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ABSTRACT

This book examines the two global trends of rising
population and output on environmental change in the 2lst century.
These environmental changes can be thought of as '"scarcities" of
vital resources such as soil, water, and a stable climate and may
cause widespread social disorder and violence. Contemporary examples
of conflict are featured to highlight what those changes could
possibly cause in the next century. The book explores why
environmental issues have become so prominent in recent years and
provides a framework for understanding them. The volume presents an
overview of key environmental variables, including population growth,
energy consumption, climate change, ozone depletion, deforestation,
loss of agricultural land, decline in water supplies, depletion of
fish stocks, and loss of biodiversity. Case studies are used to
identify and illustrate links between environmental change and
conflict with suggestions of how society can adapt and act for the
improvement of both rich and poor countries. The table of contents
lists the following: (1) "Introduction'"; (2) '"Where Will the World Be
in 2025?" (3) "rhe Social Effects of Environmental Scarcity"; (4)
"Violent Conflict and Environmental Scarcity'; and (5) "Long-term
Security Implications." Discussion questions, an annotated reading
list, and a glossary also are included. (EH)
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Introduction

v the vear 2025, the plancet’s population will have soared

~

from today’s 5.5 I)llll()n to a figure probably over 8 bil-
lion. Global cconomic output—the total production of
goods and services traded in markets around the plancet—
will also have skvrocketed from around $25 trillion in l()(luy's
dollars to nearly 360 trillion. In comparison, the United
States, a p()pul()us and prosperous country by any standard,
has in 1993 ]usl over 250 million people, who pmdu( ¢ about
$5.5 trillion in goods and services,
Largely as a result of these two global trends of rising
population and output, environmental change will take
place much faster, and be much more widespread and

-

Portions ot thus Hewvise Series have appeared i the aathor's article, "On the
Threshold: Environmental Changes As Causes of Acute Conflict,” International Seen
nty (Fall 1991, pp. 76=116: in his chaprer, "Phasical Dimensions of Glohal
Change,” it Global Change: Fnvivenmental Chadlenges and International Responses, Nasli
Choncri, ed, Cambridge, Mass., MIT Press, 1993; and in the article he coanthored
with Jeftrev Boutwell and George Rathjens, "Envitonmental Change and Vioteat
Conflict,” Seientifie Amencan, February 1993,




severe. Around the planet, human beings will face a steady
decline in the total area of hlgh-qu.lllty agricaltural land.
Many of the planet’s r(-m.unmg virgin forests will vanish
along with the wealth of species they shelter. Numerous
rivers, aquifers* and other water resources will become
exhausted and polluted: key fisheries will collapse; further
ozone depletion* will occur in the stratosphere: and global
warming* may cause significant climate alteration.

These environmenual changes can be thought of as “scar-
cities™ of vital resources such as soil, water and a stable cli-
mate. Within the lifetimes of our children and grandchil-
dren, these environmental scarcities may cause widespread
social disorder and violence, including war, revolution, eth-
nic violence, riots and coups that topple established govern-
ments. Many people, experts and laymen alike, find it diffi-
cult to imagine exactly how this might happen. Here are two
examples from today’s world.

In the Indian subcontinent, environmental scarcity has
contributed to vast migration and, in turn, horrible ethnic
violence within countries. “For us, it is a question of sur-
vival,” said Mugha ul-Khand, a farmer in the Mymenshingh
district of Bangladesh, in carly 1991, "We will go anvwhere
because every vear our landholding is shrinking: our families
are growing. My father had 24 bighas [approximately 8.4
acres| of land: now mv sons have 2 bighas cach, What can
vou grow on 2 bighas? In the future, we may have nothing.
Yes, we will be prepared to go anvwhere, 1o Assam, if neces-
sary, if we can get land and live with dignity.”

Since the 1950s, millions of people have fled appalling
population pressures, land scarcity and flooding in the region
that is now Bangladesh, They have poured into neighboring
arcas of India, especially the state of Assam, whose population
of 22 million is about 7 niillion larger than it would have been
without these migrants and their descendants, (In proportion
to the original population. it is as it California had to absorb
an extra I million people, increasing the state’s population
to over 44 million from today’s 30 million.) The migrating

\ Al tarred words appear i glosany on page 32,
O
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Bengalis are not eagerly welcomed. Members of the Lalung
tribe, for instance, have long resented Muslim Bengali mi-
grants, and thev accuse the newcomers of stealing the area’s
richest farmland. In carly 1983, violence finally exploded dur-
ing a bitter election for “ederal offices in the state. In the vil-
lage of Nellie, Lalung tribe speople used machetes, knives and
spears to hack to death nea. Iv 1,700 Bengalis in one five-hour
rampage.

Frictions Between Nations

Searcities of environmental resources can also heighten
tensions between countries. On January 13, 1990, for ex-
ample, Turkey began filling the giant reservoir behind the
new Ataturk Dam in castern Turkey. For one month Turkey
held back the main flow of the l‘\lphldt(‘\ River, which cut
the downstream flow in Syria to about a quarter ()l its normal
rate. By early in the next century, Turkey plans to build a
huge (()mpl( x of 20 dams and irrigation svstems along the
upper reaches of the Fuphrates. This will reduce the annual
average flow of the Fuphrates within Svria by more than a
third. Svria is alreadv desperately short of water: almost all
water for its towns, industries and farms comes from the
Euphrates, and the country has been chronically vulnerable
to (lmughl Svria's population growth rate, at 3.6 percent
per vear, is one of the Iu;,h\ st in the world, which gives a fur-
ther push to the countryv's demand for water.

Turkey and Syria have exchanged angry threats over this
snu.umn Svria gives sanctuary to guerrillas ot the Kurdish
Workers' party (PKK), which has long been waging an insur-
geney against the Turkish government in the castern part of
the country, Turkev suspects that Svria might be using these
separatists to gain leverage in bargaining over Fuphrates wa-
ter. Thus, in October 1989, then Prime \linisu-r Turgut Ozal
said that Turkev might cut off the river's water if Svria did
not restrain the PKK. Although he later retracted the threat,
the tensions have not been resolved, and there are currently
no high-level talks on water-sharing,
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Are there other indicators that environmental scarcities
can precipitate conflict? Until recently, a good answer to this
question has been impussible because of lack of evidence.
Butin the last three years, various researchers have gathered
enough information to reach a disturbing conclusion: envi-
ronmental scarcities are already contributing to violent con-
flicts in many parts of the developing world. Moreover, these
conflicts may be the early signs of an upsurge in violence in
the coming decades—especially in poor countries—that is
caused or aggravated by environmental change.

This Heaprine Seriks thesefore addresses these questions:
What are the principal large-scale environmental changes
that may confront the human species over the next decades?
How might these changes affect national and international
security? How are these changes related to the level of tech-
nological development, population growth and institutions
and culture?z And can societies limit or a(lapl to these
changes in order to lessen threats to human sec unlv

First, though, what is meant here by "securiv™ * Within the
ficld of international relations, the concept has traditionally
meant satety from violence and military threats to one's soci-
ety from outside one’s boundaries. But with the disintegra-
tion of the Soviet Union, which was the immediate enemy
facing the United States and other Western societies, and
with increasing evidence that all peoples face daunting social
and environmental problems, many have suggested that the
concept of security should be broadened. It might, for
example, be expanded 1o include nonmilitary threats o
national and personal well-being, covering threats to health,
prosperity and general quality of life.

But such a broadened concept of security brings together
too many different and complex issues. This hook., there-
fore, uses the more traditional definition: it deals with the
relationship between environmental change and potentially
violent conflict, both within and between countries.

What are the possible links between  environmental
change and threats to security? Some experts have proposed

g
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that environmental change mav shift the balance of power
between states either regionally or globally, causing instabili-
ties that could lead to war. For example, some claim that glo-
bal warming conld devastate American crop production and
hurt the cconomy, which could eventually contribute to a
weakening of U.S. militarv power and make the United
States less able to defend its friends and allies from attack.
Another possibility is that global environmental damage of
all kinds—{rom soil degradation to ozone depletion—might
increase the gap between rich and poor nations, with the
poor then violently confronting the rich for a fairer share of
the world's wealth, Imagine a world in which, for example,
emvironmental hardship helps a radical group seize the gov-
ernment of a powertul poor country: the new leaders might
then direct popular angerand military attacks against rich
countries in order to increase their support at home.

‘Free-riders’

Severe contlict may also arise from frustration with coun-
tries that do not go along with agreements to protect the
global environment or that are “free-riders.” letting other
countries absorb the costs of environmental protection.
Over the next decades, tor instance, China will be rapidly
raising its emissions of gases that cause global warming.
Might the rest of the world threaten CCONOMIC Sanctions, or
eVen o 1o war, to prevent one country from wrecking the
global environment?

Warmer temperatnres could lead to contention over new
ice-free seaslanes in the Arctic and over nore-casiv har-
vested resources in the Antarctic. Bulging populations and
land stress, as seen in Bangladesh, pay produce waves of en-
vironmental refugees spilling across borders and disrupting
relations among ethnic groups. Countries such as Turkey
and Svria mav lig}rf among themselves because of dwindling
supplies of watet and the effects of upstream pollution. A
sharp deciine in food-crop production and grazing land
could lead to contlict between nomadic ribes and sedentary

1y
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farmers, as is already happening in many parts of the Sahel
in Africa. Moreover, if environmental degradation* mal. s
food supplies increasingly tight, exporters could use food as
a weapon. For instance, in southern Africa, countries that
normally have food surpluses, such as South Africa or Zimba-
bwe, might be tempted to force hungry neighbors to alter
their foreign and domestic policies. ‘

Environmental change could in time cause a stow deepen-
ing of poverty in poor countries, which might open bitter
divisions between classes and ethnic groups, corrode
democratic institutions, and spawn revolutions and insurgen-
cies. In general, many experts have the sense that environ-
mental degradation will ratchet up the level of stress within
nations and within international society, increasing the like-
lib d of many different kinds of conflict—from war and
reve on to trade disputes—and undermining possibilities
for cooperation

Which of these scenarios are most plausible, and why?
The following pages explore why environmental issues have
become prominent in recent vears and provide a framework
for understanding them. The picce continues with an over-
view of kev environmental variables, including por “tion
growth, energy consumption, climate change, ozo  .eple-
tion, deforestation, loss of agricultural fand, decline o water
supplies, depletion of fish stocks and loss of biodiversity,*
Then the likely links between environme:tal change and
conflict are identified and illustrated with several case stnd-
ies. These are followed by a discussion of how much societies
can adapt as environmental problems become severe, and
the book concludes with recommendations for action by
both rich and poor countrices,

The case studies reflect the results of a three-vear rescarch
projecton "Environmental Change and Acute Conflict,” orga-
nized jointly by the Peace and Conflict Studies Program at the
University of Toronto and the American Academy of Arts and
Sciences in Cambridge, Massachusetts. This project brought
together a team of 30 rescarchers from four continents.

i1




PAFulToxt Provided by ERIC

The research found that poor countries are likelv o be
aftfected sooner and more harshly by environmental scarcity
than rich countries. In general, thu do not have the finan-
cial, material or intellectual resources of highly industrial-
ized countries. For instance, theyv find it barder to build the
new dams, irrigaticn canals and roads to adapt to shifts in

rainfall from one n’gmn to another that might be caused by

greenhouse warming. Moreover, the economic and political
institutions of poor countries are often weaker and less flex-
ible. Thev often have little expertise to manage resources;
their governments may not have the money to “buy off™ or
placate (mnpvlm}, groups whose interests are disrupted by
scarcities; and common standards of responsibility to the
community are often onlv weakly held by leaders and citi-
zens, Poor societies therefore have less ability to bufter them-
selves from environmental scarcity and the social crises it can
cause.

Unforeseen Thresholds

The Hroject’s research also suggests that future violence
arising trom environmental change will generally not follow
the age-old pattern of contlicts over scarce resources, where
one group or nation tries to seize the water, oil or minerals
of another. This is partly because some enviconmental re-
sources—such as the climate and the ozone laver—are held
in common; in other words, thev are not pn\.ml\ owned by
cither individuals, groups or cor pm.m()ns It is also because
of the often insidious social eftects of environmental scarcity,
such as slow population displacement and economic disrup-
ton. that can in turn lead to clashes between ethnie groups
and rebellion, While these tvpes of conflict may not be as
conspicuous or dramatic as wars between countries over
scarce resources, toev may have critical implications for the
scourity interests of rich and poor nations alike,

While the last decades have seen increasing environmens-
tai damage around the globe, for the most part this change
has progressed slowly, one small change at a time. Why,

9
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then, are people suddenly paving attention to environmen-
tal issues?

Clearly, the end of the cold war has given the public and
its leaders a chancee to think about other things, But there is
another factor at work: during the last 10 vears there has
been a genuine shift in experts’ perceptions of global envi-
ronmental problems. They used to pvr('vi\'v environmental
svstems as relatively stable and resilient in spite of the fact
that humans were h.mvslmg resources and dumping wastes
on a massive scale. Thev thought that these systems—such as
the carth’s climate and the interlinked networks of animals,
plants and CNETgY sources that make up the carth’s fisheries,
torests and agricultural kinds—would (Imngv only slowlv in
response to human insults, But now scientists widely be lieve
the behavior of these svstems is often quite unpv((h(l.ll)lv
and unstable. In trving to deseribe these svstems mathemati-
callv, using equations refating the values of certain variables
(¢.g.. energy consumption) to other variables (e.g.. popuia-
ton growth), they discovered that many of the mathematical
refationships between the variables are sharply *nonlinear.”
This means that the stope of the function relating the value
of variable Xoto variable Y changes abruptly as the value of X
passes a certain point, which is often called a “threshold”
(see hguu' Iy, In practical terms, this means that it may be
much casier than was thought to push an environme ntal sy
tem from one equilibritnm state to a very difterent cquilib-
rium stale,

In 1987, geochemist Wallace Broeoker commented on
recent polarice-core and ocean-sediment data:

Whit these records indicate is that canth’s climate does not
respond to torcing fe man interventions in the emviron-
ment] ina smooth and gradual wav, Rather, it responds in
sharp jumps which involve Lugescale reorganization of
carth's svstem. . We must consider the possibility that the
miain responses of the svstem to om provocation of the atmo-
sphere will come in jumps whose timing and magnitude are
unpredictiable,

10
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Figure 1. Nonlinear Functions and Threshold Effects

Threshold point

Linear function

X

Constant pressure may not have a nnliccuhlv cifect for a
long period. But sooner or later the system’s resilience or
buffering capac ity is gone and even a small additional pres-
sure nudges it across a critical threshold.

A dramatic example of such a threshold effectin a com-
plex environmental svstemis the appearance of the Antare-
tic ozone hole in the mid-1980s, The scientific models of
ozone depletion used 1o that point had, for the most part,
assumed a roughlv linear relatonship between emissions of
chlorofluorocarbons (CFCs)* and ozone depletion: in other
words, it was assumed that ozone depletion would increase
in steady, constant steps as CFC emissions increased, (CFCs
are now used mainly in air conditioners and refrigerators,
and they are released into the atmosphere when these
machines are repaired or serapped.) Atmospheric scientists
had not even remotely anticipated the ozone-destroving pro-
cess that occurs on the surface of ice crvstals in the strato-
sphere when there isaeritical combination of temperamre,
light, water, nitrogen and CFCs. If the conditions are vight, it

14




wirns out, this destructica can oceur at lightning speed,
stripping the ozone from mile-thick lavers of the strato-
sphere in a matter of days. The Antarctic ozone hole is star-
tling evidence of the instability of environmental systems in
response to human inputs, of the ability of humans to affect
significantly the ccosystem* on a global scale, and of hu-
mans’ inability to predict exactly how the system will change.

This new perception of the nature of the environmental
svstem has percolated out of the scientific community to in-
fluence the broader public’s view of environmental prob-
lems. This in turn has affected the views of the policymaking
commnuity in governments. Scientists, political leaders and
the general public are beginning to interpret data about en-
vironmental change in a new light: constant, step-by-step
degradation of environmental systents is not as tolerable as it
once was, because of uncertainty about where and when a
threshold might be crossed, resulting in a move to a radically
different and perhaps very undesirable system,

This new pereeption is rooted in a more mature under-
standing of natural systems and the global damage humans
are inflicting on these svstems. This understanding will likely
endure and, along with it, strong concern about the environ-
ment. Over the next 30 sears there will be no shortage of
ever more ominous envitonmental signals from our plancet.
Even if there are no dramatic. nonlinear shifts in the ecosys-
tem (though their probability mav be quite high), environ-
mental problems will remain prominent on scientific, policy
and public agendas,
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Where Will the World Be in 2025?

he environmental problems facing humankind might

scem overwhelming. They are large-scale, long-term and
poorly understood. They strike directly at our most intimate
links to the biosphere,* which is the thin shell of life—only
about five miles thick—covering the planet like the skin of
an apple. These links include the ability to get the food and
water needed for survival and the stability of our sociceties.

Key Variables and Relationships

Although today's environmental problems seem frighten-
ing and often unsolvable, it is important to avoid slipping
into simpleminded “environmental determinism™; in other
words, one must not assume that the environment surround-
ing us determines, inescapably and inevitably, people’s
behavior and level of happiness. One must remember that
societies are often very flexible, that human beings are often
very creative, and that many factors oftene permit great
variability and adaptability in human environmental systems,

13
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Some of these factors are identified in Figure 2. It shows
that the environmental effects from human activity in a par-
tcular ecological region are a function of two muain variables:
first, the product of total population in the region and physi-
cal activity per person (which depends on the range of tech-
nologies people use in the region); and, second, the vulner-
ability of the ecosvstenr in that region to those particular
ph\su alactivities, S.l\ one isinterested, for ex .unplc in calcu-
lating the total gre enhouse effect of car transportation in the
United States, Since car engines produce the greenhouse gas™®
carbon dioxide, muhtiply the US, per capita emissions of car-
bon dioxide from driving by the number of people in the
United States to get the total emission of carbon dioxide from
driving. Next, get an estimate of the valnerability of the eco-
svstem, in this case the earth’s climate, to this particular quan-
tity of pollution. With this estimate in hand, the total effect
on the carth’s climate of all antomobile transportation in the
United States can be estimated.

In Figure 2, activity per capitais, in turn, a function of
available physical resources in the region (which include
nonrenewable resources such as minerals, and renewable
resources such as water, forests and agricultural land) and
social and psyehological factors, including institutions, social
relations, preferences and beliefs, The figure also shows that
cnvironmental eftects, such as the degradation of agricul-
taral land, might cause certain types of social effects, such as
the largesscale migration of people out of the affected
region. This could in turn lead o various kinds of contlict,
such as the ethnic conflicts in Assam that resulted when new-
comers came in contact and began competing with local
groups. There are important feedback loops from these
social effects and contlicts to the social and psvehological
tactors at the top of the figure, and then back to activity per
capita and population. For example, migration could alter
relationships among classes and ethuic groups ina society,
which mightin trn alfect its economic activity,

The social and psychological factors at the top of ihe dia-

1o '?




gram are particularly impoitant. They are broad and com-
plex. They include the (lvgrvc of inequality of land and
wealth distribution in the societv: the svstem of property
rights and markets (hat either encourages p(*()plc to produce
goods and services within the economy or discourages them
from such activity: family and community structures; histori-
callv rooted patterns of wade with other societies: the distri-
bution of power among countries in the international sys-
tem: and beliefs about the relationship between people and
nature.

Withont a full understanding of these factors one cannot
begin to g asp the true nature of the u'l.ui()nships between
human activitv, environmental change and its social effects,
These factors hvlp determine the form and rate of the physi-

cal activities ina society, and the vulnerability, adaptability
and flexibility of the society when faced with environmental
Stress,

For example, at first glance a sudden drought and col-
lapse of grain output in a rural arca of Africa might seem to
mean inevitable hardship and starvation for farming tami-
lies. But in many arcas where drought is common, families
and villages have developed traditional wavs of lessening the
impact. Grain might be stoce l\pll(‘(l in anticipation of a dry
vear: communities across a region may have long-standing
agreements to help villages that cannot grow enough food
by s'h'.u'ing surpluses from those that can: or the traditional
agricultural svstenumay be designed to shift rapidly to crops
that are more tolerant of drought. These are sets of beliefs
and cooperative arrangements shared by individuals and
communities, A good unde lsl.m(lmg of such factors will pre-
vent falling into the trap of environmental determinisin,

Trends and Projections

This section prm'i(l( s information on current trends and
projections for nine kev environmental variables, In most
cases, the rate of change of the variable's value has increased
sharply this century, For example, while in 1900 about 10

1y
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million people were added to the world's total population,
nearlv 96 million were added in 1992, This population
growth has combined with dramatically higher per capita
consumption of material goods—especially in  North
America, Furope and Japan—to produce staggering jumps
in energy consumption, carbon emissions, water consump-
tion, fish consumption, land degradauon and deforestation.

Because many of the statistics cited here were produced
by combining or averaging figure for numerous regions
and socicties, they hide importa.at regional differences.
Moreover, socicties differ in the value thev assign to a given
environmental good or service, so some societies will be
more severely affected than others by an equivalent physical
change in the environment. For instance, in most of Africa
about 60 percent of the work force has jobs in agriculture,
whereas in the most highly industrialized countries the
figure is usually below 5 percent: a certain loss of agricultural
soil will theretore hurt fewer people in industrialized
countries and will be less of a concern to the society as a
whole.

Despite these  qualifications, the  figures and trends
offered below give a quick overview of the extent and nature
of human activity and its environmental effects today and in
the vear 2025,

¢ Population Growth

Figure 2 shows that population size can be a key variable
driving environmental change. Sometimes it does not dam-
age the environment, but often this growth—when com-
bined with certain social stractures, technologies and pat-
terns of consumption—makes environmental degradation
worse, as will be evident in the case studies.

In the 1960s, certain experts rang the alarm on global
population growth, which at the time was well over 2 pereent
a vear, (While this mav not seen like a frightening figure, at
that rate the carth's population doubles in size every 35
vears,) These experts claimed that climbing human numbers
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woutld mean critical shoridalls of food, space and other
resources; huge, violent cities without work for masses of
poor; and greater misery for future generations. But during
the 1970s and carly 1980s, with the aid of cconomic growth,
education and active family-planning programs, average fam-
iy size dropped dramatically in many poor countries, from
six or seven children to three or four. Since then, though,
experts have discovered that itis much more difficult to con-
vince parents to forgo a further one or two children to bring
family size down to a replacement rate of about two children
per couple. As a result, the population growth rates of some
of the world's most crowded countries—inchuding India and
Bangladesh. which together account for almost 20 percent
of the world’s population—are hardly declining. India’s rate
has leveled off at around 2.0 percent (about 18 million
people) per vear, while Bangladesh's has stalled at around
2.6 pereent (about 3 million) per vear,

These developments have recently led the United Nations
to revise upward its mid-range estimate of the globe's popu-
lation in 2025 from 8.2 to 8.5 billion. The UN has also raised
its estimate of world population when it stabilizes (predicted
to occur toward the end of the twentyHfirst centurny) from
10.2 1o T1.3 billion, over twice the size of the phanet's carrent
population,

Demographers, who are experts in population statistics,
have tong assumed that poor countries would pass through a
“demographic transition.” This transition occurred in the
currently rich countries in the nineteenth and wwentieth cen-
turies, when a decline in deathrates was eventually followed
by a compensating decline in birthrates. The change in
deathrates was mosthy produced by imjroved nutrition and
basic sanitation, The change in birthrates is thought 1o have
resulted from increased wealth and certain social changes,
such as higher literacy rates and social status for women. But
if certain developing countries cannot maintain e steads
growth in social and cconomic wealth, they mav not nn-
dergo a demographic transition.
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e Energy Consumpticn

Total commercial energy consumption in 1988 was
roughly equivalent to 8 billion metric tons of oil, an amount
that would fill a huge 1.3-mile cube. The 1988 figure for
world energy consumption was an increase of nearly 4 per-
cent over 1987; and during the past two decades, energy
consumption’s steady climb was broken only in the carly
1980s. The U.S. Department of Energy expects the world
rate of energy consumption to increase at up to 2 percent
annually through the year 2000, which gives a doubling time
of about 35 vears, Energy consumption per person in many
rich countries is 30 or more times greater than that in poor
countries. But the energy consumption per person in rich
countries has not increased much in the st decade, while
in some rapidly developing countries this figure is rising very
fast. As industrialization, clectrification and transportation
networks expand in poor countries, their appetite for energy
Ny grow up to twice as fast as that in the rich countries.

Currently, oil makes up 38 percent of global commercial
encrgy consumption; coal, 30 percent; natural gas, 20 per-
cent; hvdropower, about 7 percent: and nuclear power, 5
pereent. As accessible and cheap petroleum reserves disap-
pear, these pereentages will change. In the first decades of
the next century, many experts predict that oil consumption
will drop, while natural gas, nuclear power, nonconventional
sources (snch as solar, wind and tdal power), and perhaps
coal will have to ill the gap. In addition, many people in
poor countries depend for cooking and heating on noncom-
mercial sources of energy. such as wood gathiered in forests
and straw from ficlds. In large arcas of the world, especially
Africa, the Indian subcontinent and China, wood is increas-
inglv hard to find and gatherers have to walk miles from
their villages to find the dav's tuel.

The level of global energy consumption in 2025 will de-
pend on ahuge array of factors, incnding whether energy
prices are adjusted so they reflect the costs of pollution and
global warming to our socictics, whether new technologies
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allow more-efficient production and use of energy, aud
whether diplomats can reach international agreements to
limit the release of carbon dioxide. Because of this uncer-
tainty, experts’ estimates of global energy demand in 2025
run from a low of the equivalent of 9 billion metric tons of
oil to a high of 26 billion tons.

¢ Climate Change

As is now widely understood, human activities—especially
inindustrialized countries—release a number of gases
(mainly carbon dioxide, CFCs, methane and nitrous oxide)
that slow the escape of infrared radiation (heat) from the
surface of the carth into space. In rough terms, one can sy
that (given a certain amount of incoming sunlight) the
more of these gases present in the atmosphere, the higher
the average temperature at the surface of the planet. In fact,
if it were not for the naturally occurring greenhouse effect,
the averuge temperature on earth would be about 60 de-
grees Fahrenheit lower than it is now and the planet would
not bhe able to support most forms of life.

But the scientific story is much more complicated than
this, because there are many feedback loops within the cli-
mate system that may worsen or diminish the effects of hu-
man activity, For instance, scientists believe that global warm-
ing will increase the amount of water vapor in the atmo-
sphere. This will increase the number and extent of clouds,
since clouds are condensed water vapor. But scientists are
uncertain whether more clouds will trap further heat like a
blanket (a positive teedback) or reflect sunlight ke a mirror
(a negative feedback).

Over the last tew vears, though, a number of experts have
reached a rough consensus: asstming no major changes in
the trend of human emission of greenhouse gases, the carth
will warm an average of nearly 2 degrees Fahrenheit by 2025
and 5 degrees by 2100, This mav not seem like much. but
the carth has warmed only some 9 degrees since the coldest
period of the last ice age, about 18,000 years ago. Moicover,
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the predicted rate ot increase during the next 100 years will
be over 0.5 degrees per decade, which is far faster than any
climate change in recorded history.

What could be the impact of such a warming? At the mo-
ment, the complicated computer models of the atmosphere
that scientists use to estimate future global warming cannot
accurately predict changes in patterns of rainfall, storms and
soil moisture for specific regions. For instance, surface fea-
tures like mmmmm ranges have a great effect on winds and
rainfall, but are not vet modeled properly. However, some
things are known: temperature increases toward the poles of
the planet will be much greater than at the equator: sea lev-
cls will rise about two inches per decade (mainly because
seawater expands when it is warmed); coastal arcas will gen-
crally get more raisy; and interiors of continents will become
drier. According to some estimates, by 2030 central North
America could warm from 3 to 7 degrees in winter and 3to 5
degrees in summer and experience a 15 to 20 percent drop
in soil moisture. Since soil moisture is a key variable for
farmers, this change could seriously affect grain output in
the United States and Canada.

Finally, when considering the social impact of climate
change, the most important result of a rise in average tem-
perature may be its effect on the likelihood of “extreme” en-
vironmental events. While a 2 1o 5 degree average global
warming might not seem too significant for food produc-
tion, it could cause a sudden increase in the chance of crop-
devastating droughts, floods, heat waves and storms, even if
it does not force the climate svstem to a completely new
cquilibrium,

e Ozone Depletion

The Antarctic ozone hole contributes to the general
depletion of ozone over a wide area of the Southern Hemi-
sphere ¥ach southern spring, the hole forms inside a circu-
Lar pattern of wind called the circumpolar vortex; as summer
approaches, this vortex breaks up. and ozove-depleted air
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moves northward from Antarctica. Although Antarctica’s
pattern of chemical and atmospheric events is not exactly
duplicated over the North Pole, during the last three years
scientists have found ominous signs that rapid ozone deple-
tion may eventually appear there too. In addition, while the
situation over the poles is perhaps the most urgent, ozone
depletion is occurring around the planet as CFCs move into
the upper atmosphere. In early 1991, the U.S. Environmen-
tal Protection Agency (EPA) announced that satellite data
showed an ozone deerease of 4.5 1o 5 pereent in the last de-
cade over the United States, and 8 percent over Northern
Europe: losses in the Southern Hemisphere (outside Antare-
tica) were on average 2 percent higher than those in the
Northern Hemisphere.

Industrialized countries have already released immense
quantities of CFCs into the aunosphere, It takes on average
about 10 years for CFC molecules to migrate from the ground
to the middle stratosphiere, about 10 to 15 miles above the
carth’s surface. Oncee there, sunlight breaks down these mol-
ccules, and the liberated chlorine can catalyvze the destruction
of ozone molecules for decades betore falling back into the
lower atmosphere. So, with the CFCs released to date, a dra-
niatic thinning of the ozone layver over the coming decades is
probably inevitable, Tt is very hard to give precise estiimates of
future loss: current mathenmatical models, based on todav's
knowledge of the atmosphere, have generally underestimated
the rate of ozone loss. However, the EPA now predicts world-
wide depletion of 10 to 12 percent by 2010, and there mav be
a 15 to 20 percent depletion by 2025,

Recent research suggests that a | opercent decrease in
stratospheric ozone produces about a 2 pereent increase in
the incidence of cancer-causing ultraviolet vadiation on the
surface of the carth, which in turn produces about a 3 per-
centinerease in nonmelanoma skin-cancer rates. But the in-
creasing rate of skin cancer may not be the worst problem:
the harmful eftects of increased ultraviolet radiation on
crops, forests, ocean phytoplankton (which are at the bot-
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tom of the occan food chain) and the health of people and
livestock mav be very grave. But rescarch on these etfects is
sull pre liminary.

While I.,lu-nhnuw warming and ozone depletion have
caught the public's attention over the tast few vears, environ-
mental problems such as deforestation, soil de gl‘l(l‘lll()n.
depletion and degradation of water resonrees, and depletion
of tish stocks deserve equal consideration, Such problems
mav, in fact, mulnpl\ the harmful effects of atmospheric
change: and they merit inmediate concern becanse they are
already seriously threatening the well-being and st ibility of
many deve lnpmgr socitties,

o Forest Degradation

Estimates of damage to tropical forests varv widely, since
there are different kinds and degrees of forest de gradation.
Furthermore, logged torests sometimes can recover through
planting and natiral regeneration, which also tends to bhr
category boundaries, Finallv, satellite images are far less use-
ful than commonly thought in allowing rescarchers to assess
the extent of forest (lzmmgv The images usually have to be
supported by detailed inspections on the ground.

Despite these problems, recent estimates by the World Re-
sonrces Institute (WRD suggest there has been a rapid in-
crease in the rate of tropical forest depletion since the 1970s.
Whereas the UN Food and Agricalume Ageney (FAQ) esti-
mated in F9R0 that the world was losing 114 million hect-
ares of tropical tovest anmually, the new WRIE study (hased on
more recent FAO data) savs the fignare mav be as high as
20,4 million hectares, an arca abont the size of New York,
Connecticnt, Massachusetts, Vermont and New Hampshire
combined. (There are about 260 hectares inasquare mile.,)
The total arca of closed tropical torest on carth, which
means forest where the branches of the trees largely obseure
the ground when viewed from the air, s estimated to be
around 1.2 billion hectares, or about the area of the United
States and Mexico together.
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Particularly affected by these increased rate. according to
the WRI, are the forests of Brazil, Costa Rica, India.
Myanmar (formerly Burma), the Philippines and Vietnam.
However, the Brazilians have responded that in their case
the WRI figures are inflated, because the rate of forest deg-
radation in Brazil has dropped dramatically since 1988 due
to changes in government policy. Given that forest-degrada-
tion data are unreliable and quite susceptible to policy
changes, it is hard to predict the state of the world's forests
in 2025. But it scems safe to say that most of the remaining
virgin tropical forests in Southeast Asia, South Asia and Cen-
tral America will be gone, and the remainder will be coneen-
trated in Zaire and Bravil.

A close look at the Philippines reveals the speed and ex-
tent of forest loss. As recently as World War 11, about half the
arca of the Philippine archipelago was forested. Since then,
logging and the spread of farms has cut the virgin anc new
forest from about 16 million hectares to between 6 million
and 7 million hectares. At the turn of the century, the Philip-
pines had about 16 million hectares of virgin forest; now less
than a million hectares remains, and it seems certain that al-
most all of this will be gone by carly in the next century. The
logging industry boomed in the 1960s and 1970s and, follow-
ing the declaration of martial law in 1972, President
Ferdinand E. Marcos handed out concessions to huge tracts
of land to his cronies and senior military officials. Pressured
to make pavments on the countiy's foreign debt, the govern-
ment encouraged log exports to the voracious Japanese map-
ket Despite the toppling of Marcos and the more-aggressive
concern for the environment of the government of Presi-
dent Corazon C. Aquino, the recent WRI estimates show the
rate of damage to Philippine forests remains very high. Ef-
forts to replant wide arcas have generally failed, because of
corruption and incfficiency in the agencies charged with the
planting, because the hilly arcas where the forest degrada-
tion is most critical have very thin soils, and because of the
migration of landless peasants into the hills,
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e Agricultural Land

Currently, total global cropland amounts to about 1.5 bil-
lion hectares, which is roughly twice the area of the contigu-
ous 48 states, Optimistic estimates of potential cropland on
the planet range from 3.2 billion to 3.4 billion hectares, but
nearly all the best land has already been used. What is left is
cither less fertile, not sufficie ntly rain fed or easily irrigated,
infested with pests, or harder to clear, plow and plant. Experts
generally describe a country as land-scarce when 70 percent
or more of potential cropland is under production. In Asia,
which includes four of the world's five most populous coun-
tries, some 82 percent of all potential cropland is cultivated.
While the percentages are lower in Africa and Latin America,
the poor quality of the remaining land and its unfair distribu-
tion between rich and poor in these regions mean that the
previously higis ~ates of cropland expansion cannot continue,

For developing countries in general, cropland grew at just
0.26 percent a year during the 1980s, less than half the rate
of the 1970s. More importantly, cropland per capita
dropped by 1.9 percent a year. Without a major increase in
the amount of cropland in developing countries, experts
expect that the world average of 0.28 hectares per capita will
decline to 0.17 hectares by the vear 2025, given the current

rate of world population gm\\th Large arcas of land are
being lost cach vear to a combination ()l'pr()hlclm in('lu(lin;,
encroachment by cities, crosion, depletion of nutrients,
acidification, (mnp.utm;, and salinization and wate ll();,gm;,
from overirrigation. The geographer Vaclav Smil, who is
generally very conservative in his judgments about environ-
mental damage, estimates that 2 million to 3 million heet-
ares of cropland are lost annually to erosion, with perhaps
twice as much land going to expansion of cities and at least |
million hectares abandoned because of salinity. In addition,
ab -ut one fifth of the world's cropland is affected by deserti-
fication* (which inchudes wind cerosion and changes in soil
moisture). Al told, he concludes, the planet will lose about
100 million hectares of arable land between 1985 and 2000,
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which is about the area of California and Texas together.

Smil gives a particalarly startling account of the sitnation
in China. From 1957 1o 1977 the country lost 33 million
hectares of farmland (30 percent of its 1957 total), while it
added 21 million hectares of largely marginal land. He notes
that “the net loss of 12 milli(m hectares daring a single gen-
cration when the countiy's p()pul‘m(m grew by about 300
million people means that per capita availability of arable
land dropped by 40 percent and that China’'s farmland is
now no more abundant than Bangladesh’'s—a mere one
tenth of a hectare per capital”

e Water Supplies
The scarcity and polhution of freshwater supplies will be
once of the chiet resource issues of the next century, At the mo-
ment, humans withdraw about 3,500 cubic kilometers of tresh
water a vear from various sources (mainly rivers), chieflv for
agriculture, and about 1,400 cubic kilometers are re trned to
these sources, often ina polluted condition. (For comparison,
the total flow over Niagara Falls every vear is about 90 cubic
kilometers.) This consumption is growing at a rate of 2 10 3
percenta vear, Total river resources at any one iime amount
to about 2,000 cubic kilometers, but becanse of the constant
cveling of water between the ‘mn()sph( re and surface of the
carth, the amount available from rivers annually is probably
closer 10 40,000 cubic kilometers. But while these aggregate
figures seem to sav water is abundant, there are great differ-
ences between regions, and many arcas—including much of
Furope, large parts of the Unite d States, the Ganges basin in
India and the northwestern provinees of China—are using
virtuatly all of their viver runoft. In many div poor countries,
quick population growth may soon reduce per capita water
availability to levels below those required to meet basic house-
hold, industrial and agricultural needs. If greenhouse-in-
duced climate change causes large shifts in rainfall patterns,
some of these regions mayv no longer face water shortages,
while others mav suffer ruinous drought.,
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It is possible to pinpoint certain regions where water crises
are a virtual certainty by the vear 2025, Table 1 on page 28
shows that the Middle East and certain parts of Africa are of
particular concern because water is already very scarce, these
regions’ populations are growing rapidly, and water has long
been a source of argument between certain groups and soci-
cties. For instance, the Nile River runs through nine coun-
tries, and downstream nations—Egvpt and the Sudan, for
example—may one day be especially vulnerable to upstream
pollution or diversion of water, because they have dry climates
and depend on irrigated dgn(uluuv Other African rivers
shared by several countries deserve attention, including the
Zambezi and the Niger, which flow through eight and ten
countries respectively, and the Senegal, which has been at the
center of a recent crisis between Mauritania and Senegal.
Depletion of aquifers may also be a source of conflict: Egypt
and Libva, for example, see the Nubian aquifer that they
share as a vital future source of water for huge agn(uluu.ll
sones, In the Middle Fast, some experts believe that the de-
sire to secure the waters of the Jordan, Litani, Orontes and
Yarmuk rivers contributed to tensions preceding the 1967
Arab-Isracli war. In addition, as described earlier, there is
strong  disagreement between Svria and Turkev over
Fuphrates water, Access to extremely limited underground-
water resources is also an extra stress in the Israeli conflict
with the Palestinians over the tature of the West Bank of the

Jorden River (see map on page H7).

e Fish Stocks

When considering the state of the world's fisheries, the
critical issue is whether or not the current level of fishing
can be continued indefinitely. In other words, can catches
be “sustained” vear after vear? The FAQ estimates the annual
sustainable \lcl(l of the world’s ocean and freshwater fisher-
ies to be 100 million metric tons. Between 1950 and 1988,
the quantity of fish brought ashore increased fivefold, from
about 20 million to 98 million tons. (The U.S, catch every
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Table 1: Per Capita Water Availability in 1990 and in 2025

1990 2025
Per Capita Projected Per Capita
Water Availability Water Availability
{m3/person/year) {m3/person/year)
AFRICA

Algeria 750 380
Egvpt 1,070 620
Ethiopia 360 980
Kenva H90 190
Libya 160 60
Morocco 200 6RO
Nigeria 66 000
Somalia N 610
South Africa - 790
Tanzania . 900
Tunisia N 330

THE AMERICAS
Canada 90,880
United States 8,260
Haiti 1.690 960
Peru 1.790 Y&

ASIA/MIDDLE EAST

Cvprus 1,290 1.000
Iran RESELY) 960
Isracel 170 310
Jordan 260 Rt}
Lebanon 1.600 960
Saudi Arabia 160 50

The table Dists selected conntries where poputation grossth witl drive
amnual per capita water avaitabilin to 1000 cubic meters or tess per
person by 2025 Many experts consider this the minimuam water need
for an efficient, industiatized nation. Several of the countries in the
table will have Tess than 250 cubic meters per person available in 2025,
Currently, no industrialized county uses so litde water. Figares tor the
United State ned Canadaare provided for comparison. Soutce: Peter
Gleick, Pacitic Institate, Oakland, Calitornia.
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vear is about 6 million tons.) As the world approaches the
threshold its fisheries can sustain, there is evidence—from
Maine to Newfoundland to southern India—that fish stocks
are collapsing. In 1987, the FAO commented: “The time of
spectacular and sustained increases in fisheries catches is
over.... Almost all important stocks...are either fully ex-
ploited or overfished. Many of the stocks of more highly val-
ued species are depleted. Reef stocks and those of estua-
rine/littoral zones are under special threat from illegal fish-
ing and environmental pollution.”

By the year 2000, world demand for fish is predicted to rise
to around 120 million tons, and annual requirements could
exceed 160 million tons by 2025. Some of this demand will be
met by expanding aquaculture (which involves raising fish in
captivity), using species not normally eaten, and using fish
that are currently thrown out. But as the thresholds of
sustainability are passed, peasant and small-scale fishermen,
especiallv in poor countries, will be hurt badly, as will poor
people who depend on fish as a key source of animal protein,

¢ Biodiversity

"Biodiversity” refers to the range of plant and animal spe-
cies on the planet. The estimates for the number of species
on carth vary from 5 million to morve than 30 million. Scien-
tists are particularly uncertain about the range of species in
the tropical forests, but they know that these areas contain a
vast reservoir of genetic information. This is a priceless
resource for the development of new crops, medicines and a
wide array of industrial products from paints to lubricants.
Most of this information is contained in insects and mi-
crobes that have not even been identified or catalogued. As
these forests are destroved for logging, cattle ranching and
peasant farming, this genetic information is lost forever.

In the last 600 million vears, there have been five great
episodes of extinction on the planet. The most severe oc-
curred at the end of the Permian period, 240 million vears
ago, when more than 80 pereent of all marine-animal spe-
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cies vanished. The more famous episode of extinction oc-
curred when the dinosaurs disappeared-—probably because
of the impact of a huge meteorite or comet—at the junction
of the Cretaceous and Tertiary periods, 65 million vears ago.
In all five cases, animal species were affected more than
plant species, and recovery to the preexisting level of bio-
diversity took from 10 million to 100 million vears.

Today, both plant and animal species are vaaishing at an
extraordinary rate as a result of the rapid loss of tropical for-
ests and their other habitats all over the planet. Harvard bi-
ologist E.O. Wilson has calculated conservatively that the glo-
bal loss from tropical-forest degradation alone could be be-
tween 000 and 6,000 species a vear, a rate 10,000 umes
greater than the natural rate of extinction prior to the appear-
ance of human beings. If one adds the stress of fast climate
change, an estimate of a 25 percent loss of planctary
biodiversity in the next 100 years is quite realistic, This would
rival four of the five previous mass extinctions on carth. From

both a moral and practical point of view, it could be the single
greatest calamity that human beings inflict on the planet.

LI

The above environmental problems can all be crudely
deseribed as Luge-scale and human caused, with long-term
and often irreversible consequences, which is why they are
often grouped together under the term “global change.”
Actually, however, they vary greatly in scale: climate change
and ozone depletion involve genuinely global physical pro-
cesses, while degradation of agricultural land and depletion
of water supplies involve regional  physical  processes,
although they may appear in places alt over the planet.

These problems also vary in length of tme over which they
develop: for example, while a region can be deforested in
onlv a few years, and serious environmental and social effects
from this deforestation may be seen almost immediately,
human-induced greenhouse warming will probably develop
over manv decades and mayv not have a truly serious impact
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United Nations Photo 151,424 JK Tsa

A fishing boat in the Bay of Bengal, where fish stock is disappearing.

on people for a quarter of a century or more after the first de-
tection of clear signs of warming. In addition, some of these
problems (for instance, deforestation and degradation of
water supplies) are much more advanced than others (such
as greenhouse warniing) and are already starting 1o cause
serious social disruption. This variation in the amount of
clear evidenee for these varions problems makes for great dif-
ferences in our certitinty about how severe they will become,
For this reason, the uncertainties surrounding greenhouse
warming are tar greater than those tor deforestation.

Finallv. manv of the above problems are interrelated. For
instance, greenhouse warming man cause deforestation be-
canse it will move northward the ideal temperatare ansi rain-
fall zones for many tree species Gand unlike annual crops,
trees do not adapt quickly enough to survive): it mav make
windstorms and wildfires worse; and it mav allow pests and
discases to affect larger arcas, The release of carbon from
these dving torests would, of course, reinforee the green-
house cffect.
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Glossary of Key Terms

aquifer: a water-bearing laver of permeable rock, sand or gravel
capable of vielding considerable quantities of water to wells or
springs

biodiversity: the variety of the world's organisms, including
their genetic mukeup and their communities and interrelation-
ships

biosphere: the part of the world where life can exist; the term
refers to living beings and their environment
chlorofluorocarbons (CFCs): gases found in car air condition-
ers, coolants, acrosol products and solvents which, when
released in the aunosphere, contribute to the breakdown of the
ozone shield (see below)

desertification: the process that turns land into arid waste or
desert due to mismanagement or climate change

ecosystem: a complex ecological community (e.g., a tropical for-
est) and its environment which together form a unit in nature
environmental degradation: man-caused damage to the basic
natural resources necessary for survival: water, soil, forests, the
atinosphere

genetic engineering: the alteration of genes, which control
hereditary characteristies, by human intervention

global warming: warming of the carth due primarilv 14 the rapid
buildup in the atmosphere of carbon dioside and other “green-
house gases” (see below) that trap the carth's heat

green revolution: the achievement of higher food production in
developing countries through the use ot hybrid grain seeds and
scientific methods of farming

greenhouse gas: a gas in the atmosphere. which like the glass in
a greenhouse, traps part of the carth’s heat and produces a
warming eftect (carbon dioxide produces 507 CFCs, 254 )
ozone depletion: hrcakdown of the ozone shield (a thin laver of
ozone gas molecules in the atmosphere) that can absorb dame
aging ultraviolet radiation and have major implications for glo-
bal weather: CFCs greatly speed the process
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The Social Effects of
Environmental Scarcity

here are three main sources of human-induced environ-

mental scarcity, First, as discussed carlier, human activity
can cither reduce the quantity or degrade the quality of an
environmental resource faster than the resource is renewed.
Experts often refer to this process using terms similar to
those used for monev in a bank: the capital in a savings ac-
count and the interest or income it carns, Similarlv, a renew-
able resource also has both “capital” and "income.” The capi-
tal is the stock of the resource that generates a flow of in-
come that can be tapped for human consumption and well-
being. The topsoils on the Great Plains of America are capi-
tal that can be used to grow grain. A “sustainable™ farming
cconomy can be defined as one that leaves these soils—this
capital—intact and undamaged so that generations of Ameri-
cans can enjov an undiminished stream of income in the
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form of food products, So, if the natural decay of crop resi-
due adds about one hundredth of an inch of topsoil to
farmed land a vear (or about 3.25 tons/hectare), then sus-
tainable farming should not produce an average soil loss
greater than this amount.

The second main cause of environmental scarcity is popu-
lation growth, which can reduce the amount of a renewable
resource available per person. Over time, for example, a
given flow of water or a given area of cropland might have to
be divided among more and more people (as shown in
Table 1).

Third, a change in the way a resource is distributed in a
society can concentrate the resource in the hands of a few
pe ()plc while the rest suffer extreme scarcity. Each society
has, for example, rules and laws that define the limits and
nature of ownership of things such as farmland. These
“property rights™ affect how resources are distributed among
different groups in the society, and they often change as a
result of large-scale development projects or new technolo-
gies that alter the relative values of resources. A particularly
good example of this is the case of the Senegal River basin
(discussed later), where a large dam dramatically raised the

value of downstream farmland, which caused a powerful
group to change the laws governing ownership of land to
benefit themselves.

These three sources of environmental scarcity can operate
singly or in combination and can have avariety of critical so-
cial effects, including declining food production, general
cconomic stagnation or decline, displacement of population
and the disruption of institutions and traditional social rela-
tions among peeple and groups. These social effects, in
wirn, are often interlinked, and sometimes reinforce cach
other. For example, cconomic uncertainty may lead to the
flight of people with wealth and education, and such a
money and brain drain in turn weakens universities, courts
and financial institutions, all of which arc absolutely neces-
sarv for a healthy cconomy.,
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Agricultural Production

Experts often mention that constrained food output is the
most worrisome possible result of environmental scarcity. As
noted above, agricultural land is decreasing in availability and
quality. For certain regions of the world, this inav in time
sharply limit food output, depending upon the ability of soci-
cties to increase the “intensity” of their agricultural practices,
which means increasing owtput per hectare (commonly
caiied the land's “vield") through strategies like mechaniza-
tion, greater fertilization and irrigation, and new seeds.

But there are many other factors besides land availability
that mayv influence agricultural production, including defor-
estation, depletion of water supplies, greenhouse warming,
increased ultraviolet radiation from ozone depletion, and,
eventually, decreased biodiversity. The serious forest degra-
dation in the Philippines, described carlier, provides a good
illustration of the impact on food output. Across the archi-
pelago, logging and land clearing have accelerated crosion,
changed regional hydrological cveles (the eveles of water be-
tween the atmosphere, land and plants that help determine
local weather patterns) and decreased the land's ability 1o
hold water during rainy periods. The resulting flash floods
have damaged irrigation works while plugging reservoirs and
irrigation channels with silt. This mav seriously affect crop
production. For instance, the Philippine government and
the European Community wrote an integrated environmen-
tal plan for the still relatively unspoiled island of Palawan in
the west of the Philippine archipelago. But the authors of
the study found that onlv about half of the 36,000 hectares
of trigated farmland projected o be included in the “Plan
for 2007 would actuallv be irvigable in that vear becanse of
the effects of decreased forest cover on water flows andirei-
gation capacity,

Greenhouse warming and climate rhange mav also affect
agricultural production, although this is a contentious issue.
Coastal cropland in countries such as Bangladesh, Egvpt and
Chinais verv vulnerable 10 ocean surges caused by big
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storms. Such events could necome more common and devas-
tating becanse global warming will cause sea levels to rise
and could intensify hurricanes, evclones and typhoons. The
greenhouse effect will abso change rainfall patterns and soil
moisture: while this mav benelit some agricultural regions,
others will suffer, especially in poor countries. The World
Resources Institute contends that “the impacts on agricul-
wire could be doublesedged: by altering production in the
main food-producing arcas, climate change could weaken
our ability to manage food crises, and by making growing
conditions worse in food-deficit nations, it could increase
the risk of famine.” Countries at special risk from climate
change will be those—such as the nations of the Sahel in
Africa—with an imbalance hetween population and food-
growing ability and with little money to fund changes in
their agricutiural svstems. As some areas become too dryv to
grow food. others, formerly dry, will suddenly have enough
water; poor countries will not be able to afford the new

~dams, wells, irrigation svstems, roads and storage silos that

they need in order to adjust,

Manv plants grow faster and larger in a warn environ-
ment rich in carbon dioxide. and they often use water more
efficientlv. But optimistic estimates of increased crop vields
have been based on faboratory: experiments ander ideal
growing conditions, including ideal amounts of soil nuiri-
ents and water. In addition, these estimates have ignored the
itluence on vields of more-frequent extreme climate events
(vspvri;lll\ droughts and heat waves), increased insect intes-
tation and the deercased nutritional quality of crops grown
in a carbon-dioxide-enriched atmosphere.

In general, the magnimde of climate change is less of o
problem for poor countries than its rate. Around the workd,
human beings and their agricultnral svstems have adapted to
ditterences in temperatire far greater than the maximum
warming predicted for the nest 100 vears, But the rapid rate
expected for this change will prodice new pressures on soci-
ety atatime when it is already stressed by other population
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and resource problems. This change may be too fast and
complex for societies that have limited buffering capacities.
Mexico, for example, is extremely vulnerable to climate
change. Historically, environmental degradation—especially
declining soil fertility—apperrs to have plaved a key role in
the collapse of Mesoamerizan civilizations, such as the
Mavans. Today, large numbers of people are leaving the state
of Oaxaca because of drought and soil erosion. In the futre,
global warming could produce a decrease of 40 pereent in
Mexican rained agriculture, which, in combination with free
trade (Mexico's trade advantage is in water-intensive fruits
and vegetables) and the privatization of communal peasant
fands, could bring great suffering and national conflict.

Economic Decline

A very important potential social etfect of environmental
¢zarcity may be the further poverty it causes in already poor
Counmes.

The ability of countries to produce wealth may be affected
directly by environmental stress or indirectly by lower food
output and population movements caused by environmental
problems. Numerous examples are possible. The higher ul-
traviolet radiation caused by stratospheric ozone depletion is
likely 1o raise the incidence of discase in humans and live-
stock, which may cost poor societies dearly. Logging for ex-
port markets—as in Southeast Asia, West Africa and Central
America—results in a shortterm cconomic gain for the
country’s clite, but the defor estation also greatly atfects
longer-term economic productivity. Increased runoft dam-
ages roads, bridges and other valuable infrastructures extra
siltition may destroy spawiiag grounds, and it can reduce
the capacity of rivers to generate hvdroclectric power, as well
as their usefulness as transport routes for ships and barges.
In addition, as torests are destroved, wood hecomes scarcer
and more expensive, and it takes more of the ouschold
budget of poor families using it for fuct (in the Philippines,
70 percent of poor houscholds use wood for fuel).
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Farming is the source of a large share of the wealth gener-
ated in poor societies. Itis not uncommon for nearly 50 per-
centof a country’s gross national product (GNP, or the total
output of a nation’s goods and services in a specified period
oftime) to be generated by farming, while 60 percent or more
of its population depends on agriculture for jobs, Food out-
put has soared in many regions over the last decades because
expanded irrigation, fertilizer use and new agricultural wech-
nologies have produnced a “green revolution™ that has more
than compensated for the declining soil fertility and depth,
But some experts believe this cconomie relief will be short-
lived. Jeffrev Leonard of the Overseas Development Council
notes: "Millions of previously very poor families that have
experienced less than one generation of increasing wealth
due 1o rising agricultural productivity could see that trend
reversed if environmental degradation is not checked., ™

In many poor countries the effects of land scarcity and
degradation will probably become much clearer as the gains
from green-revohution technologies are fully realized. But
despite the extravagant claims of some COMMeNtators, a sec-
ond green revolution of new agricultural technologies is not
waiting in the wings to keep food productivity rising. Genetic
engineering® mav in time help scientists develop salinity-re-
sistant, drought-resistant and selt-fertilizing grains, but their
wide use in poor countries is probably decades in the futare.

Damage to the soil is already producing a harsh cconomic
Impact in some areas. Commenting on Indonesia, cconomist
Robert Repetto of the World Resources Institute asserts:

With erosion, farm owput and income have fallen in some

regions without major changes in farm practices: other Lm-

ey have been indneed o change cropping patterns and in-

put usesand in extreme cases, erosion has fed 1o the «om-
plete withdrawal of Lind from cultivation. Farmers in the

Citanduy Upper Watenshed gow corn, upland rice and cas

savie on better soils, A erosion becomes mor e severe, tice is

replaced by peanuts; and on newhy depleted soils only ¢as-

SV IS grown,
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Unfortunately, measuring the actual cost of land degrada-
tion is not eas.. Current national income accounts—state-
ments of GNP—do notinclude measures of resource deple-
tion. Repetto also notes: *A nation conld exhaust its mineral
reserves, cut down its forests, erode its soils, pollute its aqui-
ters and hunt it wildlife 1o extinetion—all without attecting
meastred income.” Such weak measiures of cconomic pro-
ductivity reinforee the belief in governments of poor coun-
tries that environmental protection can only be achieved at
the cost of cconomic growth: this belief, in trn, encourages
socicties to generate present income at the expense of their
potential for tutire income.

After a careful analvsis of soil tvpes, cropping practices,
logging and erosion rates in upland arcas of Java in Indone-

United Natioms Photo 131752

Chopping wood in Transkei, a daily act of resource depletion

4




Q

sia, R(-p('lln concludes that the counuy’s national income
accounts “significantly overstate the gm\\lh of agricultural
income in Indonesia’s highlands.” The true economic cost
of soil degradation is “the present value of losses in farm in-
come i current and future vears.™ Taking lost future in-
come into account, Repetto calculates the one-vear cost of
crosion in Indonesia to be $481 million, which is about 40
percent of the amnual value of upland crop production. He
concludes: "Nearly 40 cents in future income is sacrificed 1o
obtain cach dollar tor current consumption.” He also esti-
mates that costs downstream from eroded hillsides, includ-
ing the higher expense of clearing waterwavs and irrigation
channels of silt, come 1o 830 million o $100 million a vear.

I recent research on China, Vaclav Smil has estimated
the combined effect of environmental problems on current
cconomic productivitv. The main economic bardens he
identifies are reduced crop vields cansed by water, soil and
air pollution; more human sickness from air pollution: farm-
land loss because of construction and erosion; nutrient loss
and flooding due to erosion and deforestation; and timber
loss arising from poor havesting practices. Smil calculates
the current cost to be at least 13 percent of China's GNP, He
is convinced that the toll will become much heavier during
the coming decades.

Population Displacement

Some observers have claimed that cnvirtonmental degra-
dation mav produce vast numbers of “environmental refu-
gees.” For example, a sea-level rise due to global warming
mav drive people back from coastal and delta arcas in Egvpt:
soil degradation and desertification mav empty countries in
the African Sahetas their pnpul;uinm move south: and Phil-
|ppm<- fishermen may leave their ruined h~.lnn),r grounds for
the cities. But the ten environmental refugee is misleading
because it implies that enviconmental scarcity will be the di-
rect and sole cause of refugee flows, Usually it will be only
one of a large number of interacting physical and social fac-
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Thomas Homer-Dixon

Destitute Philippine peasants have migrated to Manila and built “houses”

on a smoldering garbage heap—Smoky Mountain—which provides them
with a meager livelihood selling bits of refuse.

tors that may together force people from their homelands,

The term also does not distinguish between people who
are flecing due to genuine disaster or acute hardship, and
those who are migrants for a varicty of less urgent reasons,
In general, migrants are motivated by a combination of
*push™ and “pull” factors, while refugees are motivated pri-
marily by "push” factors, Additionally, many people do not
have the financial resources to move casilys so those who
leave as migrants are usually the skilled and semiskilled
workers who can best afford it

Rescarch suggests that environmental refugees will appear
only when there is a sudden and large environniental
change. If environmental scars itv develops gradually, migra-
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tion is more probable than refugee movement, and these
migrants will tend to blend indistinguishably with migration
streams due to other causes.

The northeast region of the Indian subcontinent provides
a good example of population displacement arising from en-
vironmeutal scarcity. (See map, page 51.) Over the last three
decades, as noted, land scarcity has been a key factor causing
the large-scale movement of people from Bangladesh to the
Indian state of Assam. In the future. people may be driven
from Bangladesh by other environmental problems, includ-
ing rising sca levels combined with cyelones (made worse by
climate change) and terrible flooding due to deforestation in
watersheds upstream on the Ganges and Brahmaputra rivers,
which drain the subcontinent and cempty through Bangladesh
into the Bay of Bengal. Similarly, Vaclay Smil predicts that
over the next decades Chinese in the tens of millions will try
to move from the country’s impoverished interior and north-
ern regions, where water and fuelwood are desperately scarce
and the land often badly damaged, to the booming cities
along the coast. Bitter disputes will develop between these
regions over water-sharing and migration.

Disrupted Institutions and Social Relations

All societies are held together by a thick fabric of institu-
tions, organizations, rules, customs and habitual behavior,
This fabric includes branches of government like the court
svstem, financial institutions like rural banking cooperatives,
customary patterns of commumity government such as regu-
lar meetings of village chicfs, traditions of tamily organiza-
tion, religious practices and institutions, and svstems for land
inheritance in the countside. While changes in this fabric
are often good for socicty, the social effects of environmental
scarcity deseribed above will frequently hurt people. Falling
agricultural output will weaken rural villages through malnu-
trition and discase and by encouraging people to leave. Eco-
nomic decline will corrode contidence in the national pur-
poscand undermine financial, legal and political institutions.
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And mass migrations ¢f people into a region will drive down
wages; shift relations between workers, peasants and landown-
ers; and upset the long-standing balance of economic and
political power among cthnic groups.

The effect environmental scarcity has on the state in devel-
oping countries deserves particular attention. The “state™ is
the set of institutions and people that manages the distribu-
tion of wealth and power within a society: it includes legisla-
tive bodies, the government’s administrative burcaucracy
(such as its departments of finance and foreign affairs), the
court svstem, the police and the military, Rescarch suggests
that environmental scarcity can weaken the state by making it
less able to administer its affairs. Environmental scarcity can
also nndermine the state’s moral authority or "legitimacy™ by
making the state seem less fair and reasonable,

First of all, environmental scarcity sharply raises financial
and political demands on government. For instance, it often
requires huge spending on things like new dams and irriga-
tion systens to compensate for water scarcity and fertilizer
plants and reforestation programs to compensate for soil
degradation. Environmental scarcity also drives up the num-
ber of "marginal” people who bare l\ survive on the edges of
society and who are desperate for government help. Around
the world—in Peru, Brazil, the Sudan and India—the same
process takes place, Unequal distiibution of land and wealth
combines with rapid population growth, failing farms, lack
of water and lack of forests and fuel to cause poverty in the
countnvside. Many people are forced to move to cities where
they demand food, shelter, transportation and jobs. In the
Philippines, landless peasants come on boats from destitute
islands like Negros and Levte to the ¢ dl)lldl city of Manila,
Right beside Manila’s port they find their new home. They
build their houses on top of an immense, squalid garbage
dump. which tocals call *Smoky Mountain™ since it is per-
petually: smoldering from spontancous combustion. The
newcomers make their living sorting through the garbage
and selling the scraps of plastic and metal they find.
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In response to swelling urban populations, governments
subsidize or freceze the prices of basic goods within cities like
bread and rice, gasoline, electricity and bus transportation.
Such price controls can discourage tarmers and other entre-
prencurs from producing these goods and cause companices
and banks to make bad investments. Over time, this hampers
cconomic growth, which hurts marginal groups, like those
on Smokv Mountain, even more. in addition, as has been
the case in countries as different as Kenva and Thailand,
state interference i the economy shifts political and eco-
nomic power within the society to a small urban clite, often
consisting of just a few families, friends and allies of the
country’s rulers.

Simultancous with all these events, the loss of renewable
resources, from fish and fertile land to abundant forests, can
reduce tax revenues to local and national governments.
There is, then, the potential for a widening gap between de-
mands on the state and its financial ability to meet these de-
mands. Such a gap could in time boost frustration within a
poor society, erode the state’s legitimacy, and increase com-
petition between cliques and factions within its elite as thev
struggle to protect their shares of the economice pie.




PAFullToxt Provided by ERIC

Vielent Conflict and
Environmental Scarcity

f food production stagnates, if some developing socicties

slide further into poverty, it Targe numbers of people leave
their homelands, and if institutions and social relations are
disrupted, what kinds of conflictare likelv to developr

There is not much information on which to base an an-
wer to this question. This may be partly because environ-
mental and population pressures have notvet passed acriti-
cal threshold of severity in many poor countrics. Also, envi-
ronmental problems are very complex, and until recently
there was little good rescarch on environment-conflict link-
ages. But en the basis of the case studies in the project on
“Environmental Change and Acute Conflict,” three types of
contlict seem most ke,

Three Perspectives on Conflict
Scarcity conflicts are those one intuitivelh expects whoen
countries caleulate their seif-interest in a world where the
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amount of resources is fixed, that is, in a world where the re-
source pie does not grow. Such conflicts will probably arisc¢
over three types of resources in particular: river water, fish
and good cropland. These renewable resources are likelv to
spark contlict because their scarcity is increasing swiftly in
some regions, they are often eritical to human survival, and
they can be physically seized or controlled.

The current controversy over the Euphrates River, dis-
cussed at the start of this book., illustrates how scarcity con-
flicts can arise. It is clear, though, that the problem of
Euphrates water is tangled up with issues of territorial integ-
rity and relations between government and ethnic minorities
in both Svria and Turkev. Although water SCarcity is a source
of serious tensions between Svria and Turkev, and mav pro-
duce interstate violenee in the future, this dispute is not a
pure example of a scarcity confliet. Truly pure examples may
be impossible to find.

Experts in international relations who address the seeurity
implications of environmental scarcity usually emphasize the
potential for scarcity conflicts. Yet research within the
project on environmental change shows that these conflicts
will not be the most common 1o arise from environmental
stress. Indeed, ethnie disputes and corrosive contlict within
countries deserve a greater portion of expert attention.

Group-identity conflicts arc likelv to arise from the large-
scale movements of populations caused by environmental
scarcity. As different ethnie and cultural groups are pushed
together, people in these groups usually see themselves and
their neighbors in terms of “we™ and "thev™tin other words,
they will use the identity of their own group to judge the
worth of other groups. Such attitudes ofien lead to biter
hostility and even violence. The situation in the Bangladesh-
Assam region mav be a good example of this process:
Assam’s ethnic strife over the Tast decade has apparently
been catalvzed by immigration from Bangladesh, This case is
discussed further below,

Growing population and environmental stresses in poor
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People fleeing a drought-stricken area in Chad

countries will undoubtedly lead to surging mmng ration to
the industriatized world, Princeton political scientist Richard
Ullman writes: “The mmgv of islands of affluence amidst a
sca of poverty is not inaccurate.” People will seck to move
trom Latin America to the United States and Canada, from
North Africa and the Middie Fast to Furope, and from
South and Southeast Asia to Australia, Fhis migration has al-
ready shifted the ethnie balance in many cities and regions
of rich countries, and governments are struggling to contain
a backlash against “forcigners.” Such racial or ethnie strife
will hecome much worse,

Although it scems pmlmhl(- that environmental scarcity
will cause people to move in large numbers, which will in
turn produce conflict, several qualifications are needed.
First, refugees tend to have limited means o organize and to
make demands on the government of the receiving society,
Rather than overt violenee, thercfore, a common result will
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be silent misery and death, with little destabilizing eftect.
Second, government intervention plays a critical role in de-
termining whether population displacement causes contlict;
displaced groups often need the backing of a government
(cither that of the receiving society or of an external one)
before they have sufticient power to cause contlict. And Hi-
nally, it should be noted that migration does not always pro-
duce negative results. It can, for instance, case labor short-
ages in the receiving society, as has been the case, for in-
stance, in Malavsia. Countries as diverse as Canada, Thailand
and Malawi demonstrate that societies often have a striking
capacity to absorb migrants without contlict,

Deprivation conflicts. \s poor societies produce less wealth
hecause of environmental problems, their citizens will prob-
ablv become increasingly angered by the widening gap be-
tween their actual standard of living and the standard they
feel they deserve. The rate of change is key: the faster the eco-
nomic deterioration, the greater the discontent. Lower-status
groups will be more frustrated than others because clites will
use their power to maintain, as best they can, the same stan-
dard of living despite a shrinking cconomic pie. At some
point, the frustration and anger of certain groups may cross a
critical threshold, and they will act violently against those
groups pereeived to be the agents of their economic misery
or those thought to be benetiting from an unfair distribution
of cconomic rewards in the society,

In general, experts on contlict within socicties sav that re-
bellion, revolution and insurgency are likely when (1) there
are clearly defined and organized groups in a society: (2)
some of these groups regard their level of economic achieve-
ment, and in turn the broader political and economic svs-
tem, as wholly unfair; and (3) these same groups believe that
all peaceful opportunities to achieve change are blocked, vet
regard the balance of power within the society as unstable;
in other words, they believe there are opportunities for over-
throwing authority in the society,

Environmental scarcity helps prodnce both the second
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and third of these conditiens, A kev social effect in poor
countries is the disruption of institutions such as the state,
Thus, environmental problems mav not only increase the
frustration and anger within poor socicties (through in-
creased de pn\.m()n) in addition, by weakening the state
and other institutions, environmental problems mayv open
up opportunities for angry groups to overthrow existing au-
thority, These groups will also be more likelv 1o challenge
authori ity in a society if they have good leaders and are well-
organized. Leaders he Ip the members of their group believe
that their situation should and can be changed. All of these
factors are evident in the case stdv of the Philippines, in the
next section.

Case Studies

Three sources of environmental scarcity, identified car-
lier, are degradation and depletion of renewable resonrees,
population growth and changes in resource distribution

among groups. In this scction, the case studies will show how
these three sources operate singlv or in combination to pro-
duce the wpes of contlict just discussed. The case studies are
drawn from the work of the rescarch project on environ-
mental change. Thev suggest that group-identity and depri-
vation conflicts will be particularlv. common outcomes of
cnvironmental scarcity (see Figure 3on page 18).

¢ Bangladesh-Assam
Population growth by itself will be a kev source of social
stress and contlict in some cases. Bangladesh, for instance,
doces not suffer a critical loss of agricultural land from cro-
sion or nutrient depletion because the normal floods of the
Ganges and Br dhmdpllll.l vivers lav down a laver of \lll every
vear that helps maintain the fertilin of the connuy's vast
plains. But the UN predicts that Bangladesh's carrent popu-
lation of 115 million will grow to 235 million by the vear
2025, Cropland is already desperately scaree at about 0,08
hectares per capita, but since all of the counuv's good agri-
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cultural land has already been exploited, population growth
will ent this figure in half by 2025, Land scarcity and the bru-
tal poverty and social turmeil it produces have been made
worse by repeated severe floods (perhaps aggravated by de-
forestation in the watersheds of the region’s major rivers)
and the susceptibiiity of the connuryto cvelones,

As noted previously, over the last four decades these
«resses have caused millions of people to migrate from
Bangladesh, formerly Fast Pakistan, to neighboring arcas of
India. Detailed data are scarces the Bangladeshi government
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is reluctant to admit that there has been a significant exodus
because the problem has become a major source of friction
with India. But one of the rescarchers on the environmental-
change project, Sanjoy Hazarika, an investigative journalist
who reports for The New York Times from South Asia, has
pieced together demographic information and experts’ esti-
mates. He concludes that migrants from Bangladesh and
their descendants have increased the population of neigh-
boring arcas of India by 15 million people, of which only 1
million or 2 million can be auributed 10 migration caused by
the 1971 war between India and Pakistan that resulted in the
creation of Bangladesh, He estimates that the population of
the state of Assan has swelled by at least 7 million people, of
Tripura by 1 million, and of West Bengal by about 7 million.

This enormous movement of people has produced sweep-
ing changes in the politics and economies of the receiving
regions. It has altered land distribution, economic relations,
and the balance of political power between religiotis and
ethnic groups, and it has triggered serious intergroup con-
Hict, for example between the Lalung tribe and Bengali Mus-
lim migrants in Assam. In the neighboring Indian state of
Tripura, the original Buddhist and Christian inhabitants
now make up only 29 percent of the state's population, with
the rest consisting of Hindu migrants from Bangladesh. This
shiftin the ethnic balance precipitated a violent insurgency
between 1980 and 1988 that was called off onlv after the gov-
emment agreed to return laad o dispossessed Tripuris and
stop the influx, But because the migration has continued,
this agreement is in jeopardy,

India offers certain attractions for potential migrants from
Bangladesh. The standard of living is often much better:
furthermore, Indian politicians  have often encouraged
Bangladeshis to enter India in order 1o expand certain seg-
ments of the voting population. The region’s conflicts must
also be seen in the light of history, During the colonial pe-
riod, for instance, the British used Hindus from Calcutta 1o
administer Assanm. The Assamnese are therefore particularky
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sensitive to their growing loss of political and cultural con-
trol in the region as more people migrate from Bangladesh.
While this historical context is important, it does not
obscure the powerful influence of environmental scarcity
behind these conflicts.

e The Senegal River Basin

Elsewhere in the world, population growth and damage to
renewable resources often encourage large-scale develop-
ment projects that can shift resource access. This can produce
dire conditions for poorer and less powerful groups whose
claims to resources are opposed by elites, and this may lead to
violence. A good example is the dispute that began in West
Africa in 1989 between Mauritania and Senegal over the
Senegal River valley which defines their common border.,

Senegal has fairly abundant agricultural land, but much of
it suffers from high to severe wind and water erosion, loss of
nutrients, salinization and soil compaction caused by agricul-
ture. The country has an overall population density of 38
people per square kilometer and an annual population
growth rate of 2.7 pereent, giving a doubling time of about
25 vears.

Except for the valley of the Senegal River along its south-
crn border and a few oases, Mauritania is largelv arid desert
and semiarid grasstand, Although its population density is
very low, at approximately 2 people per square kilometer,
the population growth rate is 2.8 percent. This combination
of factors led the FAO in a 1982 study to inchude both
Manritania and Senegal in their list of “eritical™ countries
whose croplands cannot support their canrent and projected
populations without a large increase in agricultural inputs,
like fertilizer and irrigation.

The Hoodphains fringing the Senegal River are broad and
fertile, and have long supported a productive cconomy—
farming, herding and fishing—based on the river's annual
floods. During the 1970s, a serious drought and the prospect
ol a chronic food shortfall in the region encouraged the
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region’s governments to seek international financing for the
high Manantali Dam on the Bafing River tributary in Mali
and the Diama salt-intrusion barrage near the mouth of the
Senegal River between Senegal and M.mm.mm These dams
were designed to uguldu' the river’s flow to produce hy-
dropower, expand irrigated agriculture and provide river
transport from the Atlantic Ocean to landlocked Mali. But
there were other social and economic consequences that the
international experts and regional governments did not
foresee.

Senegal's p()pul.m(m is mainly black; but prior to 1989
there was a small but vigorous class of white Moor shopkeep-
ers throughout much of the country, Mauritania, in contrast,
is dominated by a white Moor elite, and there has been a
long history of racism by these Moors toward their non-Arab
black compatriots. This racism is deeply resented by black
Africans across the border in Senegal,

As anthropologist Michacl Horowitz has found, anticipa-
tion of the new dams sharply increased land values along the
river where irrigation could be installed. The Moor elite in
Mauritania suddenly became interested in title to this land
and rewrote the legislation governing its ownership. This ef-
fectively stripped black Africans of their rights to continne
farming and herding along the Mauritanian bank of the
Senegal River, as they had done for generations,

In the spring of 1989, tensions in the viver busin triggered
an explosion of attacks by blacks ag aimst Moors in Senegal,
which led to attacks by Moors against blacks in Mauritania.
Within a few weeks, almost all of the 17,900 shops owned by
Moors in Senegal had becn plll.l;,( d or destroved, several
hundred people had been killed in ethnic violencee in both
countries, and thousands had been injured. Nearly 200,000
refugees fled in both directions across the border, and the
two countries were nearly at war, The Manritanian tegime
used this occasion to activate new land legislation, declaring
the black population along the Mauritanian portion of the
river basin to be Senegalese, stripping them of their citizen-
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ship and seizing their properties and livestock. Many of
these blacks were forcibly expelled o Senegal, and some
Launched crossborder raids to retrieve expropriated cattle.

This case study dlustrates the interaction of the three
sources of human-induced environmental scarcity identitied
carlier. Agricultural shortfalls, caused in part by population
pressures and degradation of the land 1 *source, encouraged
a large development scheme. These factors together raised
tand values in one of the few arcas in either counury offering
the potential for a rapid move to modern, high-input agri-
culture. The result was a change in property rights and re-
sonrce distribution, a sudden increase in resource scarcity
for an cthnic minority, expulsion of the minority and ethnic
violence.

o The Jordan River Basin

The water shortage on the occupied West Bank of the Jor-
dan River offers a similar example of how population growth
and excessive resource consumption and degradation can
promote unequal resource access. While figures vary, one of
the project’s rescarchers, Miriam Lowi of Princeton Univer-
sity, estimates that the total amount of renewable fresh water
annually available to Tsrael is about 1950 million cubic
meters (mem). of which 60 pereent comes from groundwa-
ter (ie., aquifers), and the rest from river flow, floodwater
and waste-water reeveling. Cirrent Israchi demand, including
the needs of setlements in the oceupied territories and
Golan Heights, is around 2,200 mem. The annual deficit of
some 200 mem is covered by overpumping aquifers. As a re-
qult, the water table in some parts of Israel and the West
Bank is dropping significantlv (Israch experts estimate from
0.2 10 0.4 meters per vear), thus causing the salinization of
wells and the infiltration of sea water from the Mediterra-
nean. Morcover, Isracl's population is expected to increase
from the present 4.6 milion to 6.5 million in the vear 2020,
even without major immigration from the countries of the
former Soviet Union. Based on this population growth pro-
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Jection, the country’s water demand could exceed 2,600
mcm by 2020,

Two of the three main aquifers on which Isracl depends
lic principally underncath the West Bank, with their waters
draining into Isracl proper, Consequently, nearly 40 percent
of the groundwater Israel uses originates in occupied terri-
tory, In order to protect this important source for Isracli
consumption, the Isracli government has strictly limited wa-
ter use on the West Bank, Of the 650 mem of all forms of wa-
ter annually available in that territory, Arabs are allowed 1o

use only 125 mem, Israel restricts the number of wells Arabs

can drill in the territory, the amount of water Arabs are al-
lowed to pump, and the times at which Arabs can draw irri-
gation water. The differential in water access on the West
Bank is marked: on a per capita basis, Jewish settlers con-
sume about four times as much as Arabs.

Arabs are not permitted to drill new wells for agricultural
purposes, although the Mekorot (the Isracli water company)

has drilled more than 30 wells for settlers’ irrigation. Arab
agriculture in the region—especially in areas such as Jeri-
cho—has suffered because many Arab wells have become
dry or saline as a vesult of deeper Israeli wells drilled in prox-
imity, This, combined with the confiscation of agricultural
land for settlers and other Israeli restrictions on Palestinian
agriculture, has encouraged many West Bank Arabs to aban-
don farming. Those who have done so have become either
unemploved or day Laborers within Israel.

The Middle Fast as a whole faces increasingly grave and
tangled problems of water searcity, and many experts believe
these will affect the region's security. Water was a factor con-
tributing to tensions preceding the 1967 Arab-Isracli war,
and the war gave Israel control over most of the Jordan
basin’s water resources, While “water wars” in the basin are
possible in the future, they seem unlikely given the military
predominance of Isracl, More probably, in the context of
age-old ethnic and political disputes, water shortages will
aggravate social tensions and unrest within societies in the
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Jordan River basin. In recent congressional testimony,

political scientist Thomas Naff noted that “rather than
warfare among riparians [i.c., countries that border or
straddle rivers] in the immediate future, what is more likely
to ensue from water-related crises in this decade is internal
civil disorder, changes in regimes, political radicalization
and instability.”

¢ The Philippines

In many parts of the world, a somewhat different process is
under wav: unequal resource access combines with popula-
tion growth to produce environmental damage. This can lead
to ecconomic deprivation that spurs insurgency and rebellion,

In the Philippines, Spanish and American colonial poli-
cies left behind a grossly unfair distribution of land. Since
the 1960s, the government, often in collusion with the
country'’s powerful landowners, has promoted the modern-
ization and further expansion of large-scale agriculture in
the country's low-lying coastal plains. This was done to raise
the output of grain for domestic consumption and of cash
crops such as coconuts, pincapples, bananas and sugar to
help pay the country's massive foreign debt. In general, this
has held static or lowered the labor demand per hectare
(the “labor-intensity™) of agricultural production. With a
population growth rate of 2.3 pereent and with little rural
industrialization to absorb excess labor, agricultural wages
have fallen, and the number of poor agricultural laborers
and landless peasants has swelled. Economically desperate,
millions of people have migrated to shantytowns in already
overstressed cities, such as the Smoky Mountain squatters
camp in Manila, while millions of others have moved to the
least productive and often most ecologically vulnerable terri-
tories, especially steep hillsides awav from the coastal plains
(see Figure ),

In these uplands, settlers use five to clear forested land or
Land that has been previously logged by commercial compa-
nies closely associated with tindowning, government and
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military clites. The settlers bring with them little money or
knowledge to protect their fragile ecosystems, and their
small-scale logging, production of charcoal for the cities and
slash-and-burn farming often cause horrendous environ-
mental damage, including water erosion, landslides and
changes in the hydrological cvcle. This has set in motion a
cycle of falling food production, clearing of new plots and
further land degradation. Fyven marginally fertile land is be-
coming hard to find in manv places, and economic condi-
tions are often hazardous for the peasants.

The country has suffered from serious internal strife for
many decades. But two of the project’s researchers, Celso
Roque, the former undersceeretary for the environment of
the Philippines, and his colleague Maria Gareia, have con-
cluded that resource stress appears to he an increasingly pow-
crful force driving the Communist-led insurgency. Some se-
nior Philippine politicians have reached the same conclusion.
Daniel Lacson, the governor of the province of Negros Occi-
dental under President Aquino, identifies two sources of pov-
erty and injustice behind the insurgeney: the accumulation
of land in the hands of a few who have failed to deal with the
problems of the poor; and fand degradation that affects small
farmers and is not alleviated by government action.

The upland insurgencey is motivated by the economic dep-
rivation of the tandless agricultural laborers and poor farm-
ers displaced into the hills where thev uy to eke out a living
from failing land: it exploits opportunities for rebellion in the
counuy’s peripheral regions, which are largely bevond the
cffective control of the central government; and it is helped
by the creative leadership of the cadres of the New People's
Army and the National Democratic Front, During the 1970s
and 1980s, these groups found upland peasants very receptive
to revolutionary ideology, especially where the repression of
landlords and local governments left them hittle choice but to
rebetor starve. The revolutionaries have built on iocal under-
standings and social structures to help the peasants define
their sitwation and focus their discontent.
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Other Similar Cases

Processes similar to those in the Philippines are strikingly
common around the planet. Population growth and unequal
access to land force huge numbers of people cither into cit-
ies or onto marginal lands. In the latter case they cause
major environmental damage and become chronically poor.
Eventually, they may be the source of persistent unrest and
insurgency, or they may migrate from these marginal re-
gions yet again, stimulating ethnic conflicts elsewhere or ur-
ban unrest. The short but violent *Soccer War™ between Fl
Salvador and Honduras in 1969 involved just such a combi-
nation of factors.

As William Durham of Stanford University has shown,
changes in agricultural practice and land distribution in Kl
Salvador since the mid-nineteenth century concentrated
poor farmers in the country’s uplands. Over the years these
farmers developed some understanding of land conserva-
tion, but inevitably their increasing numbers on very steep
hillsides caused serious deforestation and erosion. A natural
pnpul.mnn growth rate of 3.5 percent further aggravated
land scarcity, and as a result many people migrated to neigh-
boring Honduras where there was more open land. Tension
gradually increased between the newcomers and the local
Hondu. s, and the eventual expulsion of the migrants
from Honduras started the war. Durham notes that the com-
petition for land in E1 Salvador that led to this conflict was
not addressed after the wart it was a powerful factor behind
the country’s subsequent civil warsand it was a central issue
in kI Salvador's arduous peace negotiations.

Similarly, in South Africa, the white regime’s past apartheid
policies concentrated millions of blacks in the “homelands,”
created by the South African government in some of the
country’s least productive and most ecologically sensitive ter-
ritories, where population densities were made worse by
high natural birthrates. In 1980, rural areas of the Ciskei
homeland had a population density of 82 persons per square
kilometer, while the surrounding predominantly white Cape

61

b4




Province of South Africa had a raral density of 2. Homeland
residents have little money and few resource-management
skills and are the victims of undemocratie, corrupt and abu-
sive local governments. Sustainable development in such a
situation is impossible, and wide areas have been completely
stripped of trees for fuclwood, grazed down to bare dirt and
croded of topsoil. A 1980 report concluded that nearly 50
percent of Ciskei's land was moderately or severelv ¢ roded,
and nearly 40 pereent of its pasturage was overgrazed.

This loss of the resource base, combined with a lack of al-
ternative means of emplovinent and social breakdown due
to the stresses induced by apartheid, has produced an eco-
nomic crisis in the homelands. This, in aun, has cansed high
levels of migration to South African cities, which are stitt un-
able o integrate and emplov these migrants adequarely, due
to the social and economic structures remaining from apart-
heid, The resultis the rapid growth of squatter settlements
and illegal townships that are rite with violence that threat-
ens the countiy's move to full democracy.,
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Long-term Security Implications

an poor countries respond effectively to environmental

Ascarcity to prevent the processes deseribed abover Tt

some of them cannot, what will this mean for national and
international security over the fong terme

Supply and Demand of Human Ingenuity

Some optimists argue thatitis not so much environmen-
tal scarcity per se that is important as whether ornot people
are harmed by it Human suttering might be avoided if po-
litical and cconomic systems provided the incentives and in-
genuity that allow people to reduce or climinate the harmiud
cffects of scarcity. To address this argument, more informa-
tion is needed about the factors that affect the supply and
demand of hmman ingenty in response to cnvironmental
scarcity,

The combined or “aggregate” data on world food produc-
tion might seem to justify optimism. Between 1965 and 1986,
many poor regions suffered serions environmental prob-
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lems, including erosion, salinization and land loss to urban-
ization. Yet global production of cereal grains increased 3
percent a vear, meat and milk output grew by 2 pereent an-
nually, while the growth rate for oil crops, vegetables and le-
gumes was 2.5 pereent. At the regional level, inereased food
production kept ahead of population growth, except in Af-
rica, and shottfalls were cased by exports from rich countries
with huge surpluses. One might therefore conclude that
poor countries have sufficient resources and ingenuity, with
occasional assistance from grain-cxporting countries, to re-
spond to environmental problems,

But such aggregate figures hide Farge differences in food
availability among and within poor countries. Morcover,
these statistics are not as promising as thev once were: many
developing countries have already reaped most of the green
revolution’s potential benefit, and the rate of increase in glo-
bal cereal production has declined by over 40 pereent since
the 1960s, For three successive vears—from 1987 through
1989—global cereal consumption exceeded  production,
While bumper grain crops were again hanested in 1990,
carrvover stocks can be rapidlv exhausted, and as few as two
vears of bad harvests in kev agriculural regions could pro-
duce a global food crisis.

Over the long term, the ability of poor countries to re-
spond well to the effects of environmental scarcity on agri-
culture will depend on the complex interactions within cach
society of the factors indicated in Figure 2, Particularly im-
portant factors are the society's dominant land-use practices,
tand distribution and market mechanisms within the agricul-
tirai sector. The Latter is especially important todav, since
NUNCTOus poor countries are giving up state control over
their markets, reducing government spending and allowing
more foreign invesunent.

According to most economists, in a market cconomy that
gives aceurate prices o all raded goods and services., envi-
ronmental scarcity will encourage conservation, technologi-
cal innovation and substitution of more-abundant resources
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for scarce ones. Princeton University economist Julian
Simon, in particular, has an unwavering faith in the capacity
of human ingenuity to overcome scarcity when spurred by
self-interest. Many cconomists point to the success of the
green revolution, which they claim was driven in part by
market forces, since, among other things, it involved the sub-
stitution of 1clatively cheap petroleum resources (in the
form of fertilizer) for increasingly degraded. and therefore
more expensive, agricultural land. This powerful argument
supports the policies for liberalizing markets in poor coun-
tries advocated by international tinancial and lending insti-
tutions, such as the International Monetary Fund and the
World Bank. But these policies mav not be an effective re-
sponse to environmental scareity in the future,

Cornucopians and Neo-Malthusians

Experts in cnvironmental studies now commonly use the
labels “cornucopian™ for optimists like Simon and “neo-
Malthusian™ for pessimists like the scientists and authors
Paul and Anne Ehrlich, Cornucopians do not worry much
about protecting the stock of any single resource because of
their faith that market-driven human ingennity can always be
tapped to allow the stthstittiition of more-abundant resources
to provide the same sen ice. Simon writes: “There is no
phvsical or coonomic reason whv human resourcefulness
and enterprise cannot forever continue to respond to im-
pending shortages and existing problems with new expedi-
ents that, after an adjustment period. leave us better off than
betore the problem arose,”

The neo-Malthusian fabel comes from the cighteenth-
century cconomist Thomas Malthus, who cliimed thatsevere
hardship was tmavoidable because human population alwavs
grows much faster than tood production. Neo-Malthusians
are much more cautious than cornucopians in their assess-
ment of human abiling to push back resource limits, For ve-
newatble resources, they often make the distinction between
“capital” and “income” disc ussed above; they contend that
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human economic activity should leave environmental capital
intact and undamaged so that future generations can enjoy a
constant stream of income from these resources.

Historically, however, cornucopians have been right to
criticize the idea that resource scarcity places fixed limits on
human activity. Time and time again, human beings have
circumvented scarcities, and neo-Malthusians have often
been justly accused of “erving wolf.” But in assuming the ex-
perience of the past pertains to the future, cornucopians
overlook seven factors.

Cornucopian Oversights

First, whereas serious scarcities of eritical resources in the
past usually appeared singly, now multiple scarcities intecact
with cach other to produce swergistic effects. An agricul-
tural region may, for example, be simultancously stressed by
degraded water and soil, greenhouse-induced changes in
rainfall and increased ultraviolet radiation. The total impact
of these interacting problems may be much greater than the
sum of their separate impacts. Morceover, thresholds and ex-
treme events make the future highlv uncertain for govern-
ments and corporations faced with cconomic and invest-
ment decisions. Finallv, as numerous resources become
scarce at the same time, itis harder to identify substitution
possibilities that serve the same purposes at costs that pre-
vailed when scarcity was less severe.

Second, in the past the scarcity of a given resource usuadly
increased slowly, allowing time for social, cconomic and
technological adjustment. But human populations are much
largerand the activities of people consume, on a global aver-
age. many more resources than betore, This means that criti-
cal scarcities often develop much more quickly: whole coun-
tries are deforested ina few decades: most of a region's top-
soil can disappear ina generation: and eritical ozone acple-
tion mav occur in as linle as 20 vears,

Third, todav’s consimmption has far greater momentum
than in the past because of the size of the population of con-
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sumers and the sheer quantity of material consumed by this
population. The countless individuals and groups making up
socicties are heavily committed to certain patterns of re-
source use; and the ability of markets to adapt may be
sharplv limited by these special interests,

These first three factors mav soon combine to give a new
and particularly severe character to global environmental
scarcity: the populace will face multiple resource shortages
that are interacting and unpredictable, that quickly grow to
crisis proportions, and that will be hard to address because of
powerful commitments to certain patterns of consumption.

The fourth reason that cornucopian arguments may not
apply in the future is that the free-market price mechanism
is a bad gauge of scarcity, especially for resources held com-
monly by all people, such as a favorable climate and produc-
tive scas. In the past, many such resources seemed endlessly
abundant; now they are being degraded and depleted, and it
is hecoming evident that their greater scarcity often has tre-
mendous bearing on a society's well-being. Yet this scareity is
at best reflected only indirectly in market prices. In addition,
people often cannot buy or sell in a market in which they
have an mterest, because they either tack the money or are
distant from the market in space or time. For instance, poor
coastal communities in the southern Indian state of Kerala
see their local fish catches dwindling vear-by-year because of
overfishing offshore: vet they do not have the money or abil-
ity to buv fish in international markets. Simikuly, future gen-
crations who will suffer fron today's overfishing cannot buy
fish in today's markets cither. Insuch cases the true scarcity
of the resource is not reflected by its price.

The fifth reason is ai extension of a point made carlier:
market-driven adaptation to resource scarcity is most likely to
succeed in wealthy societies. Abundant reserves of money,
knowledge and talent help economic actors invent new tech-
nologics, identify possibilities for conservation, and make the
transition from old to new patterns of production and con-
sumption. Yet many of the countries facing the most serious
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environmental problems in the coming decades will be poor;
even if they have efficient markets, lack of money and know-
how will keep them from responding well to these problems.

Sixth, cornucopians have an outdated faith in human be-
ings’ ability to unravel and manage the complex processes of
nature. There is no fundamental reason to expect that scien-
tific and technical ingenuity can always overcome all types of
scarcity. People may not have the mental capacity to under-
stand adequately the complexities of environmental and so-
cial systems. Fven with this capacity, it may simply be impos-
sible, given the physical, biological and social laws governing
these systems, to reduce all scarcity or repair all environmen-
tal damage. Moreover, scientific and technical knowledge
must be built incrementally—laver upon layer—and its diffu-
sion into the broader society often takes decades. Techno-
logical solutions to environmental scarcity, if indeed any are
to be found, may arrive too late to prevent catastrophe.

Seventh, future environmental problems, rather than in-
spiring the wave of ingenuity predicted by cornucopians,
may actually reduce the supply of ingenuity available to a so-
ciety. Two kinds of ingenuity are key to dealing with environ-
mental scarcity, "Technical ingenuity™ is needed for the de-
velopment of, for example, new agricultural and forestry
technologies that compensate for environmental degrada-
tion. “Social ingenuity™ is needed for the ereation of institu-
tions and organizations that buffer people from the effects
of degradation and provide the right incentives for people
to develop new technologies. The development and distribu-
tion of new grains adapted for div climates and eroded soils,
of alternative cooking technologies to compensate for the
toss of firewood, and of water conservation technologics
depend on an intricate and stable system of markets, laws,
financial agencies and educational and rescarch institutions.
Notonly are poor countries undersupplied with these social
resources, their ability to create and maintain them will be
weakened by the very emvitonmental stresses they need to
address.
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Cornucopians often overlook the role of social ingenuity
in producing and maintaining the complex legal and eco-
nomic climate in which technical ingenuity can flourish.,
Governments, bureaucrats and local community leaders
must be clever “social engineers” to design and implement
good adaptation strategies and market mechanisms. Unfor-
tunately, though, multiple, interacting, unpredictable and
rapidly changing environmental problems will dramatically
increase the complexity and urgency of the setting within
which government and community leaders must operate;
and thev will also generate increased “social friction™ as elites
and interest groups struggle to protect their shares of eco-
nomic and political power. The ability of governments and
others to respond to the inereased demand for social inge-
nuity by being good social engineers will likely go down, not
up, as these stresses increase.

When it comes to the poorest countries on this planet,
therefore, one should not invest too much faith in the poten-
tial of human ingenuity to respond to environmental prob-
lems once they have become severe. The most important of
the seven factors above is the last: growing population, con-
swmption and environmental stresses will increase decision-
making complexity and social friction. These will in turn re-
duce the ability of leaders in poor countries to intervene as
good social engineers in order to chart a sustainable develop-
ment path and prevent further social disruption. Neo-Malthu-
sians may underestimate human adaptability, but as time
passes their analysis will become ever more telling.

The Future

What does this mean for the tuture of poor countries
faced with severe environmental scarcity? Such a country will
follow one of four paths. Most optimistically, the country
may have enough technical and social ingenuity to permit
substitution ot relatively  plentiful resources for scarce
resources or to toster social adaptation to scarcity, For ex-
ample, on the technical side, the country might use or im-
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port genetic-engineering tchnology to develop crops that
can grow on agricultural land that is salinized from overirri-
gation: on the social side, peasants and landowners might
learn to share scarce resources more fairly,

If this is not possible, the country might be able to “un-
couple™ itself from dependency on its own environmental re-
sources by making goods and services that can be wraded on
the international market for the environmental resources it
needs (such as grain). The uncoupling might, in fact, be
achieved by rapidly exploiting the country's environmental
resources, which allows it to accumulate enough money, in-
dustrial equipment and educational resources to permit a
shift to other forms of production. For instance. the country
might use the income from overlogging its forests to fund a
modern university system that trains electrical engineers and
computer specialists for a high-technology industrial sector.

If the country is unable to do either of these things, the
government's instruments to manage societv—its financial,
bureaucratic and political machinerv—mav eventually be so
damaged by environmentally induced social stress that
chronic protest and violence arise. The countrv mav then
fragment as peripheral regions come under the control of
renegade aithorities and “warlords.” Such a weakening of
government control over outer regions is under wav in the
Philippines, and environmental scarcity mav be a strong con-
tributor to this process.

Finallv. and most pessimisticallv, the state mav avoid frag-
mentation by becoming a hard” regime. that is. by violating
human rights and resorting o authoritarian  measures
against internal opposition. As political philosopher William
Ophuls notes, “scarcity in general erodes the material basis
for the relatively benign individualistic and democratic poli-
tics characteristic of the modern industrial cra; ecological
scarcity in particular seenw to engender overwhelming pres-
sures toward political svstems that are franklv authoritarian
by current standards...." A hard regime mav also launch
military attacks against neighboring countries to distract its
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people’s attention frow their rising grievances. Research
suggests that the correlation between internal strife and at-
tacks against neighboring countries depends on the nature
of the government and the kind of internal strife it faces. For
example, highly centralized dictatorships are most likely to
ctart wars with other countries when threatened by revolu-
tionary actions and strikes. In comparison, less-centralized
dictatorships are most prone to war when threatened by
guerrilla attacks and assassinations. External aggression may
also result after a new government comes to power through
civil violence: governments born of revolution, for example,
are particularly good at mobilizing their citizens and re-
sources for war.

Which Way to Go?

Whether or not a given country will follow the third or
fourth path above depends in part on the level of remaining
resources and wealth in the country’s economic system that

can potentially be seized by the state for its own uses. This
suggests that the countries with the highest probability of be-
coming hard regimes (and potential threats to their neigh-
bors) in the face of environmental and cconomic stress are
large, relatively wealthy developing countries that are depen-
dent on a dedlining environmental base, such as Nigeria, In-
donesia, Brazil, India and China. In contrast, countries such
as Bangladesh, Hait, the Philippines, Fthiopia and the Su-
dan are more likely to fragment.

If many developing countries evolve in the direction of
extremisin, the security interests of rich countries may often
be directly threatened. Of special concern here is the grow-
ing gap between rich and poor nations that may be widened
by environmental scarcity. Feonomist Robert Heilbroner
notes that new revolutionary regimes “are not likely to view
the vast difference between first class and cattle class with the
forgiving eves of their predecessors.” And these nations may
be heavily armed, as the continued proliferation of nuclear
and chemical weapons and ballistic missiles suggests. Such
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regimes, Heilbroner claims, could be tempted to use nuclear
blackmail as a "means of inducing the developed world 1o
transfer its wealth on an unprecedented scale 1o the under-
developed world.” Political scientist Richard Ullman, how-
ever, believes this concern js overstated. Third World nations
are unlikely to confront rich countries violently because of
the “superior destructive capabilities of the rich.” In, light of
the discussion in this article, one might conclude that envi-
ronmental stress and the social disruption it produces will so
weaken the economies of Poor countries that thev will he
unable to build sizeable armed forces, But the developed
world would surely be unwise 1o rely on poverty and disorder
in the developing world for jis security,

Conclusion: What Can Be Done?

The global environmental situation is critical, and it will
S00N cause social disruptions that mayv threaten national and
international security, But these processes can be altered, A
great deal of knowledge exists about what people are doing
to the environmen, about which kinds of social svstems
damage the environment least, and about how best 1o adapt
to ecological stress,

Over the last few vears there have been some heartening
moves in the right divection by national governments and
intternational agencies, For example, countries and chemical
companies have moved aggressively 1o limit and eventually
stop the production of he CFCs that destrov the ozone
laver. The international ageements o do this include novel
wavs of transferring funds from, rich to poor countries 10
help them maove 1o technologies that do not use CFCs. This
may e a precedent for transter mechanisms 1o help poor
countries develop energy technologies thay produce less car-
bon dioxide.

International financial agencies, like the World Bank, the
Asian Development Bank and the International Monectary
Fund, have become much more aware of the intricate rela-
tionship between cconomic development and environimen-
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tal scarcity. They are more cautious about funding large-
scale, centralized development projects, like hydroelectric
dams, and theyv are subjecting all their financing to more
carcful environmental review. In addition, they will soon
provide substantial funding for sustainable development
projects around the world.

Without question, the most important recent environ-
mental event was the United Nations Conference on Envi-
ronment and Development (Unced) in Rio de Janeiro, Bra-
zil, in June 1992. This was the largest and most inclusive
international negotiation in history. In arduous meetings
leading up to the conference, delegates from rich and poor
nations tried to work out preliminary agreements to protect
biodiversity, control carbon-dioxide emissions, and slow
deforestation. Some environmentalists were disappointed by
the final results of the conference: the United States refused
to sign the biodiversity treaty; the carbon-dioxide agreement
was significantly weakened (again as a result of U.S, pres-
sure); and some poor nations objected to the deforestation
agreement. Nonetheless, the Rio conference was a milestone
in humankind's efforts to meet the environmental chal-
lenge. It brought worldwide attention to the crisis, and it
showed politicians and policymakers that good environmen-
tal policy can be a source of political authority and moral
legitimacy,

Recommendations

The research project on “Environmental Change and
Acute Conflict” has produced some recommendations for
action in rich and poor countries. Some of these are very
general and will need elaboration by experts and negotia-
tion among socicties. Others are quite specific. Importantly,
some of the recommendations do not require huge financial
investments but may nonetheless make a great difference to
the future well-being of our world,

In response to resource scarcity in the past, leaders have usu-
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ally songht to increase the supply of scarce resources rather
than decrease demand. In the future, action on the demand
side of the scarcity problem will be particularly crucial.

While cireumstances ditfer across the developing world. in
general poor countries should act to limit - population
growth, they must vy to implement a fairer distribution of
land and wealth within their societies, and they should en-
courage sustainable cconomic growth to provide employ-
ment for surplus labor,

In the shortterm, the leaders of nrany poor countries see a
trade-off between cconomice growth and environmental pro-

tection, and this encourages overuse and degradation of en-
vironmental resources. But the real trade-oft is between
short-term unsustainable prosperity and long-term growth
potential. Thisis an answer to the common argument from
poor countries that rich countries are using environmental
tssues to deny them the opportunity to grow: itis in the de-
veloping world’s self-interest to prevent environmental de-
cline. Policymakers in both rich and poor countries must
therefore change their understanding of development to em-
phasize the trae value of natural resources and the impor-
tance of etticiencies in production as a wav of conserving re-
sources.

In general, environmental problems, from water searcity to
declining fish stocks, require regional or "ecosvstemwide ™ so-
lutions rather than policies based at the mational level, This
point also applies to the management of the social eftects of
cnvirommental scarcity: for instance, it arge-seale migration
is caused by environmmnental change. countries should develop
regional accords to limit and nanage it

Some suecessful solutions of regional envitonmental prob-
lems may be wansterable from one region to another. A
good example is the International Joint Commission be-
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tween Canada and the United States that manages, among
other things, disputes over water. But the many international
treaties and institutions that govern water supplies around
the world are also inflexible. For instance, the existing water
agreements between the United States and Mexico, and he-
tween Egvpt and Sudan, allocate fixed amounts ot water,
whereas allocation based on a proportion of available water
would be a more reasonable method when there is rapid cli-
mate change.

Population stabilization requires collaboration between rich
and poor countries. Wealthy countries can usefully supply
financial aid and technology to slow population growth, al-
though the United States...sharply curtailed its support for
such programs [under the Reagan and Bush Administra-
tions]. Unfortunately, some poor countries often resist family
planning for political and ideological reasons. Istamic funda-
mentalists and the Roman Catholic Church, for example, are
opposed to birth control. In addition. leaders of some poor
countries pereeive that a large population will enhance mili-
LAy security,

Rich countries can also support land reform in developing
countries, reduce the debt burden of these countries, and
promote, throngh aid and transfers of technology, rural
industialization projects. Poor nations under pressure from
banks and international lending agencies to pav their foreign

debts often use their best lands to grow cash crops for export.
As people are displaced from these Tands, governments and
development agencies can work to provide them with jobs,
Ideally, land reform combined with labor-intensive rural
industries will boost incomes and stem the tlow of people
into ccologically vulnerable arcas and into cities that are
increasingly unmanageable,

Rich countries can help poor countries overcome their lack
of expertise on environmental management. In the develop-




ing world. inequality in nadonal expertise translates into in-
equality in national power. Countries with advantages in
technical expertise can dominate their neighbors; thev have
the edge in negotiations over resource management; and this
can lead to misperceptions, rivahy and conflict. Charles
Okidi, an international lawver at Moi University in Kenva,
notes that there are only three Ph.D.-level hvdrologists in his
country. The addition of four per country in East Africa
would greatly improve prospects for regional water manage-
ment. It is costeffective for rich countries to provide funds
for the training of environmental experts in the developing
world, including hydrologists, soil and agricultural scientists,
foresters, demographers, energy-sistems engineers and fish-
eries specialists. If research and teaching centers are ad-
equately equipped and staffed, the brain drain from poor to
rich countries could be stemmed. Moreover, networks of
such centers established across national boundaries could
start wider cooperation among a region's countries.

Wealthy countries can also help groups working for environ-
mental causes in poor countries by supplving the basic com-
munication and data-processing technologies thev need. In
the Philippines, 2,500 nongovernmental organizations work
on envirtonmental rescarch, education and political action at
all levels of society, Their effectiveness can be multiplied by
aid to buy personal computers for word processing, hard
disks for data storage and printers and modems for distribut-
ing their information. Rich countries should promote the
work of these groups within and across national boundaries.

Bevond these policy recommendations, certain changes of
attitude are needed. This was one of the main lessons of
Unced. Rich countries must recognize that global environ-
mental problems are, in important wavs, problems of global
fairness. Deep poverty in the developing world often causes
activities and strengthens cconomic structures that harmn the
environment. Morcover, as poor countries industrialize, they
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will need massive financial and technological help to leap
over the environmentally damaging technologies and prac-
tices that were used by today’s rich countries to industrialize.

Poor countries also argued at the Rio meeting that envi-
ronmental degradation is often driven, not by large popula-
tions, but by the high consumption and waste production of
wealthy countries. Poor countries are not the main causes of,
vet may be most vulnerable to, the large-scale environmental
problems getting most attention in the developed world, like
greenhouse warming and ozone depletion. For all these rea-
sons, widespread environmental scarcity may force human-
kind at last to deal with the wrenching economic differences
that plague the planet. The UN will plav a vital role in this
effort.

The evidence presented here shows there are key links be-
tween environmental scarcity and global security. If rich and
poor (()unlrws want to reduce conflict and social turmoil in
tomorrow’s world, they should spend more on preventing
environmental scarcity and less on maintaining their often
huge military establishments, This would be a crucial step to-
ward a sustainable, fair and peaceful global society for all,




Talking It Over

A Note for Students and Discussion Groups

This issue of the HeapLise Series, like its predecessors, is pub-
lished for every serious reader, specialized or not, who takes
an interest in the subject. Many of our readers will be in
classroonts, seminars or community discussion groups. Par-
ticularly with them in mind, we present below some discus-
sion questions—suggested as a starting point onlv—and ref-
crences for further reading,.

Discussion Questions

Are vou convineed that environmental scarcity can lead to
severe conflictz Why, or why not?

Are scarcities of 1enewable resources more likelv to pro-
duce severe social stress and contlict than scarcities of nonre-
newable resourcesy If so. whyz

What is the role of cavironmental scareity as a canse of
conflictz Is it hest seen as, lor exarnple, d tiigger that releases
acenmulated nonenvitonmenal sacial pressures (political,
coonomic, ethime, cwca. o asa powerful underfvng stress on
SOctetyy

How wonld people i developing countries see the issies
discussed in this Hleapiose Seriasz What are the primary inter-
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ests of the leaders of poor countriesz Do these interests pro-
mote or impede solutions to environmental problems?

Do vou think the public’s carrent concern for environ-
mental issues is simply a fad that will be pushed aside by
other concerns in the future?

Are the social stresses and conflicts considered in this
book reatlv a matter for serious attention in rich countries?
Are the security interests of the developed countries really
threatened? How might people in rich countries be con-
vinced that they shoald commit resources 1o dealing with
these problems?
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