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Foreword

These essays, by a group of the world's preeminent scientists, deserve our most

attentive reading. They represent the best-informed opinions about the most critical
environmental challenges that our world is facing.

Too frequently, the debates about the state of the world's environment and the
necessary actions by governments are high in passion but low on facts and under-

standing. In political and financial decisionmaking circles many people are wary of
committing themselves to a course of action that may be costly or politically unpop-

ular on the basis of uncertain information and without any clear perception of the

chances of success.
But procrastination means the continuation of current practices. And that too has

a cost. These essays highlight the costs of inaction.
At the World Bank we are concerned about the gap between the concerns of the

environmental community and those of the financial community. Bridging that gap

requires a balanced view, buttressed by the consensus of the senior scientific com-
munity.

Thus we invited the Union of Concerned Scientists (UCS) to join us in organiz-
ing two panels at the 1995 Annual World Bank Conference on Environmentally Sus-
tainable Development, organized to address a large segment of the financial
community that assembles in Washington, D.C., during the annual meetings of the
World Bank and the International Monetary Fund.

The results of this collaboration are summarized in this volume. They are a sober-
ing and timely warning that the present course of human behavior is inappropriate

and likely to have very negative effects on the planet in general and on developing
countries in particular. Aware of these issues, we at the World Bank have been try-
ing to act on that informed opinion and to promote balanced, people-centered envi-

ronmentally sustainable development.

It was a privilege to be associated with the UCS and its leader Henry W. Kendall
in the organization of these panels. We hope that this publication will be available
to a wider audience than those fortunate few who were able to attend the panels.
We also hope that this is the beginning of a fruitful collaboration with the scientific
community, whose knowledge and informed judgment can aid the World Bank in

addressing issues in developing countries with the governments and communities
concerned and in finding appropriate funding for solutions.

Ismail Serageldin

Vice President
Environmentally Sustainable Development

The World Bank
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Introduction
Henry W. Kendall

The task of the two panels of senior sci- a statement supported by more than

entists at the 1995 Third Annual World 1,600 scientists from seventy countries,
Bank Conference on Environmentally members of their respective academies

Sustainable Development was to set out of science (including more than half the
their views on the major environmental, world's Nobel laureates in science), a
resource, and population issues that con- majority of the Pontifical Academy of
stitute obstacles to environmentally sus- Science, as well as officers and former

tainable development in the developing officers of scientific academies from

nations, to outline the costs of inaction industrial and developing countries.
on these pressing matters, and to suggest This is the most prestigious group of sci-
paths for all nations that would reduce entists to speak out on the threats to
the risks we face. Some people believe, global systems, and it is a warning not
and recent media coverage suggests, that to be disregarded.
the world's senior scientific community is The Warning concerns a cluster of

sharply divided on these matters. Let me grave problems that face humanity:
assure you otherwise: it is not. pressures on vital global systems that

In this volume the seven panel mem- lead to the injury and possible destruc-

bers, and one scientist invited but unable tion of these systems, systems whose
to attend, review the most important capacity to provide for us is being sore-

issues facing this and subsequent gener- ly stressed; resource mismanagement;
ations, informally expressing the views and the critical role of population

of their scientific colleagues. Their con- growth as an impediment to gaining
tributions are assembled here in one control of the threats.

place, something not possible in the The Warning comes from the inter-

panel presentations. national community that knows the

most about the physical and biological

Human beings and the natural world are on a systems of our world. It puts on a firm,
collision course. Human activities inflict authoritative basis the perils that
harsh and often irreversible damage on the humans now face and bridges the deep,
environment and on critical resources. If not often angry split that has developed
checked, many of our current practices put at between representatives of developing
serious risk the future that we wish for nations and those of industrial nations

human societyand the plantand animal king- over who is responsible for the increas-

doms, and may so alter the living world that ing pressure on the global environment
it will be unable to sustain life in the manner and for the challenges of population
that we know Fundamental changes are growth. The Warning puts these matters
urgent if we are to avoid the collision ourpre- in a broad perspective. Scientists from

sent course will bring about.' developing and industrial nations alike
are united in their concern for the glob-

These sentences are from the 1992 al environment and the capacity to sus-
World Scientists' Warning to Humanity, tain future generations.

1



In 1992 and 1993 two groups of tility, and there is extensive land aban-

national science academies issued state- donment. Injury and loss of arable land
ments2 on the same issues that are the is one the world's most critical environ-

subject of the Warning to Humanity. mental problems (and also one of the
Their messages were essentially the least appreciated), and it carries heavy
same. There should be no doubt that a consequences.

strong consensus exists within the sci- Tropical rainforests, as well as tropi-
entific community that we are currently cal and temperate dry forests, are being
headed down a path that is not envi- destroyed. Deforestation is a problem in

There should be no ronmentally sustainable. Africa, India, South America, Southeast

doubt that a strong The principal areas of concern about Asia, and the United States and Cana-
the difficulties that we and our world da-indeed nearly everywhere. Tropical

consensus exists now face are considered below. deforestation is essentially irreversible

within the scientific because of rainfall changes and nutrient-
Atmosphere poor soil.

community that we are
currently headed down Carbon dioxide and other gases released Oceans and Fisheries

a path that is not in large quantities into the atmosphere
because of human activity appear to have Oceanic regions near the coasts, which

environmentally started climate alteration on a global produce most of the world's food fish,

sustainable scale, with possible far-reaching effects are being injured by pollution from soil
lasting for centuries. Stratospheric ozone erosion, as well as agricultural, industri-

-Henry W. Kendall depletion from other gases having al, livestock, and municipal waste.

anthropogenic sources is posing the Pressure on marine fisheries from
threat of enhanced ultraviolet levels overexploitation is increasingly severe.
reaching the ground, against which much Overfishing has already caused some

of the natural world has little protection, important food fish to become com-

Air pollution near ground level, includ- mercially extinct in some fisheries, and
ing acid precipitation and enhanced more are on the way. Of the world's
ozone concentrations, is causing wide- seventeen major fisheries, all are fully
spread injury to humans, forests, and exploited, in decline, or collapsing, and
crops. Robert T. Watson assesses some of the world catch of fish has been declin-

these atmospheric threats in the follow- ing since the early 1990s. The present

ing chapter on dcimate change. harvest of fish is estimated to be near-
ly 25 percent greater than the sustain-

Land and Forests able yield that the oceans could
provide.

Human activities have altered between

one-third and one-half of the earth's ice- Species Loss and Ecosystem Damage
free surface. Cropland and rangeland

are under heavy pressure worldwide The combined effects of habitat loss;
and are increasingly suffering from overexploitation; climatic change; the
widespread injurious practices: erosion, spread of alien species; and air, soil, and

overcultivation, overgrazing, and salin- water pollution are already the cause of
ization. Much cropland is losing its fer- unprecedented loss of species of living

2 Meeting the Challenges of Population, Environment, and Resources: The Costs of Inaction



things. In the tropics it has been referred food production, is one of the biggest

to as "biotic devastation." Edward 0. problems we face. Jose I. Vargas dis-

Wilson addresses these concerns in his cusses in his chapter the problems pre-

chapter on the loss of biodiversity. sented by energy and climate change.

Fresh Water Disease

We are heedlessly exploiting and cont- The emergence or reemergence of dis-

aminating depletable groundwater sup- eases afflicting humans, as well as plants

plies, and heavy pressure on the world's and animals important to humans, is The sheer number
surface waters has become a serious becoming an international concern, of people, coupled
concern. This has led to shortage of Joshua Lederberg reviews the difficulties

water becoming a major global prob- in his chapter on disease. Causative with persistent
lem. About 40 percent of the world's agents and disease vectors are becom- population growth,
population lives in regions where water ing increasingly resistant to chemical is linked to numerous
is in short supply. Water supplies for and biological controls.

direct human use and for food produc- environmental and
tion are coming under stress over large People resource concers,
parts of the world: Africa, India, the

Middle East, and the United States. World population grew slowly until about converting many
Water for irrigation is vital for today's 1900, but growth has accelerated since difficult problems
food production. then. The present population stands at

about 5.7 billion people. While fertility Into potentially
Agriculture and Food Production rates have dropped in recent years, they intractable ones

are still not close to replacement levels,
Globally, earlier increases in per capita and the number of people added annu- Henry W. Kendall
grain production have now leveled off, ally to the world's total, about 90 million

and a decline appears to have started. a year, is at a record level. The current rate

Per capita food production in many of increase corresponds to a population-

nations is clearly decreasing. With food- doubling time of roughly forty years. The

producing systems under substantial sheer number of people, coupled with

environmental stress, the task of feeding persistent population growth, is linked to

the world's growing population has numerous environmental and resource

become extraordinarily vexing. Norman concerns, converting many difficult prob-

E. Borlaug discusses the problems in his lems into potentially intractable ones.

chapter on food production. Paul R. Ehrlich assesses the links in his

chapter on population and environmen-

Energy tal destruction.

For a number of decades there has

Energy is the lifeblood of industrial as been an accelerating movement of peo-

well as developing nations. Yet energy- ple in developing countries from rural

related activities are major contributors areas to rapidly enlarging cities. A fivefold

to global environmental pollution. While increase in the number of city dwellers

providing adequate energy supplies, from 1950 to 1990 brought the urban pop-

managing the side effects, along with ulation in these nations to 1.5 billion,

Introduction 3



some 37 percent of their total population. that produce substantial environmental
I touch on some of the worries in my damage, often on a large scale. The pat-
chapter. terns of such activities must be scruti-

nized with a view to reducing the short-
Patterns of Economic Activity and long-term damage they now cause,

issues reviewed by Kenneth J. Arrow in
Governments as well as private enter- his chapter on the economic aspects of
prises frequently pursue goals in ways environmental challenges. e

4 Meeting the Challenges of Population, Environment, and Resources: The Costs of Inaction



Climate Change
Robert I Watson

The overwhelming majority of scientific Earth's Climate System:
experts believe that human-induced cli- The Influence of Human Activities
mate change is inevitable. The question
is not whether climate will change in The earth's climate has been relatively
response to human activities, but rather stable-global temperature changes
where (regional patterns), when (the have been less than PC (degree Celsius) The overwhelming
rate of change), and by how much over a century-during the present majority of scientific
(magnitude). It is also clear that climate interglacial (the past 10.000 years). Dur-
change will adversely affect human ing this time modern society has experts believe that
health, ecological systems, and socio- evolved and in many cases successfully human-induced climate
economic sectors, including agriculture, adapted to the prevailing local climate change is inevitable.
forestry, fisheries, human settlements, and its natural variability. However, the

and water resources. earth's climate is now changing. The The question is not
These are the fundamental conclu- earth's surface temperature this century whether climate will

sions of a carefuil and objective analysis is as warm or warmer than that in any
of all relevant scientific, technical, and other century during the past 600 years. change in response
economic information by thousands of Surface temperature has increased by to human activities,
experts from academia, governments, about 0.5°C over the past century, and

industry, and environmental organiza- the past few decades have been the
tions from around the world under the hiottest in this century. Indeed 1995 may when, and
auspices of the United Nations Intema- be the hottest year so far this century. by how much
tional Panel on Climate Change (IPCC). In addition there is evidence of

The good news is, however, that the changes in sea level, glaciers are retreat- -Robert T. Watson
miajority of energy experts believe that ing throughout the world, and the inci-
significant reductions in greenhouse gas dence of extreme weather events is

emissions are technically feasible through increasing in some parts of the world.

the use of an extensive array of tech- Not only is there evidence of a climate
nologies and policy measures in the ener- change at the global level, but there is

gy supply and demand sectors at little or also observational evidence that the cli-
no cost to society. mate of the United States is changing:

This chapter briefly describes the increased day and night temperatures,

current state of understanding of the more intense .ainfall events, increased

earth's climate system and the influ- precipitation in winter, more droughts in

ence of human activities; the vulnera- summer, and less day-to-day variability

bility of ecological systems, human in temperature.

health, and socioeconomic sectors to The atmospheric concentrations of
climate change; and approaches to greenhouse gases have increased be-

reduce emissions and enhance carbon cause of human activities, primarily
sinks. energy and agricultural practices, since

5



the beginning of the preindustrial era Based on the range of climate sensi-
around 1750: carbon dioxide by about tivities (an increase in the equilibrium
30 percent, methane by more than a fac- global mean surface temperature of
tor of two, and nitrous oxide by about 15 1.5-4.5C for each doubling of atmos-
percent. Their concentrations are higher pheric carbon dioxide concentrations)
now than at any time during the past and plausible ranges of greenhouse gas
160,000 years, the period for which there and sulfur dioxide emissions, 3 climate
are reliable ice-core data, and probably models project that the global mean sur-
significantly longer. In addition atmos- face temperature could increase by

Observed changes in pheric concentrations of sulfate aerosols 1-3.5TC by 2100. These projected

temperature cannot be have also increased. Greenhouse gases changes would be greater than recent
tend to warm the atmosphere, and in natural fluctuations and would occur at

explained by natural some regions aerosols tend to cool the a rate significantly faster than observed

climate variability atmosphere. changes over the past 10,000 years.
Theoretical models that take into Temperature changes are expected

alone, and the balance account the observed increases in atmos- to differ by region, with high latitudes

of evidence suggests a pheric concentrations of greenhouse projected to warm more than the glob-
discernible human gases and sulfate aerosols simulate the al average. However, the reliability of

observed changes in surface temperature regional scale predictions is still low.
influence on and the vertical distribution of tempera- Associated with these estimated

the global climate ture quite well. IPCC noted that these changes in temperature, sea level is pro-
observed changes in temperature cannot jected to increase by 15-95 centimeters

-Robert T. Watson be explained by natural climate variabil- by 2100, caused primarily by thermal

ity alone, and the balance of evidence expansion of the oceans and the melt-
suggests a discernible human influence ing of glaciers. Even if greenhouse gas
on the global climate. concentrations were stabilized after

Future emissions of greenhouse 2100, temperature and sea level would
gases and the sulfate aerosol precursor, continue to increase because of the ther-
sulfur dioxide, are sensitive to changes mal inertia of the climate system (tem-
in population and gross domestic prod- perature would increase by another 30
uct, the rate of diffusion of new tech- percent to 50 percent).
nologies into the market place, Model calculations show that evapo-
production and consumption patterns, ration will be enhanced as the climate
land-use practices, energy intensity, and warms, and that there will be an increase
the price and availability of energy. Most in global mean precipitation and in the
projections suggest that greenhouse gas frequency of intense rainfall. However,
concentrations will increase significant- not all land regions will experience an
ly during the next century in the absence increase in precipitation, and even those
of policies specifically designed to land regions with increased precipitation
address the issue of climate change. For may experience decreases in soil mois-
example, carbon dioxide emissions are ture because of enhanced evaporation.
projected to range from 6 to 36 gigatons Seasonal shifts in precipitation are also
of carbon a year in 2100, compared with projected. In general precipitation is pro-
current carbon dioxide emissions of 6 jected to increase at high latitudes in
gigatons of carbon a year. winter, and soil moisture is projected to

6 Meeting the Challenges of Population, Environment, and Resources: The Costs of Inaction



decrease in some mid-latitude continen- * Many of the effects are difficult to
tal regions during summer. quantify because existing studies

While the incidence of extreme tem- are limited in scope.
perature events-floods, droughts, fires, These difficulties stem from the facts
and pest outbreaks-is expected to that regional-scale climate change pre-
increase in some regions, it is unclear dictions are uncertain, our understand-
whether there will be changes in the fre- ing of many critical processes is limited,
quency and intensity of extreme weath- and the systems are subject to multiple
er events such as cyclones, tornadoes, climatic and nonclimatic stresses whose
and tropical storms. interactions are not always additive. Terrestrial and aquatic

Most impact studies have assessed ecological systems,
Impact of Climate Change how systems would respond to a cli-
on Ecological Systems, Human mate change resulting from an arbitrary human health, and
Health, and Socioeconomic Sectors doubling of atmospheric carbon dioxide socioeconomic systems

concentrations. Very few studies have
Terrestrial and aquatic ecological sys- considered the dynamic responses to are vital to human
tems, human health, and socioeconomic steadily increasing greenhouse gas con- development and well-
systems (for example, agriculture, fish- centrations; fewer yet have been able to being, and are all
eries, forestry, and water resources) are examine the consequences of increases
vital to human development and well- beyond a doubling of greenhouse gas sensitive to changes
being, and are all sensitive to changes in concentrations or to assess the implica- in climate
climate. Although many regions are like- tions of multiple stress factors.
ly to experience the adverse effects of cli- Let me now briefly discuss the impli- -Robert T. Watson
mate change, some of which are cations of climate change for a repre-
potentially irreversible, some effects of sentative number of systems: natural
climate change are likely to be beneficial. ecosystems (forests and coral reefs),
Hence different segments of society can food security, sea level, and human
expect to confront a variety of changes health.
and the need to adapt to them.

Several general conclusions can be Natural Ecosystems: Forests
easily drawn:

* Human-induced climate change is The composition and geographic distri-
an important new stress on bution of many ecosystems will shift as
ecological and socioeconomic sys- individual species respond to changes in
tems already affected by pollution, climate. There will probably be reduc-
increasing resource demands, and tions in biological diversity (particularly
nonsustainable management prac- species diversity) and changes in the
tices. goods and services ecosystems provide

n The most vulnerable systems are society (for example food, fiber, medi-
those with the greatest sensitivity cines, recreation and tourism), and eco-
to climate change and the least logical services such as controlling
adaptability. nutrient cycling, waste quality, water

* Most systems are sensitive to both runoff, and soil erosion.
the magnitude and rate of climate Models predict that possible changes
change. in temperature and water availability

Climate Change 7



under doubled carbon dioxide equilibri- Food Security
um conditions will cause a substantial

portion (a global average of one-third, Existing studies show that on the whole
varying by region from one-seventh to global agricultural production could be
two-thirds) of the world's existing forest- maintained relative to baseline produc-
ed area to undergo major changes in tion in the face of climate change under
broad vegetation types. Climate change doubled carbon dioxide equilibrium
is expected to occur at a rapid rate rela- conditions. However, crop yields and
tive to the speed at which forest species changes in productivity because of cli-

Small islands and grow, reproduce, and reestablish them- mate change will vary considerably

delta areas would be selves, across regions and among localities,
For mid-latitude regions an average thus changing the patterns of produc-

particularly vulnerable global warming of 1-3.5°C over the next tion. Productivity is projected to

to a 1-meter sea-level hundred years would be equivalent to a increase in some areas and decrease in
shift of isotherms toward the poles of others, especially the tropics and sub-

rise, displacing tens approximately 150-550 kilometers or an tropics. Therefore there may be

of millions of people altitude shift of 150-550 meters. This increased risk of hunger and famine in
compares with past tree species migra- some locations in the tropics and sub-
tion rates that are believed to be on the tropics, where many of the world's
order of 4-200 kilometers a century. Thus poorest people live.
the species composition of affected
forests is likely to change: entire forest Sea Level
types may disappear, while new assem-
blages of species and hence new forest A rising sea level caused by climate
ecosystems may be established. Large change could have negative effects on
amounts of carbon could be released into tourism, freshwater supplies, fisheries,
the atmosphere during times of high for- exposed infrastructure, agricultural land,
est mortality before the regrowth of a drylands, and wetlands. Effects may vary
mature forest. across regions, and costs to society will

greatly depend on the vulnerability of
Natural Ecosystems: Coral Reefs the coastal system and the economic sit-

uation of the country. A rise in the sea
Coral reefs, the most biologically diverse level will increase the vulnerability of
marine ecosystems, are important for coastal populations to flooding.
coastal protection, erosion control, fish- An average of about 46 million peo-
eries, and tourism. Sustained increases ple a year currently experience flooding
in water temperatures of 3-4°C above because of storm surges. A 50-centime-
long-term average seasonal maxima ter sea-level rise would increase this
over a six-month period can cause sig- number to about 92 million; a 1-meter
nificant coral mortality; short-term sea-level rise would increase it to 118
increases on the order of only 1-2°C can million. The estimates would be sub-
cause "bleaching," leading to reef stantially higher if population growth
destruction. Indications are that the full projections were incorporated. Several
restoration of coral communities could studies have shown that small islands
require several centuries, and delta areas would be particularly

8 Meeting the Challenges of Population, Environment, and Resources: The Costs of Inaction



vulnerable to a 1-meter sea-level rise. ments, availability of financing, and infor-
Estimated land losses range from 0.05 mation exchange. Vulnerability also in-

percent for Uruguay, 1.0 percent for creases as adaptation capacity decreases,
Egypt, 6 percent for the Netherlands, and developing countries are therefore
and 17.5 percent for Bangladesh, to more vulnerable to climate change than

about 80 percent of the Marshall Islands, industrial countries.

displacing tens of millions of people. The range of adaptation options for
managed systems such as agriculture

Human Health and water supply is generally increasing
because of technological advances. Projected changes

Human health is sensitive to changes in However, some regions of the world in climate under
climate because of changes in food have limited access to these technologies
security, water supply and quality, and and appropriate information. The effica- doubled carbon dioxide
the distribution of ecological systems. cy and cost-effectiveness of adaptation equilibrium conditions
These changes would be mostly adverse strategies will depend on cultural, edu- could lead to potential
and in many cases would cause some cational, managerial, institutional, legal,

loss of life. Direct health effects would and regulatory practices that are both increases in malaria
include increases in heat-related mortal- domestic and international in scope. incidence on the order
ity and illness resulting from an antici- Incorporation of climate change con-
pated increase in heatwaves. cerns into resource-use and develop- of 50-80 million

Indirect effects would include exten- ment decisions and into plans for additional annual cases
sions of the range and season for vector regularly scheduled investments in infra-
organisms, thus increasing the transmis- structure will facilitate adaptation. -Robert T. Watson
sion of vector-borne infectious diseases
(for example, dengue, encephalitis malar- Approaches to Reduce Emissions
ia, and yellow fever). Projected changes and Enhance Carbon Sinks
in climate under doubled carbon dioxide
equilibrium conditions could lead to Significant reductions in net green-

potential increases in malaria incidence house gas emissions are technically and

on the order of 50-80 million additional often economically feasible and can be

annual cases, primarily in tropical, sub- achieved by using an extensive array of
tropical, and less well-protected temper- technologies and policy measures that

ate-zone populations. Some increases in accelerate technology diffusion in the
non-vector borne infectious diseases energy supply and demand and agri-
such as salmonellosis, cholera, and other cultural and forestry sectors. In the

food- and water-related infections could energy supply sector that includes pro-
also occur, particularly in tropical and moting more efficient conversion of fos-
subtropical regions, because of climatic sil fuels; switching from high- to
effects on water distribution and temper- low-carbon fossil fuels; decarbonizing

ature and on microorganism proliferation. flue gases and fuels, coupled with car-
bon dioxide storage; increasing the use

Adaptation to Climate Change of nuclear energy; and increasing the
use of modern renewable energy

Successful adaptation depends on tech- sources such as plantation biomass,
nological advances, institutional arrange- wind, microhydro, and solar energy. In
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the energy demand sector the emphasis country; policies need to be tailored for
is on changing demand for energy in local situations and developed through

industry, transportation, and residential consultation with stakeholders.

and commercial buildings.
By 2100 the world's commercial Summary

energy system will have been replaced

at least twice, offering opportunities to Policymakers are faced with the task of
change the energy system without pre- responding to the risks posed by anthro-

mature retirement of capital stock. How- pogenic emissions of greenhouse gases in

Policymakers are ever, full technical potential is rarely the face of significant scientific uncertain-

faced with the task achieved because of a lack of informa- ties. Policymakers should consider these
tion and cultural, economic, institution- uncertainties with the knowledge that cli-

of responding to al, and legal barriers. mate-induced environmental changes

the risks posed by In the agricultural and forestry sec- cannot be reversed quickly, if at all,
tors new policies and technologies because of the long timescales (decades

anti iropogenic emphasize changing the management of to millennia) associated with the climate

emissions of agricultural soils and rangelands, restor- system. Decisions taken during the next

greenhouse gases with ing degraded agricultural lands and few years may limit the range of possible
rangelands, slowing deforestation, pro- policy options in the future, because high

the knowledge that moting natural forest generation, estab- near-term emissions would require

climate-induced lishing tree plantations, promoting greater reductions in the future to meet
agroforestry, and improving the quality any given target concentration. Delaying

environmental changes of the diet of ruminants. action might reduce the overall costs of

cannot be reversed Policy instruments can be used to mitigation because of potential techno-
facilitate the penetration of less carbon- logical advances, but delaying action

quickly, If at all, intensive technologies and modified could increase both the rate and the even-

because of the consumption patterns. These policies tual magnitude of climate change, and

long timescales include energy pricing strategies (carbon hence the adaptation and damage costs.
taxes, reduced energy subsidies); reduc- Policymakers will have to decide to

associated with tion or removal of subsidies that increase what degree they want to take precau-

the climate system greenhouse gas emissions such as agri- tionary measures by mitigating green-
cultural and transport subsidies; incen- house gas emissions and enhancing the

- Robert T. Watson tives such as provisions for accelerated resilience of vulnerable systems by means

depreciation and reduced costs for the of adaptation. Uncertainty does not mean
consumer; introduction of tradable emis- that a nation or the world community can-

sions permits; voluntary programs and not position itself better to cope with the

negotiated agreements with industry; broad range of possible climate changes
utility demand-side management pro- or protect against potentially costly future

grams; regulatory programs including outcomes.
minimum energy efficiency standards; Delaying such measures may leave a
market pull and demonstration pro- nation or the world poorly prepared to
grams that stimulate the development deal with adverse changes and may
and application of advanced technolo- increase the possibility of irreversible or

gies; and product labeling. The optimal very costly consequences. Options for
mix of policies will vary from country to adapting to change or mitigating change
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appear particularly desirable when they pollution) and make society more flexi-
can be justified for other reasons (for ble or resilient to anticipated adverse
example, abatement of air and water effects of climate change. U
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Loss of Biodiversity
Edward 0. Wilson

As humanity struggles to accommodate were extinguished through clear-
the 8 billion or more people due to pop- cutting during 1978-86.
ulate the earth within fifty years, the nat- * In the United States at least 2.3 per-
ural world is being eroded away.4 Five cent of the bird species, 2.2 percent

percent of the earth's land surface is of the amphibians, 1.2 percent of
burned every year. The tropical forests, the freshwater fishes, 1.1 percent of
repositories of most of the species of the plant species, and a staggering

organisms, are being reduced by about 8.6 percent of the freshwater mus-

1 percent of area per year. They occupy sels have been eliminated, most
6 percent of the land surface, down one- within the past 100 years. Overall,
half from their original cover before the 1.5 percent of U.S. plant and ani-
onslaught of humanity. Coral reefs, the mal species are now extinct, and
biodiversity-rich "rainforests of the sea," 22.2 percent are endangered or
are also being degraded at an accelerat- threatened, according to 1992 data

ed rate. from The Nature Conservancy.5

Afound the world field biologists can Most of the populations of organ-
relate in painful detail that small spasms isms, species, and races of species dis-

of extinction are occurring. That melan- appear before we can study them-in
choly roll call includes the following many cases even before we can provide

estimates: them with a scientific name.

• One-fifth of all the bird species
identified in the past 2,000 years Biodiversity on Earth Today
have been extinguished, with 11
percent of the surviving 9,040 What then is biodiversity? It is the total-
species endangered. In the envi- ity of all genetically based variation

ronmentally fragile Polynesian across all levels of biological organiza-
islands more than half of the land- tion, from the genes within a species to

bird species are gone; the figure is the species itself (which is the pivotal

three-quarters for the Hawaiian unit of classification) to the ecosystem.
islands. Putting the whole hierarchy together

* More than half of the 266 species this way emphasizes our need to speci-

of exclusively freshwater fishes of fy which level we address when we

peninsular Malaysia have been measure biodiversity and the rate at
eliminated. Fifteen of the eighteen which it is being lost.
endemic fishes of Lake Lanao in How much biodiversity exists on

the Philippines are gone. earth? The soundest unit we have to

* All of the eleven native species of attempt such a measure is the species.
the tree snail of Moorea, and more The number of species described and

than half those of Hawaii, are gone. given a scientific name probably lies
* More than ninety plant species on between 1.5 and 1.7 million, with 12,000

a single mountain ridge in Ecuador being added each year. The most diverse
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animals are insects (with about 750,000 samples of sand they recovered thirty-
species), and the most diverse plants are two species, most previously unknown
flowering plants (with 250,000 species). to science. Nothing is known of the
There is a connection between the two: biology of any of the species. One can
for the past 60 million years or so they only imagine the result if similar sam-
have dominated the land environment, pling were conducted along the banks
growing in codependence, through pol- of the Amazon or in the forests of New
lination, seed dispersal, soil enrichment, Guinea.
and the manufacture and consumption Yet all of this universe of surviving
of soil and vegetation. diversity may be dwarfed by bacteria. The number of species

The number of species known to sci- About 4,000 species of bacteria are rec- known to science is,
ence is, however, only a small fraction ognized by microbiologists, but the true
of the number actually in existence. The number is undoubtedly vastly greater however only a small
true number, most biologists agree, lies because the majority of kinds of bacteria fraction of the number
somewhere around 13.5 million.6 There are extremely hard to detect and culture.
is a consensus developing toward the Recent studies using DNA matching actuallyi existence.
lower figure, perhaps destined to settle found that 4,000 to 5,000 species exist in The true number most
a little over 10 million, although that fig- a typical gram of northern forest soil, biologists agree, lies
ure could easily be too low. The truth is almost all unknown to science. Another
that we don't know the figure even with- 4,000 to 5,000 species have been detect- somewhere around
in the nearest order of magnitude. The ed in a gram of marine sediments, dif- 13.5 million
life of this planet is still largely unex- ferent from those in soil and similarly
plored; the biosphere has only been unknown. There is no way of guessing - Edward 0. Wilson
partly mapped, as the following remark- the diversity of bacteria worldwide. It
able recent developments show. could range into the millions of species.

New bird species continue to be dis- At present bacteria are the "black hole"
covered at the rate of two or three a of biodiversity studies.
year. Even large mammals still turn up,
such as the new antelope and deer from Maintaining Every Species Matters
a reserve in Vietnam. Eleven of the
eighty-five known wlhale and porpoise But why should we care if a few species-
species have been recognized and even a large number of species-are
named only during this century; the lat- extinguished as a result of human activi-
est was a beaked whale in the eastern ty? Because each species is an irreplace-
Pacific in 1991. able masterpiece of evolution. The

When we turn to small insects and heredity of each of the great majority of
other arthropods, the number of undis- species, from amoebas to humans, is
covered species jumps dramatically. composed of between 1 billion and 10
Zoologists in the south of France, one billion nucleotide pairs ("letters")-
of the most intensely studied parts of the enough information to fill every edition
world, were recently startled when they of the Encyclopedia Britannica ever
made a close examination for mites and published. Each species attained that
other microarthropods about 0.2 mil- complexity cf prescription through
limeters in length or less in relatively countless numbers of mutations and acts
sterile beach sand. From relatively small of natural selection that adapted the
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species exquisitely to its particular envi- become imperative to discover new ones.

ronment, fitting it in among many other The best place to look is the vast reser-

species to create an ecosystem. voir of millions of species of fungi,

Paleontologists have determiined that insects, and other organisms that remain

each species and its immediate descen- to be assayed.

dants have in the past lived for an aver- The world's biodiversity is also a

age of 1 million to 10 million years before mostly unused and untapped cornu-
succumbing to natural extinction. There copia of other products, including new

is no conceivable way by which modern crops and animal foods, petroleum

Wild biodiversity biotechnology (or biotechnology pro- substitutes, fibers, pest control agents,

supports the natural jected well into the future) could create and soil-restorative plants. Approxi-
a viable species from the assembly of mately 60,000, or 25 percent of, known

ecosystems on which DNA up to an organism. Biologists are (vascular) plant species have edible

human life ultimately excruciatingly heedful of the immorality parts.8 Some are potentially better as
of human-caused extinctions. No other sources of food than those in current

depends, enriching the ongoing process is more in violation of use. Yet only a minute fraction have

soil, purifying water, the precept once proposed by Leo Szi- been tested for their possible commer-

and creating the very lard that we must never destroy anything cial use. Humanity stubbornly contin-
we cannot create. ues to rely on wheat, corn, potatoes,

air we breathe. There are also utilitarian reasons for and others of the two dozen or so

Humanity cannot holding on to every scrap of biodiversi- species first cultivated in fertile areas at
ty that we can. Nearly half the medical the Neolithic dawn of agriculture.

reduce its forests prescriptions made in the United States Wild biodiversity supports the natur-

and fields to a small today are for drugs derived as natural al ecosystems on which human life ulti-
fproducts from wild animals, plants, and mately depends, enriching the soil,

number of favored microorganisms. Much of modern med- purifying water, and creating the very air

species and expect to icine depends on other such chemicals. we breathe. Recent experimental stud-
feel safe afterW/vard An example is cyclosporin, a complex ies have confirmed what ecologists have

substance derived from an obscure fun- always suspected: the greater the diver-
Edward 0. Wilson gus found in Norway. A powerful sity of species in an ecosystem, the more

immunosuppressive agent, it is today productive and stable it is. Humanity

the basis of the entire organ transplant cannot reduce its forests and fields to a

industry. Two examples from cancer small number of favored species and

therapy are the alkaloids from the rosy expect to feel safe afterward.

periwinkle, an herb originating in Mada- As the area of natural habitats is

gascar.7 Together they have substantial- reduced, the number of species inevitably

ly increased the cure rate for two deadly declines. The rule of thumb that applies

cancers: Hodgkin's disease, which espe- universally to all kinds of organisms and

cially afflicts young adults, and child- habitats thus far studied is the following:

hood lymphocytic leukemia. reduce the area of the habitat by 90 per-

Organisms are of course also our prin- cent, and the number of species that can

cipal source of antibiotics. As pathogens live in it indefinitely will be cut in half.

such as malaria parasites and staphylo- Not all of the doomed species will disap-

coccus bacteria continue to acquire pear at once. Some may take years,

immunity to substances now in use, it will decades, or, in the case of trees, centuries,
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but their extinction will still proceed alog as possible of the surviving
much faster than if the larger area is main- resources. We need this information to

tained. Humanity has pushed the overall identify the hot spots of the world,

pace of extinction (of plants and animals) those habitats that contain the largest

worldwide to thousands of times faster amount of biodiversity found nowhere

than the natural rate. else and are in the greatest danger of
A clearer idea can be gained by look- destruction. These biogeographic data

ing at the projected loss of biodiversity in are needed to plot a course of preser-

tropical rainforests. There is no way to vation that is both secure and cost-
measure the absolute amount of biolog- effective. The most efficient instrument It is not too late to
ical diversity vanishing year by year in for a systematic effort of this kind on make a big difference.
rainforests around the world, as opposed U.S. biota is the National Biological Ser-
to percentage losses, even in groups as vice, recently created within the Depart- We-humanity-are
well known as birds. ment of Interior. going to lose a lot of

Nevertheless, to give an idea of the Biologists should also press studies of biOlogical wealth all
dimension of the hemorrhaging, let me the fuLll extent of biodiversity as a strategy

provide the most conservative estimate to discover new biochemicals, molecular over the world,
that can be reasonably based on our cur- and cellular processes, and adaptations. but with enough
rent knowledge of the extinction process. With technologists, biologists should help
I will consider only species being lost by invent new applications of benefit to knowledge and will
reduction in forest area, taking the low- humanity. Biodiversity has not received we can slow, and
est decrease of species with loss of area the same priority as other branches of sci-
usually found in nature. I will not include ence from funding sources. It now perhaps eventually
overharvesting or invasion by alien should, because of the great pronmise it stop, the hemorrhaging
organisms. I will assume a number of offers as well as the urgency of the extinc-

species living in the rainforests, say 5 mil- tion process it addresses. -Edward 0. Wilson
lion, on the low side, and I will further It is not too late to make a big differ-

suppose that many of the species enjoy ence. We-humanity-are going to lose
wide geographical ranges. Even with a lot of biological wealth all over the

these cautious parameters, selected in a world, but with enough kAowledge ancd

biased manner to draw a maximally opti- will we can slow, and perhaps eventual-

mistic conclusion, the number of species ly stop, the hemorrhaging. Our goal

doomed each year is 13,500. Each day it should be to carry as much of the rest of

is thirty-seven and each hour, one or two. life as we can through the bottleneck of

the next fifty years of overpopulation
What We Need to Do and environmental destruction, to hold

on to every species and race we can pos-
For scientists at least what then is to be sibly save, to eventually study and use it

done? Biologists should undertake a all. Along with culture itself that legacy

more rapid survey of the world's fauna will be the most precious gift we can

and flora, to produce as complete a cat- give to future generations. 9 O
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Food Production

Norman E. Borlaug

I am now in my fifty-first year of con- tries) have caused overuse of agricultur-
tinuous involvement in food production al chemicals, with consequent environ-

programs in developing nations. I have mental damage.
seen much progress in increasing the In my lifetime-eighty-one years-
yields and production of various crops, world population has grown from 1.6 to
especially cereals, in many food-deficit 5.7 billion people. Althouglh infectious
countries. Yet, although the world food diseases may alter future scenarios, a
supply has more than tripled during the current mid-range projection is for
past three decades, the so-called green world population to reach 6.2 billion by
revolution in cereal production has not 2000 and about 8.3 billion by 2025,
solved the problem of chronic imalnutri- before stabilizing-we hope- at about
tion for hundreds of millions of pover- 10 billion toward the end of the twenty-
ty-stricken people who are unable to first century.
purchase the food they need, despite its Had the world's food supply of 4.6
abundance in world markets. billion gross tons been distributed even-

Since Neolithic women domesticat- ly in 1990, it would have provided an
ed crop species some 10,000 to 12,000 adequate diet (2,350 calories, principal-
years ago, agriculture has been a battle ly from grain) for 6.2 billion people,
between the forces of natural biodiver- nearly I billion more than the actual
sity and the need to produce food under population. However, had lhe people in
increasingly intensive production sys- developing countries attempted to
tems. Through advances in science dur- obtain 30 percent of their calories from
ing this century world food supplies animial products-as in Canada, Euro-
have increased more rapidly than pop- pean Union countries, or the United
ulation and in general have become States-a world population of only 2.5
more reliable. billion people could have been sus-

However, we must also acknowledge tained, less than half the present world
that in many of the most productive population.
areas-especially irrigated areas located At least in the foreseeable future we
in warm climates-there are problems of will continue to rely on planLs, especial-
declining soil and water quality that, if ly cereals, to supply virtually all of our
left unchecked, can lead to the perma- food. Even if per capita consumption
nent loss of prime agricultural land. In stays constant, population growth will
most cases the root cause of this envi- require that world food production
ronmental degradation has been mistak- increases by 2.6 billion gross tons-or 57
en economic policy-not modern, percent-between 1990 and 2025. How-
science-based technology. Low profits ever, if diets improve (with increased
(mainly in developing countries) have animal protein) among the hungry
kept farmers from adequately investing poor-estimated to be 1 billion people,
in resource conservation, while exces- living mainly in Africa and Asia-world
sive subsidies (mainly in industrial coun- food demand could increase by 100 per-
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cent, to 9 billion tons. And we have to lands, or by converting 61 percent of the
achieve this production in environmen- forest and woodland areas to croplands.

tally sustainable ways! In actuality, because many of these lands
are of much lower productive potential

Technological Advances than the land now under crops, even
larger portions of the rangelands and

T'he debilitating debate between agri- woodlands would have to be converted
culturalists and environmentalists about to crop production. Imagine the addi-

what constitutes sustainable agriculture tional havoc from wind and water ero-
has confused-if not paralyzed-policy- sion, the obliteration of forests, and / am deeply concemed
makers in the international donor comn- extinction of wildlife habitats and that humankind is
munity who, afraid of antagonizing specics.
powerful environmental lobbying Even though the application of sci- being taken to the brink
groups, have turned away from sup- ence and technology currently available of disaster in hopes
porting the science-based agricultural or well-advanced in the research
modernization so urgenitly needed in pipeline can permit us biologically to that a scientifc miracle
Sub-Saharan Africa and parts of Latin produce food for two or three times at the last moment
America and Asia. T'his policy cleadlock more people than on earth today, I am will save the day
must be broken. In doing so, we cannot cleeply concerned that humankind is
lose sight of the enormous job before us being taken to the brink of disaster in -Norman E. Borlaug
to feed a world population of 10 billion hopes that a scientific miracle at the last

people. We cannot turn back the clock moment will save the day. For those
and use the low-yielding technology of wlho think genetic engineering will be

an earlier age. the panacea, I shoulcl point out that

I often ask the critics of agricultural most advances so far suggest that
technology wlhat the world woulcl look advances will lead to reduced pesticicle

like without the agricultural technology use, which certainly will be beneficial

advances that have occurred. Let us look for the environment, rather than
at the impact on the lancl. If' 1961 yields markedly higher genetic yield potential.

still prevailed today, three times more Most of the increased production to

land in China and the Unitedt States ancd meet global food demands must come
two times more lancl in India would be from land already under cultivation.

needecl to equal 1992 cereal production. While there are regional opportunities

Obviously, such a surplus of land is not to open new lands to agriculture using
available, especially in populous China new crop varieties with tolerance to soil
and India. toxicities, for example the Cerrado in

If the lUnited States had attemnpted to Brazil,"' there are other lands currently

produce the 1990 harvest of the seven- in production that hopefully will be
teen most important crops with the yields removed from cultivation because of

that prevailed in 1940 it would have environmental consiclerations. Also,
requirecl an additional 188 million agricultural lands are being lost to

hectares of land of similar quality. This urbanization, and this trend is expected

theoretically could have been achieved to accelerate as urban populations con-
either by plowing 73 percent of the tinue to grow proportionately more than
nation's permanent pastures ancd range- rural populations.
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Demographic Peril other than those in which they were
born. This number is rapidly rising as

Twenty-five years ago, in my accep- the poor seek to migrate to greener

tance speech for the 1970 Nobel Peace pastures. The southern U.S. border has
Prize, I said that the green revolution received strong migratory pressure

had won a temporary success in human- from destitute Latin Americans looking
ity's war against hunger that, if fully for a better life. In the next twenty years

implemented, could provide sufficient it is likely that increasing numbers of
food for humankind through the end of poor Africans will seek-by any and all

Agricultural experts the twentieth century. But I warned that means-to enter the industrial coun-

have a moral obligation unless the frightening power of human tries of Europe unless something is
reproduction was curbed, the success of done to get agriculture moving and to

to warn political, tihe green revolution would be only assist poor farmers in breaking the

educational, and ephemeral. vicious cycle of hunger and poverty.
religious leadersabout 'MThe demographic changes of this World peace will not be built on

reli sleaders about century have already exacerbated human empty stomachs and human misery.

the magnitude and misery and the degradation of the envi- Agricultural experts have a moral oblig-

seriousness of the ronment in many areas. Indeed, for those ation to warn political, educational, and
concerned witlh trying to preserve pris- religious leaders about the magnitude

arable land, food, and tine environments or to protect endan- and seriousness of the arable land, food,

population problems gered species, I would submit that and population problems that lie ahead.
human demographic increases are the Deny small-scale, resource-poor farmers

that lie ahead greatest environmental threat to the earth of the developing world access to mod-

- Norman E. Borlaug in the years ahead. If this relentless ern factors of production-such as
growth in human numbers goes on improved varieties, fertilizers, and crop

unabated, Homo sapiens themselves will protection chemicals-and the world

no doubt end up as an endangered will be doomed, not from poisoning, as

species. many environmental extremists claim,

Current estimates suggest that about but from starvation and social and polit-

250 million people live in countries ical chaos. -
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Energy and Climate Change
Jose 1. Vargas

The problem we are facing today-how Inextricably linked with these environ-

to effectively finance environmentally mental problems are the basic infra-
sustainable development-is a new structure problems of the generation
one, to the extent that there are no and use of energy and the supply of

precedents to guide our advice. We must fresh water, which are closely linked to
thus seek inspiration in the known facts, agriculture. In the industrial sector the

which I will summarize, and in the exist- question of synthetic molecules that

ing examples from past experience in affect the chemical composition of our

Brazil, as a representative developing atmosphere has received wide attention
country. As food for further thought I in the efforts to replace chlorofluorocar-
will close with an example of global cli- bons (CFCs) with other substances that

mate change affecting human life."I do not deplete the ozone layer.

Bankers and policymakers are accus- The result of inaction in dealing with
tomed to analyzing different alternatives one of the global environmental prob-

for investments with a view to determin- lems-that of the global warming
ing the course of action that represents caused by human-induced emissions of
the best application of scarce resources. greenhouse gases, especially carbon

This is my understanding of the word dioxide-is relatively easy to predict in
effective in the title of this conference. physical terms. The problem of estimat-

One particular aspect of the choice of the ing the cost of such inaction is more dif-
best course of action is the fundamental ficult, but I would like to introduce some

decision of when to take action. We also methodological considerations on how

have been asked to consider the cost of to approach the problem.
inaction, or the relative value of taking The most recent predictions by the

action later rather than now. Intergovernmental Panel on Climate
I propose that we recognize that it is Change (IPCC), the international body

absolutely essential that consideration of of scientists who make periodical eval-
these difficult and new problems be uations of the state of knowledge

based on reason, or on the best available regarding climate change, are that the
scientific knowledge. The Third World global mean temperature will increase
Academy of Sciences, which I have the at a rate of 0.1-0.35°C per decade in the

honor to chair, has identified the loss of next century. This sustained rate of
ground of rational thought to other par- increase is probably greater than any

adigms as one of the outstanding and seen over the past 10,000 years. Such a
worrying characteristics of the end of this prediction is based on the panel's sce-

millennium. nario of emissions, which postulated
The major global environmental significant increases in global emissions

problems we face, as identified and throughout the next century.

addressed by the United Nations in the The costs of inaction can be broken
Earth Summit in Rio de Janeiro in 1992, down into several categories. There is

are global warming and biodiversity. the cost associated with the damages
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inilicted by the change of climate, and in al mean temperature, and could evolve
his paper Robert T. Watson has expand- from this first approximation by invok-
ed oni cturrent klnowledge of the effects ing all other considerations contained in

of climaic chlange in all asspects. there is the convention in quantitative, negotiat-

also the cost associated with adapting to ed terms.
climate chaniige, if this is the course of The problem of global warming is
action selecLed, as it must be in some fundamentally a problem of how to deal
instances. On the other hand there is a with the energy sector. The historical evo-

cost associated witli mitigating the prob- lution of global consumption of energy

Any seriouis lcm, or taking measures to reduce emis- shows a steady growth of 2 percent a year

meeasulre to ach7ieve sions. lunndamentally, the choice is since the middle of the last century. The
wh11et!iCr such costs should he incurreci growth in the [Inited States has been

environmental ito w'h(1C tile alternative is facing the about 3 percent a year.1 3 It is thus evident

sustainability from the luture cost ol' inaction. that any serious measure to achieve envi-
The fiact that the cost of' action no" ronmental sustainability from the point of

point or view of global jr incuredil imiuchl ear-lier than thie poten- view of global warming necessarily in-

vwarfning 17ecessarily tial costs of inaction poses problems that volves dealing with tie future of the gen-

Involves dealing with have been reJerrecd to in the literature as eration and use of energy.
iled,lei} ieirationa1 equit 'y, a concept that The time evolution of efficiency in

the fiuture of the stretches the concept o' a dliscount rate energy use allows some interesting con-

generation and bevond the limiits intendedl for its applic- clusions. An impressive gain has been
abhilit and probably beyondc recognition. obtained in the efficiency of energy use

L!.se of energy w will n1ot dtwell on tilese aspects, except for lighting. A less impressive but sus-

Jose 1. Vargas to imcntioti that the problem of iwer- taineci growtil has occurred in the effi-
counltr! equity' IImust be dealt with with- ciency of the conversion into mechanical
in the framework of the Convention of energy. 4 It thus stands to reason that

(Cliniate (Ilnge. whichi contains all the actions toward environmental sustain-
important principles of a common but ability must include efforts to explore all

dillerenLtiated responsibility and several opportunities for further improvement of

considerations for the special conditions efficiency in both the generation and use

of couLitries or glOUpS of countries. of energy. Science and rationality have

As we work toward implemilentation been and will continue to be even more
of lhe Berliil Nlandatei2 to negotiate a essential factors in achieving energy elffi-

protocol ifor the limitation of emlissions ciency. Any energy program must be
of Annex I parties and for the continu- intimately linked to the enhancement of

ation of imiplemilentaition of present coin- the efficiency in energy use.

nitmncnts of non-Annex I parties, we Energy is basic for development. It is
mLust Cstablish a global regimile in which a natural ancl fair aspiration of people in

eaCh co)un.try's share of' the burden of developing countries to achieve a stan-

mitigating climate change should be, in clard of living comparable to that in

a hirst approximation, proportional to its industrial countries. Considerations of
shawe of' responsibility for climate environmental sustainability, capital

change. 'his share of responsibility requirements, and the limitation of nat-

couldl be measuredl, for instance, by its ural resources lead to the conclusion that

contribution to the increase in the glob- the generalization of energy use in the
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world implies necessarily the achieve- the wrong action. I would like to illis-

ment of new high-efficiency levels of trate the theme with a few examples

technology. The development, in coop- from the Brazilian energy sector.

eration with industrial countries when In the 1970s the govetrniment of
appropriate, and introduction of such Brazil took a major initiative hy imple-

new technological levels in developing inenting a national prograrm to promote,

countries is thus a high priority. This through subsidies and technical devel-
concept includes so-called technological opment, the use of hydrated alcolhol

leapfrogging, best described as jumping from sugar cane as an automotive Lie1

over steps taken in the past by industri- The basic reason for increasing fuel sup- The realization of the
al countries. The realization of the poten- ply secuirity, tien threatened by the first potential global benefits
tial global benefits from this course of oil shock, was soon complemented hy
action justifies the cooperation of indus- the realization of the additional envi- from this course
trial countries and constitutes the con- ronmental benefits of reducing u rban of action justifies
structive interpretation of the quest for pollution. This reason was later fortified
technology transfer by developing coun- by thie realization that the program is a the cooperation of
tries. major demonstration of the Utse of) blo- industrial countries

The question of the timing of sucih Imiass fuel asa means of avoiding carbon and constitutes
measures-and the question of the cost eMissions.
of inaction-must take into account fac- The carbon emissions as a result ol the coiistructive
tors that are intrinsically contradictory. the combustion process are ollset by the interpretatioi of
The case for urgent mitigationi follows uptake of carbon dui-rig the growing
from the fact that the effect of carbon season of the sugar plant in a Su.s'ai__1- the quest for
dioxide emissions is felt as a change in able manner; thius the 5 imiillion Brazil- technology transfer by
the global mean temperature after a ian cars fuelecd with pUIC ethanol insteadc

long delay. For example, the effect of of gasoline do not con0tribUte to global developing countries
avoiding the emission of I gigaton of warimiing. A receit estimate is that, since - JOse Vargas

carbon in 1995 on the predicted increase its inception in 197z4, the progrmi lias

in the global mean temperature would prevented carbon Ciemissionls totaling

not be felt for several decades. 5 more than 9 megatons a year, a numlber

Investments and returns in the ener- that should be com)pared to the Brazil-
gy sector also have a typical timescale of ian emlissions from fossil fuels of' 6)

several decades. To make matters even megatons a year.

more complicated, the sector is very Another example fromil Brazil, of an
capital-intensive and is subject to tech- instance wlhen the dlecision in the energy

nological changes that occur in a sector proved not to be the best one, Wis

timescale shorter than the typical period that of the construction of the Balbina

for the payback of investments. It thus hycdroelectric cdam For reasonis related to

can be argued that it is best to delay the reduction of the cost of tranismaittinig

action because in the future there will electricity, the Balbina dam was huilt near
be more capital, better knowledge, and the remotely located city of Manaus, cap-

better technology, making this delay a ital of Amazonas in northerin Brazil It

more efficient use of capital resources, turned out, lhowever, that the area flood-

In addition to the cost of inaction ed by the reservoir was well out of pro-

one should consider the cost of taking portion to both the installed power and

Energy and Climate Change 2?



the energy supplied by the plant: 216,000 mates that are either tropical or arid or

hectares for an installed power of 250 semiarid, with a high interannual climate

megawatts and an energy supply of 1,100 variability. This correlation is certainly
gigawatt-hours per year. The resulting not a coincidence, but a discussion of
ratio of 5 megawatt-hours per year per which is the cause and which is the

hectare is one or two orders of magnitude effect, even though interesting, is outside

worse than other hydroelectric dams in the scope of this chapter.

Brazil. The fact that this correlation exists,

Opportunities in the area of energy however, implies that the peculiarities of
One interesting conservation have an important role in a such climatic conditions must be taken

example in Brazil of the country like Brazil, even though they are into account in making development
limited in their overall contribution to decisions, in terms of their implications

gains to be obtained the objective of environmentally sustain- not only for the energy sector but also

by taking appropriate able development from the viewpoint of for the unique agricultural sector. The
mitigating greenhouse gas emissions agricultural sector in turn conditions the

action in a timely and thus alleviating global warming. TIhe energy demand through its require-

fashion is provided by initial basic reason for an energy con- ments for fertilizers and fresh water for

the introduction of servation program was to save scarce irrigation and other uses.
foreign currency by avoiding oil imports. One interesting example in Brazil of

monthly climate The Conserve program, carried out the gains to be obtained by taking

forecasts in the during the 1980s, allowed for a total appropriate action in a timely fashion is
replacement of oil derivatives in the provided by the introduction of month-

semiarid region of Brazilian pulp and paper industry and for ly climate forecasts in the semiarid

northeastem Brazil the near-total elimination of oil con- region of northeastern Brazil, in the state
sumption in both the steel and cement of Ceara, since 1990. This region has a

-Jose l. Vargas industries. More recently, considerations well-defined rainy season and a very

of delaying investments in the construc- high interannual variability of rainfall,

tion of power plants and refineries, in the and its agriculture is highly dependent

context of scarce investment capital, on the onset and strength of the rainy

caused Brazil to enhance this energy con- season (table 1).

servation program, with the assistance of These data demonstrate the striking

the World Bank. Total investment in ener- difference in grain production as a result

gy conservation is expected to be on the of appropriate and timely action.16 El

order of $16 billion through 2015, for a Niho episodes are associated with

total energy saving of 130 terawatt hours, drought in Ceara and with a decrease in

equivalent to the output of two Itaipu grain production. Severe drought condi-

dams, each with 12,000 megawatts of tions occurred in both 1983 and 1993,

installed capacity. but grain production was higher in 1993,

Finally comes the issue of the rela- when El Nino's southern oscillation was

tionship between energy and agriculture. predicted by the forecast.
The agricultural sector constitutes a nec- The same difference is seen between

essary and prominent feature of devel- 1986 and 1994, both years with heavy

opment in developing countries and is of precipitation; adequate agricultural man-

course closely linked with the energy agement in 1994 based on climate and

sector. All developing countries have cli- weather forecasts allowed for much high-

22 Meeting the Challenges of Population, Environment, and Resources: The Costs of Inaction



Table 1. Rainfall and grain production in the stats of Ceari, Brazil, selected years

Annual precipitation Grain production

Climate and year Mean (mm) Deviation 1%) (in tons)

Severe drought
1983 395 -58.4 121,956
1993 413 -56.2 191,675

Heavy rainfall
1986 1,282 36.0 631,465
1994 1,161 22.4 1,029,553

Moderate drought
1987 723 -23.6 263,662
1991 725 -23.4 796,911

Mean 943 0.0 650,000

Source: Meteorological Institute of CearA/Brazilian Institute of Geographical Statistics.

er grain production than in 1986. Nega- countries may be seen clearly through Knowledge is
tive effects of moderate droughts, such as some well-known indicators, such as illit-

those that occurred in 1987 and 1991, can eracy level, number of engineers, p absolutely essenpaa
also be reduced through timely and cor- graduate courses, and number of scien- to decisionmaking
rect action. In 1991 and 1993 the predic- tists per inhabitant. The consequences of in the search for
tion of El Nifno and the associated drought investments in education are felt in the
was the basis for advice to farmers, and long term, typically one generation. So efficient investments
as a result grain production did not show are the consequences of inaction-its to achieve
the major losses incurred in 1983 and results are seen after twenty years, when
1987 when no action was taken. a poor basis of human resources results environmentally

Action was not taken following the in new inaction or faulty decisionmaking. sustainable
prediction of the 198687 El Nifho and In closing, I want to mention a factor
associated drought, and grain production that must be taken into account in decid- development
was quite small-100,000 tons as com- ing on the cost of delaying action in deal- -Jos6 1. Vargas
pared with the long-term average of ing with the problems of environmentally
650,000 tons. In 1991 and 1993 the pre- sustainable development. The ultimate

diction of El Nifio and associated drought objective of development is to enhance
was the basis for advice to farmers. As a the well-being of humanity in sustainable

result grain production did not show the equilibrium with the environment. Thus

major loss incurred in 1987, when no the direct effect of human-induced glob-
action was taken. al climate change deserves a central

We have seen that knowledge is place in our concerns. It turns out that

absolutely essential to decisionmaking in general physico-chemical laws can in

the search for efficient investments to principle be applied to the transition of

achieve environmentally sustainable mammalian species from the living state
development. Probably the most striking to the dead state.
consequence of inaction results from Under certain assumptions about the

inefficient education systems. This validity of thermodynamic equilibrium

applies particularly to the current limited between these states, it can be hypothe-
scope of science education. The differ- sized that there is a linear correlation

ence among industrial and developing between the logarithm of the frequency

Energy and Climate Change 23



of deaths and the ambient temperature. A similar dependence is found with the
The slope of the line might be associat- data from the Greater London heatwave

ed, through Arrhenius's Law, with the of 1976. The implications of this hypoth-
activation energy for the passage.' 7 In a esis, were it to be verified, are far-reach-

few instances in which the appropriate ing, because they imply that the
statistical data were available, this frequency of deaths tends to be associat-
hypothesir seems plausible, and it should ed with temperature in exponential.

describe analytically the mortality associ- The observed effect results not so

ated with the last exceptionally warm much from the attainment of high tem-

summer here in the United States.18 perature extremes, but rather from the
The death rate in Marseilles during lack of their diurnal variation, as was

the heatwave of July-August 1983 was distinctly observed in Marseilles and

correlated with the temperature.1 9 The nearby Carpentras. Further, the possibil-
same mortality data on a log scale, shown ity of adaptation of the affected popula-
as a function of the inverse absolute tem- tions to newly induced temperature
perature, corroborates the hypothesis.2 " extremes should not be excluded. U
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Disease

Joshua Lederberg

For the generation born between World the globe as a whole, where diarrhea,

War II and 1980, it has been taken for malaria, parasitoses, and tuberculosis

granted that communicable disease was have long been a source of immense
the enduring scourge of impoverished daily tragedy and economic loss.
peoples and that industrial countries We are locked in a global struggle
could bask in accomplished victory. with our microbial competitors, who
They could turn their attention to other have occupied themselves with every

ills of civilization and to the chemical imaginable trick of rapid genetic adap-

and physical effects on the global envi- tation, mutation, and evolution. I would
ronment that were incidental to careless label this scenario "wits versus genes":

industrialization. our collective intelligence, social as well

From a U.S. perspective in 1900 infec- as individual, versus ensembles of DNA
tious diseases were the leading cause of measured in high exponents of ten.
mortality, accounting for at least 37 per- These germs are indeed bundles of

cent of deaths. By 1950 this had fallen to genes. using every trick of maneuver
6.8 percent and by 1989 to 2.8 percent, and attrition to support their economy,
with corresponding improvements in life namely our bodies.
expectancy. These numbers must be For the first time in human history
taken with a grain of salt, given the even- we have the congruence of enormous

tual preemptive role of infection in impoverished human populations and
chronic illness. The relative importance near-instantaneous travel of hordes of

of sanitation, health education, and nutri- people, overnight, from any point on

tion, in contrast to medical interventions the globe to another. Close to a million

such as immunization and antibiotics, has people cross national borders every day
remained in contentious debate. None- by air transport alone in ordinary civil

theless, this achievement stands as a glo- intercourse. The problem is greatly com-
rious tribute to public health and medical pounded by mass migrations of refugees
science. fleeing war, massacre, and famine and

Our complacency about the triumph inevitably carrying their burden of dis-

of the human over the microbial has ease with them.
been shaken by the global human Technology, exercised in the open-
immunodeficiency virus (HIV) pandem- ing of wild lands to human occupation,

ic. More recently, emerging infection has also exposed people to unaccus-
has been much in the news. In the daily tomed animal viruses. Yellow fever has
headlines we read of outbreaks of han- sustained reservoirs in jungle primates,
tavirus, plague, Ebola, cryptosporidium, and these same reservoirs are the prob-
flesh-eating streptococci, and antibiotic- able origin of HIV in Africa. It is mysti-
resistant tuberculosis. fying that yellow fever has not become

In fact this is only a small regression endemic in India, where mosquitoes
of the health experience of industrial and susceptible people abound. We

countries to what has been the norm for will almost certainly experience severe
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outbreaks from the opening of the demic of 1918-19 spread around the
Amazon basin. globe and caused some 25 million fatal-

Our preoccupation with AIDS should ities-half a million in the United States
not obscure the multiplicity of infectious alone-almost equalling the casualties,

diseases that threaten our future. It is not including the slaughter in the trenches,
too soon to start a systematic watch for of World War I. In principle vaccines

other new viruses before they become as might be developed that could provide

irrevocably lodged. The fundamental insurance against a recurrence, but they

bases of virus research and the develop- are not in hand today, and it would
No matter how selfish ment of new vaccines and drugs can almost certainly be too late if we wait for

our motives, we can no hardly be given too much encourage- that strain of flu to reappear. This is but
ment. They have made extraordinary one of dozens of equally severe punish-

longer be indifferent to leaps, particularly with the help of ments for our nonchalance, our assump-

the suffering of others. recombinant DNA technology. Such tion that nature is uniformly benign.
The microbe that felled research should be done on a broad The World Bank could play a special

international scale, both to share the role in providing impetus, expertise,

one child in a distant progress made in advanced countries and financial support to governments,

continent yesterday and to amplify the opportunities for the World Health Organization, and
fieldwork at the earliest appearance of nongovernmental organizations as well

can reach your outbreaks in the countries most afflicted. as in analyzing the necessary incentives

child today and As one species we share a common to the private sector for:
vulnerability to these scourges. No mat- * Monitoring, surveillance, and com-

seed a global ter how selfish our motives, we can no munication on disease outbreaks

pandemic tomorrow longer be indifferent to the suffering of and their accurate diagnosis
others. The microbe that felled one child * Development and dissemination

-Joshua Lederberg in a distant continent yesterday can of new vaccines and drugs

reach your child today and seed a glob- * Training of health officials, media,

al pandemic tomorrow. How can we and the public

procrastinate any further, or have any m Research on how microbes

reservations, about a common cause- evolve, and on new approaches

one that responds to every outbreak of to control.
disease anywhere as a challenge to all All of the above should be fostered
of us? as far as possible in the indigenous set-

One does not have to reach far for tings where new outbreaks are most
historical precedents. The influenza pan- likely to be initiated. U
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Population and Environmental Destruction
Paul R. Ehrlich

The roughly fivefold increase in the systems being exterminated at

number of human beings over the past rates unprecedented since the

century and a half is arguably the most mass extinction 65 million years

dramatic terrestrial event since the ago
retreat of the glaciers thousands of years a Depletion of the earth's vital

ago. That explosion of numbers has ozone shield, which may be cor-
been combined with about a fourfold rected in time by the Montreal

increase in resource consumption per Protocol, but which still must be
person and the adoption of a wide array considered a potential threat
of technologies that needlessly damage * The prospect of rapid climatic
the environment. change threatening agriculture,

The result has been an unprecedent- made more credible by the news

ed assault on the integrity of natural that 1995 was the warmest year on
ecosystems, the apparatus that supports record
the human enterprise. The intercon- * Food production already falling
nected symptoms of this assault, all behind population growth, and

clearly related to overpopulation, few biotechnological tricks on the

include: horizon to produce desperately
n Land degradation afflicting more needed future yield increases.

than 40 percent of the earth's sur- The symptoms of overpopulation may
face, resulting in a total (and also include increasing crime, war, and
growing) loss of about 10 percent other social disruption, although the

of the planet's potential to supply population connection here is more
food, fodder, fiber, timber, bio- controversial.
mass energy, and other important That the planet as a whole is over-

resources populated, as are virtually all nations, is
i Deforestation, with about one- clear. Today's 5.7 billion people cannot

third of the original forest cover be supported on "income," but rather
removed since the invention of only by the destruction and dispersal of

agriculture and much of the a one-time "inheritance" of capital. The
remaining forest highly altered most important elements of that capital

n Ecosystem toxification, with thou- are biodiversity, fossil groundwater

sands of synthetic chemicals deposited during glacial periods, and
pouring into the environment and deep, rich agricultural soils.

disturbing signs that many of Population growth is also deeply
them interfere with ecosystem involved in the deterioration of human-
functioning and human develop- ity's epidemiological environment.

ment processes Large populations can maintain many
a Loss of biological diversity, with infectious diseases that small ones can-

populations and species that are not and are more likely to be invaded
working parts of our life-support by pathogens previously restricted to
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nonhuman organisms-especially pop- of civilization in the form of crops,

ulations that contain many hungry and domestic animals, medicines, and indus-

thus immune-compromised people. The trial raw materials.

AIDS epidemic is likely to be just the first Top priority must be given to remov-

of many new global epidemics. ing the pressure from vital ecosystems,

Basically, while politicians and other seeking a sustainable food-population
leaders focus on such things as conflict in balance, and improving the epidemio-

the Balkans and Central America, eco- logical environment. Achieving this will

noniic trends, and the morality of birth require humanely shrinking popula-

Society needs to control and abortion, the very founda- tions worldwide (by reducing birth

recognize that the tions of our civilization are rapidly erod- rates below death rates), reducing per
ing. Society needs to recognize that the capita consumption among the rich

economy is a wholly economy is a wholly owned subsidiary of (which will make room for growth in

owned subsidiary of the the earth's ecosystems and act according- consumption among the poor and can
ly. Those systems provide humanity with be achieved while increasing the quali-

earth s ecosystems a series of free services without which civ- ty of life), and adopting more environ-

and act accordingly ilization could not persist. These include mentally benign technologies. This
Paul R. Ehrlich maintaining the gaseous quality of the need for shrinkage applies especially to

atmosphere; running the hydrologic cycle the populations of the rich nations. A

that provides fresh water; generating and general increase in equity in opportuni-

preserving soils and making them fertile; ty is in everyone's best interest. There

controlling more than 95 percent of pests can be no lifeboat escape; disease,

that can attack crops; and maintaining a global climate change, loss of biodiver-

vast genetic "library" from which human- sity, and social strife intertwine the fates

ity has already withdrawn the very basis of all nations. 2 1
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Economic Aspects of Environmental Challenges

Kenneth J. Arrow

The environment, broadly considered, creating noxious fumes, or making the

is an input into human production and air in certain atmospheric conditions

human welfare and, to a considerable fatal to vulnerable members of the pop-

and increasing extent, is influenced by ulation. In many instances the dumpers

human activities. Hence it is a medium pay no price for the dumping and may

through which individuals and organi- be unaware of the consequences.

zations can cause good or (more likely) Many of the consequences are

harm to each other. Mutual influences remote. Deforestation in upland regions,

are of course not confined to environ- whether for logging or for firewood (as

mental considerations. Indeed in every in developing countries), can increase

market transaction one agent makes sac- the possibility of flood on faraway plains

rifices to improve the productivity or areas. Acid precipitation is created by the

welfare of another, for example, a work- transport of sulfur dioxide and other by-

er performing onerous tasks for an products of combustion through the

employer. But in the market the costs atmosphere for hundreds of miles. Other

are, in economic jargon, internalized; damages occur on a truly global scale,

the worker receives a wage and will not most notably ozone depletion in the

work unless the wage is sufficient to stratosphere, which is the result of the

compensate him or her for the labor per- release of chlorofluorocarbons and glob-

formed. The employer then only makes al warming. Changes in the radiation bal-

use of labor when productivity is suffi- ance of the earth is caused by the

cient to permit compensation of the increasing concentration of carbon diox-

worker for his or her labor. When indi- ide in the atmosphere that is created by

viduals interact not directly but through rapidly increasing combustion.

environmental influences, there is usu- A related problem is the excessive

ally no compensation. There is then a use of some natural resources that are in

tendency to overuse the environment, effect treated as being free. An increas-

and this tendency creates the special ingly important example is overfishing.

need for environmental policy. Because the ocean is not private prop-

erty and in any case fish move freely,

Environmental Damage and Overuse there is no price to fishermen for taking
fish, even though this decreases the

The simplest examples of environmen- availability of fish to others. Similarly, in

tal damage are the dumping of house- many areas forests are freely accessible,

hold and industry wastes into running especially in areas adjacent to subsis-

water or the atmosphere. The wastes tence agriculture. In each case there are

may be toxic chemicals, household tendencies to overuse the resource. In

wastes, or sulfur dioxide and other by- both cases overuse affects not only the

products of combustion. These may present but also the future.

affect the environment by killing fish, Overfishing decreases the future catch

making water unusable for drinking, of fish, but it does not pay any individual
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to refrain from fishing today because the It is clear, however, that governments
future progeny of the fish saved may well also can and do restrict environmental

be caught by others. Indeed the decline damage. The typical means by which they
in the fish catch has become very marked. do so are regulation of airborne and
Overgrazing and excessive use of fertiliz- waterborne emissions and the construc-
er have in the same way brought ruin to tion of facilities for mitigation, such as
farming in most of the Middle East and sewage purification plants. Some econo-
the Sahel and have occasioned consider- mists argue that regulations provide an
able soil loss in most agricultural regions, inefficient way of restricting damage, in

Collective action is including the United States. the sense that the loss of output is unnec-

needed to restrain the essarily large. We argue that the aim
General Principles should be to get as much output as pos-

markets excess use sible at a given level of ermissions and that

of environmental In all these cases there is damage to some, this aim can be best established by either
indeed to most, individuals through envi- taxes on emissions or a permit system,

resources. Collective ronmental degradation, and the damage where the permits can be bought and sold

action need not take the is not compensated for. The activities that on the open market. A permit system is

form of state action produce these damages are carried out on now in use for sulfur dioxide in the Unit-
scales beyond those that balance benefits ed States. These policies are simply using

-Kenneth J. Arrow and costs. There is therefore an important the known efficiency properties of the pri-

sense in which the market fails to achieve vate market in a way that permits correc-
an optimum. Collective action is needed tion of the failure of the market to control
to restrain the market's excess use of envi- environmental damages. The appropriate

ronmental resources. Collective action levels are set by government action, but

need not take the form of state action: the implications for production are gov-
fishermen and users of forests have, emed by the market. Those firms that can
through local cooperation, found a com- produce the most product for a given level

mon gain in restricting the scale of their of pollution control are preferred.
activities to ensure sustainable yields of

fish and wood. Considering the Future
In fact governments, far from provid-

ing a collective brake on overuse of the As already suggested, environmental

environment, have frequently encour- problems frequently affect the future as

aged it. The farming and cattle-raising that well as the present. Global warming pro-
are so destructive to the Amazon valley vides an extreme case, because although
have been subsidized by the government. some effects are probably being seen
Many large-scale government projects for now, measures taken today will have a
large dams for power and irrigation have larger and even more noticeable effect

destroyed natural resources without only after forty to fifty years. We require

regard for the true economic conse- a tradeoff between costs (in terms of out-

quences. Many scholars indeed believe put) today and benefits in the distant
that governments have been as responsi- future. This tradeoff is analogous to that

ble as private enterprise has been for the of a firm making an investment (incurring
economically unjustified environmental a cost) today, with profits to be made in

damage. the future, though the horizon is longer
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than any firm's. For the firm the tradeoff power or irrigation project that calls for
can be expressed in terms of an interest large-scale changes in ecology or dis-

rate; a project should be undertaken if its placement of people should be regarded

future benefits, discounted in terms of an with grave suspicion, and all the true costs
interest rate, exceed its present costs. to people and to the availability of
This makes the choice of a suitable rate resources should be made explicit. This
very important. Though there is by no obligation falls on international lenders
means a clear consensus, I would argue who finance such projects as well as the

that, for a number of reasons too lengthy government involved. A benefit-cost
for this chapter, a figure in the. neighbor- analysis associated with any project When the future is
hood of 4 percent is reasonable. This fig- should be performed and should fully concemed, the
ure is in the middle of the ranges of include all the costs in terms of resource
figures proposed. To compare, the U.S. depletion, creation of additional wastes goverment's policies
Office of Management and Budget uses directly and indirectly, and imposition of should reflect
7 percent, while others have argued for other stresses on the environment.
2 percent to 3 percent. Other government policies must also appropriate discount

While the general principles set forth be subject to analysis for environmental rates, which are apt to
here are widely accepted, their imple- effects. This applies particularly to mea- be lower than the rate
mentation is another matter. To estimate sures designed to support agriculture,
the benefits from environmental controls fishing, forestry, or mining, all of which of return on corporate
is very difficult and gets more so as we are likely to have adverse environmen- capital, and more like
go further into the future. The estimates tal costs, some of which are by no
of the possible extent of global warming means obvious. (Even obvious costs are the riskless rates that
are of course controversial. But even if frequently overlooked in the pursuit of can be eamed
we set a particular figure based on the economic gains to narrow groups.) . .i.
views of climatological experts, the esti- Private enterprise similarly needs to by Individuals
mate of the associated economic loss is be made to include in its decisions envi- -Kenneth J. Arrow
very difficult. The uncertainty itself has ronmental effects. Usually, this applies to

economic implications. If the abatement emissions into the atmosphere or water
costs are very high, the uncertainty sug- that adversely affect others within the

gests that we should wait until better nation and across national boundaries.
information is available; but if they are This requires development of taxes,

considered moderate, the opposite poli- transferable permits, or regulation, as the

cy seems more reasonable. That is, at occasion warrants. These are designed to

moderate cost it is better to be safe rather direct the firms to achieving the same
than take the risk that global warming outputs with reduced environmental
will produce very bad results. consequences, using the full power of

market-like incentives.
What We Can Do Now Finally-and a key point-when the

future is concerned, as it usually is, the
A number of steps are imperative to government's policies should reflect
reverse the trend toward environmental appropriate discount rates, which are apt

degradation. Government development to be lower than the rate of return on cor-
projects must be scrutinized for their envi- porate capital, and more like the riskless

ronmental effects. For example, any rates that can be earned by individuals. G
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Challenges
Henry W. Kendall

The preceding chapters have set out a growth, well over 90 percent, will occur
deeply sobering view of the injury to in developing countries. The industrial
important global physical and biological world's 1 billion people is expected to

systems, as well as to resources crucial grow to about 1.2 billion by 2050.
to our well-being, that is resulting from There will probably be an additional

reckless human activities. It is abundant- threefold expansion of the developing
ly clear that corrective action will be frus- world's population in urban areas to 4.4
trated by continuing expansion of billion during the next thirty years, result-
human numbers and, accordingly, that ing in numerous "megacities." While such
all aspects of these problems must be cities have a number of attractive features
promptly and powerfully addressed. The for developing nations, particularly in

concern of the world's scientific com- focusing and easing many productive
munity over the future is fully justified. activities, they can also generate a host of

thorny problems, especially where envi-
Business as Usual and Its Costs ronmental degradation, poverty, hunger,

and violence are growing national diffi-
While it is not possible to make satisfac- culties. Stressed in this way, these urban
tory predictions of the future course of areas can become the triggers for civil dis-
events, it is possible to outline in broad ruption, if not revolution. Urban expan-

terms the consequences of humanity's sion typically consumes sorely needed
continuing on its present course of envi- arable land.

ronmental damage and resource mis-
management remaining uncontrolled, Environmental
while human numbers grow-business and Ecosystem Damage
as usual. In what follows, with the mate-
rial of the earlier chapters as prologue The rate of global loss of soil from arable

and background, we look at the near land through erosion-in excess of new
future, roughly to the middle of the next soil production-is estimated to be 23

century, assuming that the patterns of billion tons a year, or about 0.7 percent
human activity outlined above remain of the world's annual soil loss. Contin-
unchanged. ued erosion at this rate will result in the

loss of more than 30 percent of all soil
Population by 2050, an enormous and irreplaceable

loss that would have an extraordinarily
The United Nations has concluded that harmful effect on global food produc-
the world's population could reach 14 bil- tion in the long run. Other injurious agri-
lion, nearly three times today's numbers, cultural practices impede the task of

and the momentum of population expan- raising crop productivity. Per capita
sion appears likely to result in about 10 arable acreage is now decreasing and,

billion people by 2050, or nearly twice under business-as-usual conditions, will
today's numbers.2 2 The bulk of the continue to do so for decades.
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If present rates of deforestation per- loom ahead and further stress numerous

sist-or worse, increase-the tropical impoverished nations. Water shortages

rainforests may be largely gone by the have already stimulated a number of

end of the next century. The irreversible conflicts, and conditions will worsen as
loss of species-which, under business- demand increases in the years ahead.

as-usual conditions, may approach one- Based on historical experience, the
third of all species now living by thirty-eight nations with population
2100-is especially serious. growth rates above 3 percent a year can-

not expand their food production to
Energy Use and Its Consequences keep pace with this growth. The sixty- The possibility of

three additional nations whose popula- providing adequate
With world population growing and tion growth rates are in the range of 2
with no changes in current patterns of percent to 3 percent a year may experi- food for many
energy use, there will almost certainly ence great difficulty in keeping pace. of the developing
be a major expansion of fossil fuel use Continued pressure on the world's w
throughout the world. Such an expan- fisheries will result in widespread injury, worlds people Is
sion will lead to a doubling or even and in some cases fisheries will collapse remote if the business-
tripling (relative to preindustrial times) in the years ahead-all far beyond what as-usual scenario
of the amount of the greenhouse gas has occurred to date. It is quite possible
carbon dioxide in the atmosphere by that virtually all of the ocean's major persists much longer
around 2100. There will also be increas- fisheries could be destroyed. Although - Henry W. Kendall
es in atmospheric concentration of other the global consequences will not be
greenhouse gases such as methane. The great-fish constitute no more than a
resulting climatic changes will persist for small share of human food-it will still

centuries and, depending on the scale of be a major tragedy. Some nations, far
continuing emissions, may continue to more dependent on food from marine
increase. sources than others, will suffer serious

consequences from declining catches.
Food Prospects The possibility of providing ade-

quate food for many of the developing

Nearly one-fifth of the world's popula- world's people is remote if the business-
tion now suffers from inadequate nutri- as-usual scenario persists much longer
tion, and the stage is set for a substantial into the future. Stress on these people's

increase. Decline in global per capita food supplies arising from climatic
food production will worsen in coming change, discussed in Robert T. Watson's

decades if matters continue as they chapter, will hasten the troubles.

have. Under a business-as-usual sce-
nario it is possible that even in twenty- Links and Surprises
five years, the number of people living

on the edge of starvation would double With the global systems that we depend

to some 1.5-2 billion people. The on under multiple stresses, an addition-
expansion of irrigation has slowed for al array of environmental difficulties
environmental reasons as well as from appears likely to surface through syner-
water shortages. If continued, this trend gistic effects, with aggravated, out-of-pro-

will aggravate the food shortages that portion damage arising when additional
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stress reduces a system's tolerance to An Alternative Future
stresses already imposed. This can give
rise to unexpected disruption. More- Great changes, effected very promptly,

over, there can be links, known or are now required in our stewardship of
unsuspected, between activities; for the earth if vast human misery is to be
example, climate warming, urbaniza- avoided and our global home is not to

tion, deforestation, and easily accessible be irretrievably mutilated.
transportation all can enhance the
spread of disease. Because large-scale Controlling Environmental Damage

Great changes, systems are so complex, they can evolve

effected very promptly, in ways that cannot be predicted. For all Environmentally damaging activities
these reasons we are subject to surpris- must be brought under control to restore

are now required es. These can be favorable but they may and protect the integrity of the earth's

in our stewardship not be, as the CFC injury to the ozone systems we depend on, and we must
layer proved. Our catalog of the costs of repair as much of the past damage as we

of the earth If vast business as usual is necessarily incom- can. We must also greatly improve the

human misery is to be plete. management of resources crucial to

avoided and our.qlobal human welfare, including more efficient
Assessment and frugal use of those in short supply.

home is not to be The necessary goal is organize

irretrievably mutilated It appears to a great many senior scien- human activities on a sustainable basis so
tists that the costs of inaction are very that the generations that follow ours may

-Henry W. Kendall great because the disruption of so much enjoy the benefits that we enjoy. It is far

that we depend on is involved. In partic- from being a problem solely of the devel-
ular the following large-scale enterprises oping world. There is convincing evi-

are currently nonsustainable: agricultural dence that most industrial nations are

practices, energy practices (including overpopulated as well, given their impact
dependence on sources such as oil, as on the environment, and that many of
well as effluent disposal), world fisheries, their activities are unsustainable.

an important portion of water use, much Because there is so little time remain-
of the world's logging and timber con- ing before irreparable injury is visited on
sumption, and, probably most important, critical global systems, the need for a

procreation. change of course is urgent. A thoughtful,
As the injuries progress and become widespread, and effective attack on the

more acute, many more developing problems could still succeed in blunting
countries in parts of Africa, Asia, and or averting the most severe conse-

Latin America are likely to become quences. Such a program would provide

trapped in spirals of decline: hunger, an alternative future far more humane
environmental damage, economic and than business as usual. We have only a
political instabilities, disease, increasing few decades to start remedial actions.
mass migrations, and conflicts over

scarce resources. The wealthy nations, Sustainable Resource Use
although more resilient, will not escape
either because the consequences will be The current rate of increase in food pro-
visited on all. duction will need to be enhanced. The
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bulk of the increases will have to come can bring major-and badly needed-
from productivity improvements, owing benefits to both industrial and develop-
to the limited potential for expanding ing nations. Indeed such a move
the area of arable land or the fraction constitutes a vital element in any pro-
irrigated. Increases in crop productivity gram to mitigate the risks we face. Its
require additional energy for fertilizer direct importance to industrial nations
and pesticide production and distribu- such as the United States is generally
tion, for tillage, for irrigation, and for well understood, although not embraced
transportation. The improvements must or supported by our political leaders.
be effected concurrently with shifts to Development of these sources will be Water shortages will
less damaging agricultural and irrigation crucially important to the developing be one of the main
practices so that agriculture and animal nations also, to help meet their aspira-
husbandry become sustainable. tions for higher standards of living. constraints on

Water shortages will be one of the Nuclear power could contribute if its increasing food
main constraints on increasing food pro- problems of safety, economics, waste
duction and will add to the misery of disposal, and public acceptance can be production and will
growing populations in other ways as resolved. Both developing and industri- add to the misery of
well. Thus a major priority must be al nations must work together to devel- growingpopulations
attached to more efficient use of water, op and implement new sources of
in agriculture and elsewhere. energy. in other ways as well

While many of the techniques of the No one should underestimate the - Henry W. Kendall
green revolution can help increase food magnitude of the task of expanding
production, a further great expansion of effective energy supplies while moving
production will still be difficult to to new sources of energy of lower envi-
achieve. A highly organized global effort ronmental impact, with the planning,
involving both the industrial and the costs, and commitments that will be
developing worlds will be required to required. Nevertheless, it seems an
expand worldwide food production by achievable goal. The World Bank should
even a factor of two by 2050. be giving much higher priority to the

More than two-thirds of the tropical development of nonfossil sources of
deforestation now under way is to pro- energy, especially in forms suited to
vide more arable land for food produc- developing nation's needs, and to
tion. Food production has to be improved efficiency of use.

increased on deforested tropical land
that is already under cultivation at the Reducing Conflict
same time as sustainable agricultural
practices are introduced, so as to halt the A great diminution of the violence and
loss of tropical forest and the resulting war that characterizes our world is nec-
loss of animal and plant species. essary. Many of the resources devoted

The urgent need to limit climatic to the preparation and conduct of war-
change underlies calls for decreasing now amounting to nearly $1 trillion
reliance on fossil fuels. Thus a move to annually-are needed for new con-
new energy sources, based primarily on structive tasks as well as for providing
solar, geothermal, wind, and biomass relief from the destruction that war
energy, as well as improved efficiency, entails.
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Stabilizing Population sequence of the magnitude and impact
of human activities. The human species

The destruction of our environment and is now interfering with life and with geo-
resources cannot be stemmed unless the physical processes on a global scale. It
growth of the world's population is amounts to a virtual assault on the envi-
stemmed and ultimately reduced. As ronment, with much of the damage per-

emphasized by Paul R. Ehrlich and others manent or irreversible on a scale of
during these panels, continued popula- centuries.

tion growth threatens virtually every step The bleak prospect is in part also a
The human species is taken to control the challenges we face. consequence of mistaken, shortsighted

now interfering This growth is putting demands on exploitation of both renewable and non-
resources and pressures on the environ- renewable resources, exceeding the

with life and with ment that will overwhelm any efforts to capacity of the globe to absorb effluent

geophysical processes achieve a sustainable future. Almost all without harm. Current patterns of eco-
scientists who have looked at the prob- nomic development in industrial and

on a global scale. It lem recognize that without curtailing this developing nations, with the environ-

amounts to a virtual growth, virtually all the other major prob- mental and resource damage they bring,
assault on the lems of the planet may become wholly cannot be sustained because limits on
assault on the intractable. And population growth rates the capacities of vital global systems will

environment, with in the developing world, while declining, soon be reached. As this occurs, there is

much of the damage are still too large to allow adequate pro- great risk that some of these systems will
tection of life-sustaining resources and be damaged beyond repair and trigger

permanent or our environment. a catastrophe that would leave nothing

irreversible on a unaffected.
scale of centuri .es Challenge to Society The earth and its resources are finite;

it has limited capacity to provide for us,

-Henry W. Kendall The challenge to the present generation it has limited capacity to absorb toxic
is to move to a new path, to start the pro- wastes and effluent, and there are limits
grams of remedial action described to the number of people that it can sus-
above to greatly lessen environmental tain. We are now fast approaching some
damage and stabilize our numbers. A of these limits.
major change in our stewardship of the Governments and their people have
world and the life on it is now required, always had difficulty recognizing con-
because the barriers and obstacles that cealed costs. This difficulty is an aspect
have caused so much trouble in the past of priorities that emphasize immediate

continue to impede progress. How can problems over long-term ones, immedi-
we make this change? Can we look to ate benefits over delayed gratification.
the power of modern science to cope Depletion of natural resources is unac-
with the dangers? We explore these mat- counted for in almost all national bud-
ters next. gets, and few, if any, governments

coordinate their planning and actions in
Barriers and Obstacles such areas as environment, health, food

production, and energy. All too often it
The bleak prospect that the business-as- appears that nations are unconcerned
usual scenario provides is in part a con- with their own futures.
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Responsibilities of Nations One of the few humane solutions to
such difficulties is to help these nations

Developing nations must realize that so that their people do not need or wish

environmental damage is one of the to leave. Such help can come only from
gravest threats they face and that those nations with the technological

attempts to blunt it will be overwhelmed skills and resources to provide it.

if their populations go unchecked. The
greatest danger is that developing Science and Technology
nations will become trapped in spirals
of environmental decline, poverty, and Many people and governments share If developing countries
unrest, leading to social, economic, and the mistaken belief that science, with continue to become
environmental collapse. new, ingenious devices and techniques,

Industrial nations must greatly reduce can rescue us from the troubles we face trapped i decine,
their own overconsumption and their without our having to mend our ways the resulting mass
own pressures on resources and the glob- and change our patterns of activity. This
al environment-they are the world's is not so; technology and technological migratons Wll
worst polluters-and they must also aid innovation will produce no "magic bul- have incalculable
and support developing nations. These lets" that can rescue us from the dilem- consequences for all
are not disinterested responsibilities or mas and risks that lie ahead, because the
altruistic acts. The earth's systems sustain problems we face are human problems nations. Conflicts that
us all, and wealthy nations cannot escape and must be recognized as such. none can escape may
if these are hurt. We should not misunderstand: Sci-

All nations must recognize that entific advances are absolutely neces- develop as a result
improved social and economic well- sary to aid us in meeting the challenges of scarce resources
being, coupled with effective family ahead. Science and technology will con-
planning programs, are at the root of tinue to have important roles to play in -Henry W. Kendall

voluntary, successful fertility declines implementing the changes that must

and population stabilization. The pover- come in agriculture, medicine, public
ty pervasive in developing nations must health, energy technologies, and a host

be reduced, and this includes improving of other areas. Science and technology

the status and education of women, have already become a life-support sys-
who have a vital role in development. temn for us all-we cannot do without

Women have important roles in family them. Yet it is a grave error to believe,
planning, family health, and subsistence as many appear to, that science and

agriculture, and without education the technology will allow us to avoid the

challenges cannot be met. Education of threats that face us, to continue as we
both men and women is a wonderful have been doing and to evade the deep-

contraceptive. er problems. Scientists do not believe
One cannot overemphasize these this, as is clear in the World Scientists'

needs. If developing countries continue Warning to Humanity and use of the
to become trapped in decline, the result- 1992 and 1993 academy statements.2 3

ing mass migrations will have incalcula- No one else should believe it either.

ble consequences for all nations. The devastation of global fisheries is
Conflicts that none can escape may close at hand. It has not been halted by

develop as a result of scarce resources. environmentalists' pressures. Nor has
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science or technology helped to spare and other actions that increase agricul-

these marine resources. On the contrary, tural productivity, and human develop-
science and technology enabled the ment. Human development includes
destruction. Searchlight sonars, great education (especially opportunities for
factory trawlers, monofilament nets tens women), capacity building, comprehen-
of miles long, "curtains of death," have sive health services, and voluntary fami-
done what hand-fishing could never ly planning-all the things that make up

accomplish: make it possible for fisher- human capital in the World Bank's recent
men to sweep the sea clean of edible and valuable reassessment of national

In the final analysis the fish. It is a sobering example and also a wealth.2 4

main responsibility will warning. The world's scientific community can
be of great help. Indeed it is an under-

rest with governments. Role of Govemments used resource, not usually well coupled

They will have to to major programs. Its members gener-
provide the vision, the.Governments must now take a leading ally can recognize problems and links

pro ethe vision, the role in moving their nations in the right between problems in the environmental

discipline, and the directions. They must inform them- area better than any other group. They
aj.rcommitment selves, plan programs to forestall future can provide astute views on the balances

major damage, and balance the needs of the needed in resource exploitation and on
of resources necessary present with the requirements of the what activities are truly sustainable.

for this global future. This will be a major break with In the final analysis the main respon-
the past, when the response of govern- sibility will rest with governments. They

effort to succeed ments to environmental issues was to will have to provide the vision, the dis-

- Henry W. Kendall fOllow, sometimes needing to be driven cipline, and the major commitment of
to ameliorate distress. To carry out this resources necessary for this global effort
new array of responsibilities, to coordi- to succeed.
nate efficient and practical responses,

and to inform and gain the agreement of Conclusion
their people will require insight, plan-

ning, and courage. There will surely be The magnitude and number of chal-
great opposition. Attention should be lenges and the speed of their arrival are
given to quelling institutional rivalry unlike any that human beings have
among organs of government and pro- faced. Little time remains--so little that
viding motivation for joint attack on the it is our generation that must face and
tasks. Disarray is costly, wasting time resolve these challenges. We can still

and money. avert a grim future. If we move success-
The World Bank can help by sup- fully to meet these challenges, we can

porting programs that mitigate climate have that increasingly decent and
change and disease, programs that pro- humane world that we desire for our-
mote sustainable energy sources, reforms selves and for successive generations. U
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APPENDIX A

World Scientists' Warning to Humanity

Reproduced below is the World Scientists' ences, the Brazilian Academy of Sci-

Warning to Humanity, a comprehensive ences, the Royal Society of London, and

statement prepared by the Union of Con- the Chinese Academy of Sciences; and a
cemed Scientists (UCS) that summarizes majority of the members of the Pontifi-
the views of many prominent scientists on cal Academy of Sciences, which advises

emerging threats to life-sustaining re- Pope John Paul II on scientific issues.

sources and the global environment. The
statement outlines a broad agenda of cor- Signatories from Leading Scientific
rective action, ranging from development Academies or Associations
of a new ethic within the scientific com-
munity to greater support for alternatives Below is a partial list of signatories. Affil-

to fossil fuels and a comprehensive iations are listed for identification pur-
approach to stabilize population growth. poses only.

There should be no doubt that a
broad consensus is emerging within the Regional or Global

senior scientific community regarding

the validity of major threats to the future Carlos Chagas, President, Latin American
well-being of humanity and the global Academy of Sciences; former Presi-

environment. The UCS circulated the dent, Pontifical Academy of Sciences

Warning to Humanity to senior scien- Mahdi Elmandjra, Vice President, African
tists around the world. To demonstrate Academy of Sciences
consensus among scientists from both Mohammed H. A. Hassan, Executive
industrial and developing countries, Secretary, Third World Academy of

endorsement was sought from members Sciences
of the leading scientific academies in Frederico Mayor, Director-General,

Africa, Asia, Europe, Latin America, and United Nations Educational, Scientif-
North America. The response was very ic, and Cultural Organisation

great: as of February 1, 1993, there were M. G. K. Menon, President, Internation-
1,680 signatories-all fellows or mem- al Council of Scientific Unions

bers of one or more national or interna- Abdus Salam, President, Third World
tional science academies-from seventy Academy of Sciences
countries. The quantity and caliber of Jose I. Vargas, President, Third World

signatories is unprecedented. They Academy of Sciences (1995-96)
include 105 scientists who have been

awarded the Nobel Prize; a substantial National

number of senior officers from national
and international science academies, Carlos Aguirre, President, Bolivian Acad-
such as the Third World Academy of Sci- emy of Sciences

This statement was prepared by the Union of Concerned Scientists (Cambridge. Mass.: Union
of Concerned Scientists, 1992).
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Michael Atiyah, President, Royal Society World Scientists Warning
(London) to Humanity

Adolphe Butenandt, Former President,

Max Planck Institut, Germany Human beings and the natural world
Ennio Candotti, President, Brazilian Soci- are on a collision course. Human activ-

ety for the Advancement of Science ities inflict harsh and often irreversible
Johanna Dobereiner, First Secretary, damage on the environment and on

Brazilian Academy of Sciences critical resources. If not checked, many

Dagfinn Follesdal, President, Norwegian of our current practices put at serious

Academy of Sciences risk the future that we wish for human
Konstatin Frolov, Vice President, Russ- society and the plant and animal king-

ian Academy of Sciences doms, and may so alter the living world
Carl-Olof Jacobson, Secretary General, that it will be unable to sustain life in

Royal Swedish Academy of Sciences the manner that we know. Fundamen-

Torvard Laurent, President, Royal Swedish tal changes are urgent if we are to avoid

Academy of Sciences the collision our present course will
Leon Lederman, Chairman, American bring about.

Association for the Advancement of

Science Environment
Digby McLaren, Former President, Royal

Society of Canada The environment is suffering critical stress.
Gennady Mesiatz, Vice President, Russ- Atmosphere. Stratospheric ozone

ian Academy of Sciences depletion threatens us with enhanced
Gustavo Rivas Mijares, Former President, ultraviolet radiation at the earth's sur-

Venezuelan Academy of Sciences face, which can be damaging or lethal

Oleg M. Nefedov, Vice President, Russ- to many life forms. Air pollution near
ian Academy of Sciences ground level, and acid precipitation, are

Cyril Agodi Onwumechili, Former Pres- already causing widespread injury to
ident, Academy of Sciences, Nigeria humans, forests, and crops.

Yuri Ossipyan, Vice President, Russian Water resources. Heedless exploita-
Academy of Sciences tion of depletable ground water sup-

Autar Singh Paintal, Former President, plies endangers food production and

Indian National Science Academy other essential human systems. Heavy

Sherwood Rowland, President, Ameri- demands on the world's surface waters
can Association for the Advancement have resulted in serious shortages in

of Science some eighty countries, containing 40
Zhou Guang Zhao, President, Chinese percent of the world's population. Pol-

Academy of Sciences lution of rivers, lakes, and groundwater

further limits the supply.
Additional Nobel Laureate Signatories Oceans. Destructive pressure on the

oceans is severe, particularly in the
Camila Jose Cela, Spain coastal regions that produce most of the
Nadine Gordimer, South Africa world's food fish. The total marine catch
Desmond Tutu, South Africa is now at or above the estimated maxi-

mum sustainable yield. Some fisheries
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have already shown signs of collapse. coupled with the environmental dam-

Rivers carrying heavy burdens of erod- age inflicted by deforestation, species

ed soil into the seas also carry industri- loss, and climate change-could trigger
al, municipal, agricultural, and livestock widespread adverse effects, including

waste-some of it toxic. unpredictable collapses of critical bio-

Soil. Loss of soil productivity, which is logical systems whose interactions and

causing extensive land abandonment, is a dynamics we only imperfectly under-
widespread byproduct of current prac- stand.
tices in agriculture and animal husbandry. Uncertainty over the extent of these

Since 1945, 11 percent of the earth's veg- effects cannot excuse complacency or
etated surface has been degraded-an delay in facing the threats.
area larger than India and China com-

bined-and per capita food production in Population
many parts of the world is decreasing.

Forests. Tropical rain forests, as well The earth is finite. Its ability to absorb

as tropical and temperate dry forests, are wastes and destructive effluent is finite.

being destroyed rapidly. At present rates Its ability to provide food and energy is

some critical forest types will be gone in finite. Its ability to provide for growing
a few years, and most of the tropical rain numbers of people is finite. And we are

forest will be gone before the end of the fast approaching many of the earth's lim-
next century. With them will go large its. Current economic practices that dam-

numbers of plant and animal species. age the environment, in both industrial

Livinzg species. The irreversible loss and developing nations, cannot be con-

of species, which by 2100 may reach tinued without the risk that vital global

one-third of all species now living, is systems will be damaged beyond repair.

especially serious. We are losing the Pressures resulting from unrestrained
potential they hold for providing medi- population growth put demands on the

cinal and other benefits, as well as the natural world that can overwhelm any
contribution that genetic diversity of life efforts to achieve a sustainable future. If

forms gives to the robustness of the we are to halt the destruction of our envi-

world's biological systems and to the ronment, we must accept limits to that

astonishing beauty of the earth itself. growth. A World Bank estimate indicates
Much of this damage is irreversible. that world population will not stabilize at

Other processes appear to pose addi- less than 12.4 billion, while the United
tional threats. Increasing levels of gases Nations concludes that the eventual total

in the atmosphere from human activi- could reach 14 billion, a near tripling of

ties, including carbon dioxide released today's 5.4 billion. But, at this moment,
from fossil fuel burning and from defor- one person in five lives in absolute pover-

estation, may alter climate on a global ty without enough to eat, and one in ten
scale. Predictions of global warming are suffers serious malnutrition.

still uncertain-with projected effects No more than one or a few decades

ranging from tolerable to very severe- remain before the chance to avert the

but the potential risks are very great. threats we now confront will be lost and
Our massive tampering with the the prospects for humanity immeasurably

world's interdependent web of life- diminished.

APPENOIX A World Scientists' Warning to Humanity 43



Waming eliminate poverty.
5. We must ensure sexual equality

We the undersigned, senior members of and guarantee women control over
the world's scientific community, here- their own reproductive decisions.
by warn all humanity of what lies ahead. The industrial nations are the largest
A great change in our stewardship of the polluters in the world today. They must
earth and the life on it is required, if vast greatly reduce their overconsumption, if
human misery is to be avoided and our we are to reduce pressures on resources
global home on this planet is not to be and the global environment. The indus-
irretrievably mutilated. trial nations have the obligation to pro-

vide aid and support to developing
What We Must Do nations, because only the industrial

nations have the financial resources and
Five inextricably linked areas must be the technical skills for these tasks.
addressed simultaneously: Acting on this recognition is not

1. We must bring environmentally altruism, but enlightened self-interest:
damaging activities under control to whether industrialized or not, we all
restore and protect the integrity of have but one lifeboat. No nation can
the earth's systems we depend on. escape from injury when global biolog-
W'We must, for example, move away ical systems are damaged. No nation can
from fossil fuels to more benign, escape from conflicts over increasingly
inexhaustible energy sources to cut scarce resources. In addition environ-
greenhouse gas emissions and the mental and economic instabilities will
pollution of our air and water. Pri- cause mass migrations with incalculable
ority must be given to the develop- consequences for industrial and devel-
ment of energy sources matched to oping nations alike.
third world needs-small scale and Developing nations must realize that
relatively easy to implement. We environmental damage is one of the
must halt deforestation, injury to gravest threats they face, and that
and loss of agricultural land, and attempts to blunt it will be overwhelmed
the loss of plants, animals, and if their populations go unchecked. The
marine species. greatest peril is to become trapped in

2. We must manage resources crucial spirals of environmental decline, pover-
to human welfare more effective- ty, and unrest, leading to social, eco-
ly. We must give high priority to nomic, and environmental collapse.
efficient use of energy, water and Success in this global endeavor will
other materials, including expan- require a great reduction in violence and
sion of conservation and recycling. war. Resources now devoted to the

3. We must stabilize population. This preparation and conduct of war-
will be possible only if all nations amounting to more than $1 trillion
recognize that it requires improved annually-will be badly needed in the
social and economic conditions, new tasks and should be diverted to the
and the adoption of effective, vol- new challenges.
untary family planning. A new ethic is required-a new atti-

4. We must reduce and eventually tude toward discharging our responsibil-
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ity for caring for ourselves and for the help of many:
earth. We must recognize the earth's lim- * We require the help of the world

ited capacity to provide for us. We must community of scientists-natural,

recognize its fragility. We must no longer social, economic, political.
allow it to be ravaged. This ethic must * We require the help of the world's
motivate a great movement, convincing business and industrial leaders.
reluctant leaders and reluctant govern- * We require the help of the world's
ments and reluctant people themselves religious leaders.

to effect the needed changes. * We require the help of the world's
The scientists issuing this warning people.

hope that our message will reach and * We call on all to join us in this

affect people everywhere. We need the task. U
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