape can also make a signifi-
cant difference, giving once-clear streams a visibly muddy complex-
ion. Excess sediment is the major form of human-caused water
pollution in the world today, and exacts a heavier cost than any other
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water pollutant—possibly more than all other pollutants combined.

Sediment studies of the U.S. Department of Agriculture in six-
teen Mississippi watersheds carried out in 1959-61 examined the
potential impact of various human land uses on silt loads.?® The
studies were in a hilly region where, once the original forest cover is
stripped away, soils are especially prone to erosion. The annual soil
runoff from forested areas was only a few hundredths of a ton per
hectare. Erosion from grassy pasturelands was much higher, though
still not dangerous, averaging four tons per hectare. Lands cuitivated
for corn production, however, produced an average annual sediment
yield of fifty-four tons per hectare. On the more skillfully managed
fields, the erosion rate was eight tons per hectare, but on some farms
it reached 106 tons. Where gullies had formed on abandoned farm-
lands, the average runoff of sediment was an astounding 450 tons per
hectare The numbers differ in every region but the basic relation-
ships do not: as forests are cleared for agriculture, or are severely
depleted by lumbering, grazing, or firewood gathering, the silt load
of the rivers and streams below usually rises.

Siltation is especially dramatic in rescrvoirs that are small in
relation to the river feeding them, such as the Mangla and Tarbela
reservoirs in Pakistan. The water-holding capacity of the Tarbela
Reservoir is only about one-seventh the annual flow of the soil-laden
Indus, ensuring a short life. Lake Mead on the Colorado River, by
contrast, holds more than twice as much water as the Colorado carries
in a year, and will remain useful for centuries, despite the river’s high
sediment load.

The threat of siltation is frequently underestimated by dam build-
ers, resulting in unhappy surprises later on for governments and
farmers. When construction began on the Anchicaya Dam in Co-
lombia in 1947, the consulting engineers 1eassured apprehensive offi-
cials that “tropical rivers carry little sediment,” though the influx of
farmers and roads to the surrounding slopes was then beginning.
Imagine the bewilderment of these officials in 1957 when, only
twenty-one months after the dam was completed, nearly a fourth of
the reservoir’s capacity had been lost to sediment!20

Preliminary calculations for Taiwan's Shihmen Reservoir sug-
gested a useful life of seventy-one years, but in one five-year period,
from 1963 to 1968, 45 percent of its capacity was lost, provoking a



130 Losing Ground

new government program to halt unauthorized forest clearing and
the rapid spread of farming onto steep slopes upstream. The Philip-
pines’ Ambuklao Dam, built to last sixty-two years, will be useful for
only thirty-two years—mainly because of excess logging in the Upper
Agno River watershed.2! The literature of world development activi-
ties is strewn with similar horror stories—and there will be more.

One of West Africa’s most significant recent development pro-
jects, the Kainji Reservoir, which opened in 1969 on the Niger River
in northern Nigeria, is intended to spur industrial and agricultural
development in that arid zone by providing cheap electricity and
water. Unfortunately, satellite photographs .nalyzed by Paul Anae-
jionu of the American University, in Washington, D C., suggest that
the project will not meet original expectations. Deforestation, burn-
ing and overly intensive cultivation in Mali, Niger, Upper Volta,
Dahomey, and Nigeria are apparently dumping far more sediment
into the river than anticipated 22

Surveying twenty-two irrigation reservoirs, the Indian govern-
ment recently discovered, to its consternation, that in many instances
the annual inflow of sediment is at least four times as high as was
assumed when the dams were built In some cases, laments B. B.
Vohra of the Ministry of Agriculture, “there are no alternative sites
for reservoirs once these have been rendered useless. This means that
even if we have the money to build fresh projects—and this is by no
means certain—we shall not have the physical opportunities for do-
ing 50.”"23 A good reservoir site is, in a sense, a non-renewable re-
source. Once exploited and then destroyed by silt, it can be replaced
only at increased expense—and sometimes, as in some unlucky In-
dian provinces, it is irreplaceable.

A sample survey in 1941 indicatc.! that 39 percent of the reser-
voirs in the United States had a useful life of less than hfty years.
“Many of the reservoirs,” write two prominent engineers, “were
doubtless designed without consideration of the sediment load nor-
mally carried by the streams on which they were built.” The total
economic loss from reservoir sedimentation in the United States was
estimated at fifty million dollars per year as of 1962.24 Watershed
conservation programs are not cheap, but they will often pay for
themselves many times over in the extra farm output allowed by
prolonged reservoir life.
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Irrigation has played a key role in the evolution of Southeast Asia,
where wet-rice production has permitted the emergence of the
world’s most densely peopled humid tropical zones. Among South-
east Asian countries, irrigation agriculture is perhaps most advanced
in Jav», the island on which nearly two-thitds of the people of In-
donesia live. Population growth is forcing other countries in that part
of the world, such as the Philippines and Thailand, in Java's direction
—toward more elaborate irrigation networks—while Java rehabili-
tates its long-neglected system in the cffort to boost yields, and
further extends the intricate circulatory network of canals that per-
mits extra harvests each year on its scarce arable lands.

Many observers fear that Java is rushing inexorably toward an
ecological nightmare. A few numbers sketch the problem. By 1975,
Java, with a land area of 136,000 square kilometers, or about that of
the state of New York, had a population of eighty-four million people,
giving it an overall density of over six hundred per square kilometer
(sixteen hundred per square mile). This compares with a density in
the crowded Netherlands of about four hundred per square kilometer
—and in some of Java’s intensively farmed rural areas the density is
more than double the island’s average. Java’s population is growing
by two million per year, but there is no ecologically viable possibility
of adding to the cultivated lands, which now cover 6o percent of the
island

Even if average fertility drops by one-fourth, reports Sumitro
Djojohadikusumo, a leading Indonesian analyst, Indonesia’s total
population will increase from about 130 million in 1975 to 250
million at the century’s end, and Java’s from 84 million to 146
mullion This will give Java an average density of about eleven hun-
dred people per square kilometer. As Sumitro observes, “this is
greater than the present density in the most populated and urbanized
centres of Western Europe 25 Java is rapidly becoming the world’s
largest “island city.” The resettlement of Javanese on Indonesia's
more sparsely populated islands is desirable and necessary, but can
hardly iter Java's basic prospects. Even if the government’s goal of
moving two million people during the current Five-Year Plan is met,
Java's annual population increase will only be reduced by a fifth.
There are basic logistical limits as to how many people can be reset-
tled rapidly, particularly since they are moving to territories that are,
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in many cases, agriculturally untested and ecologically unfamiliar.
The steady flow of destitute squatters into the shantytowns of Jakarta
remains the country’s most notable form of migration.

The term “island city” brings to mind an image of a fairly pros-
perous commercial center like Hong Kong or Singapore. Java, how-
ever, is an agricultural land where the vast majority must support
themselves thiough farming if they are to support themselves at all.
Simply finding housing space for the island’s residents without en-
croaching on good farmlands will be a major challenge. incredibly,
Indonesia is not yet a massive food importer; limited progress in
raising rice yields, and the wide sharing of inadequate food supplies
among the rural poor, mean chronic undernourishment but, as yet,
no huge import needs And one can identify the theoretical means
oy which Java could continue to limp along with a nutritionally
inadequate, but probably politically tolerable, supply of food as its
population doubles. The efficiency of the island’s irrigation system
can be increased greatly, and this, together with improved seeds
and ocher practices, could bring major increases in crop yields. Fish-
eries development can help boost protein supplies, and the exploita-
tion of as yet untouched arable lands on other islands of Indonesia
may provide a surplus to hclp keep Java afloat

But well before any theoretical agronomic limits are reached, Java
could find itself sliding into an ecological crisis that undercuts their
meaning. Farmers, out of understandable desperation, have already
cleared forests well beyond the safe limits of agricultural sprawl,
denuding hillsides on which farming is not sustainable for long. The-
negative consequences can be calculated in terms of disrupted stream
fAows and rising silt loads that jeopardize the efficiency of the island’s
essential water-delivery systems. Satellite pictures suggest that as little
as 12 percent of this lush island now has tree cover, including planta-
tions of teak and other species In the watersheds of the vital Solo,
Brantas, and Citarum river systems, forest cover is certainly well
under 10 percent. An Indonesian ecologist, Dr. Otto Soemarwoto,
has documented the acceleration of soil erosion in several watersheds,
drawing special attention to a sevenfold increase in the silt load of
the Citarum over a recent period of three years that is rapidly filling
up Indonesia’s largest reservoir downstream at Jatiluhur. In some
areas around the upper Citarum, cassava and other root crops are now
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planted right up to the tops of smaller peaks that were covered by
dense jungle in the 1950s.26

As Java’s population grows, pressures on the ecosystem will
mount, but as the irrigation system is refined, it is becoming more
and more vulnerable to ecological disruption. Java's irrigation sys-
tem might be compared to a fine watch. From some vantage
points, one can see waters running in nine different directions and
levels. Closely synchronized water movements from rivers or reser-
voirs to the individual field are essential; maximizing yields requires
a precise amount of water at just the right time, and then its re-
moval from fields.

Any factor reducing the efficiency of this intricately meshed
system will pull down crop yields. A growing load of silt in canals and
gates, like blood clots in human arteries, impairs their effectiveness.
Declining river fiows in dry seasons, and higher floods in the wet
seasons, which are additional consequences of hillside clearing, fur-
ther hamper the functioning of the system. An ominous long-term
trend is the gradual building up of the level of fields and ditches as
they receive a heavy annual sediment deposit, hindering the delivery
and drainage of water to and from fields by gravity.

As other Southeast Asian countries expand and intensify their
irrigation facilities to meet burgeoning food needs, moving in the
direction of what might be termed the “Java model,” their vulnera-
bility to siltation and disrupted river flows will grow commensurately.
The Philippines, for example, hopes to triple 1ts irrigated area over
the next decade. Yet the watersheds of several of the country’s impor-
tant rivers have already been ravaged by shifting cultivators and
loggers. Satellite photographs indicate that deforestation is far more
advanced than official statistics reveal, with the forest caver probably
less than a fifth of the country’s land area—a far cry from the 35 to
50 percent commonly assumed.

In mainland Southeast Asia, many of the same factors operate,
but generally on a different schedule. The relatively crude irrigation
system in the basin of Thailand’s Chao Phya River has been vastly
upgraded in the past decade, with large reservoirs on upstream tribu-
taries and intricate water-delivery systems that permit two crops
annually on much of the Central Fiains area below. Hydrological data
show little change in silt loads and seasonal water flows over the past
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decade, while aerial and satellite photos show more than 40 percent
forest cover remaining in the Chao Phya watershed.

Yet some local observers calculate that the northern forests are
being decimated at a rate of 5 to 7 percent a year. Most of the
deforestation is occurring in the mountainous homelands of the
minority ethnic tribes, especially in the “slash-and-burn” areas of
opium cultivation—regions where the authority of the central Thai
government is minimal. Superficially, the Thai situation appears rela-
tively comfortable and well-balanced, like Java's in the 1930s But if
one projects a continued 3 percent annual rate of population growth,
and a 5 to 7 percent annual deforestation rate, a crisis point is coming
in the near future: intensive, controlled irrigation will be most needed
just at the time when upstream erosion and irregularity of water flow
will make downstream delivery and drainage facilities most difficult
to nperate and maintain. And this point will most likely coincide with
greatly sharpened competition for Chao Phya water to serve agricul-
tural, urban, iudustrial, and hydroelectric needs. A large river flow
must also be maintained to keep ocean water from invading the
low-lying coastal plains

Though Java has a refined and intricate irrigation system already
facing acute stresses, and Thailand a less pressured system with a
grace period of perhaps fiftcen years in which to undertake integrated
planning, the basic lesson remains the same. The expected benefits
of irrigation projects may never materialize, in Southeast Asia or
elsewhere, if more heed is not paid to the overall ecological balance.

Each of the irrigation systems in ecological danger discussed in
this chapter represents a serious local threat to a region or nation.
Viewed together against world trends in irrigation development, they
take on a far broader significance. One of the key factors permitting
world food output to keep up with the surging postwar demand has
been the historically unprecedented explosion in irrigation capacity.
A total world irrigated area of eight million hectares in 1800 reached
forty million hectares in 1900, 105 million hectares in 1950, and then
190 million hectares by 1970, thus growing faster than world popula-
tion so far this century.

Unquestionably, considerable potential remains for further
growth in the total world irrigated area, not to mention the vast
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improvements possible in the efficiency of water use. Large reserves
of underground water remain untapped in the Indian subcontinent
and elsewhere, and the Sudan has not come close to utilizing the Nile
River waters accorded it by treaty with Egypt, to take two notable
examples. Yet, on a global basis, there are clear indications that the
rate of new irrigation development will slow markedly over the com-
ing decades.2? Most of the world’s economically feasible opportuni-
ties for large-scale irrigation development have already beer. ex-
ploited. In some areas, such as the high plains of West Texas, the
underground water supplies are being steadily depleted.

The great burst in world irrigation projects during the third
quarter of this century cannot be repeated during the last quarter,
Thus, though world irrigated area expanded by nearly 3 percent
annually between 1950 and 1970, it will probably grow at little more
than 1 percent a year in the remaining years of the century. As the
need for fresh water grows faster than its availability, the insidious
loss of irrigation capacity to salt and silt is sure to become more
visible.



8. Myth and Realsty
in the Humid Tropics

T:iE TROPIC OF CANCER and the Tropic of Capricorn
bound mostly open sea, but the oceans are interrupted by the bulk
of Africa and Latin America and the soutlicn tail of Asia. While half
this tropical land mass is actually grassland, the landscape conjured
in the minds of most people by the word “tropics” is that of the lushly
vegetated humid zones—the dense forests of the Amazon Basin,
Central and West Africa, and Southeast Asia. These evergreen for-
ests now cover about a fourth of the tropics, and an unknown share
of the grasslands would also be in forest had human beings not
intervened with fire.

In parts of Southeast Asia such as Java, rich volcanic soils and
centuries of careful construction support perennial rice cultivation
and compact human settlements. In the humid tropical areas of every
continent, there are alluvial plains (composed of topsoil washed down
by rivers) that are potentially quite productive and capable of sup-
porting dense populations. What is characteristic of most rainy re-
gions in Latin America and Africa, however, is the mere handful of
people they support.

The sparse population of much of the humid tropics is puzzling
on its face, for, in terms of sheer mass, no zone produces more life.
Tropical forests are the most diveise ecosystems on earth, with thou-
sands of plant species—many still unrecorded by modern science—
crowded into small areas. Viewing what appears to be the gross
underutilization of the humid tropics by farmers who slash fields out

Yo
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of the forest only to abandon them and move on after a few years,
some analysts have pinned great hopes on these zones as possible
suppliers of food to a hungry world With year-round sunlight,
warmth, and rainfall, the huge potential of the humid tropics to
produce vegetation is obvious. What still eludes the human race is
the means to harness much of that potential for its own ends.

After a century strewn with dashed dreams and squandered in-
vestments, the myth of boundless fertility in the tropics is gradually
dying Kemarks made by United Nations soil scientists in 1965 on
the Latin American experience apply equally to large areas of tropical
Africa and Asia:

It 15 no accident that much of the yet unfarmed land in Latin America
lies within the humid tropics, for here are to be found the soils where failure
to understand the dynamic nature of the soil system brings swift disaster. The
whole history of Man’s penetration of these regions has been chequered by
high hopes followed by failure, and those who have remained have often
chosen to emulate the shifting cultivation system of the indigenous farmers.
Few indeed are the examples of successful, efficient and permanent agricul-
tural industry established in the humid tropics, and most of these are con-
cerned with special crops on especially favored soils 1

In most temperate farmlands, mineral nutrients accumulate in
the soil for potential use by plants In the tropical forests, by contrast,
most nutrients are locked in the profuse, multi-layered vegetation.
The soil is less a nutrient source than « mechanical support for plant
life which constitutes an almost closed cycle of growth and decay.
When the land is stripped of its dense cover, the soil temperature
soars under the intense equatorial sun, hastening biological activity
and the deterioration of remaining organic matter. Torrential down-
pours, sometimes bringing six to eight inches of rain in a single day,
wash away the thin topsoil and leach the scant nutrients it holds
downward, beyond the range of crop roots.

Tropical forest residents have developed a special tactic known
as “shifting cultivation” for coaxing sustenance out of their land.2
The forest vegetation is cut away to form a small, usually irregu-
larly shaped plot. Clearing is incomplete, reflecting both the lim-
ited tools available to the farmer and evolved ecological wisdom;
stumps and roots are left in the ground, thus minimizing distur-
bance of the soil, holding down erosion, ard providing for rapid
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forest regeneration after the plot is abandoned. Typically, the
newly cut vegetation is burned after clearing, adding mineral-rich
ashes to the soil

The agriculture practiced by shifting cultivators is characterized
by diversity and complexity Several different crops are planted at
once, sometimes including more than twenty different species and
sub-species. This “mixed cropping” spreads harvesting efforts over
the year, provides security in case one crop variety fails, and, by
providing a varied environment, reduces the chance of wholesale
losses to pests or disease It also means that the soil is almost continu-
ously protected from the destructive influences of sun and rain.

With both the soil’s initial limited fertility and tne ashes of
burned vegetation to draw upon, crops produce fruitfully in the first
season, but yields decline rapidly thereafter. Soil fertility is quickly
depleted, profuse weeds that compete with crops for nutrients and
sunlight invade the plot, and predatory insects multiply. Harvests
may fall by 20 to 5o percent after one year, and within iwo to five
years after clearing the plot 15 abandoned to nature. Grasses and
weeds, then shrubs, and eventually, if the soil is left idle long enough,
forest trees reclaim their sight to the land and the soil builds back
to its former state.

Plots are ideally left to rest for from six to over twenty years,
depending on local conditions, before the cycle of clearing and deser-
tion is repeated. Historically, many clans or tribes in the forest have
led nomadic lives, moving their homes as they cleared new plots.
Today, farmers more commonly live in permanent settlements and
rotate cropping on adjacent lands Throughout most humid and
semi-arid zones in Africa, where some form of shifting cultivation
remains the dominant means of food production, the land is never
given time to return to high forest. Instead it returns only to the
shrubbery stage; hence the usual labeling of African farming as a
“bush fallow” system.

Shifting cultivation is often seen as a stigma of backwardness, but
where the ratio of land to people is high enough, it is an ecologically
sound system and one well adapted to tropical forest conditions. Few
of the men and women whe practice it have been educated in pri-
mary schools, let alone universities. Yet they usually carry in their
heads an extraordinary fund of scientifically sound knowledge about
plant species and soil qualities. Despite its ecological soundness, how-
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ever, shifting cultivation has serious disadvantages. Production may
be fairly secure, but the system makes no provision for the accumula-
tion of investments that 1s the key to higher productivity and wealth.
Most societies try to mold the environment in directions that serve
human ends, but shifting cultivation implies the almost complete
molding of human practices to fit the environment as 1t is. Material
poverty is the inescapable condition of the traditional shifting cultiva-
tor.

Most importantly, in many regions the system can support only
an extremely sparse population Though conditions vary widely, often
at least fifteen hectares of land must be available for each dependent
person if shifting cultivation is to be sustainable over time. Once a
threshold point is reached at which farmers return to a plot before
its fertility is fully restored, a dangerous cycle of degencration begins,
unless skillful and painstaking measures to recycle nutrients and or-
ganic matter to the soil are scrupulously carried out.

In most agricultural regions the principal constraint on a rapid
boost i food output is the slowness with which farmers adopt im-
proved technologies well known to scientists. Inflexible or oppressive
political, social, and economic institutions often frustrate the quick
implementation of research results, as does the understandable hesi-
tation of most farmers to risk substituting the unknown for the
reliable As a subject of agnicultural research, however, the humid
tropics are a giant step behind other zones. For the unpleasant truth
is that, for many tropical areas of Africa, Latin America, and South-
east Asia, no alternative food-production system to shifting cultiva-
tion has yet proven both biologically and economically workable.

The current plight is in part a product of the colonial era, when
tropical agricultural research concentrated heavily on improving plan-
tation crops like cocoa, bananas, and rubber, and other crops grown
mainly for export, such as cotton and peanuts. It is also due to the
singular environmental rules of the humid tropics, which differ so
greatly from those under which modern temperate-zone agriculture
developed that farming systems cannot simply be transferred from
one zonz to another. Clearing the land cleanly, plowing the soil, and
planting a single crop in neatly divided rows all severely aggravate
erosion, deterioration of soil structure, leaching of nutrients, and pest
damage

In the former Congo (now Zaire), Belgian colonists tried strenu-
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ously to devise a system of continuous agricultural production to
replace shifting cultivation—and failed. In their initial experiments
in the 1930s, Belgian agronomists attempted to duplicate European
intensive cultural practices. They cleared, burned, and uprooted the
forest; plowed the soil, sowed a green manure crop (legumes or
grasses); plowed again; sowed a two-year rotation of rice, manioc, or
peanuts; and, finally, sowed another leguminous cover crop. The
results were disastrous. Deep plowing damaged the soil structure;
clean weeding and planting in rows led to accelerated soil erosion and
leaching of nutrients, and left the soil exposed to the sun for thirteen
out of twenty-four months, which in turn burned away its essential
organic components The cover crops had few of the beneficial effects
on soil fertility to which European farmers were accustomed. René
Dumont has described the cumulative effect: “The yield of every
crop fell rapidly. The ears of rice did not swell. The 150 acres on
which the experiment had been conducted had to »e abandoned after
a few years. Too far from the edge of the forest to be reseeded quickly
and with the microchmate of its soil reduced almost to aridity, the
area was still only thinly wooded ten years later.”’3

In response to this predicanient, the corridor system, founded on
the principals of the indigenous agriculture, was developed. In many
ways it preserved the ecologically sound {eatures of the traditional
shifting cultivation, and yet managed to raise total production by
allowing the systematic use of available labor, bringing more land
under production, and facilitating technical assistance to Africans
from Belgian agricultural extension agents According to William
Allan, the widespread development of corridor farming took place
largely at the insistence of cotton companics, which saw its main
purpose as increasing the acreage and yields of cotton.*

Several variants of the corndor system were adapted to different
climatic, topographic, and vegetational conditions. A typical arrange-
ment in a forest zone began with a large block of land divided into
hundred-meter-wide strips, usually east-west oriented to take max-
imum advantage of sunlight The number of strips in a block was
dictated by the number of years required to complete a cycle of
cultivation and regenerative fallow, usually something in the order of
twenty years. Each strip was divided into a number of rectangular
fields, which were then allocated to farming families, and every year
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another strip was cleared and cultivated. The period of cultivation for
the strip usually ran two to four years, and then was followed by a
lengthy fallow period Thus a constant number of fielcs were kept in
cultivation while the farmers moved slowly through the block.
Cleared strips were altcrnated with uncleared ones so that fields were
closely bordered by forest to shade the ciops and provide seeds for
the rejuvenation of natural vegetation during the fallow period.
Following Zaire’s independence in the early 1960, the corridor
system largely disappeared. Though a vast improvement over efforts
to duplicate Western-style mechanized agriculture, its passage into
the history books has not been widely lamented The corridor system
was a creative adapiation of traditional methods to the requirements
of the colonizers, but from the tropical ecological perspective it was
no great improvement The straight lines and rigid timetables for
crop rotation satisfied a European need for order, and facilitated the
hamessing of African labor for Belgian ends, but meant a loss in the
flexibility so well-suited to the tropical environment. In any case, the
corridor system, like the less mathematically precise shifting cultiva-
tion it replaced, was still an extensive use of the land that required
large empty areas to sustain a relatively small annual product.

Technological adaptations to increase the land’s carrying capacity
have been a constant historical theme both in and out of the tropics
as rising populations put pressure on thc land. It is only within the
last few centuries that shifting cultivation has disappeared in Europe,
to be replaced by the integration of crop rotations, animals and their
manures, and, eventually, chemical fertilizers into the food-pioduc-
ing system. In Southeast Asia, an intensive, ecologically stable system
of irrigated rice production has evolved over the centuries. In Africa,
too, cultures and technologies have adapted to population pressures
in various ways Where the tsetse fly dces not limit cattle herds, as in
some of the savannas of West Africa and the highlands of East Afri-
ca, for example, the careful use of animal manures has permitted near-
ly continuous cultivation without a great loss of fertility over time.

Other regions have been less fortunate When populations grow
while the amount of land available to a tribe or clan remains stable,
the regenerative period allowed a given area between plantings must
be constantly shortened. In some areas, as the soil fertility is gradually
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sapped, a tenacious grass takes over that is almost impossible to
eradicate with traditional implements. Whether or not this occurs,
farmers are forced to clear larger plots and to move more frequently
as yields shrink. Reduced fertility means that crops produce less total
organic matter and, subsequently, return less to the soil to guard
against erosion and to rebuild soil structure. The deterioration of the
land thus gathers momentum as topsoil washes away, lessening—
sometimes permanently, more often for a long period—its life-sup-
porting capacity.

The phenomenon is already prevalent enough in Africa for Wil-
liam Allan, in his classic work, The African Husbandman, to devote
a chapter to Africa’s “cycle of land degeneration.” The reduced
fallows of which Allan speaks have probably wreaked their most
baneful destruction in the heavily settled drier areas of the West
African Sudanian zone, such as northern Ghana and Nigeria, where
they are partially responsible for destructive dust storms, and in parts
of East Africa and Ethiopia.’ But the cycle of degeneration is also
a mounting threat in many humid tropical areas The existence of
vast unoccupied spaces and low national population densities can
promote a false security. 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. Africa’s post-war population explosion, accompanied by
the general perpetuation of traditional farming methods, means that
the problems of soil erosion and declining fertility could accelerate
dramatically throughout much of the continent over the coming
decades

The bellwether for many humid tropical regions may be eastern
Nigeria, the most densely settled region south of the Sahara. Nigeria’s
former Eastern Region received world attention under the name of
Biafra when it unsuccessfully tried to break away from the country
in the late 1960s. But before that civil war, Barry Floyd, a geographer,
wrote:

The Eastern Region of Nigena has one unfortunate claim to fame which
might better be left unpublicized, except that it relates to a problem of
monumental proportions .. Within the region there occur some of the
most spectacular examples of soil erasion and “badland” topography to be
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seen in West Africa Erosion gullies attain a degree of severity and destruc-
tiveness seldom experienced in other parts of the continent. . . . Soil deterio-
ration and degradation, 1n terms of the progressive loss or nutrients and
breakdown of structure, is well migh universal, due largely to over-farming and
primitive, destructive methods of cultvation.t

Shifting cultivation has given way to virtually continuous cropping
in parts of this region, undermining the soil’s fertility and ability to
resist erosion in an area already geologically susceptible to severe
erosion,

Donald Vermeer has provided a pertinent description of cropping
changes over time among the Tiv people, who live north of 1he region
described above 7 While the average population density of the Tiv
tribal area was thirty-five per square kilometer in the early sixties, in
the better farming regions it exceeded 230 per square kilometer and
approached the higher densities to the south. Wherever the popnla-
tion density surpassed about 150 per square kilometer, Vermeer
found, the traditional cropping system was no longer sustainable, and
farmers began changing their practices to cope with the deteriorating
situation. The Tiv population now is in the process of doubling in
twenty-three years, a trend that compels great and rapid changes in
the tribe’s way of life

Yams, the most highly prized food of the Tiv, have traditionally
been the first crop planted, with great ceremony, on freshly opened
land. Yams make heavy demands on soil fertility, and this crop
pattern has provided the maximum possible yield. In the second year,
millet or corn is customarily planted, with sesame as a follow-up cash
crop. Occasionally, crops of peanuts, sweet potatoes, upland rice, or
cassava are then raised in a fourth, fifth, or even a sixth year. Finally,
the land is left idle for ten or more years to return to grasses and,
preferably, woady vegetation

In the southern areas of Tivland, mounting population density
1s forcing radicai alterations in these practices More and more
fields are cropped for five or six years and left to regenerate for
only one or two. As a result, writes Vermeer, “soils in the dense=ly
populated areas are becoming increasingly impoverished and de-
graded, a condition manifest by increasing extent and dominance
of Imperata grass, soi! erosion, and exposure of lateritic outcrops

and loss of crop yields.” The fertility problem is exacerbated by
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the growing shortage of fuel wood in southern Tivland, where the
former forest has almost totally given way to farms and grass-
lands. The stalks of harvested grain plants, historically left on the
ground to add nutrients and organic matter, are now commonly
uprooted and burned for cooking.

As fallow periods decline, the cropping sequence is changing. The
primary role of the yam in the Tiv culture is being undermined. Soil
fertility has fallen to such an extent that planting yams first no longer
guarantees a good harvest; instead, a quickly-maturing food crop of
sweet potatoes or peanuts often now initiates the cycle, followed by
corn or millet in the same year. Yams are then planted in the second
year of the cycle Since yam yields have declined, grains, which in the
past were mainly used for beer production, and which served as a
dietary staple for only a month or two out of the year, have become
the principal food for over half the year. One compelling reason for
the shift to a new quick-growing food crop at the beginning of the
cropping cycle, Vermeer suggests, is the ominous emergence of a
“hungry season” in southern Tivland during the late months of the
dry season each year. He concludes that “without alteration of cul-
tural values and practices, continued deterioration of the environ-
ment may lead to further reduction in crop yield, intensification of
the hungry season, and possible triggering of a host of problems
associated with under-nutrition.”

Most tropical forest areas of Central and West Africa are far less
heavily settled than eastern Nigeria, but this is no ground for compla-
cency. The particular blend of techniques and soils of one region may
safely support far fewer people than that of another, and, even if more
productive agricultural methods are available, there is no assurance
that they will reach the farmers in endangered zones, or that {armers
will quickly adopt them. Furthermore, populations in localized areas
may swe!l beyond ecologically safe levels even while nearly empty
lands lie nearby, Nigeria provides one such example. African farmers
squeezed out of crowded homelands are often, and understandably,
more inclined to migrate to the cities than to take up farming in areas
that are environmentally and socially unfamiliar or even hostile.

Thus reduced fallow cycles may already be damaging soils over
rather substantial areas in Africa. Unfortunately, no one really knows
how widespread the problem is; even national government officials in
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Africa usually have only undocumented impressions of long-term
changes in yields and soil fertility in the less modernized regions of
their countries. At the seventh FAO Regional Conference for Africa,
held in Gabon in September, 1972, delegates from several countries
expressed concern about deteriorating soil fertility and quality due to
reduced fallow cycles, provoking a special 1973 FAO Seminar on
Shifting Cultivation and Soil Conservation in Africa. Estimates of
the proportions of the problem were noticeably lacking at the semi-
nar. Martin Billings, an agricultural expert with the U.S. Agency for
International Development, suggests that crop yields are declining
“in wide areas of Volta, the Guinea Coast, Zambia, Malawi, and
Madagascar.”8

Reliable facts on the extent of Africa’s cycle of land degeneration
are hard to come by. What we do know is that per capita food
production in Africa has declined over the last twenty years—a dis-
tinction shared by no other continent.?

One continent to the west, the largest continuous forest in the
world, which covers five-sixths of the basin of the Amazon River
system in South America, also faces ecological stresses, though from
causes quite different than those affecting eastern Nigeria. Larger in
area than Europe (excluding the Soviet Union), and cradling a river
that provides one-seventh of all the water flowing into the earth’s
occans from land, the Amazon Basin is more sparsely populated than
any region on earth, save the frozen wastes of the polar zones and the
driest deserts Outside the region’s two small cities, the average
density is less than one person per square kilometer of land.

In few areas has the imprint of human beings been so inconspicu-
ous; the small indigenous Indian population lives by shifting cultiva-
tion in widely dispersed semi-nomadic settlements Today, however,
the governments that control the Basin—including Brazil, which
occupies the bulk of it, as well as Venezuela, Colombia, Ecuador,
Peru, and Bolivia—are doing their best to establish a sizable and
lasting modern presence. Ambitious new roads are beiug cut through
the forest, opening the way for colonists from the land-short Andes
and from drought-prone northeastern Brazil, where large sugar es-
tates co-exist uneasily with a large landless class. Concessions to
utilize huge blocks of the Amazon Basin for forestry or ranching have
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been granted to entrepreneurs and international corporations. Unex-
amined geologic formations are luring in prospectors for minerals and
oil, and occasionally new mining operations {ollow.

Governments are pressing into the Amazon Basin for various
reasons. Opening new farmlands will, it is hoped, defuse demands for
land reform and relieve the poverty of other regions The geopolitical
urge to integrate wilderness areas into national political and economic
life before some other country does sc 1s an undisguised motive. The
notion that gigantic windfall economic benefits await those who first
master the jungles cannot be discounted. These drives are capped by
a basic urge to conquer one of the world's last frontiers, an urge with
roots deeper than economic or ecological rationales alone.

By any account, the soils of most of the Amazon Basin are poor
and could best be exploited through forestry; some areas would best
be left alone in their natural state pending a better understanding of
the region’s hydrological, climatological, biological, and cultural sys-
tems. Only a small fraction of the basin can proftably be farmed for
food crops, given available technologies and foreseeable market con-
ditions. The area is far from adequately surveyed, and estimates about
land quality vary according to assumptions about the technical prof-
ciency of farmers. Brazil's federal aerial photography agency has
recently calculated that only 4 percent of the country’s Amazon soils
have medium-to-high fertility.10 This is still, of course, highly signif-
cant, involving a total area nearly the size of Great Britain. But
whether very much of its potential productivity will be tapped de-
pends on many factors, including the cost of transporting necessities
into the forest and products out of it, the comparative cost of increas-
ing agricultural output elsewhere in Brazil, and whether or not farm-
ers have the knowledge or desire to protect soil quality for sustained
use. Most of these better soils are in the varzed, narrow plains along
the banks of some major rivers that receive annual floods and deposits
of fertile silt. Large-scale agricultural exploitation of the varzea, how-
ever, will require tremendous expenditures for drainage, dikes, and
other water control facilities.

All the Amazonian governments have programs to help new
farmers from other regions settle in the forest. But the spontaneous
influx of the land-hungry has in most cases overridden careful plans.
Since 1971, when a major stretch of Brazil's Trans-Amazon Highway
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(which, when completed, will stretch from the Atlantic to the
Peruvian border) was opened, about fifty thousand families have
moved in to take over the hundred-hectare plots available at low cost
along the edges of the new road. The total has been short of initial
government hopes, but, with limited financial and administrative
resources in the Amazon, and migrants who often know little about
farming, let alone the particular demands of the humid tropics, the
government has been forced to scale down its expectations markedly.
In 1971, government financial aid for movement to the Amazon was
stopped, since more people than the settlement agency could handle
were making their way to the region on their own. As of 1975, the
program to screen settlers outside the Amazon territory has also been
discontinued, yet the brisk inflow of self-elected migrants contin-
ues.!!

While a few of the more skilled colonists manage both to feed
themselves and to produce fruits, cocoa, or pepper for sale, most of
them engage in subsistence farming—producing only enough corn,
manioc, sweet potatoes, and pineapples for home consumption.
Given the general poverty of the soils and the absence of fertilizers
and technical training, this is itself an accomplishment, if hardly the
realization of the cornucopia many migrants dreamed of before they
moved. What is not known is how many colonists will find they can’t
make a living in the jungle, and then sell their plots to more skillful
neighbors or corporations; how much of the newly cleared earth will
be severely degraded by over-intense, inappropriate cultivation; and
how many of the colonists will be forced to abandon their plots after
mining the soil of its fertility for several years. For all the emotional
arguments the opening of the Amazon has generated, pro and con,
surprisingly little analysis of the experience on the ground has yet
emerged from the area. In any case, the colonization of the Amazon
Basin is an experiment, and the final results will not be in for some
time to come.

The major earlier effort to colonize the Amazon Basin does not
offer an encouraging precedent. The government promoted settle-
ment in the Bragantina region, east of the port city of Belém, in the
late nineteenth century, and a three-hundred-kilometer railroad was
built to join Belém and the town of Braganga, to the east. The initial
wave of settlers, many of them from southern Europe, helped destroy
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the forest, but most soon drifted away, unable to cope with infertile
soils and severe pest problems. Successive waves of migrants from
northeastern Brazil and elsewhere cleared more land and practiced
shifting cultivation for food crops in an effort to squeeze a living from
the land By the mid-twentieth century, the countryside held eight
inhabitants per square kilometer, far more than are sustainable by
shifting cultivation in: this region.

Harald Sioli, a noted German scientist, recently described the
results:

Luxuriant high forest was transformed into extensive stretches of stunted
scrub and only a few skeletons, now becoming rarer and rarer, of isolated
jungle trees still testify to the former exuberant growth in the region The
nutrient storage of the former forest community, as well as the water-holding
capacity of the soil have been upset, and local changes of the climate in form
of longer droughts have been produced as a result of large bare areas. The
final result of this effort at ““development” was reached in a relatively short
time. The introduction of fiber plants, especially Malva (Pavonia malaco-
phylla) and Uacima (Urena lobata), brought a short-term recovery in the
general decline. But in general these new crops—as well as the use of the
capoerras [scrub vegetation that takes over the fallowed lands] for charcoal
production—serve mainly to complete the process that produced a “ghost-
landscape,” as Eugema Egler has called it, in less than 50 years.12

Most other colonization schemes in the lower Amazon have, like that
in Bragantina, produced poverty-stricken people and landscapes,
though nowhere else has destruction taken place on such a large scale.

More encouraging is the experience of Japanese immigrants to
Amazonia, which has proved that at least some kinds of ongoing
farming can be profitable This group has concentrated on high-value
crops well adapted to the tropical environment; two of their introduc-
tions, black pepper and jute, have become Amazonia’s most valuable
agricultural exports The Japanese have successfully adapted a tradi-
tion of intensive soil husbandry to both varzea and upland areas of
the Amazon Basin 13

Large-scale commercial enterprises, many of them foreign-
owned, are likely to alter the Amazonian landscape far more visibly
than colonists over the coming decades. Immense concessions of land
totaling some seven million hectares had been granted Brazilian and
foreign cattle-ranching companies by the end of 1973. One firm
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owned by D. K Ludwig of New York has purchased 1.2 million
hectares around the River Jari, just south of Surinam. The company
is establishing diverse enterprises, including forestry, grazing, and
paper, cellulose, and aluminum factories It has built its own port
facilities and thousands of miles of roads, and has plans for hydroelec-
tric development and its own city of thirty-thousand inhabitants.
Another US firm, Georgia-Pacific, purchased 260,000 hectares of
land in the mid-sixties and soon became the Amazon’s largest pro-
ducer of wood products The famous King Ranch of Texas holds
about seventy-three thousand hectares in Pard State and is clearing
more than half of it for beef production.!4 The long-term ecological
and economic viability of these schemes remains to be seen, as do the
full economic costs and benefits accruing to the people of Brazil from
this mode of exploiting the Amazon’s resources.

Some observers fear that the combination of accelerated coloniza-
tion by farmers using inappropriate techniques and wholesale forest
clearance for quick profits through lumbering or grazing will create
an ecological nightmare in the Amazon Basin Overexposed soils
could suffer an irreversible loss of fertility, and large-scale forest
clearance will have unknown effects on the region’s climate and river
flows. Geographers at the Instituto Brasileiro de Geographia have
warned that “a disaster of enormous proportions” is imminent Wil-
liam Denevan, an American geographer, writes. “It is unlikely that
the Amazon Basin will become desert, as sometimes claimed, but it
could become a wasteland with greatly reduced opportunities for
plants, animals, and man.”’!5 Others, noting that current Brazilian
plans for settlement and commercial leases will cover little more than
a fifth of the Basin’s total area by the end of the century, are less
noticeably worried. Whoever is right, it should be stressed that the
debate today is not whether or not the Amazon Basin will soon
become a major source of food for a hungry world, but whether or
not the region will survive the coming onslaught of development
without an ecological collapse, or at least a permanent cutback of
productive capacity.

The challenge now shouldered by tropical agricultural researchers
is the development of farming systems that permit continuous pro-
ductive use of the land. For many regions, the knowledge needed to
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improve yields within the prevailing shifting-cultivation system is
already available, and these gains have not yet been fully exploited.
But scanning the next few decades, keeping in mind that populations
in many tropical areas have been doubling in a little more than
twenty years, reveals that the evolution of systems based on more
intensive use of at least some humid tropical lands will be essential.

Many of the potential components of a sustainable continuous-
cropping system are now known. These include zero-tillage tech-
niques, which involve minimizing soil disturbance during planting
and harvesting and leaving unharvested plant residues on the ground
surface: and mulching, the systematic application of organic matter
to the ground. Mixed cropping, in imitation of traditional farming,
can further hold down soil degradation as well as pests. The most
intractable challenge may be the maintenance of soil fertility over
time within the financial and technical constraints that bind the
average tropical farmer. Intensive applications of chemical fertilizers
and, where necessary, applications of lime to fight the common
problem of soil acidity can, if cxpertly monitored, support permanent
cropping. But as D. J. Greenland, research director at the Interna-
tioxal Institute for Tropical Agriculture, puts it, “The real question
is not whether it is possible but whether 1t 1s economic.”1¢ Given the
low cash value of food crops, it makes no sensc for the average farmer
to spend money on chemical fertilizers. Therefore, the next step for
researchers is the development of cropping sequences involving
legumes and other green manure crops, mulches, and animal wastes
that can hold down the necd for costiy commercial fertilizer inputs,
which would in many cases have to be imported from abroad. Acid-
tolerant crop varieties are also sorely needed for some regions.

If the building blocks of intensive tropical agriculture are now
within sight, they have not yet been pieced together into a sturdy,
reliable structure Progress in this research will not come quickly.
Once possible new agricultural systems are identified, they must be
tested over many years; then, tested systems must be painstakingly
adapted to local social and ecological conditions New institutions to
reach farmers with information, inputs, and marketing facilities are
also necessary Finally, the people who actually do the farming must
be shown that it is in their own best interest to adopt the new ways.

In some parts of Africa, Asia, and Latin America, the intensifica-
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tion of agriculture in the tropical forests appears unavoidable. We can
only hope that appropriate scientific knowledge will materialize and
spread before the devastation of land and cultures proceeds too far.
In most humid tropical zones, however, less demanding and more
certainly proven modcs of land use make far better sense. Usually it
is wiser to intensify food production in other zones and to exploit the
tropical forest in ways more naturally suited to its ecological traits as
through forestry, or through tropical tree crops like bananas, cocoa,
or ol palms. Clearing the Amazon forests of Brazil, in particular, may
emanate from many possible rationales, but food production is not
one of them. The agricultural gains possible through plowing new
lands, redistrnibuti: g large holdings, and improving cultivation prac-
tices outside the Amazon jungles are far more significant and techni-
cally feasible

Tropical forests are often improvidently cleared for farming
when, in fact, the land would provide greater long-term returns
through forestry Forests can provide wood products, fuel, protein in
the form of wild game for nearby residents, and employment—not
to mention their role as ecological stabilizers. Food production can
instead be stressed where the best soils lie. In alluvial zones of Africa
and Latin America, for example, it is often possible to adopt the
extremely productive wet-rice cultivation of Asia. The high capital
investments required and the unfamiliarity of techniques, rather than
inherent environmental differences, scem to be the main factors
constraining the spread of intensive rice cultivation.!?

A promising hybrid of forestry and farming in the tropics is the
taungya system, of Burmese ongin, which is receiving increasing
attention among tropical foresters and agronomists.!8 Also known as
agri-silviculture, it provides an ecologically sound way to raise produc-
tivity and incomes in the tropical forest Dozens of variations are
possible, but the basic concept involves, first, the clearing of land and
growth of a cycle of food crops. Then, before the last crops are
harvested, fast-growing trees are planted among them Next the land
is given over to a forest plantation, providing wood products and
employment If the species are properly selected to allow sufficient
recuperation of the soil, another cycle of food crops is possible after
the wood is harvested. The taungya system retains the ecological
soundness of well-managed shifting cultivation, but allows continu-
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ous productive use of the land rather than use limited to just two or
three out of ten or twenty years.

Some ecologists view any agricultural intensification efforts in the
humid tropics as futile and dangerous. Unfortunately, however, the
only alternative to development looming ahead for many areas is not
a pristine forest lightly touched by thinly spread shifting cultivators,
but forests ravaged by people hungry for land and food, and a con-
summate deterioration of soil quality as the ratio between fallow
periods and cultivated periods drops.

Given the ecological, cultural, and economic facts of tropical
development, these lands will probably never be breadbaskets for the
world. The people of the humid tropics will be fortunate if they prove
able to feed thewnselves in the coming decades.



9. Dual Threat to World

Fisherses

HARVESTING Foob from the oceans is quite a different
operation from coaxing sustenance from the land, but in water, ason
land, the effort to squeeze too much from a natural system results in
a harvest of less rather than more. Overfishing, like overgrazing,
upsets the natural balance. And the mounting tide of pollutants
dumped daily into the oceans is a biological time bomb of unknown
megatonnage, with a fuse of indeterminate length, that jeopardizes
the very existence of marine life.

Until quite recently, the oceans have seemed nearly boundless
and endlessly bountiful. Fish have almost always been there more or
less for the taking; the size of the catch was dependent only on the
fisherman’s efforts and skills Early fisherraen were restricted to in-
land ponds, rivers, and ocean coastlines. First on logs, later on rafts,
and finally on boats, their ability to capture fish away from the
shorelines grew, but the problem of spoilage still held most fishing
vessels to within several hours of population centers The nineteenth-
century introduction of ice storage on fishing boats greatly expanded
their range, permitting cruises of two to three weeks. By the mid-
twentieth century, massive fleets and floating factories able to process
and freeze fish right on board could make journeys of many months
and, with the aid of helicopters and sonar, could locate and chase
down schools of fish almost anywhere.

In the face of improved fishing capacities and a soaring world
demand for protein, the oceans have been generous. Between 1950
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and 1970 the world fish catch more than tripled; rising from twenty-
one million to seventy million metric tons, it reached a new record
almost every year. The global catch grew at over 5 percent annually,
or more than twice as fast as world population, thus significantly
augmenting the per capita supply of marine protein. The 1970 world
catch averaged out, in live weight, to nearly forty pounds per person.

Fish are an important protein source in many of the world’s more
populous countries, including Japan, where the average person con-
sumes seventy-one pounds per year; the Philippines, where consump-
tion averages forty-four pounds; and the Soviet Union, where twenty-
three pounds is the average. These figures do not include the third
of the world catch that is ground into feed and eaten almost entirely
by poultry and hogs in Japan, Europe, and the United States Though
the richer countries catch or buy a disproportionate share of the total,
fish are virtually the only source of high-quality animal protein for
hundreds of millions of the world’s poorest people in parts of China
and Southeast Asia, and elsewhere in Africa, Asia, and Latin Amer-
ica.

In the mid-seventies, as the era of rapid growth in world fisheries
draws to a close, difficult questions are coming to the fore: does
human society possess the organizational capacity to preserve this
valuable, renewable resource at a high level of productivity? What
criteria will be used to divide up the finite ocean harvest when the
rich and the poor, the overfed and the maluourished, the powerful
and the weak all clamor for more animal protein? The continuing
United Nations Law of the Sea Conference marks a transitional
period to a new order in the oceans. It remains uncertain whether
this will be an order of international cooperation or conflict, of
enlightened fisheries exploitation or myopic resource destruction.

How much longer can we expect the world catch to grow? Food
and Agriculture Organization scientists, in collaboration with fishery
scientists and institutions throughout the world, recently estimated
a maximum sustainable world catch of roughly one hundred million
metric tons annually. This total includes all species currently sold in
the world’s fish markets, ranging in size from whales to anchovies,
and also species not yet exploited commercially but similar in size and
appearance to those that are. It assumes that currently underfished
regions like the Indian Ocean, the South China Sea, and others will
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be exploited; that few major stocks will be seriously depleted by
overfishing; and that pollution will not destroy marine life over signifi-
cant areas. Not taken into account is the large-scale utilization of new
species low on the food chain, such as the Antarctic krill, a prolific
plankton with harvest possibilities of up to fifty million tons should
the problems of cost and palatability that now limit its exploitation
be overcome. Nor does the estimate include large potential produc-
tion increases through aquaculture, o: fish farming.!

The possibility of raising the annual global catch from its current

eventy million tons to one hundred million tons seems, at first
glance, an encouraging conclusion—until one runs through the
mathematics of growth If the rate of increase in the world catch of
the 195070 period could be maintained, the estimated sustainable
limit of one hundred million tons would be reached in just eight years.
Even if the FAO estimate turns out to be overly pessimistic, and the
catch could be doubled to 140 million tons, as some feel is possible,
this higher limit would be reached in just fourteen years at the
accustomed growth rate Every major fishing nation plans to increase
its catch, and fleets expand every year, but it remains an open ques-
tion whether or not the international power to limit fishing efforts
can be developed before the potential additions to the catch are used
up.

An overextended world fleet could rush past the safe limit quickly,
severely damaging many species and causing a partial collapse of the
oceanic harvest. Or, perhaps more likely, the growth in catch may
now slow down markedly despite intensified fishing efforts, as the
catch of the more easily captured stocks peaks and, in some instances,
declines In either case, the world will probably not experience a
sustained, dramatic increase in the supply of marine protein again.
A gap in the annual increment of world food production is emerging
that can be filled only by land-based protein sources.

By the early seventies, serious stresses in the oceanic system had
already emerged, raising doubts in some quarters as to whether the
catch will ever reach even one hundred mullion tons. Two decades of
continual growth . ..ne to an abrupt halt in 1971, when the catch fell
to just below the previous year’s total of seventy million tons. Then,
in both 1972 and 1973, as the important Peruvian anchovy fishery
temporarily collapsed, the total world catch Jropped still further to
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under sixty-six million tons The preliminary estimate for 1974 shows
a catch back up to the 1970 level, or between sixty-nine millicn and
seventy million tons.2

This sharp dip in the supply of marine protein caught most
analysts off guard The glare of spectacular growth helped mask the
less prudent aspects of the process by which that growth was
achieved Hidden beneath the overall growth figures was a continual
movement to new ccies and regions as traditionally preferred spe-
cies were fished to minimum replacement levels—or beyond. Centu-
ries of unregulated growth in world fisheries have taken many casual-
ties, and such cavalier abuse of the oceans’ life cycles was bound to
catch up with us one day. A few species have now been virtually
wiped out altogether, some have been depleted to a fraction cf theix
potential yield, and many are preducing at below rheir wraximum
level due to overly intense fishing pressures.3

The process by which some fisheries have grown, suffered overex-
ploitation, and then declined is charted well by the experience of the
Northwestern Atlantic offshore region extending from Rhode Island
northward to the southern coast of Greenland Fished commercially
for 350 years, and accounting for 5 percent of the total world catch,
this region is in some ways a microcosm of world fisheries and a
harbinger of things to come elsewhere

The northwest Atlantic is biologically rich and, as the Soviet and
European fleets joined those of Canada and the United States, the
area’s fish harvest rose steadily from 1.8 mill on tons in 1954 to a peak
of 3.9 million tons in 1968. But though the level of fishing effort has
grown with each succeeding year, the total catch has not surpassed
3.5 million tons in any of the five following years for which data are
available.4

The falling catch of several of the region’s most sought-after
species is largely due to overfishing and explains the drop in total
output. The harvest of cod, the most important single species,
reached a high of 1.9 million tons in 1968; by 1973, it had fallen by
more than 5o percent. The catch of herring also peaked in 1968, at
09 million tons, and was down to 0.5 million tons in 1973. The
haddock caich turned the cornes earlier, in 1965, when the catch
reached 249,00 tons; it had fallen to little more than a tenth of that
level by 1973
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The nations fishing in the area have long maintained an Interna-
tional Commission for the Northwest Atlantic Fisheries to collec-
tively oversee the fishery. Though the commission has not been able
to reduce fishing efforts to a safe and economically sensible level, its
recent strenuous efforts to reduce the pressure on the more gravely
threatened species in various sub-regions have, in some cases, helped
prevent their total depletion.

In the southeast Facific Ocean, off the Peruvian coast, the world’s
richest fishing ground has just experienced a convulsion that parallels
strikingly such terrestrial ecological breakdowns as the recent
Sahelian debacle and the American Dust Bowl of the thirties. In all
three cases, humans made progressively greater demands on the eco-
system, pressir.g it to its limits Then, when a sudden but predictable
change in natural conditions occurred that temporarily reduced the
system’s capacity to support life, the confluence of pressures im-
penled both humans and the natural system.

This particular tale originates in the mid-fities, when the fishing
industry of Peru began the most spectacular expansion in the history
of marine fisheries Ocean conditions off the coast of Peru and north-
e Chile facilitate an extraordinary concentration of life there. A
westward swing of the Humboldt Current, which flows toward Peru
out of the South Pacific, causes a cool, nutrient-rich upswelling from
the depths, and, as it reaches sunlight, there is a rich bloom of plants
and animals.

In the nineteenth and early twentieth certurizs, humans capital-
ized upon this ecosystem by collecting for sale as fertilizer the manure
(guano) of sea birds that fed upon the billions of anchovies swarming
off the coast. Governmental regulations in reaction to the foresceable
exhaustion of the gnano, together with the spread of chemical fertiliz-
ers, helped dampen this trade. But a new industry, based one step
lower on the food chain, emerged to change the face of oceanic
fisheries. At a time when technological progress permitted more
efficient culling of the anchovies, rising incomes and a revolution in
the poultry industries of Europe, Japan, and North America were
creating a lucrative new market for the fishmeal into which the
anchovies are ground. Unfortunately, the anchovies, a vast source of
high-quality protein, have been mainly used not to eliminate malnu-
trition in the Andes and elsewhere in Latin America, but to help
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satisfy the growing taste for meat in the industrial countries. In part
because of the prolific anchovy, fishmeal has become a frequent
protein additive to feeds for broiler chickens that are often now
produced in huge, scientifically fed concentrations

The anchovies soon proved a precious natural resource for Peru,
with fishmeal replacing even copper as the country’s top export in the
mid-sixties. As the catch soared, Peru became the world’s leading
fishing nation, its anchovy catch accounted for a fifth of the entire
world fish catch in many years Often, nearly two-thirds of the world’s
fishmeal exports came trom this one country.

High profits generated massive over investments in fishing vessels
and fishmeal-processing plants. Gerald Paulik described the stagger-
ing capacity of the Peruvian fleet in 1971: “On April 28, 1970, the
total catch reached 9.5 million metric tons The fishery continued for
ten more days, taking 100,000 metric tons per day. This fantastic
catching power could have taken the whole U.S. yellowfin tuna catch
in one day, or the entire U.S. catch of all P..ific salmon in two and
a half days. Obviously, this type of destructive power must be handled
most carefully, and precise management and regulation are essen-
tial.”®

Though an excellent system of biological monitoring and fishing
regulation was developed, the combination of too many investors
with too many boats and the government’s hunger for foreign ex-
change generated strong pressures to continually increase the an-
chovy harvest. In 1970, an international team of biologists estimated
the maximum sustainable yield of the Peruvian anchovy fishery at
about 9.5 million metric tons. Political realitics had stronger expo-
nents than biological needs, however, and the catches in 1967, 1968,
1970, and 1971 all exceeded this estimate. The catch reached a
height of over twelve million tons in 1970 and surpassed ten million
in 1971.

The anchovy stock had long been known for its instability; an
unpredictable warm current, locally known as el aifio (“the child,”
because it often occurs around Christmastime), periodically drives
the anchovies deep in search of colder water, and possibly reduces
their numbers. Beyond this, the earlier collapses of fisheries based on
species closely related to the anchovy—the sardines off California and
herring off Norway and Japan—suggested to thoughtful observers the
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greater susceptibility of th=se types than most to spectacular, rapid
damage

In mid-1972, after heavy fishing in the spring, it became apparent
that the anchovies had vanished from their usual coastal haunts in
the wake of el nifio Alarmed by their absence, the Peruvian govern-
ment halted fishing for the rest of the year. In early 1973, the
characteristics of the current remained unusual, and experimental
catches indicated the absence of a new brood of anchovies Fearful
that the fishery would be permanently destroyed, the Peruvians
closed it for most of that year and part of the spring of 1974. For
almost two years, the world’s greatest fishery lay virtually idle—two
very long years for the fishermen, who were out of work; for the
industry owners, some of whom lost fortunes; for the Peruvian gov-
ernment, which lost its chief export, and for consumers everywhere,
who found the world protein market disrupted by the sudden short-
age of fishmeal.

There has been a tendency in many quarters to ascribe this
collapse entirely to nature and el niio, but a careful examination of
events makes that explanation unsatisfactory. In hindsight, observes
John Gulland, a leading FAO fisheries expert, it appears likely that
the overfishing of 1970 and 1971 depleted the stock to sach ¢ vulner-
able condition that, “while recruitment [successful replenishment by
a new spawning] could be maintained under average or better envi-
ronmental conditions, the unfavorable conditions of el nifio would
cause a recrmtment failure that would not have occurred if the adult
stock had been larger "6 Atter the particularly heavy catrh of 1970,
an exceptionally small brood was produced in 1971—well before el
nifio struck. The fishing effort of early 1972 apparently finished off
the survivors of both the 1970 and low 1971 spawnings, leaving few
adults to replenish the species Tellingly, el nifio caused only a brief
and modest drop in the anchovy catch in 1965, after annual catches
under the recommended level, and did not disrupt the following
year's brood

In 1973, the Peruvian government nationalized the fishmeal in-
dustry as part of an effort to reduce its overcapacity. The number of
anchovy fishing boats was cut in half Under the guidance of marine
biologists, the government also tightened management of fishing
levels. In 1974, as the fishery began to regenerate, a catch of just 3.6
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million tons was allowed, but in 1975, as unstable conditions con-
tinued, the catch was smaller yet. With the new degree of manage-
ment, biologists hope the fishery will be back to normal by 1977,
presumably, fishing will henceforth be held to a sustainable level.

A source of food for humans, the oceans also serve as the ultimate
waste receptacle for the planet. Deliberately and accidentally, the
human race is adding to the oceans thousands of waste products—
some highly toxic Qil, chemical effluents, lethal chemical-warfare
gases, radioactive wastes, junk metal, trace elements, organic wastes
frorn humans and animals, automobile exhaust products, pesticides,
and detergents are concentrated precisely in the small portion of the
seas supporting nearly all marine life: along the continental coasts

The long-term biological effects of polluting the ocean with in-
dustrial, military, municipal, and agricultural wastes are not yet fully
known. Both the quantity and the variety of oceanic pollutants are
growing faster than our ability to collect information about them and
about their individual and syncrgistic consequences for the marine
biosphere The natural instability of many fish populations sometimes
makes it difficult to tell whether overfishing, pollution, or a natural
environmental change is responsible for a stock’s collapse It is cer-
tain, however, that oceanic pollution is now global in zcale, and that
it poses a senous threat to marine food resources

Pollution of inland and offshore waters has killed some fish out-
right ‘eopardized the existence of others by upsetting the ecology of
spawning grounds, and rendered still others inedible.? In the United
States, thirty-three states have banned commercial fishing in some
freshwater bodies during the past few years because of dangerous
traces of mercury in fish Illness and death have been blamed on
mercury-contaminated fish in Japan, and in Sweden the sale of fish
from a number of inland waters and Baltic coastal areas has been
banned because of mercury pollution. California mackerel fishing has
been stopped because the concentration of DDT residues exceeds
the acceptable tolerance level of five parts per million.

Fish have virtually disappeared from some of the more polluted
rivers and coastal zones of the industrial countries. In the United
States, over half the human population and 4o percent of all many-
facturing plants are adjacent to estuaries and coastal waters. City
sewage, much of which is untreated, is the major polutant, followed
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by industrial effluents and agricultural chemicals. The once-rich oys-
ter beds of Raritan Bay, New Jersey, are now almost devoid of this
mollusk because of municipal and industrial wastes. Shrimp opera-
tions along the Gulf of Mexico have frequently been damaged; the
harvest of Galveston Pay, Texas, for example, shrank by more than
half between 1962 2nd 1966

The litany of rollution-damaged fish stocks could continue for
many pages. The combined effects of sewage, industrial wastes, heavy
pesticide and fert.lizer runoff, and oil spills have been increasingly
visible over the last few decades to those living along many parts of
the Mediterranean coast. Coastal fisheries often have suffered accord-
ingly. Pollution has seriously damaged the valuable sturgeon industry
of the Caspian Sea. Many of Japan’s once rich fisheries, such as
Tokyo Bay, Osaka Bay, and Hiroshima Bay, are now “dead seas,” and
the Inland Sea may soon follow.

Fishery damage by pollution is not limited to the heavily industri-
alized regions. The extensive use of DDT and other pesticides for
malaria control and crop protection often kills fish in the poor coun-
tries, and wastes from mushrooming cities and industries are also a
threat to lakes, rivers, and coastal zones Anxious to build an indus-
trial sector, few poor countries impose strict efffuent controls on
manufacturers, a safeguard gradually being adopted in the ...ore
affluent countries. Fish production in Egypt’s Lake Mariut dropped
from ten thousand tons in 1961 to below two thousand tons in 1967,
due mainly to the growing load of sewage and industrial waste it
receives. Along parts of the eastern coast of Mexico, the production
of shellfish and bass has been undercut by wastes from sugar and pulp
and paper factories; pesticide-related fish kills have been reported in
Mexico and Cuba Some ecologists fear that agricultural and indus-
trial pollution threatens the productivity of the important Great Rift
lakes of East Africa.8 The problem tiiere is plainly internaticnal, since
these lakes provide food for people 1n eighv bordering countries

One of the bright spots in world fishery prospects is the apparent
potential for radically escalating the practice of aquaculture, particu-
larly in the protein-short poor countries The cultivation of fish or
shellfish in ponds and coastal lagoons is already widespread in Asia,
but can most likely be multiplied severalfold worldwide over the next
few decades. Aquaculture, however, is exceedingly vulnerable to pol-
lution. Pesticide and fertilizer runoff has already reduced fish produc-
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tion in farm ponds in the Philippines, Malaysia, and Indonesia; this
problem will certainly intensify throughout Southeast Asia and else-
where as governments strive to boost agricultural yields.% Industrial
wastes or petroleumn washing up from sea !z2nes could render prime
coastal aquaculture sites vnusable. Coastal shellfish operations in the
United States and Japan have already been destroyed by poisoned
waters. The availability of Labitable water may be the greatest single
constraint on the growth of aquaculture.

Pesticides spread on the land find their way into estuaries, coastal
waters, and the open seas; sometimes they are carried thousands of
miles from the point of application by rivers, rain, and winds. As
much as one-fourth of all the DDT produced so far has wound up
in the ocean, and the world’s fish are now almost universally con-
taminated.1° Despite the banning of DDT in many industrial coun-
tries, its use worldwide, at about 150,000 metric tons annually, may
now be higher than it was a decade ago.!! The period of DDT’s
critical activity in the oceans is not known, nor are the effects on
marine life of many of its substitutes. Their ready dissemination to
the far corners of the earth makes the application of persistent pesti-
cides anywhere a matter of global interest.

Even small amounts—no more than a few parts per billion parts
of water—of DDT and many other pesticides can stunt or stop
reproduction in some species. A concentration of eighl parts per
million in the ovaries of sea trout in an estuary off the Texas coast
prevented spawning. As little as one part in ten billion of DDT in
water severely cuts the growth rate of oysters, and two parts in ten
billion kill commercial species of shrimp and crabs.

Over six million metric tons of petroleum enter the oceans each
year, according to a recent study by the U.S. National Academy of
Sciences 12 This equals seven hundred tons every hour, and seven-
teen thousand tons every day (Such an estimate can be little more
than an informed guess; others range from five to ten million tons
per year.) Some six hundred thousand tons of oil seep naturally into
the oceans from shoreline and submarine oil deposits. Over the mil-
lenia, in fact, from fifty to one hundred times as much oil may have
seeped naturally into the environment as is now left in known global
petroleum reserves. Coastal refineries, urban and industrial waste
disposal, and rivers carrying inland petroleum discharges together
supply nearly half of all oceanic oil, while petroleum hydrocarbons in
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atmospheric fallout—a good share of which originate with automo-
bile exhausts—rival natural seepage as the source of an additional
tenth of the total.

Though dramatic accidental spills from damaged tankers or off-
shore wells often held the public eye, these presently account for less
than a twentieth of the total. The quotidian operations of tankers
transporting oil—loading, unloading, discharging ballast, and clean-
ing tanks—have presented a far greater hazard so far. Routine tanker
operations and spills together account for more than a third of all oil
entering the oceans, and only the widespread adoption over the last
decade of improved tank-flushing techniques has kept this total from
climbing much higher.

After eons of natural seepage and decades of increasing human-
caused contamination by petroleumn, marine life continues to thrive
along most ot the world’s coastlines; apparently the oceans have
generally been abie to tolerate the influx at its current levels. As
United Nations scientists point out, however, “the fact remains that
once the recovery capacity of an environment is exceeded, deteriora-
tion can be rapid and catastrophic; and we do not know how much
oil pollution the ocean can accept and still recover.”!3 The critical
point beyond which damage is massive and irreversible may be well
above present pollution levels, or, like all sudden deaths, an ecosys-
tem’s collapse may take us by surpnise

When petroleum is discharged into the sea, parts of it evaporate
into the air, parts begin biological disintegration as they are at-
tacked by marine micro-organisms, parts fall as sednuent to the
ocean floor, and some parts disappear, their fate unknown to us.
The heavier fraction of petroleum forms indestructible tar, floating
lumps of which now blemish every ocean. Norwegian explorer Thor
Heyerdalil's report, after his 1969 Atlantic expedition on the raft
Ra, of “seemingly never-ending” clots of oil on the high seas has
since been so often quoted as to become a cliché; yet clichés befit
a situation that has become so commonplace. Oil slicks and drifting
masses of tar abound throughout the Mediterranean. Tar regularly
clogs the nets ot biologists gathering animal specimens in the open
Atlantic. Formerly unpolluted beaches on the east coast of Africa,
in southern France, and on many islands in both the Indian and
Atlantic oceans are increasingly defiled by tar masses washing up
with the waves.14
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Analysis of floating oil residue indicates that most of it comes
from tanker operations, rather than from natural seeps or from the
greater onshore pollution. As the transport of oil by sea continues to
soar, the number of floating oil slicks and tar lumps will climb as well.
If the ultimate impact of these drifting blobs and slicks on marine
life cannot yet be calculated scientifically, the effect on human sen-
sibilities is gut-level and immediate. Once oil washes onto coastal
sands, its disintegration can take decades, and unless oil discharges
can be held “to a level that can be assimilated through natural
degradation processes,” observe experts at the National Academy of
Sciences, “we will all have to reconcile ourselves to oil-contaminated
beaches.”

Oil slicks, tarry lumps, and other unknown petroleum residues are
already accumulating at a frightening pace, but the outlook for com-
ing decades summons up an even more menacing picture. Two-thirds
of all the world’s oil production, or nearly two billion metric tons, will
be transported by sea this year. By 1985, the amount of oil traveling
the oceans may approach three and one-half to four billion metric
tons.1 If the ratio of pollution to total oil transported should remain
the same, then the amount of oil intentionally and accidentally dis-
charged into the oceans by tankers alone would nearly double to over
four million tons annually.

Already reports of “minor” or “major” spills in some part of the
world appear in metropolitan newspapers on an almost weekly basis.
One typical day in early 1975, Robert Citron of the Smithsonian
Institution sat before a U.S. Senate committee and described the
week’s headlines:

As we sit her : today there are massive a1l spills in Bantry Bay, Ireland,
at Kurashiki, Japan, at Kilton Island near India, and off the coast of Sin-
gapore, where the Showa Maru, a 237,000-ton (deadweight) supertanker ran
aground and dumped 3,300 tons of o1l that spread and polluted the waters
of Indonesia, Malaysia, and Singapore. A few days ago at St Croix in the
Virgin Islands, the harbor was inundated with 450 tons of ail; quite a bit of
it was spilled in the harbor itself, some of it was spilled just outside the harbor.
... Last night at 6-10 p M. there was a collision of a freighter, American
Wheat, and the tug Mama Lere on the Mississippi River near Chalmette,
Louisiana Three oil barges were released and went downriver in flames, and
an estimated 10,000 tons of oil, or 2,700,000 gallons of o1l, were spilled into
the Mississippi. This occurred just 15 hours ago.16
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International accords to curb oceanic pollution negotiated in
1972 and 1973 might, if ratified by enough countries, eventually help
blunt the dangers of increased oil shipping. In addition to absolute
limits on the international dumping of petroleum and other harmful
materials into the seas, pollution-limiting structural features such as
ballast tanks segregated from cargo tanks, and size limits on individ-
ual cargo tanks aboard ships, will be required of newly-built oil tank-
ers. The adoption of ballast-flushing systems that minimize pollution
will be required of most existing tankers.

If adopted and fully enforced (no easy task), these international
conventions will reduce, though by no means eliminate, the chances
of superspills from the giant new supertankers now on the drawing
boards, and will hold down pollution from routine tanker operations.
A surfeit of oil tankers in the mid-seventies has temporarily slowed
the pace of supertanker construction; it also means that new ships
incorporating more safety design features will likely enter mantime
commerce more slowly Petroleum in the oceans—from tankers as
well as from the even more significant land-based sources—is sure to
remain a major global ecological concern for the next few decades.

Concentrated local kills of fish and fowl from a1l spills and indus-
trial pollution are well known and increasingly frequent. What is not
known is the combined impact of all the dissolved oil fractions,
floating tars, pesticides, and industrial poisons flowing into—and, in
some cases, accumulating in—the oceans How will they affect the
phytoplankton, the one-celled plants that are the foundation of the
entiie marine food chain? At some unknown date, the unrelenting
river of foreign matter humans are pouring into the seas could mea-
surably impair or halt altogether the life of phytoplankton over large
areas. The fears occasionally voiced that the earth’s oxygen supply
would be threatened by the death of the phytoplankton are probably
unjustified, as John Ryther of the Woods Hole Oceanographic Insti-
tution has pointed out 17 But on this subject, perhaps Supership
author Noel Mostert deserves the last word. “If the seas don't
breathe, or if they breathe asthmatically and imperfectly, what else
in our environment will struggle for breath? It is a simple-minded
question that anyone rotating a globe two-thirds of which is marked
as covered by salt water can’t avoid asking himself.”18 Some fish
stories don't need to be exaggerated.



10. The Politics of Soil

Conservation

IN THEIR RELATIONS with nature, as in their relations
with their fellows, human beings appear to be poor students of
history. Despite the all too visible diorama of ruined landscapes and
abandoned civilizations, mistakes of the past seem time and again to
serve as models instead of usable lessons. Deaf to the almost daily
warnings of some looming new ecological threat, governments and
individuals rarely change their habits accordingly.

Studies of human-caused environmental degradation sometimes
leave an aftertaste of near-misanthropy. How can people destroy the
basis of their own survival? Given the record, it is tempting to blame
the continuing devastation on human ignorance or stupidity. If the
technical solutions to environmental degradation, nearly always
known and publicized by scientists, were really just that—technical
solutions—then this assessment of human knowledge and aptitudes
might suffice as an explanation of the current environmental malaise.
In some ways, at least, this would be an encouraging conclusion,
suggesting the potential to solve these problems fairly easily and
quickly through technocratic dictatorship.

For better or worse, however, the application of technical answers
to ecological problems almost never turns out to be simple. Scientists
and development planners work out elaborate schemes for rural re-
generation, but peasants and goats seldom scem to find it in their own
interest to assumc the profile of the computer cards they are dealt.
In this book, I have generally tried to place environmentally destruc-
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tive habits in their historical and cultural contexts—to provide at
least a sketch of the multiple structures and forces, ranging from
land-tenure systems to the primal drive for survival, that undergird
humans’ treatment of land. Now it may be useful to discuss more
systematically some of the many factors—the constellation of influ-
ences that must ultimately be termed political—that help propogate
suicidal land use in the face of scientists’ warnings.

Land-use patterns are an expression of deep political, economic,
a1d cultural structures; they do not change overnight when an ecolo-
gist or forester sounds the alarm that a country is losing its resource
base. In many countries, the deterioration of the land will not be
halted until basic changes in land tenure and national economic
priorities occur. This point is starkly illustrated by the story of an
Ethiopian reforestation project related in Chapter 6.1 Peasants whose
personal prospects for progress were smothered by feudal land-tenure
and social structures sabotaged a program to restore the land by
planting tree seedlings upside down. The immediate cause of this
non-violent rebellion was apparently the substandard (by local norms)
level of wages the laborers were receiving But, had the workers
believed that an improvement in the land’s quality would seriously
improve their own welfare and that of their children, their behavior
would almost certainly have been different

In his study of El Salvador, Howard Daugherty documents other
ways in which land-ownership and usage patterns can influence eco-
logical trends.2 El Salvador is one of the most environmentally deva-
stated countries of the New World. The tropical deciduous forests
that once covered go percent of the country have been totally de-
stroyed by centuries of clearance for grazing, plantations, mining,
charcoal manufacturing, and, especially within the last century, the
spread of subsistence cultivation Soil erosion has sapped fertility
throughout much of the countryside, but above all on the extensive
upland hillsides. A recent study by the Organization of American
States concluded that 77 percent of El Salvador’s land area is suffer-
ing from accelerated erosion.> Nowhere has the damage been more
extensive than in the country’s northern mountains, which were
originally covered with dense forests. Long subjection to heavy culti-
vation and grazing has largely destroyed this range’s topsoils, reducing
many hills to a rocky, barren moonscape. While cultivation and
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grazing continue in this depleted zone, its reduced fertility has been
a major cause of the heavy emigration of El Salvadorians into neigh-
boring Honduras, which helped precipitate a war between the two
countries in 1969,

The obvious catalyst of El Salvador’s environmental decay in this
century has been the dizzying growth in human numbers. The popu-
lation of 775,000 in 1900 doubled by 1940, redoubled by the mid-
1960s, and is currently in the process of doubling again within the
space of just twenty-two years. El Salvador’s population, the densest
on the mainland of the Americas, guarantees heavy ecological pres-
sures, especially since the majority wrest their living from the soil.

Behind the aggregate figures for population growth and land
damage are some revealing statistics that more completely explain
environmental trends. The pattern of land ownership is unquestion-
ably a major contributor to ecological stress. Latifundia, large estates
devoted to ranching and commercial crops, have been deeply en-
trenched in El Salvador since the Spanish occupatien nearly five
centuries ago. As of 1961, less than 1 percent of the country’s farms
were over one hundred hectares in size, but they occupied 48 percent
of the agricultural land. At the other end of the scale, 47 percent of
the farms were smaller than one hectare, and constituted less than
4 percent of the total farming area. The trend of recent decades has
been a perpetuation of the large holdings and increasing fragmenta-
tion of the smaller farms

The latifundia occugy El Salvador’s most fertile and productive
lands—the middle volcanic slopes, the interior basins and river val-
leys, and much of the coastal plain. Because of the export-market
orientation of the latifundiscas—the owners—a third of El Salvador’s
cropland is annually planted to coffee, cottc:., and sugar cane. Mean-
while, hundreds of thousands of subsistence farmers, struggling to
grow food for their families, are crowded onto the remaining land.
All arable land has already been put to the plow, driving farmers onto
slopes where erosion may require abandonment after a year or two
of cultivation, and ensuring a reduction in the fallow periods essential
for maintaining soil fertility and fighting erosion. Daugherty sums up
the situation: “The increasing fragmentation of small plots and the
progressive trend from shifting agriculture to semi-permanent and
permanent cultivation (necessitated by the lack of additional land)
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has led to the widespread ecologic destruction of much of upland El
Salvador, which comprises the bulk of the land surface of the country.
Thus, the root of the ecologic problem of El Salvador is not only gross
overpopulation, but the structure of land tenure as well, which has
forced the intensive utilization of slope land.”

If archaic, inequitable land distribution promotes suicidal uses of
the land, maldistribution of economic opportunity also encourages
the rapid population growth that itself has suicidal overtones. Poor,
often malnourished subsistence farmers account for the greatest
share of El Salvador’s population growth, and, judging from experi-
ence elsewhere, they are unlikely to drop their preference for large
families until they enjoy improved economic security and social con-
ditions. Inequitable social structures, then, can help account for eco-
logical deterioration both directly, by forcing undesirable land utiliza-
tion, and indirectly, by fostering runaway population growth.

El Salvador’s advanced state of physical degradation stands as a
warning to many other countries—especially in Latin America,
where the concentration of large landholdings in the hands of a few
is generally far greater than in Asia and Africa—in which populations
are rltiplying fast and skewed land-tenure structures are encourag-
ing the agrarian poor to destroy their own prospects for advancement.
Most poor countries are not yet so densely peopled as El Salvador,
but as the population doubles in two to three decades, acute pressures
are sure to develop in localized, though sometimes quite large, areas.

Haiti is among the few countries that already rival or perhaps
surpass El Salvador in nationwide environmental destruction. Not
coincidentally, Haiti also resembles El Salvador in its inequitable
distribution of land owrership, economic opportunities, and social
services. It, too, has one of the highest birth rates in the Americas.
Haiti, which means “Green Island” in the indigenous language, is
now less than ¢ percent wooded, and its mountains are completely
ravaged. Long a consequence of severe poverty, soil erosion has
reached the point where it is now a major cause of poverty as well.
The UN Development Program has labeled “rapid and increasing
erosion” as “the country’s principal problem.”* Wealthy farmers and
North Araerican sugar corporations own the best valley lands, crowd-
ing peasants onto slopes where cultivation is a futile, temporary
proposition.
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Steep slopes have been cleared by the land-hungry, and tradi-
tional fallow periods have been violated, in large areas of Asia, Africa,
and Latin America. National population-density averages, which
tend to disguise land problems, can be misleading; the exceptional
sparseness of the Amazon Basin population, for example, provides
little comfort to the landless peasants struggling to survive in
northeastern Brazil. Often the redistribution of better lands would
hold down the encroachment on marginal areas by farmers, desperate
for a plot on which to grow food, who have been shunted off good
farmlands bv overcrowding and inequitable ownership patterns. A
recent United Nations reforestation program near the town of Aya-
pel, Colombia, on formerly tree-covered slopes now suffering from
severe erosion had to be abandoned because the project area was
invaded by disenfranchised squatters 5 The goal of ecological revival
was sacrificed to the more immediate subsistence needs of the squat-
ters, though in the long run both are life and death matters.

Without access to land in the more hospitable, productive zones,
the landless may turn into vagabonds, farming wherever they can for
brief spells until erosion, depleted fertility, or the police drive them
on. Many give 1p and migrate to the cities; others move to tropical
forest zones, such as the Amazon Basin and parts of West Africa,
where large areas lie unused by people. After learning the hard way
that jungle soils are not as easily mastered as those to which they are
accustomed, farmers who had hoped to settle down to a more pros-
perous life find themselves and their families itinerants who are
forced to destroy prime forests and soils as they try to carve a living
out of the unfamiliar rain forests.

The influence of land tenure on cropping patterns, as illustrated
by the case study of El Salvador, reveals other widely applicable
lessons about ecologically sound land utilization. Cash crops for ex-
port like cotton, sugar cane, or beef are a key source of foreign
exchange for many of the poorest countries, and can play a useful role
in promoting economic development if the proceeds from their sale
are properly spent. Seldom, however, is close attention given to what,
from the perspectives of human welfare and ecology, an optimal mix
of agricultural land uses might be in countries with shortages of good
farmland and widespread malnutrition. Thus, in Costa Rica, the
spread of cattle ranching to supply the North American market is
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forcing smaller farmers onto poor-quality, easily eroded lands, even
as per capita beef consumption within Costa Rica drops.6

A narrow focus on aggregate GNP statistics and the desirability
of extending the “modern economy” into backward areas may result
in a heavy premium on commercial agriculture. But normal economic
signals sometimes obscure the potential social and economic costs of
laige plantations or ranches squeezing subsistence farmers onto mar-
ginal lands, whether in drought-prone 2reas of Chad or on mountain
slopes in Ecuador Not only is the potential of these lands (perhaps
for forestry, horticulture, grazing, tourism, or recreation) destroyed
by intensive and improper cultivation, but huge costs in the form of
floods, reservoir sedimentation, and dust storms can alsc result, as can
an unmeasurable spread of human suffering.

When lands are best suited for a valuable export crop, ideally they
might be planted to it and the proceeds then be channeled back into
economic activities that provide jobs and increasing income to the
rural poor. Instead, the peasants are all too frequently left with the
worst of all worlds The more productive lands are pre-empted by a
few local or foreign investors and diverted to crops meant for sale
abroad The profits from this commercial agriculture wind up financ-
ing the luxurious lifestyle of the local landed gentry, being remitted
abroad, or, if effectively taxed by the national government, mainly
being spent in the cities to support bloated bureaucracies, urban
services, and industrial development. Destitute subsistence farmers
subsequently redouble their efforts on the remaining land, and eco-
logical deterioration soon accelerates, as does the flood of migrants
to urban shantytowns or less compacted neighboring countries.

The examples from Ethiopia and El Salvador each show, in differ-
ent ways, why land redistribution may be the prerequisite of ecologi-
cal recovery in countries with highly inequitable land tenure. Confi-
dence in the personal benefits from land-tmprovement investments
greatly increases the likelihood of such investments Where the ten-
ants are insecure, or where laborers are indentured to till the fields
of another, guardianship of the long-term qu-lity of the land can
scarcely be expected. In some situations, the sheer problem of space
is exacerbated by oversized estates in the hands of a small minority,
Perhaps the most rigidly institutionalized examples of the latter are
Rhodesia and South Africa, where the small European minorities
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have reserved the best lands for their own use, crowding Africans
onto an inadequate land area.”

At the same time, however, it is naive to assume that the political
act of distributing land and other social benefits guarantees ecologi-
cally sound development. As the escalating deterioration of the
Bolivian highlands since the reforms of the early 1950s demonstrates,
breaking up the latifundia can actually exacerbate deforestation and
erosion. After the French Revolution of 1789, a similar acceleration
of environmental destruction occurred. Peasants and wood mer-
chants immediately set upon the newly accessible forest reserves of
the deposed feudal barons, destroying an estimated 3.5 million hec-
tares of forest in just four years.8 This phenomenon leads inescapably
to an appreciation of the importance of information on proper and
improper land uses, and of ideas about humanity’s reiationship to the
land and its future. Even where legal structures and demographic and
geographical conditions exist that would permit efficient, sustainable
land exploitation, an ethic of conservation is its ultimate guarantor.

The blending together of social reforms and an ethical ecological
consciousness sets the Chinese Revolution apart from most other
major social movements of this or any century. The stress on land
conservation that has permeated daily discourse in China is by no
means an inevitable outgrowth of the Chinese leadership’s [furopean
Marxist background. If the historical pattern of large-scale devasta-
tion is in fact being reversed in China, as the government claims and
as many visitors attes, this may constitute the Chinese leadership’s
greatest legacy to future generations both in and out of their country.
Without the massive efforts at reforestation and soil and water con-
servation, as well as the stringent programs to slow population growth
that have been initiated, a future of destitution and famine for the
world’s most populous country would have been certain.

The degree to which land ownership patterns influence ecological
trends varies widely among countries; the threats p sed by latifundia
in El Salvador bear only limited resemblance to the crises of Niger,
India, or Nepal There are, however, several other political obstacles
to effective natural resource protection that exist in every country.

One chronic problem, with implications extending beyond envi-
ronmental issues, is the difficulty decision-making institutions have in
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adjudicating the competing demands of the present and the future
—the problem of priorities. In the face of famines, military threats,
unemployment, political intrigues, and other such everyday events in
the average poor country, few powerful officials feel they can afford
the “luxury” of devoting attention and money to a topic as seemingly
esoteric as ecology. Until the environment suddenly is the major
national crisis, its deterioration may occur almost unnoticed, with the
costs quite real but difficult to total up. Likewise, the benefits of
programs like tree planting and sapling protection, or the sharing of
soil-conserving techniques with farmers on tiny holdings, are not
easily appreciated by economic planners. Both governments and the
public want dramatic production gains now, not an investment of
scarce funds to satisfy what may seem hypothetical future needs.
Hence emphasis is placed on big dams and canals at the expense of
drainage; on clearing new farmland at the expense of reforesting
depleted hillsides, and on building fertilizer factories at the expense
of encouraging the preservation of soil fertility and structure with
organic wastes.

Land-tenure systems as well as political considerations can pro-
mote a dangerous emphasis on the short-term future, and the subse-
quent effects on environmental quality are not confined to the coun-
tries with latifundia. In 1951, a top-level research group in the
United States wrote:

Tenure problems are one of the major “stumbling blocks” to the
adoption of conservation practices in the Corn Belt . . Many farms in
the Corn Belt are owned by absentee landlords who have little personal
contact with their tenants These owners do not realize that conservation
adjustments wil improve farm income over a period of several years. In-
stead, they want a high return on their investment now. On many farms
the tenant is also interested in short-run profits. He may have only a
one-year lease with no assurance of renewal, or the leasing agreement
may require him to shoulder a larger share of the conservation costs than
he receives in benefits.?

The statement stands in 1975.

An extreme case where tenure arrangements have induced
myopic land treatment is Iran, particularly before the country’s land
reform program was initiated in 1962, Fully 62 percent of the coun-
try's farmers then rented their cropland, and it was common practice
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for landlords to shift tenants about each year from one field to
another.10 Under these conditions, tenants could hardly be expected
to invest their energies in land improvements that would pay divi-
dends only over the longer term.

The conflict between present and future needs can also have
international ramifications For example, many soil conservation offi-
cials in the United States winced in early 1974 when national agricul-
tural and economic planners, confronting dwindling grain-reserve
stocks, soaring prices, and a strong export market, called for “fence-
to-fence planting.” More than one old hand who had spent long,
patient years coaxing Great Plains farmers to stop the cultivation of
marginal areas found farmers again plowing up pasture lands in re-
sponse to record wheat prices and the national leadership’s appeal.
Of course, economists charged with fighting inflation, as well as
humanitarians supporting an expanded international food-relief
effort, were happy to see every possible bushel of wheat produced.
Yet, should wheat remain scarce for a prolonged period and overculti-
vation of the Great Plains again become chronic, the next extended
drought will vividly document the self-defeating nature of this “solu-
tion” to grain scarcity.

These “priority” obstacles to sound land-use policies are in part
problems of analysis and communications. Those best suited to do so
have seldom tried to translate perceived ecological trends into the real
costs accruing to society. While every government is busily adding
up the hectares of new farmlands it has helped to bring into produc-
tion, almost no one in any country is calculating the annual area lost
to production due to erosion, salinization, or urbanization—and even
fewer are totaling the ultimate social costs in lost output and compen-
satory new investments required to offset eroded or salted lands. The
quantification of ecological losses and potential gains from recovery
efforts is usually extremely difficult, but creative thinking in this area
will be essential if decision-makers are to be convinced of the urgent
need for shifts in priorities

Even more crucial than the analytical failure has been the com-
munications failure. Those who know the ecological score too fre-
quently feel their job is done when a report is filed in a professional
journal that is accessible, in terms of language as well as distribution,
mainly to other scholars. Those who most need to know about im-
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pending ecological disasters and then act on their knowledge—par-
ticularly politicians, civil servants, journalists, and farmers—are fre-
quently almost totally ignorant of what is happening. Establishing the
urgency of a critical problem not traditionally recognized as such
requires the constant broadcast of the facts and their implications to
as many people as possible, through all possible means.

More effective analysis and communication of ecological prob-
lems may be a prerequisite of countering one of the greatest obstacles
to a change in governmental priorities—the short time frame in
which political leaders tend to operate Ecologically sound planning
requires concern for the next decade, the next generation and
beyond; only the strong and vocal support—or insistence—of an
informed citizenry can allow—or force—leaders to depart from their
usual fixation on the next month or year. A widespread public under-
standing of the ecological danger is ultimately the prime weapon for
fighting any commercial interests—whether highly placed timber
concessionaires in Indonesia or Pakistan or corporate farmers in Cen-
tral America—threatened by environmental protection measures. If
powerful economic and political interests oppose necessary reforms,
then a stronger political forze is necessary to override them, and
information about the nature of the threats to well-being is essential
for building such a coalition. This is broadly true of virtually all
pohtical systems—not just democracies.

If saving the land pits the present against the future, in many
ways it also pits the individual against society. Soil washed from the
fields is a loss to the individual farmer but may cause even greater
losses downstream as canals or reservoirs are choked with sediment.
Yet those responsible for the damage are not required to pay the
costs. The acquisition of more cattle on desert fringes may increase
the wealth of the individual family or clan, and may even increase
their personal chances of surviving a drought. But it may make
ultimate disaster more likely for everyone. Moreover, any unnecessary
harm to the quality of the land undermines the national heritage,
whether or not the individual or corporate user views the land in a
long-term perspective. In 1974, a group of leading American scien-
tists described one way in which the clash between private and social
interests is manifested in the United States: “The pressure of finan-
cial obligations encourages farming practices that result in excessive
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erosion. Farmers usually do not experience noticeable yield decreases
because they have increased the use of technology which more than
offsets the loss of production from excessive erosion. Land owners and
farm operators thus tend to ignore long-term disinvestment damage
to their land as well as off-site damages which may not affect them
directly but which result in costs to the public.”!?

Once the changes in individual behavior necessary for the general
welfare are identified—whether a reduction in herd sizes, a limit on
fish catches, or the construction of terraces—the next hurdle is to
secure compliance. While every situation has its unique complexities,
a few general observations on this, perhaps the most intractable of
all challenges to the environment, are worth repeating.

Experience has proven that sound treatment of the land cannot
be decreed by officials—particularly those viewed as alien or oppres-
sive—and then forced upon people who do not understand why
changes in their habits are necessary. Faced with serious soil erosion
in their African colonies, the British in the 1940s and 1950s tried the
coercive approach, and by any account the ultimate results were
abysmal. In parts of East Africa, eastern Nigeria, and elsewhere,
colonial officials legislated changes in farming techniques and prohib-
ited cultivation altogether in some watershed areas. Wise as the
required measures may have been, the general response on the part
of Africans was either resentment or apathy. A 1943 district comynis-
sioner’s report in Kenya suggests the curious and untenable position
in which the alien rulers found themselves: “. . . most of the people
have no apparent intention of saving themselves and their descend-
ants, and are indeed continually breaking new steeply sloped land as
soon as one’s back is turned.” 12 Soil damage was temporarily arrested
where the British overseers could directly impose their will, but soil
conservation became identified with oppression, and, as African
countries gained independence in the early 1960s, many of the anti-
erosion programs were dropped.

In the United States, an elaborate voluntary program was estab-
lished when the need for special attention to soil conservation was
recognized. Thirteen thousand soil conservation officials in every
corner of the nation offer advice to farmers on conservation needs
and techniques and, in some areas, provide financial assistance for
land improvements While erosion remains an acute national prob-
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lem, few dispute that the Soil Conservation Service has helped slow
the accelerating land deterioration of the early part of this century
—and without coercive measures. But if a voluntary program can
have moderate success in the world’s richest nation, where massive
efforts can be financed, farmers are highly educated, and the cultural
gaps between officials and farmers are generally slight, what conclu-
sions might one draw for the poorest countries, where just the oppo-
site conditions prevail? The dilemma is that where voluntary pro-
grams are least likely to be adequate, legislative fiats are least likely
to change individual behavior. Throughout the poor countries there
is already a gaping abyss between conservation laws and their enforce-
ment. This reflects not only poor communications between govern-
ments and the rural poor, hut also the clash between the exigencies
of conservation and the individual’s pressing, undeniable needs.

People hungry for land are not apt to leave forest or pasturelands
unplowed, regardless of what ecological soundness dictates. Farmers
hungry for bread are not likely to defer production this year to
enhance soil quality for the next generation. Those with no other
means than wood to cook their dinner cannot be expected to leave
nearby trees unmolested even if they are labeled “reserved” by the
government. And people brutalized by exploitive economic and social
systems will probably not treat the land any more gently and respect-
fully than they are treated themselves.

Unfortunately, there are no quick solutions to the dismal cycles
of poverty, ecological decay, and rapid population growth. To be sure,
conservation ethics and problems need to be treated daily as “news"’
by the media and as part of basic curriculum in educational systems.
Regulations protecting essential forests and mountain slopes also
need to be strictly enforced. But these measures will never succeed
until the populace has the technical and financial means to cooperate,
and this means reaching the masses with ecologically sound agricul-
tural advice and with credit facilities; maximizing rural employment
on farms and in small-scale industries; and breaking down the social,
legal, and economic structures that deny the poor basic opportunities
for advancement. It means creating participatory institutions,
whether through local government, cooperatives, or communes, that
give the poor a sense of responsibility for and control over their
destiny. That these prerequisites of ecological recovery are identical
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to the tactics of a more general war against poverty and hunger should
come as no surprise.

Among a large share of the world’s poor, words like “conserva-
tion” and “environmental protection,” if they are known at all, strike
a negative notc. They are associated with denial and repression rather
than with the improved quality of life that those who use them have
in mind. Clearly, the movement to save an habitable environment
will never succeed if its historical emphasis on protection and preser-
vation is not balanced by progress in production and the satisfaction
of basic human needs. Forestry departments will never effectively
police forest reserves if they do not more successfully increase tree
planting and wood production for local uses in forests, plantations,
and the countryside Soil conservation agencies will not stop the
spread of cultivation to steep slopes if agricultural policies do not also
increase production and employment on the better farmlands and
improve the distribution of land ownership and production gains
The wildlife refuges and undisturbed natural ecosystems necessary in
the interests of biological diversity, scientific study, and esthetics will
never last if social conditions and productivity in adjacent areas are
desperately low.

Conservation means protecting trees from the ax where necessary
or desirable, but it also means far more—for the principal aspiration
of the world’s poorest half is to climb from the depths of severe social
deprivation, not to save the environment for its own sake. Those
concerned with global ecological deterioration and its consequences
have no choice but to throw themselves into the maelstrom that is
the politics of social change.



11. Envivonmental Stvess, Food,
and the Human Prospecs

I'r WOULD BE a great mistake to view the various ecologi-
cal trends discussed in this book as isolated, localized threats. Local
threats they are, but unfortunately they also form a mosaic whose
patterns help define many of the key global concerns of our age—
issues which, directly or indirectly, will touch upon the lives of nearly
everyone.

Few realize the extent to which the countries of the world are
growing dangerously dependent on North America for food supplies,
a trend to which the ecological deterioration of food-production
systems contributes. As recently as the mid-1930s, Western Europe
was the only continent with a grain deficit Africa, Asia, Latin Amer-
ica, North America, the Soviet Union and Fastern Europe, and
Australia all produced a small food surplus To be sure, malnutrition
was rampant among the poor of Africa, Asia, and Latin America, but
in the commercial market each of these continents produced more
food than the numbers and purchasing power of its inhabitants could
consume

The ensuing four decades have been marked by both general
progress in reducing malnutrition in the world and a sorry attrition
of sellers in the food market. One by one, continents have dropped
from self-sufficiency to become net importers of food. By the mid-
seventies, North America and Australia are the only regions with a
net grain surplus, and North America controls a larger share of world
grain exports than the Middle East does of world oil exports.

VA
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Europe, Japan, and the Soviet Union, all relatively affluent areas
raising their consumption of grain-fed livestock products, are the
major importers, but many of the poor countries, too, have gradually
become more dependent on outside purchases to meet their mini-
mum food needs as local production fails to keep pace with human
numbers. A new current in the food market is the escalation of food
imports by several of the oil-exporting countries, where, among at
least part of the population, soaring incomes are boosting food de-
mands far more rapidly than archaic and sometimes deteriorating
agricultural systems can be modernized.

An extrapolation of current trends into the next decade and
beyond leads in directions that bode ill for all countries, rich and
poor. In their preparations for the 1974 World Food Conference,
FAQ analysts concluded that, if the production trends of the past
decade continue, the expected growth of populations and incomes in
the developing countries will produce a widening imbalance between
food demand and production. Among the non-Communist develop-
ing countries, in fact, the need for grain imports may multiply fivefold
between 1970 and 1985, reaching a net total of some eighty-five
million tons per year.!

To the extent that the poor countries can fill this massive gap
through food purchases abroad, claims on the exportable supplies of
the few surplus countries—and especially the United States, the
dominant global seller—will multiply. But as the world has learned
since 1972, the chronic surplus-production capacity, large reserve
stocks, and low, stable prices of the preceding two decades can no
longer be taken for granted Thus a growing drain on exportable
supplies could well intensify inflationary pressures in all countries, as
international demand pulls food prices up and forces costly invest-
ments that bring diminishing production returns in the agricultural
sector of the advanced countries. The point could be reached where
the sutn of national grain import needs chronically exceeds the level
North America is willing or able to supply, leaving heavy importers
in a dangerous position. Furthermore, for the poor countries, the
wholesale diversion of scarce foreign exchange from productive
domestic investment to the purchase of food abroad would cripple
economic development efforts.

Unpalatable as the latter prospect is, the more likely alternative
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is even more menacing. Given the past economic record and foresee-
able economic future of many of the poorest countries, a good share
of the potential food gap will probably be left unfilled by the commer-
cial market. If so, scarcity will manifest itself in a rising incidence of
malnutrition and premature death, the common assumption of
steady historical progress toward a Letter life for all shaitered. Under
these circumstances the more affluent countries, particularly those
with a food surplus, will face choices and responsibilities so politically
sensitive that they may not be able to deal with them rationally.
What portion of the exportable food should be reserved for charity,
what pcrtion for cash customers? Should domestic consumers alter
their diets to make food available for the impoverished abroad? Are
food gifts to needy countries moral or even responsible if they encour-
age greater tragedy in the future? Bitter debates over questions like
these have already broken out in the United States; should interna-
tional scarcity persist or recur and should food aid needs multiply over
present levels, these thorny issues will become all the more acute and
divisive—and the lives of more and more human beings will hang on
the answers given.

Hearing talk of food shortages and future production constraints,
some scientists calculate reassuringly that, with present-day tech-
nology put to work on all potentially arable lands, planet earth could
feed fifteen, twenty, or even forty billion inhabitants. But rarely does
the real world of human events intrude upon theoretical computa-
tions wearing such a gaunt face as it does in the case of food.

As the cost of further yield gains in the more advanced countries
becomes harder to bear, and as the fossil fuels that undergird the
most productive known agricultural systems become dearer, visions
of adequately feeding a world population doubling over the next forty
years (let alone one redoubling after that) will likely grow dimmer.
Even as capital and energy considerations hamper the realization of
hypothetic agricultural potential, every ton of fertile topsoil unneces-
sarily washed away, every hectare claimed by desert sands, every
reservoir filled with silt further drains world productivity and spells
higher costs for future gains in output. The levels of social organiza-
tion and technical sophistication required to extract higher yields
from the land will also climb as the natural productivity of ecosystems
is impaired.



182 Losing Ground

For economic as well as political reasons, then, the loss or degra-
dation of arable land anywhere concerns everyone. The ecological
deterioration of agricultural systems is most severe in poor countries.
But it must be viewed in the context of a world food economy from
which the comfortable margin of surplus of previous decades seems
to be disappearing; of a world in which inflation, caused in part by
unstable food prices, has emerged as one of the key economic chal-
lenges of the decade; of a world in which extreme dependence on one
geographic region for food exports dramatizes the fabled foolhardi-
ness of placing all our eggs in one basket. In today’s market condi-
tions, a loss of productive capacity in Algeria, to take one example,
has a direct effect on the world price of wheat. Decades of environ-
mental degeneration, recently capped by drought, have forced Al-
geria to purchase some two million tons of wheat—well over half the
country’s grain supply—on world markets in 1975.

Losses of productive capacity due to environmental stress must
also be considered in the context of the reckless, inadequately mea-
sured takeover of current and potential farmlands by urban sprawl
and other competing uses, a myopic activity occurring in both rich
and poor countries In the United States, for example, at least
240,000 hectares of cropland, including some land of the highest
quality, are annually engulfed by urban and transportation develop-
ment, reservoirs, and flood control programs. In overcrowded Egypt,
over twenty-six thousand hectares of farmland are taken over each
year by cities, roads, factories, and military installations—rivaling the
new lands annually reclaimed for agriculture.2 Land losses to non-
agricultural uses join the losses to environmental deterioration to
reduce the ability of our planet to produce food.

Discernible trends of deterioration, viewed against the ineluct-
able curve of population growth, raise the additional possibility that
catastrophic agricultural collapses over large areas, causing famines
and requiring major international emergency-relief efforts, will occur
with increasing frequency. This contingency exists irrespective of any
possible global climatic changes, which would by themselves raise the
incidence of crop failures.

As human-caused stress on an ecosystem builds, whether on the
hillsides of Java and Pakistan or the rangelands of Botswana and
Afghanistan, the capacity of the vegetation and land to withstand



Stress, Food, and the Human Prospect 183

climatic extremes intact is exhausted. What might have been a diffi-
cult period of low rainfall becomes a period of famine and abandon-
ment of once productive fields to desert sands; what might have been
a serious flood becomes a calamitous one, washing away a year’s
harvest and a layer of fertile topsoil that took many centuries to build.
In mid-1975, large-scale famine-relief efforts are underway in parts of
Somalia, Ethiopia, and Haiti; in each case the immediate cause of
famine is drought, but in each case the stricken regions were ecologi-
cal disaster zones well before the drought set in.

The site and nature of the next ecological catastrophe is impos-
sible to predict, and we can only speculate about the human costs.
Likewise, we can at best surmise the impact of future ecological
debacles on the survival of governments; certainly the overturning of
several African regimes in the early seventies was at least partly linked
to famine conditions and food-relief politics in areas of ecological
distress What we can say with confidenze is that, when the next
calamities do occur, governments and the media will label them acts
of God when in fact humans will have helped set the stage.

To the extent that population growth in the afflicted countries is
slowed, ecological pressures will ease and their fearsome conse-
quences will be at least postponed. Only a combination of improved
land-use habits with a drastic slowdown, and eventual halt, in the
population growth of Africa, Asia, and Latin America can put off
nature’s day of reckoning altogether The accumulating evidence of
severe ecological deterioration underscores the urgency of attacking
the population problem from all directions at once. making family
planning services universally available, liberating women from tradi-
tional roles, meeting basic social needs such as rudimentary health
care, adequate nutrition, and literacy that are usually associated with
reduced fertility; and reorienting social and economic policies to
promote smaller familics

The development and dissemination of renewable, decentralized,
and low-cost energy sources for the half of mankind now burning
wood, crop residues, or dung for fuel figures centrally in the ameliora-
tion of global environmental stress. Current energy research and
investment patterns, in the poor as well as rich countries, betray a
heavy preoccupation with new fuels for industry and the machines
of the rich, while the pressing energy crisis of the masses in the poor
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countries is given short shrift. Extensive technical and sociological
research, as well as ample funding for implementation, is needed to
disseminate small-scale fuel sources such as solar cookers, bio-gas
plants that convert dung into fuel and fertilizer, and, most of all, tree
plantations.

Tree planting, like family planning, is needed nearly everywhere.
Tree plantations, supporting sustainable fuel-wood industries, can
provide badly needed jobs as they help curb the depletion of both
remaining forests and scattered trees throughout the countryside of
the poor nations. They can also help halt the increasingly frequent
diversion of precious dung from fields to fireplaces. Tree planting on
eroded hillsides, on abandoned farmlands, along roads, and between
agricultural fields is insurance against the erosion of topsoils by wind
and water, the accelerated choking of reservoirs and canals with silt,
and the rising incidence of severe floods.

However crucial, refrrestation and soil conservation programs
cannot succeed without a concomitant transformation of agricultural
methods on the lands best suited to agriculture. Many of the negative
trends discussed in this book involve the spread of cui.ivation to
margin~ lands where no type of farming is sustainable; only the rapid
expansion of food output and employment elsewhere, together with
curbs on population growth, can curtail the futile exploitation of
substandard lands and the razing of strategic forests.

Good land, too, is often damaged because its carrying capacity,
its ability to support humans and animals on a sustainable basis, is
surpassed. Yet the concept of agricultural carrying capacity takes on
meaning only in conjunction with a particular technology. Properly
managed, many areas now threatened with desertification or ac-
celerated erosion could produce far more grain or meat than they do.
Some of the institutional and political prerequisites of the needed
agricultural revolution were noted in Chapter 10; they include, in
most countries, reforms in land tenure and in the distribution of
credit and advice, as well as a steadfast governmental commitment
to helping the broad masses of farmers to improve their methods.
Farm technologies tailored to local ecological conditions are also, of
course, essential; research on appropriate farming systems, where
such systems are not already known, ranks as a high priority.

A new, b -oader approach to development planning is required of
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both international development assistance agencies and national gov-
ernments. Based on economic analyses that isolate a few threads from
the whole cloth of natural environment and human activity, foreign
aid projects and indigenous development programs alike too often fail
to discern and eradicate the ecological roots of impoverishment.

“Environmental impact” assessments of proposed projects are a
new stock-in-trade among many governments and aid agencies in the
mid-seventies. Such investigations certainly represent a measurable
step forward from the days, not long gone, when dams or factories
could be built with hardly a thought to the harmful side effects that
would cast shadows on the planned benefits. What is now needed,
however, is another giant step beyond such assessments to the incor-
poration of an ecological perspective into the development-planning
process from its inception. A planning exercise with the natural
environment’s capacity to serve human needs as its referenr : point
would, in many countries, generate a different mix of priorities and
projects than those supported by present-day systems. The nced is not
just for an agency to predict detrimental environmental conse-
quences of projects chosen on the basis of traditionally quantified
financial variables, but is, rather, for one to identify the programs and
strategies needed to enhance the environment's ability to support an
improved life for people. This is, after all, the ostensible goal of
development.

‘Though nothing can substitute for a governmental commitment
to ecological analysis and regeneration, and to agrarian reforms, some
kinds of international assistance to the poorest countries are essential.
The United States was able to recover the productivity of the Dust
Bowl, and the Soviet Union that of the Virgin Lands, only because
each country had the technical and financial resources needed to
identify the sources of stress and then to act on their findings. Fur-
thermore, both countries had enough momentum in their food
economies—in the form of surplus output elsewhere or the ability to
purchase grain abroad—to permit the necessary lag of farming efforts
in the afflicted zones without serious shortages or prolonged hardship.

Many of the countries whose environments are most seriously
threatened today, by contrast, are short of the multitude of technical
skills—including, at a minimum, engineering, hydrology, forestry,
agronomy, range management, and ecology—that must simultane-
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ously be brought to bear on a disintegrating food system. And it is
unrealistic to expect those eking out a precarious existence on degen-
erating lands to give their plots up to trees, to leave land fallow, or
to sacrifice their herds if the government is unable to provide alter-
nate sources of food and income. Channeling a higher share of
international food aid into “food for work” programs, in which food
wages support the poor while they rebuild the environment that
poverty forced them to destroy, would make constructive use of the
food aid that will be necessary in any case in coming years.

The systematic identification and analysis of trends in ecological
deterioration, as well as the marshaling of technical and financial
resources to oppose them, are the formidable tasks confrontins, the
recently established United Nations Environment Programn. The
problems of “land, water, and desertification” have been accorded
top priority by UNEP, and, by means of its new Global Environmen-
tal Monitoring System, UNEP will promote information gathering
in various regions on such natural resource conditions as soil quality,
deforestation rates, and oceanic pollution trends Though far from
comprehensive, the GEMS program is a meaningful start toward
filling some glaring and dangerous gaps in humankind’s accumulated
knowledge about its milieu The multitude of research efforts being
sponsored by UNESCO'’s Program on Man and the Biosphere will
similarly increase our knowledge of global ecological trends.

Yet the predictable slowness with which precise figures on ecolog-
ical deterioration in one country or another become available—if
they ever do—is no excuse for continued procrastination by political
and economic decision-makers. Waiting for the ponderous process of
scientific data-collection to produce definitive results would, for some
countries, amount to committing ecological suicide. In too many
areas, the spreading denudation of hillsides and overgrazing of range-
lands is apparent to even the untrained eye; no computer print-outs,
only an appreciation of the price humans will pay for inaction, should
be necessary to justify initiating emergency salvage operations.

Identifying the underlying causes of the various symptoms of
ecosystem overstress will tax to the fullest the analytical skills of
governments and development planners. Falling agricultural yields,
disappointing returns from capital investments and chemical fertili-
zer applications, and occasional dramatic disruptions of production



Stress, Food, and the Human Prospect 187

over large areas will be the more obvious manifestations of unchecked
deterioration. Tracing the resulting effects on nutritional status, eco-
nomic prospects, political stability, and, indeed, ou the very social
fabric of whole societies is rather more difficult. The causes of social
maladies are often obfuscated by the pressing demands of the symp-
toms. The indirect international economic and political effects, rang-
ing from inflation to possible military conflicts, will likewise be
shrouded by the particular events that catalyze them

Seldom is a direct connection drawn between rural degeneration
and mushrooming urban shantytowns, where degraded human condi-
tions are creating a social tinderbox and stand out as one of the major
social blights of the closing century. Even more seldom is that critical
connection acted upon. Providing a decent, sustainable habitat for
more humans in the countryside is far more practical and socially
desirable than shouldering the almost insuperable task of providing
a healthy habitat for burgeoning numbers in the cities, where no
chance exists for productive universal employment. The tide of ref-
ugees can only be slowed through rural ecological regeneration; when
topsoil washes down the mountainsides, thnse whose livelihoods de-
pend on it lose their foothold.

The trends charted in this book do not point toward a sudden,
cataclysmic global famine. What appears most likely, if current pat-
terns prevail, is chronic depression conditions for the share of human-
kind, perhaps a fourth, that might be termed economically and politi-
cally marginal. Marginal people on marginal lands will slowly sink
into the slough of hopeless poverty. Some will continue to wrest from
the earth what fruits they can, others will turn up in the dead-end
urban slums of Africa, Asia, and Latin America Whether the deterio-
ration of their prospects will be a quiet one is quite another question.
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LOSING GROUND

ENVIRONMENTAL STRESS AND
WORLD FOOD PROSPECTS

Erik P. Eckholm

Current discussion of the environmental crisis often centers on the pollu-
tion problems of the industrial world. Yet in the war to preserve a
habitable environment, even the well-known battles to purify the air of
Los Angeles and the water of Lake Erie are but skirmishes compared to
the uncontested, unpublicized routs being suffered in the hills of Nepal
and Java, and on the rangelands of Chad and India.

Both food production and economic development prospects in Africa,
Asia, and Latin America are now dimmed by accelerating destruction of
the land's productiviiy. This book, jointly sponsored by the United
Nations Environment Program and the Worldwatch Institute, vividly
documents the global extent of ecological stress, its political causes, and
its human consequences.

Rampant deforestation of mountain slopes vesults in the erosion of
precious topsoil and a disastrous increase in flooding on the plains below.
In drier zones, burgeoning populations create new deserts. While oil
prices dominate headlines, the fuel crisis of the third of mankind depen-
dent on increasingly scarce firewood for cooking fuel intensifies.

The author, who is with the Worldwatch Institute, calls for massive
tree-planting campaigns, agr.cultural reforms to benefit peasant farmers,
and a slowdown in world population growth. He predicts that, unless
there is a major shift in global political priorities, a third of mankind will
become mired in hopeless destitution, a tragedy with ominous implica-
tions for world order. Furthermore, the squalid shantytowns of the cities
will continue to swell—volatile testaments to the deterioration of rural
environments. Global food shortages, and hence inflation, may also
intensify if the undermining of food-producing systems is not arrested.
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