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While the attention of national leaders in both East and
West is focused mainly on the balance of their conventional and
nuclear military forces, "star wars," and military turmoil in the
Middle East and Central America, they are allowing the very basis
of national security to evaporate. Politicians, from habit and
ignorance, view the political and economic differences between
American and Soviet societies as of paramount importance. In an
historical context, those differences are no greater than those,
say, between Romans and barbarians fifteen centuries ago. Yet
some American and Soviet politicians apparently are willing to
blow up the world over their differences. Fortunately, Roman
emperors did not have access to nuclear arms in 376-476 A.D. as
the barbarians overran the empire. If they had, the Soviet Union
and the United States probably would never have existed.

That the geopolitical spheres of interest of today's two
superpowers have little actual overlap is rarely noted. Equally,
too few of the world's leaders realize that the rapid depletion
of Earth's non-renewable resources, the deterioration of the
global environment, and the related widening of the economic gap
between nations of the industrialized North and the developing
South represent an unparalled threat to their nations' security.
That threat not only portends a continual deterioration of living
standards virtually everywhere in time of peace, but also
contributes to conflict between nations (Westing 1986) and thus
increases the chances of nuclear war.

A large-scale nuclear war between the East and West blocs
could destroy civilization in the Northern Hemisphere in a very
short time. Prompt deaths could number 500 million =-- one=-tenth
of the world's people -- or more. The World Health Organization
(WHO 1984), using a scenario that was perhaps too pessimistic,
estimated that over 1000 million deaths could result dJirectly
from an all-out nuclear war. Subsequent environmental effects,
mediated primarily through atmospheric changes, could multiply
the number of deaths severalfold (Ehrlich et al., 1983; Harwell,
et al, 1985).

There has been controversy over the magnitude of climatic
changes that would follow a large-scale nuclear conflict =-- that
is, the severity of a "nuclear winter." But results of
sophisticated recent atmospheric studies (e.g., Covey et al.,
1985; Schneider and Thompson, 1988) indicate conditions that
would cause extremely severe damage to bioclogical systems even in
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the most optimistic models.

It would make little difference to corn or wheat, for
example, whether the sky was pitch black and temperatures fell to
-40° ¢ in July in Iowa, Bordeaux, and Kazakhstan, or whether
there merely were a few weeks of twilight, chilly weather, and
scattered frosts. Whatever agricultural potential remained in
the absence of inputs and social organization would be destroyed
in either case by fluctuating temperatures, darkness, frosts,
high levels of ionizing radiation, acid precipitation, increased
UV-B flux, and other less widely discussed atmospheric sequelae
of the war. Civilization clearly could "end with a bang."

Destruction from war is not, however, the only catastrophic
threat to security the world faces as it moves toward the twenty-
first century. A fundamental source of both the increasing
danger of conflict and the North-South economic gap is the finite
nature of Earth. The quantities of resources that humanity can
mobilize are limited by the planet's size and physical
characteristics, So is the capacity of Earth's environmental
systems to absorb the ever-increasing damage inflicted upon them
as a consequence of human activities -- including mobilization of
resources. The more gradual undermining of security as global
environmental problems worsen is arguably just as serious as the
consequences of a nuclear war but much less widely perceived.

Growth of the human population is a major factor in that
erosion of security. Today there are over five billion human
beings, and one and a half million are being added each week.
The world is increasingly overpopulated, and the symptoms of it
are becoming more and more evident. The clearest evidence of
overpopulation is that today's five billion can only be supported
(with a billion or more living in deepest poverty) by consuming a
one-time inheritance from Earth (Ehrlich and Ehrlich, 1986,
1987).

Humanity is destroying its environmental capital -- not just
petroleum and other mineral resources but rich agricultural
soils, "fossil" groundwater, and biotic diversity (populations
and species of other organisms). These resources are not
renewable on a time-scale of interest to society. They have
accumulated over periods ranging from millennia to hundreds of
millions of years, but they are being dispersed and destroyed in
decades to centuries,

So even if no third world war occurs, current trends in
human population growth and per-capita impact on the glcbal
environment may well destroy civilization. The main difference
from the consequences of a nuclear war would be that, rather than
collapsing in a matter of months, it would take decades. Rapid
climate change, insidious soil erosion, intractable pollution
problems such as acid deposition, and a general decline in
ecosystem services such as flood and pest control would almost
certainly set the stage for a gradual collapse by reducing
agricultural productivity. And epidemic diseases, terrorism,
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ethnic conflicts, reveolutions, and "limited" regional wars could
easily play substantial contributing roles. <Civilization thus
could "end with a whimper."

The key point here is that security has many dimensions
other than the military one. While Earth's nations altogether
spend roughly a trillion dollars annually on armed forces, the
overall security of every country is rapidly diminishing,

Ending civilization with a whimper would amount to a
gigantic "tragedy of the commons" (Hardin, 1968). People and
nations acting independently in their short-term best interest
create situations that in the long term destroy the common
resource they are all using. As Garrett Hardin wrote, "Ruin is
the destination toward which all men rush, each pursuing his own
best interest in a society that believes in the freedom of the
commons. Freedom in a commons brings ruin to all."™ His example
was overgrazing of a village's common pasture; civilization's
ruin will stem from treatment of the biosphere as a commons with
almost no international controls and the organization of human
societies in ways that make it difficult to recognize or act on
that behavior.

Perhaps no feature of Earth is more a commons, a feature of
the planet used by all and owned by none, than the atmosphere.
The atmosphere connects all nations and people, past and present,
and it interacts intimately with oceans and land, including
‘plants, animals, and soils, as a major component of ecosystems.

A central factor in the erosion of global security today is
disruption of the functioning of Earth's natural ecosystems as
the scale of human activities increases. Ecosystems are a
complex of the plants, animals, and microorganisms of an area,
interacting with each other and with their physical environment.
Most people take ecosystems for granted and are unaware of their
importance in supporting human life. Natural ecosystems provide
an array of essential services, without which civilization would
soon collapse and which technology cannot replace. In sonme
cases, scientists would not know how to begin replacing nature's
services; in others, technological substitutes are inadequate and
far too costly.

Several ecosystem services centrally involve the atmosphere.
Ecosystems help keep the air breatheable, ameliorate the climate,
and operate the hydroleogical cycle that supplies fresh water.
The atmosphere also participates in the delivery of other
services to the degree that its qualities help support the lives
of the organisms providing the services. Forests are key to
flood control, but if the atmosphere continues to be loaded with
oxides of nitrogen and sulphur, producing acid precipitation,
that ecosystem service may ultimately be lost. Vegetative cover
is essential for the preservation and replenishment of soil as
well as retention of moisture. Loss of vegetation often leads to
drought; drought in turn can kill remaining plants, leading in
turn to denuded surfaces, erosion, and (by changing the land
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surface's albedo) further climate change.

Natural ecosystems dispose of the wastes of civilization and
in the process recycle nutrients essential to themselves and to
agriculture. They supply food from the oceans and freshwater
systems, provide pollination and pest control services to crops,
and maintain nature's vast "genetic library." The last service
is especially important. Humanity has already withdrawn from
that library the very basis of civilization in the forms of
domestic plants and animals, innumerable industrial products, and
medicines. Yet the potential of the library has barely been
tapped.

The condition of the atmosphere is especially closely linked
to security. Because it is a global commons, shared by all
nations to an even greater degree than the oceans, the
atmosphere's health is a vital concern to everyone; yet no one is
responsible for maintaining its integrity. Yet human-generated
changes in the atmosphere could lead to problems between nations
-- indeed, they have already begun to do so.

Over the next few decades, an increase of a few degrees in
average global temperature is expected to follow the buildup in
the atmosphere of greenhouse gases such as carbon dioxide and
methane. This buildup is traceable to various human activities,
especially the burning of fossil fuels, deforestation, increased
paddy-rice cultivation, and expansion of cattle herds. A warming
of the atmosphere will alter patterns of atmospheric circulation,
changing both the climate and the composition of the atmosphere
(e.g., its load of dust or pollutants) over large areas.

Consider some of the more obvious possible effects of such
an occurrence. Summers in northern midlatitudes could become
hotter and drier. The agricultural productivity of the great
plains of North America might be severely reduced by heat stress
and less dependable rainfall. While the now marginal climate of
much of the Soviet Union's wheat belt might be improved in the
long run by greenhouse warming, the process of adjustment could
further destabilize that nation's shaky grain production system
over the short term.

The economic situations of both nations could deteriorate
seriously, and the U.S. might be unwilling or unable to sell
grain abroad. If the Soviets were in need of imported grain,
tension between the superpowers could rise, and those tensions
might be aggravated by agricultural problems in other regions,
which could no longer obtain food imports. Over 100 nations now
depend to one degree or another on grain imported from North
America to feed their populations (FAQ, 1986). The disappearance
of surplus grain production in the United States, which could
result from a combination of climate change and depletion of ice-
age water in aquifers beneath the great plains, could lead to a
global crisis.

Altered rainfall patterns, which are virtually certain to
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accompany a global atmospheric warming, could also exacerbate
tensions over increasingly scarce water supplies in places as
disparate as the Middle East and southwestern North America.
Egypt is already tottering on the brink of chaos, and a further
reduction of the Nile's flow could push it over the edge. If
rainfall became sparser in Israel and its neighbors, an explosive
situation would become much worse. The waters of the Jordan,
Yarmuk, and Litani rivers have been sources of tension for years:
and Israel, which consumes five times as much water per capita as
its neighbors, may have a serious water shortage in the 1990s
- (Cooley, 1984). The hardnosed Israeli stand on the West Bank and
Gaza in 1988 may be just a foretaste of what is to come.

International tensions also could be heightened by reduced
river flows between Pakistan and India (over the Indus) and India
and Bangladesh (Ganges). Disputes over water have occurred in
those regions and in the basins of the Tigris/ Euphrates, Amur,
Mekong, Ric de La Plata, and Nile rivers. The water of 120 of
the world's 200 major river systems is shared by two or more
countries (Myers, 1985). With the entire planet overpopulated
and serious regional water shortages already widespread, the
potential for drought-induced conflict is enormous.

For instance, a significant decline in the dependable supply
of water available from the Colorado river could lead to further
trouble bhetween Mexico and the United States. Such a conflict
could be greatly intensified by more Mexicans seeking to enter
the United States in order to make a 1living (Ehrlich et al.,
1979). The flow of ecological refugees, already serious in many
parts of the world, seems bound to increase. Agricultural
conditions in many regions are deterjorating as productivity
declines because of soil erosion, failing irrigation systems,
desertification, or changes in climate.

In some cases, as suggested earlier, a shift in climate may
be benign and might help to relax international tensions. But
even where changes are beneficial in the long run, disruption
arising from the change itself could create problems, especially
if it occurs rapidly (Schneider, 1988). Increased rainfall in
semi-desert areas thus might manifest itself primarily as
flooding, depressing food production and bringing downstream
nations into conflict with upstream ones that open dams and pass
floodwaters downstream.

Transnational air pollution problems also will be affected
by global warming, but in ways that are virtually impossible to
predict. Forest systems, already stressed by air pollution and
acid precipitation, are not 1likely to respond well to abrupt
changes in temperature and rainfall regimes. Indeed, there is
evidence that some forests in the northeastern United States are
already being degraded by the combined stresses of pollutants and
climatic change (e.g., Hamburg and Cogbill, 1988).

In the longer term, atmosphere-ocean coupling and changed
freshwater flows could affect the dynamics of oceanic fish
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populations and, temporarily at least, depress prodgcpivity.
Global per-capita fisheries harvests have been declining for
almost two decades, a trend that is 1likely to continue even
without changes in oceanic environments that are (in terms of
evolutionary time) very rapid. Human population growth will not
slow down enough to allow fisheries production to catch up.
Indeed, coastal pollution and the destruction of estuaries (which
serve as critical nurseries for many marine species) could soon
lead to declines in absolute (rather than per-capita) production.
shots have been fired over fishing rights; that may only be a
hint of things to come unless the portion of the Law of the Sea
covering management of the fisheries commons can be extended and
enforced.

Climate change, deforestation, and widespread pollution
obviously will seriously interfere with maintaining the crucial
"genetic library" function of natural ecosystems. Undisturbed
forests, grasslands, or other natural areas throughout the world
increasingly are islands of habitat in seas of human disturbance.
The vast majority of land area on Earth has been taken over for
human use and more or less drastically altered in its biotic
character.

More than a tenth of the world's land is used to grow crops;
perhaps two percent is paved over or covered by cities and towns;
a quarter serves as pasture for livestock; and most of the 30
percent that is forested is exploited at some level or has been
.converted to tree farms (FAO, 1986). Most of the remaining 30
percent of the planet's land is in arctic or antarctic regions,
in desert, too mountainous, or otherwise too inhospitable to be
of much use to civilization.

Reflecting this pervasive takeover of the planet, recent
calculations indicate that humanity directly or indirectly
accounts for a large and growing fraction of Earth's bioclogical
productivity =- the energy produced by photosynthesizing
organisms (such as green plants, algae, and many kinds of
bacteria) using sunlight -- on which virtually all animals and
other non-photosynthesizing organisms ultimately depend. The
total energy annually captured worldwide through photosynthesis,
and not used by the photosynthesizing organisms to run their own
life processes, is known as net primary production (NPP). Human
beings and domestic animals directly consume (as food, fodder,
and timber) about four percent of the NPP produced on land and
about two percent of that in the oceans (Vitousek et al, 1986).

Although this seems modest (if a disproportionate share for
only one of perhaps 30 million species of animals), the indirect
human impact on productivity on land is far from modest.
Including the diversion of much productivity into human-directed
systems, and therefore into supporting different communities of
organisms (such as agricultural pests) than in natural systens,
multiplies the human impact on terrestrial NPP to over 30
percent. Included in this calculation are the NPP produced in
recently converted pastures, material burned on grazing lands,
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plant materials killed though not used in timber harvesting or in
land-clearing for agriculture.

Furthermore, the indirect impacts on terrestrial NPP extend
beyond the large fraction that is coopted in human systems. The
conversion from natural to human-dominated ecosystems more often
than not results in reduced productivity. Cropland (except when
irrigated) is usually less productive than the grassland or
forest it replaced; pasture is less productive than a forest. 1In
addition, people have reduced productivity in many areas by
paving them over and through desertification -- usually a result
of overgrazing, overcultivation, or poorly managed irrigation.
Since the middle of this century, it is estimated that global
terrestrial NPP has been reduced by roughly 13 percent (Vitousek
et al, 198s).

Humanity's direct consumption, indirect cooption, and
suppression of photosynthetic production thus add up to an impact
of nearly 40 percent of the planet's NPP on land and a total
global average (including the lesser impacts on oceanic systems)
of about 25 percent. This enormous diversion of the energy
source of all life on Earth goes a long way in explaining what is
happening to natural ecosystems, why so much of terrestrial life
is endangered, why ecosystem services seem to be deteriorating in
so many parts of the world, and why, as a consequence, all
nations are less secure.

The fraction of land worldwide that has been set aside
specifically to preserve natural ecosystems is a pitiful three
percent. With the exceptions of some polar regions and the
swiftly vanishing moist tropical forests of South America,
Southeast Asia, and parts of Africa, little land today remains
outside those reserves that is still both biotically wvaluable and
unspoiled enough to qualify as a reserve. And, especially in
developing nations, with their rapidly growing human populations,
nature reserves are vulnerable to encroachment and degradation.
The world's poorest and fastest growing populations are mostly in
the tropics; there also nature's diversity is most bountiful. By
some estimates, much more than half of all the species on Earth
are found in tropical forests, which today occupy only about
seven percent of the land surface and are shrinking rapidly in
the face of human expansion.

Paradoxically, the biotic wealth in tropical forests is
usually not convertible to agricultural wealth -- at least not
through conventional modern agriculture. Removal of luxuriant
tropical vegetation more often than not leads to poverty and
desertification. As ecosystem services are disrupted, the local
climate changes, topsoil and nutrients are quickly lost, and
pests are unleashed to devastate crops (A.H. Ehrlich, 1988).

To compensate for these problems, which are greatly
accentuated in the nonseasonal tropics, higher levels of inputs
(fertilizers, pesticides, etc.) must be supplied (and their
environmental side-effects tolerated) for a relatively meager
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return in crops. Results of cattle or other livestock production
in tropical regions are similar: small returns, often only for a
few years, after the effort of land-clearing. A frequent outcome
of continuous cropping or pasturing is a few years of production
followed by abandonment of the degraded land and clearing of
another patch of forest. In such circumstances, as deforestation
proceeds and local ecosystem services decline, the region's
agricultural production is anything but secure.

The process of forest clearing for cropland and pastures
poses a clear threat to nature reserves, which are increasingly
isolated as islands of forest surrounded by farms or an abandoned
wasteland. In some countries, the isolated reserves may be
essentially the only undisturbed land left. The reserves thus
become vulnerable to invasion by land-hungry farmers and ranchers
or by people cutting trees for fuelwood or poaching the protected
animals. Reserves degraded by these activities have a diminished
capacity to. provide ecosystem services, already reduced by
impoverishment of the surrounding land.

Even if nature reserves could be flawlessly guarded against
human invasion, wood cutting, and development, they cannot be
protected against climate change and air pollution. Terrestrial
organisms have evolved in response to climatic regimes. Most
populations are relatively intolerant of substantial and rapid
changes in those regimes. Throughout Earth's history, species
have responded to climate change by gradually changing their
"geographic distributions and by evolving tolerances to new
conditions.

But today migration is often not possible, since it would
have to occur through impassable barriers of disturbance. And
the rate of climate change now envisioned for the near future
will be much too rapid for populations of all but the fastest
reproducing organisms (such as bacteria and some insects) to have
a chance of surviving through genetic adaptation. Thus the
integrity of the remaining fragments of natural ecosystems will
be further undermined by changing climate in addition to the more
direct assaults from human activities -- and the ecosystem
services essential to the support of the human enterprise
(especially agriculture) will be further destabilized.

Climatic change of course is not always unfavorable, as
noted above. Even in the short run, some agricultural areas with
marginal rainfall now might receive increased precipitation and
produce larger or more stable crop yields. In the 1leng run,
warmer temperatures or increased precipitation might well open
new areas to agriculture, although problems with soils would have
to be overcome in many regions. But overall, one must assume
that rapid climate change will cause more harm than good simply
because social systems, agricultural systems, and natural
ecosystems are adapted to current conditions and tend to change
slowly. Just the process of adjusting to an unpredictable new
climatic regime will be disruptive enough to shake even the most
secure agricultural economies.
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Other large-scale atmospheric problems facing humanity
include increased UV-B radiation as a consequence of
stratospheric ozone depletion (ozone depletion, of course, is
also involved in climate change), acid deposition, and other
forms of air pollution. But serious though these are, climate
change has a greater potential for contributing to international
conflict and for diminishing the economic security of all
nations. Aside from large-scale war, no single facet of the
human predicament is more frightening.

In A.E. Housman's words, we must "train for ill and not for
good." We cannot risk the future of civilization on the hope
that climate change might improve the lot of humanity as it
struggles in the next few decades with the gravest problems it
has ever faced. The world is burdened now with overpopulation,
depletion of resources, and environmental deterioration. Humanity
is suffering from an increasing maldistribution of wealth,
including the growing gap between rich and poor nations, rampant
racism, sexism, and religious prejudice -- all of which add fuel
to the fires of competition and conflict.

As if these were not enough, deterioration of the human
epidemiological environment seems likely to supply another source
of international tension. That environment becomes ever more
precarious as human numbers grow, average susceptibility to
disease increases (with malnutrition on the rise), and the speed
with which disease carriers can move around the globe also
increases. Malaria is resurgent, and AIDS has the potential for
destroying a large portion of humanity. The AIDS virus is the
third lethal virus to threaten a large-scale epidemic since 1967.

Whether or not AIDS can be contained will depend primarily
on how rapidly education can slow its spread, when and if the
medical community can find satisfactory preventatives or
treatments, and, above all, luck. A virus that infects millions
of people may well evolve new transmission characteristics. For
instance, if the ability of AIDS to be transmitted heterosexually
increases or it evolves the ability to concentrate in saliva, an
already disastrous situation could worsen. Fringe groups have
demanded that AIDS victims be quarantined, and blood tests are
now required of immigrants into some natjons. If the epidemic
continues to spread, disruption of trade and international
recriminations are real possibilities.

There is, however, one positive aspect to the dangers
presented by the AIDS epidemic, the prospect of climate change,
acid precipitation, and other large-scale environmental problems:
these clearly are issues that must be dealt with cooperatively by
the international community.

In the modern world, with the increasing dependence of all
nations on world trade and communications networks, avoidance of
serious problems originating elsewhere is less and less possible.
Surviving a nuclear world war or a pandemic without consequences



