Environmental Problems, Their
Causes, and Sustainability
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increased exponentially from 2.5 billion to 6.4 billion
and may increase fo somewhere
between 8 billion and 12 billion
people by the end of this century
(Figure 1-1).

Global economic output—some
of it environmentally beneficial and
some of it environmentally harm-
ful—is a rough measure of the hu-
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Soil 'Sam.gling Procedure

sample, so make sure You avoid atypical areas including: changes in soil
Type, breaks in slope, fence lines, waterlogged patches and obvious
anomalies, '

2. Samples should be taken at q depth of 75 to 150 mm. Remember, it is
difficult to compare results from samples that have been taken from
different depthsi

3. The soil samples should be taken using a tube sampler, or spade.

4. The cores should be collected into a clean bucket (with no trace of
fertilizers in it), mixed well and put into a clean plastic bag.

5. Make sure all samples are labeled clearly with a permanent marker.

6. Keep samples cool. You may want to put them in your refrigerator over
the summer.

7. Record the location of your soil sample on a map.

***Make sure you put your name on all your samplesi***




Alone Int space, alone i its life-supporting systems, powered
by inconceivable energies, mediating them to us through the
most delicate adjustments, wayward, untlikely, unpredictable,
but nowrishing, enlivening, and enriching in the largest
degree—is this not a preciois home for all of us? I it not
worth our love?

BarBaRA WARD AND RENE DUBOS

This chapter presents an overview of environmental
problems, their causes, controversy over their serious-
ness, and ways we can live more sustainably. It dis-
cusses these questions:

= What keeps us alive? What is an environmentally
sustainable society?

®» How fast is the human population increasing?
What are economic growth, economic develop-
ment, and globalization?

= What are the earth’s main types of resources? How
can they be depleted or degraded?

= What are the principal types of pollution? What
can we do about pollution? '

= What are the basic causes of today’s environmental
problems? How are these causes connected?

% Is our current course sustainable? What is environ-
mentally sustainable development?

1-1 LIVING MORE SUSTAINABLY

What Is the Difference between Environment,
Ecology, and Environmental Science? Defining
Some Basic Terms

Environmental science is a study of how the earth
works, how we interact with the earth, and how to
deal with environmental problems.

Environment is everything that affects a living organ-
ism (any unique form of life). Ecology is a bioclogical
science that studies the relationships between living
organisms and their environment.

This textbook is an introduction to environmental
science, an interdisciplinary study that uses informa-
tion from the physical sciences and social sciences
to learn how the earth works, how we interact with the
earth, and how to deal with environmental problems.
Environmental science involves integrating ideas from
the natural world (biosphere) and our cultural world
{culturesphere).

Environmentalism is a social movement dedi-
cated to protecting the earth’s life support systems for
us and other species. Members of the environmental
community include ecologists, environmental scientists,
conservation biologists, conservationists, preservationists,
restorationists, and environmentalists.
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What Keeps Us Alive? The Sun and the Earth’s
Natural Capital

All life and economies depend on energy from

the sun (solar capital) and the earth’s resources and
ecological services (natural capital).

Our existence, lifestyles, and economies depend com-
pletely on the sun and the earth, a blue and white
island in the black void of space (Figure 1-1). To econo-
mists, capital is wealth used to sustain a business and
to generate more wealth. For example, suppose you in-
vest $100,000 of capital and get a 10% return on your
money. In a year you get $10,000 in income from inter-
est and increase your wealth to $110,000.

By analogy, we can think of energy from the sun as
solar capital. Solar energy includes direct sunlight
and indirect forms of renewable solar energy such as
wind power, hydropower (energy from flowing water),
and biomass (direct solar energy converted to chemical
energy and stored in biological sources of energy such
as wood).

Similarly, we can think of the planet’s air, water,
soil, wildlife, forest, rangeland, fishery, mineral, and
energy resources and the processes of natural purifica-
tion, recycling, and pest control as natural resources
or natural capital (Figure 1-2). See the Guest Essay by
Paul Hawken on the website for this chapter.

Natural capital consists of resources (orange in Fig-
ure 1-2) and ecological services (green in Figure 1-2) that
support and sustain the earth’s life and economies.
This priceless natural capital that nature provides at
no cost to us plus the natural biological income it sup-
plies can sustain the planet and our economies indefi-
nitely as long as we do not deplete them. Examples of
biological income are renewable supplies of wood, fish,
grassland for grazing, and underground water for
drinking and irrigation.

What Is an Environmentally Sustainable
Society? One That Preserves Natural Capital
and Lives Off Its Income

An environmentally sustainable society meets

the basic resource needs of its people indefinitely
without degrading or depleting the natural capital
that supplies these resources.

An environmentally sustainable society meets the
current needs of its people for food, clean water, clean
air, shelter, and other basic resources without com-
promising the ability of future generations to meet
their needs. Living sustainably means living off natural
income replenished by soils, plants, air, and water
and not depleting or degrading the earth’s natural
capital that supplies this biological income.

Imagine you win 51 million in a lottery. Invest this
capital at 10% interest per year, and you will have a




Figure 1-2 The earth's nafural capital.
Energy from the sun (solar capital)

and the earth’s natural capital provide
resources (orange) and ecologicat ser-
vicas (green) that support and sustain
the earth’s life and economies. Wedges
from this diagram will be used near the
tities of various chapters to indicate the
components of natural capital that are
the primary focus of such chapters.
This diagram also appears on the back

i Minerals cover of this book,

sustainable annual income of $100,000 without deplet-
ing your capital. If you spend $200,000 a year, your
$1 million will be gone early in the 7th year and even if
you spend only $110,000 a year, you will be bankrupt
early in the 18th year.

The lesson here is an old one: Protect your capital
and live off the income it provides. Deplete, waste, or
squander your capital, and you move from a sustain-
able to an unsustainable lifestyle.

The same lesson applies to the earth’s natural cap-
ital. According to many environmentalists and leading
scientists, we are living unsustainably by wasting, de-
pleting, and degrading the earth’s natural capital at an
accelerating rate.

Some people disagree. They contend that environ-
mentalists have exaggerated the seriousness of popula-
tion, resource, and environmental problems. They also
believe we can overcome these problems by human in-
genuity, economic growth, and technological advances.

1-2 POPULATION GROWTH,
ECONOMIC GROWTH, ECONOMIC
DEVELOPMENT, AND GLOBALIZATION

How Rapidly Is the Human Population
Growing? Pretty Fast

The rate at which the world’s population is growing
has slowed but is still growing pretty rapidly.
(?urrently the world’s population is growing exponen-
tially at a rate of about 1.25% a year. This does not seem
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like a very fast rate. But it added
about 80 million people (6.4 bil-
lon X 0.0125 = 80 million) to the
world’s population in 2004, an
average increase of 219,000 people a day, or 9,100 an
hour. At this rate it takes only about 3 days to add the
651,000 Americans killed in battle in all U.S. wars and
only 1.6 years to add the 129 million people killed in
all wars fought in the past 200 years!

How much is 80 million? Suppose you spend
1 second saying hello to each of the 80 million new peo-
ple added this year for 24 hours a day—no sleeping,
eating or anything else allowed. How long would this
handshaking marathon take? Answer: 2.5 years. By
then there would be about 192 million more people to
shake hands with. Exponential growth is astonishing!

What Is the Difference between Economic
Growth and Economic Development? More
Stuff and Better Living Standards

Economic growth provides people with more

goods and services and economic development

uses economic growth to improve living

standards.

Economic growth is an increase in the capacity of a
country to provide people with goods and services. Ac-
complishing this increase requires population growth
(more producers and consumers), more production
and consumption per person, or both.

Economic growth is usually measured by the per-
centage change in a country’s gross domestic product
(GDP): the annual market value of all goods and ser-
vices produced by all firms and organizations, foreign
and domestic, operating within a couniry. Changes in
a couniry’s standard of living is measured by per
capita GDP: the GDP divided by the total population
at midyear.

Economic development is the improvement of liv-
ing standards by economic growth. The United Nations
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Figure 1-3 Comparison of developed and developing countries.
(Data from United Nations and the World Bank)}

(UN) classifies the world's countries as economically
developed or developing based primarily on their de-
gree of industrialization and their per capita GDP.

The developed countries (with 1.2 billion people}
include the United States, Canada, Japan, Australia,
New Zealand, and the countries of Europe. Most are
highly industrialized and have high average per capita
GDP. All other nations (with 5.2 billion people) are
classified as developing countries, most of them in
Africa, Asia, and Latin America. Some are middle-
income, moderately developed countries and others are
low-income countries.

Figure 1-3 compares some key characteristics of de-
veloped and developing countries. About 97% of the
projected increase in the world's population is expected
to take place in developing countries (Figure 1-4).

Figure 1-5 summarizes some of the benefits {good
news) and harm (bad news) caused mostly by economic
development. It shows effects of the wide and increas-
ing gap between the world’s haves and have-nots.

What Is Globalization? Being Connected

We live in a world that is increasingly interconnected
through econemic, cultural, and environmental
interdependence.

You have probably heard about globalization: the
process of social, economic, and environmental global
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Figure 1-4 Past and prejected population size for developed
countries, developing countries, and the world, 1950-2100.
Developing countries are expected to account for 87% of the
2.5 billion peopie projected to be added to the world's popula-
tion between 2004 and 2050, (Pata from United Nations)

Good News Bad News

Global life Life expectancy

expectancy 11 years less in

doubled since developing

1950 countries than in
developed
countries

Infant mortality Infant mortality

rate in developing
countries over 8

cut in half since
1955

times higher than
in developed
countries
Food production
ahead of Harmful
population growth environmental
since 1978 sffects of

agriculiure may
limit future food
production

Air and water
pollution down in
most developed Air and water
countries since pollution levels in
1870 most developing
couniries too high

Number of people Half of world's
living in poverly people trying to
dropped 6% live on less than
since 1980 $3 (U.8.) per day

Figure 1-5 Tracle-offs: good and bad news about economic
development. Pick the single pieces of good news and bad
news that you believe are the most importari. (Data from United
Nations and World Heaith Organization)
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changes that lead to an increasingly interconnected

world. It involves increasing exchanges of people,
roducts, services, capital, and ideas across interna-

tional borders. - -

Factors accelerating globalization include infor-
mation and communication technologies, human mo-
bility, and international trade and investment. Modern
communication via cell phones and the Internet also
allows powerless people throughout the world to
share ideas and to band together to bring about change
from the bottom up.

This decentralized network, where everyone has
access to everyone else, represents a democratization of
learning and communication that is unprecedented in
human history. A sustainable community or country
recognizes that it is part of a larger global economic
and ecological system and that it cannot be sustainable
unless these larger systems are also sustainable.

1-3 RESOURCES

What Is a Resource? Things We Need or Want

We obtain resources from the environment to meet
our needs and wanis.

From a human standpoint, a resource is anything ob-
fained from the environment to meet our needs and
wants. Examples include food, water, shelter, manu-
factured goods, transportation, communication, and
recreation. On our short human time scale, we classify
the material resources we get from the environment
as perpetual, renewable, or nonrenewable, as shown in
Figure 1-6.

Some resources, such as solar energy, fresh air,
wind, fresh surface water, fertile soil, and wild edible
plants, are directly available for use. Other resources,
such as petroleum (oil), iron, groundwater (water
found underground), and modern crops, are not di-
rectly available. They become useful to us only with
some effort and technological ingenuity. For example,
petroleum was a mysterious fluid until we learned
how to find and extract it and refine it into gasoline,
heating oil, and other products that we could sell at af-
fordable prices.

What Are Perpetnal and Renewable
Resources? Resources That Can Last

Resources renewed by natural processes are sus-
tainable if we do not use them faster than they are
replenished.

Solar energy is called a perpetual resource because on
a hurnan time scale it is renewed continuously. It is ex-
pected to last at least 6 billion years as the sun com-
Pletes its life cycle as a star.

On a human time scale, a renewable resource can
be replenished fairly rapidly (from hours to several
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Figure 1-6 Natural capital: major types of material resources. This
scheme is not fixed; renewable resources can become nonrenewable
if used for a prolonged period at a faster rate than natural processes
renew them.

decades) through natural processes. But this works
only as long as the resource is not used up faster than
it is replaced. Examples of renewable resources are
forests, grasslands, wild animals, fresh water, fresh air,
and fertile soil. .

Renewable resources can be depleted or degraded.
The highest rate at which a renewable resource can be
used indefinitely without reducing its available supply
is called its sustainable yield.

When we exceed a renewable resource’s natural
replacement rate, the available supply begins to shrink,
a process known as environmental degradation. Ex-
amples include urbanization of productive land, exces-
sive topsoil erosion, pollution, deforestation (tempo-
rary or permanent removal of large expanses of forest
for agriculture or other uses), groundwater depletion,
overgrazing of grasslands by livestock, and reduction
in the earth’s forms of wildlife (biodiversity) by elimi-
nation of habitats and species.

Case Study: The Tragedy of the Commons—
Degrading Free Renewable Resources

Renewable resources that are freely available to every-
one can be degraded.
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