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1Environmental Problems,  
Their Causes, and Sustainability

A Vision of a More  
Sustainable World in 2060 
Emily Briggs and Michael Rodriguez graduated from college in 
2014. Michael earned a masters degree in environmental educa-
tion, became a middle-school teacher, and loved teaching envi-
ronmental science. Emily, meanwhile, went to law school and 
later established a thriving practice as an environmental lawyer.

In 2022, Michael and Emily met when they were doing vol-
unteer work for an environmental organization. They later got 
married, had a child, and taught her about some of the world’s 
environmental problems (Figure 1-1, left) and about the joys of 
nature that they had experienced as children (Figure 1-1, right). 
As a result, their daughter also became heavily involved in work-
ing to promote a more sustainable world and eventually passed 
this on to her child.

When Michael and Emily ware growing up, there had been 
increasing signs of stress on the earth’s life support system—its 
land, air, water, and wildlife—due to the harmful environmental 
impacts of more people consuming more resources. But a major 
transition in environmental awareness began around 2010 when 
a growing number of people began transforming their lifestyles 
and economies to be more in tune with the ways in which nature 
had sustained itself for billions of years before humans walked 
the earth. Over several decades, this combination of environ-
mental awareness and action paid off. 

In January of 2060, Emily and Michael celebrated the birth 
of their grandchild. He was 
born into a world that was 
still rich with a great diver-
sity of plants, animals, and 
ecosystems. The loss of this 
biological diversity, which 
had been a looming threat 
when Michael and Emily 
were young adults, had 
slowed to a trickle. And the 
atmosphere, oceans, lakes, 
and rivers were gradually 
cleansing themselves.

Energy waste had been 
cut in half. Energy from the 
sun, wind, flowing water, 
underground heat, and 
fuels produced from farm-
raised grasses and algae 
had largely replaced energy 

from highly polluting oil and coal and from nuclear power with 
its dangerous, long-lived radioactive wastes. By 2050, significant 
atmospheric warming and the resulting climate change had 
occurred as many climate scientists had projected in the 1990s. 
But the threat of further climate change had begun to decrease, 
as the use of cleaner energy resources became the norm. 

By 2060, farmers producing most of the world’s food had 
shifted to farming practices that helped to conserve water and 
renew depleted soils. And the human population had peaked at 
8 billion in 2040, instead of at the projected 9.5 billion, and then 
had begun a slow decline.

In 2060, Emily and Michael felt a great sense of pride, know-
ing that they and their child and countless others had helped  
to bring about these improvements so that future generations 
could live more sustainably on this marvelous planet that is our 
only home.

Sustainability is the capacity of the earth’s natural systems 
and human cultural systems to survive, flourish, and adapt to 
changing environmental conditions into the very long-term 
future. It is about people caring enough to pass on a better 
world to all the generations to come. And it is the overarching 
theme of this textbook. Here, we describe the environmental 
problems we face, and we explore possible solutions. Our goal is 
to present to you a realistic and hopeful vision of what could be. 

Figure 1-1 These parents—like Emily and Michael in our fictional vision of a possible world in 2060—are teach-
ing their children about some of the world’s environmental problems (left) and helping them to enjoy the wonders 
of nature (right). Their goal is to teach their children to care for the earth in hopes of passing on a better world to 
future generations.  
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� Links: 
 
refers to the Core   

refers to the book’s 
GOOD
NEWS  refers to good news about the 

Case Study.  sustainability theme.  environmental challenges we face.

Key Questions and Concepts*

1-1 What are three principles of sustainability?
ConCept 1 - 1A Nature has sustained itself for billions of years 
by relying on solar energy, biodiversity, and nutrient cycling.

ConCept 1 - 1B  Our lives and economies depend on energy 
from the sun and on natural resources and natural services (natural 
capital) provided by the earth.

1-2 How are our ecological footprints affecting  
the earth?
ConCept 1 -2  As our ecological footprints grow, we are 
depleting and degrading more of the earth’s natural capital. 

1-3 Why do we have environmental problems?
ConCept 1 -3  Major causes of environmental problems are 
population growth, wasteful and unsustainable resource use, 

poverty, and the exclusion of environmental costs of resource use 
from the market prices of goods and services.

1-4 What is an environmentally sustainable society?
ConCept 1 -4  Living sustainably means living off the earth’s 
natural income without depleting or degrading the natural capital 
that supplies it. 

Alone in space, alone in its life-supporting systems, powered by inconceivable energies,  
mediating them to us through the most delicate adjustments, wayward,  

unlikely, unpredictable, but nourishing, enlivening, and enriching  
in the largest degree—is this not a precious home for all of us?  

Is it not worth our love?

BArBArA WArd And rené duBoS

1-1 What Are Three Principles of Sustainability?

ConCept 1-1A Nature has sustained itself for billions of years by relying on solar 
energy, biodiversity, and nutrient cycling.

ConCept 1-1B our lives and economies depend on energy from the sun and on 
natural resources and natural services (natural capital) provided by the earth. 

Environmental Science Is a  
Study of Connections in Nature
The environment is everything around us, or as the 
famous physicist Albert Einstein put it, “The environ-
ment is everything that isn’t me.” It includes the living 
and the nonliving things (air, water, and energy) with 
which we interact in a complex web of relationships that 
connect us to one another and to the world we live in. 

Despite our many scientific and technological 
advances, we are utterly dependent on the environment 
for clean air and water, food, shelter, energy, and every-
thing else we need to stay alive and healthy. As a result, 
we are part of, and not apart from, the rest of nature.

This textbook is an introduction to environmental 
science, an interdisciplinary study of how humans inter-
act with the living and nonliving parts of their environ-
ment. It integrates information and ideas from the natu-
ral sciences such as biology, chemistry, and geology; the 
social sciences such as geography, economics, and politi-
cal science; and the humanities such as philosophy and 
ethics. The three goals of environmental science are to 
learn how nature works, to understand how we interact with 
the environment, and to find ways to deal with environmental 
problems and to live more sustainably. 

A key component of environmental science is ecol-
ogy, the biological science that studies how organ-
isms, or living things, interact with one another and 

▲
▲

Note: Supplements 2 (p. S3), 4 (p. S11), 5 (p. S18), and 8 (p. S30) can be used with  
this chapter.
*This is a concept-centered book, with the major sections of each chapter built around 
one or two key concepts derived from the natural or social sciences. Key questions and 
concepts are summarized at the beginning of each chapter. You can use this summary 
as a preview and as a review of the key ideas in each chapter. 
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with their environment. Every organism is a member 
of a certain species, a group of organisms that have a 
unique set of characteristics that distinguish them from 
all other organisms and, for organisms that reproduce 
sexually, can mate and produce fertile offspring. For 
example, all humans are members of a species that 
biologists have named Homo sapiens sapiens. (See Supple-
ment 5, p. S18). 

A major focus of ecology is the study of ecosystems. 
An ecosystem is a set of organisms within a defined area 
or volume that interact with one another and with and 
their environment of nonliving matter and energy. For 
example, a forest ecosystem consists of plants (especially 
trees), animals, and tiny microorganisms that decom-
pose organic materials and recycle their chemicals, all 
interacting with one another and with solar energy and 
the chemicals in the ecosystem’s air, water, and soil.

We should not confuse environmental science and 
ecology with environmentalism, a social movement dedi-
cated to protecting the earth’s life-support systems for 
all forms of life. Environmentalism is practiced more 
in the political and ethical arenas than in the realm of 
science. 

Nature’s Survival Strategies Follow 
Three Principles of Sustainability
Nature has been dealing with significant changes in 
environmental conditions that affect the planet for at 
least 3.5 billion years. This is why many environmen-
tal experts say that when we face an environmental 
change that becomes a problem for us or other spe-

cies, we should learn how nature has dealt with such 
changes and then mimic nature’s solutions. 

In our study of environmental science, the most 
important question we can ask is, how did the incred-
ible variety of life on the earth sustain itself for at least 
3.5 billion years in the face of catastrophic changes in 
environmental conditions? Such changes had vari-
ous causes, including gigantic meteorites impacting the 
earth, ice ages lasting for hundreds of millions of years, 
and long warming periods during which melting ice 
raised sea levels by hundreds of feet. 

Considering the billions of years that life has 
existed on the earth, our species has been around for 
less than the blink of an eye (Figure 1-2). We named 
ourselves Homo sapiens sapiens (Latin for “wise man”). 
With our large and complex brains and language abil-
ity, we are a very smart species, but it remains to be 
seen whether we are as wise as we claim to be. Within 
only a few hundred years, we have taken over most of 
the earth to support our basic needs and rapidly grow-
ing wants. But in the process, we have degraded much 
of the earth. Many argue that a species in the process 
of degrading its own life-support system could not be 
considered wise. 

To learn how to live more sustainably and thus 
more wisely, we need to find out how life on the earth 
has sustained itself. Our research leads us to believe that 
in the face of drastic environmental changes, there are 
three overarching themes relating to the long-term sus-
tainability of life on this planet: solar energy, biodiversity, 
and chemical cycling (Concept 1-1a), as summarized in 
Figure 1-3 (p. 8). In other words, rely on the sun, pro-
mote multiple options for life, and reduce waste. These 

Figure 1-2 Here, the span of Homo sapiens sapiens’ time on earth is compared with that of all life beginning 
about 3.5 billion years ago. If the length of this time line were 1 kilometer (0.6 miles), humanity’s time on earth 
would occupy roughly the last 3 one-hundredths of a millimeter. That is less than the diameter of a hair on your 
head—compared with 1 kilometer of time. 

First multicellular life appears
(about 1 billion years ago)

First major land plants appear
(about 475 million years ago)

Dinosaurs disappear
(about 65 million years ago)

Homo sapiens arrives
(about 200,000 years ago)

First simple cells appear (about 3.5 billion years ago)
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� ChApter 1  Environmental Problems, Their Causes, and Sustainability

powerful and simple ideas make up three prin-
ciples of sustainability or lessons from nature that 
we use throughout this book to guide us in liv-
ing more sustainably. 

• Reliance on solar energy: The sun warms the 
planet and supports photosynthesis—a complex 
chemical process used by plants to provide the 
 nutrients, or chemicals that most organisms need in 
order to stay alive and reproduce. Without the sun, 
there would be no plants, no animals, and no food. 
The sun also powers indirect forms of solar energy 
such as wind and flowing water, which we can use 
to produce electricity.

• Biodiversity (short for biological diversity): This 
refers to the astounding variety of organisms, the 
natural systems in which they exist and interact 
(such as deserts, grasslands, forests, and oceans), 

and the natural services that these organisms and 
living systems provide free of charge (such as 
renewal of topsoil, pest control, and air and water 
purification). Biodiversity also provides countless 
ways for life to adapt to changing environmental 
conditions. Without it, most life would have been 
wiped out long ago. 

• Chemical cycling: Also referred to as nutrient 
cycling, this circulation of chemicals from the 
environment (mostly from soil and water) through 
organisms and back to the environment is necessary 
for life. Natural processes keep this cycle going, and 
the earth receives no new supplies of these chemi-
cals. Thus, for life to sustain itself, these nutrients 
must be cycled in this way, indefinitely. Without 
chemical cycling, there would be no air, no water, 
no soil, no food, and no life.

Figure 1-3 three principles of sustainability: We derive these three interconnected principles of sustain-
ability from learning how nature has sustained a huge variety of life on the earth for at least 3.5 billion years, 
despite drastic changes in environmental conditions (Concept 1-1a). 

Solar Energy

Chemical Cycling Biodiversity
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Sustainability Has  
Certain Key Components 
Sustainability, the central integrating theme of this book, 
has several critical components that we use as sub-
themes. One such component is natural capital—the 
natural resources and natural services that keep us and 
other forms of life alive and support our human econo-
mies (Figure 1-4). 

Natural resources are materials and energy in 
nature that are essential or useful to humans. They are 
often classified as renewable resources (such as air, water, 

soil, plants, and wind) or nonrenewable resources (such as 
copper, oil, and coal). Natural services are processes in 
nature, such as purification of air and water and renewal 
of topsoil, which support life and human economies. 

In economic terms, capital refers to money and other 
forms of wealth that can support a person, a population, 
or an economy. It can provide a sustainable income if we 
use it properly—that is, if we do not spend it too quickly. 
If we protect capital by careful investment and spending, 
it can last indefinitely. Similarly, natural capital can sup-
port the earth’s diversity of species as long as we use its 
natural resources and services in a sustainable fashion.

Natural Capital ∙ Natural Resources ∙ Natural ServicesNatural Capital  Natural Resources ∙ Natural Services

Natural Capital

Air

Air purification

Climate control

UV protection
(ozone layer)

Soil renewal Food production

Water purification

Waste treatment

Water

Soil Land

Life
(biodiversity)

Nonrenewable
minerals

(iron, sand)

Nonrenewable
energy

(fossil fuels)

Renewable
energy

(sun, wind,
water flows)

Nutrient
recycling

Population
control

Pest
control

Solar
energy

Natural gas

Coal seam

Oil

Natural resources

Natural services

Figure 1-4 These key natural resources (blue) and natural services (orange) support and sustain the earth’s life and 
human economies (Concept 1-1a). 
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10 ChApter 1  Environmental Problems, Their Causes, and Sustainability

One vital natural service is nutrient cycling (Fig- 
ure 1-5), an important component of which is topsoil, 
the upper layer of any soil in which plants can grow. 
It provides the nutrients that support plants, animals, 
and microorganisms living on land. Without nutrient 
cycling in topsoil, life as we know it could not 
exist. Hence, it is the basis for one of the three 
principles of sustainability.

Natural capital is supported by energy from the 
sun—another of the principles of sustainabil-
ity (Figure 1-3). Without solar energy, natural 
capital and the life it supports would collapse. 
Thus, our lives and economies depend on energy from 
the sun, and on natural resources and natural services 
(natural capital) provided by the earth (Concept 1-1B). 

A second component of sustainability—and another 
subtheme of this text—is to recognize that many human 
activities can degrade natural capital by using normally 
renewable resources faster than nature can restore them, 
and by overloading natural systems with pollution and 
wastes. For example, in some parts of the world, we are 
clearing mature forests much faster than they can grow 
back (Figure 1-6), eroding topsoil faster than nature can 
renew it, and withdrawing groundwater that was stored 
for thousands of years faster than nature can replenish 
it. We are also loading some rivers, lakes, and oceans 
with chemical and animal wastes faster than these bod-
ies of water can cleanse themselves.

This leads us to a third component of sustainabil-
ity: solutions. While environmental scientists search for 
solutions to problems such as the unsustainable use of 
forests and other forms of natural capital, their work 
is limited to finding the scientific solutions. The political 
solutions are left to political processes. For example, a 
scientific solution to the problem of depletion of forests 
might be to stop burning and cutting down biologically 
diverse, mature forests and to allow nature to replenish 
them. A scientific solution to the problem of pollution 
of rivers might be to prevent the dumping of chemicals 
and wastes into streams and allow them to recover nat-
urally. But to implement such solutions, governments 
would probably have to enact and enforce environmen-
tal laws and regulations.

Figure 1-5 Nutrient cycling: This important natural service recycles chemicals needed 
by organisms from the environment (mostly from soil and water) through those organ-
isms and back to the environment. 

Organic
matter in
animals

Decomposition

Dead
organic
matter

Organic
matter in

plants

Inorganic
matter in soil

Figure 1-6 Natural capital degradation:  
This was once a large area of diverse tropi-
cal rain forest in Brazil, but it has now been 
cleared to grow soybeans. According to ecol-
ogist Harold Mooney of Stanford University, 
conservative estimates suggest that between 
1992 and 2008, an area of tropical rain forest 
larger than the U.S. state of California was 
destroyed in order to graze cattle and plant 
crops for food and biofuels. Fr
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able resource indefinitely without reducing its available 
supply is called its sustainable yield. 

Nonrenewable resources are resources that exist 
in a fixed quantity, or stock, in the earth’s crust. On a 
time scale of millions to billions of years, geologic pro-
cesses can renew such resources. But on the much 
shorter human time scale of hundreds to thousands of 
years, we can deplete these resources much faster than 
nature can form them. Such exhaustible stocks include 
energy resources (such as coal and oil), metallic mineral 
resources (such as copper and aluminum), and nonmetal-
lic mineral resources (such as salt and sand).

As we deplete such resources, human ingenuity can 
often find substitutes. For example, during this century, 
a mix of renewable energy resources such as wind, the 
sun, flowing water, and the heat in the earth’s interior 
could reduce our dependence on nonrenewable fuel 
resources such as oil and coal. Also, various types of 
plastics (some made from plants) and composite materi-
als can replace certain metals. But sometimes there is 
no acceptable or affordable substitute.

We can recycle or reuse some nonrenewable 
resources, such as copper and aluminum, to extend their 
supplies. Reuse involves using a resource over and over 
in the same form. For example, we can collect, wash, 
and refill glass bottles many times (Figure 1-7). Recy-
cling involves collecting waste materials (Figure 1-8,  
p. 12) and processing them into new materials. For 
example, we can crush and melt discarded aluminum 
to make new aluminum cans or other aluminum prod-
ucts. But we cannot recycle energy resources such as 
oil and coal. Once burned, their concentrated energy is 
no longer available to us. Reuse and recycling are two 

The search for solutions often involves conflicts. For 
example, when a scientist argues for protecting a natural 
forest to help preserve its important diversity of plants 
and animals, the timber company that had planned to 
harvest the trees in that forest might protest. Dealing 
with such conflicts often involves making trade-offs, or 
compromises—another component of sustainability. For 
example, the timber company might be persuaded to 
plant a tree farm, a piece of land systematically planted 
with a rapidly growing tree species, in an area that had 
already been cleared or degraded, instead of clearing the 
trees in a diverse natural forest. In return, the company 
might receive the land at little or no cost and could har-
vest the trees for income in a fairly short time. 

A shift toward environmental sustainability (Core 
Case study)* should be based on scientific con-
cepts and results that are widely accepted by 
experts in a particular field, as discussed in more detail 
in Chapter 2. But in making such a shift, what each of 
us does every day is important. In other words, individu-
als matter. This is another subtheme of this book. Some 
people are good at thinking of new scientific ideas and 
innovative solutions. Others are good at putting politi-
cal pressure on government and business leaders to 
implement those solutions. In any case, a society’s shift 
toward sustainability ultimately depends on the actions 
of individuals, beginning with the daily choices we all 
make. Thus, sustainability begins at personal and local levels. 

Some Resources Are  
Renewable and Some Are Not 
From a human standpoint, a resource is anything that 
we can obtain from the environment to meet our needs 
and wants. Some resources such as solar energy, fertile 
topsoil, and edible wild plants are directly available for 
use. Other resources such as petroleum, iron, under-
ground water, and cultivated crops become useful to us 
only with some effort and technological ingenuity. For 
example, petroleum was just a mysterious, oily fluid 
until we learned how to find and extract it and convert it 
into gasoline, heating oil, and other products. 

Resources vary in terms of how quickly we can 
use them up and how well nature can replenish them 
after we use them. Solar energy is called a perpet-
ual resource because its supply is continuous and is 
expected to last at least 6 billion years, while the sun 
completes its life cycle. A resource that takes any-
where from several days to several hundred years to be 
replenished through natural processes is a renewable 
resource, as long as we do not use it up faster than 
nature can renew it. Examples include forests, grass-
lands, fish populations, freshwater, fresh air, and fertile 
topsoil. The highest rate at which we can use a renew-

*We use the opening Core Case Study as a theme to connect and integrate 
much of the material in each chapter. The arrow logo indicates these 
connections. 

Figure 1-7 Reuse: This child and his family in Katmandu, Nepal, collect beer bottles 
and sell them for cash to a brewery that will reuse them. 
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12 ChApter 1  Environmental Problems, Their Causes, and Sustainability

ways to live more sustainably (Core Case study) 
by following one of nature’s three principles of 
sustainability (Figure 1-3). 

Recycling nonrenewable metallic resources uses 
much less energy, water, and other resources and pro-
duces much less pollution and environmental degrada-
tion than exploiting virgin metallic resources. Reusing 
such resources (Figure 1-7) requires even less energy, 
water, and other resources and produces less pollution 
and environmental degradation than recycling does.

Countries Differ in  
Levels of Unsustainability
Very few people consciously want to degrade their envi-
ronment. In the past, most have done so probably with-
out realizing it. But as the human population grows, 
more and more people seek to satisfy their needs and 
wants by using more resources. Governmental and soci-
etal leaders are charged with making this possible by 
maintaining and expanding their national economies, 
which can lead to growing environmental problems.

Economic growth is an increase in a nation’s out-
put of goods and services. It is usually measured by 
the percentage of change in a country’s gross domes-
tic product (GDP), the annual market value of all 
goods and services produced by all businesses, foreign 
and domestic, operating within a country. Changes in a 
country’s economic growth per person are measured by 
per capita GDP, the GDP divided by the total popula-
tion at midyear. 

While economic growth provides people with more 
goods and services, economic development is an 
effort to use economic growth to improve living stan-
dards. The United Nations (UN) classifies the world’s 
countries as economically more developed or less devel-
oped, based primarily on their average income per per-
son. The more-developed countries are those with 
high average income and they include the United States, 
Canada, Japan, Australia, New Zealand, and most Euro-
pean countries. According to UN and World Bank data, 
the more-developed countries, with only 19% of the 
world’s population, use about 88% of all resources and 
produce about 75% of the world’s pollution and waste.

All other nations, in which 81% of the world’s peo-
ple live, are classified as less-developed countries, 
most of them in Africa, Asia, and Latin America. Some 
are middle-income, moderately-developed countries such 
as China, India, Brazil, Turkey, Thailand, and Mexico. 
 Others are low-income, least-developed countries such as 
the Congo, Haiti, Nigeria, and Nicaragua. (See Figure 2,  
p. S32, in Supplement 8 for a map of high-, upper- 
middle-, lower-middle-, and low-income countries.)

Figure 1-8 Recycling: This family is carrying out items for recycling. 
Scientists estimate that we could recycle and reuse 80–90% of the 
resources that we now use and thus come closer to mimicking the 
way nature recycles essentially everything. Recycling is important but 
it involves dealing with wastes we have produced. Ideally, we should 
focus more on using less, reusing items, and reducing our unneces-
sary waste of resources. 
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1-2 How Are Our Ecological  
Footprints Affecting the Earth?

ConCept 1-2 as our ecological footprints grow, we are depleting and degrading 
more of the earth’s natural capital. 

▲

We Are Living Unsustainably
The bad news is that according to a massive and grow-
ing body of scientific evidence, we are living unsustain-
ably by wasting, depleting, and degrading the earth’s 
natural capital at an accelerating rate. The entire pro-

cess is known as environmental degradation, sum-
marized in Figure 1-9. We also refer to this as natural 
capital degradation.

We are a civilization in serious trouble. In many 
parts of the world, potentially renewable forests are 
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✓shrinking, deserts are expanding, soils are eroding, and 
agricultural lands are deteriorating. In addition, the 
lower atmosphere is warming, glaciers are melting, sea 
levels are rising, and floods, droughts, severe weather, 
and forest fires are increasing in some areas. In many 
areas, potentially renewable rivers are running dry, har-
vests of many species of edible fish are dropping sharply, 
and coral reefs are disappearing. Species are becoming 
extinct at least 100 times faster than they were in pre-
human times, and this rate is expected to increase. 

In 2005, the UN released its Millennium Ecosystem 
Assessment. According to this 4-year study by 1,360 
experts from 95 countries, human activities have 
degraded about 60% of the earth’s natural services (Fig-
ure 1-4), mostly in the past 50 years. In its summary 
statement, the report warned that “human activity is 
putting such a strain on the natural functions of Earth 
that the ability of the planet’s ecosystems to sustain 
future generations can no longer be taken for granted.” 

The good news, also included in the UN 
report, is that we have the knowledge and tools 
to conserve rather than degrade or destroy the planet’s 
natural capital, and there are a number of common-
sense strategies for doing so.

researCh FroNtier* 

Gaining better and more comprehensive information about 
the state of the earth’s natural capital and the health of its 
life-support systems; see www.cengage.com/login.

how wouLd you Vote?** 

Do you believe that the society you live in is on an unsustain-
able path? Cast your vote online at www.cengage.com/ 
login. 

Pollution Comes from a  
Number of Sources
One of the earliest problems environmental scientists 
have addressed, and one that is basic to many other 
environmental issues, is pollution—any presence 
within the environment of a chemical or other agent 
such as noise or heat at a level that is harmful to the 
health, survival, or activities of humans or other organ-
isms. Polluting substances, or pollutants, can enter the 
environment naturally, such as from volcanic eruptions, 
or through human activities, such as the burning of coal 
or gasoline, and the dumping of chemicals into rivers 
and oceans.

The pollutants we produce come from two types of 
sources. Point sources are single, identifiable sources. 
Examples are the smokestack of a coal-burning power 
or industrial plant (Figure 1-10, p. 14), the drainpipe of 
a factory, and the exhaust pipe of an automobile. Non-
point sources are dispersed and often difficult to iden-
tify. Examples are pesticides blown from the land into 
the air and the runoff of fertilizers, pesticides, and trash 

Degradation of Normally Renewable Natural ResourcesDegradation of Normally Renewable Natural Resources

Natural Capital Degradation
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Air pollution

Climate
change

Soil erosion

Aquifer
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Figure 1-9 These are 
examples of the deg-
radation of normally 
renewable natural 
resources and services 
in parts of the world, 
mostly as a result of 
rising populations and 
resource use per person. 
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*Environmental science is a developing field with many exciting research 
frontiers that are identified throughout this book. 

**To cast your vote, go the website for this book and then to the appropriate 
chapter (in this case, Chapter 1). In most cases, you will be able to compare 
your vote with those of others using this book. 
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from the land into streams and lakes (Figure 1-11). It 
is much easier and cheaper to identify and control or 
prevent pollution from point sources than from widely 
dispersed nonpoint sources.

There are two main types of pollutants. Biodegrad-
able pollutants are harmful materials that natural pro-
cesses can break down over time. Examples are human 
sewage and newspapers. Nondegradable pollutants are 
harmful chemicals that natural processes cannot break 
down. Examples are toxic chemical elements such as 
lead, mercury, and arsenic. (See Supplement 4, p. S11, 
for an introduction to basic chemistry.)

Pollutants can have three types of unwanted effects. 
First, they can disrupt or degrade life-support systems 
for humans and other species. Second, they can damage 
wildlife, human health, and property. Third, they can 
create nuisances such as noise and unpleasant smells, 
tastes, and sights.

We have tried to deal with pollution in two very 
different ways. One method is pollution cleanup, or 
output pollution control, which involves cleaning 
up or diluting pollutants after we have produced them. 
The other method is pollution prevention, or input 
pollution control, which reduces or eliminates the 
production of pollutants. 

Environmental scientists have identified three prob-
lems with relying primarily on pollution cleanup. First, 
it is only a temporary bandage as long as population 
and consumption levels grow without correspond-
ing improvements in pollution control technology. For 
example, adding catalytic converters to car exhaust sys-
tems has reduced some forms of air pollution. At the 
same time, increases in the number of cars and the total 
distance each car travels have reduced the effectiveness 
of this cleanup approach.

Second, cleanup often removes a pollutant from 
one part of the environment only to cause pollution in 
another. For example, we can collect garbage, but the 
garbage is then burned (possibly causing air pollution 
and leaving toxic ash that must be put somewhere), 
dumped on the land (possibly causing water pollution 
through runoff or seepage into groundwater), or buried 
(possibly causing soil and groundwater pollution).

Third, once pollutants become dispersed into the 
environment at harmful levels, it usually costs too much 
to reduce them to acceptable levels. 

We need both pollution prevention (front-of-the-
pipe) and pollution cleanup (end-of-the-pipe) solutions. 
But environmental scientists and some economists urge 
us to put more emphasis on prevention because it works 
better and in the long run is cheaper than cleanup. 

The Tragedy of the Commons: 
Overexploiting Commonly  
Shared Renewable Resources
There are three types of property or resource rights. 
One is private property, where individuals or companies 
own the rights to land, minerals, or other resources. A 
second is common property, where the rights to certain 
resources are held by large groups of individuals. For 
example, roughly one-third of the land in the United 
States is owned jointly by all U.S. citizens and held and 
managed for them by the government. 

A third category consists of open-access renewable 
resources, owned by no one and available for use by 
anyone at little or no charge. Examples of such shared 
renewable resources include the atmosphere, under-
ground water supplies, and the open ocean and its 
marine life. 

Figure 1-10 This point-source air pollution rises from a pulp mill in New York State 
(USA).
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Figure 1-11 The trash in this river came from a large area of land and is an example of 
nonpoint water pollution. 
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tal sustainability of open-access resources such as the 
atmosphere or fish species in the ocean. 

There are two major ways to deal with this difficult 
problem. One is to use a shared renewable resource at a 
rate well below its estimated sustainable yield by using 
less of the resource, regulating access to the resource, 
or doing both. For example, governments can estab-
lish laws and regulations limiting the annual harvests 
of various types of ocean fish that we are harvesting at 
unsustainable levels, and regulating the amount of pol-
lutants we add to the atmosphere or the oceans. 

The other way is to convert open-access renewable 
resources to private ownership. The reasoning is that 
if you own something, you are more likely to protect 

your investment. That may be so, 
but this approach is not practical for 
global open-access resources such as 
the atmosphere and the ocean, which 
cannot be divided up and sold as pri-
vate property.

Ecological Footprints:  
A Model of Unsustainable 
Use of Resources
Many people in less-developed coun-
tries struggle to survive. Their individ-
ual use of resources and the resulting 
environmental impact is low and is 
devoted mostly to meeting their basic 
needs (Figure 1-12, top). However, 
altogether, people in some extremely 
poor countries clear virtually all avail-
able trees to get enough wood to use 
for heating and cooking. In such cases, 
short-term survival is a more urgent 
priority than long-term sustainabil-
ity. By contrast, many individuals in 
more-developed nations enjoy afflu-
ence, or wealth, consuming large 
amounts of resources far beyond their 
basic needs (Figure 1-12, bottom).

Many common-property and open-access renewable 
resources have been degraded. In 1968, biologist Garrett 
Hardin (1915–2003) called such degradation the tragedy 
of the commons. It occurs because each user of a shared 
common resource or open-access resource reasons, “If I 
do not use this resource, someone else will. The little bit 
that I use or pollute is not enough to matter, and any-
way, it’s a renewable resource.” 

When the number of users is small, this logic works. 
Eventually, however, the cumulative effect of many 
people trying to exploit a shared resource can degrade 
it and eventually exhaust or ruin it. Then no one can 
benefit from it. Such degradation threatens our ability 
to ensure the long-term economic and environmen-
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Figure 1-12 Patterns of natural resource 
consumption: The top photo shows a family 
of five subsistence farmers with all their pos-
sessions. They live in the village of Shingkhey, 
Bhutan, in the Himalaya Mountains, which 
are sandwiched between China and India in 
South Asia. The bottom photo shows a typical 
U.S. family of four living in Pearland, Texas, 
with their possessions. 
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Supplying people with renewable resources results 
in wastes and pollution, and can have an enormous 
environmental impact. We can think of it as an eco-
logical footprint—the amount of biologically produc-
tive land and water needed to provide the people in 
a particular country or area with an indefinite supply 
of renewable resources and to absorb and recycle the 
wastes and pollution produced by such resource use. 
(The developers of this tool chose to focus on renewable 
resources, although the use of nonrenewable resources 
also contributes to environmental impacts.) The per 
capita ecological footprint is the average ecological 
footprint of an individual in a given country or area. 

If a country’s (or the world’s) total ecological foot-
print is larger than its biological capacity to replenish its 
renewable resources and to absorb the resulting wastes 
and pollution, it is said to have an ecological deficit. In 
other words, it is living unsustainably by depleting its 
natural capital instead of living off the income pro-
vided by such capital. In 2008, the World Wildlife Fund 
(WWF) and the Global Footprint Network estimated 
that humanity’s global ecological footprint exceeded the 
earth’s biological capacity to support humans and other 
forms of life indefinitely by at least 30% (Figure 1-13, 
bottom left). That figure was about 88% in high-income 
countries such as the United States. 

In other words, humanity is living unsustainably. 
According to the WWF, we need roughly the equiva-
lent of at least 1.3 earths to provide an endless supply 
of renewable resources at their current average rate of 
use per person and to dispose of the resulting pollu-
tion and wastes indefinitely. If the number of people 
and the average rate of use of renewable resources per 
person continue growing as projected, by around 2035, 
we will need the equivalent of two planet Earths (Fig-
ure 1-13, bottom, right) to supply such resources indef-
initely (Concept 1-2). (In Supplement 8, see Figure 7,  
pp. S38–S39, for a map of the human ecological foot-
print for the world, and Figure 8, p. S40, for a map of 
countries that are either ecological debtors or ecological 
creditors. For more on this subject, see the Guest Essay 
by Michael Cain at CengageNOW™.)

The per capita ecological footprint is an estimate of 
how much of the earth’s renewable resources an indi-
vidual consumes. Next to the oil-rich United Arab Emir-
ates, the United States has the world’s second largest 
per capita ecological footprint. In 2003 (the latest data 
available), the U.S. per capita ecological footprint was 
about 4.5 times the average global footprint per person, 
6 times larger than China’s per capita footprint, and 12 
times the average per capita footprint of the world’s 
low-income countries. 

Figure 1-13 Natural capital use and degradation: These graphs show the total and per capita ecological footprints 
of selected countries (top). In 2008, humanity’s total, or global, ecological footprint was at least 30% higher than the 
earth’s biological capacity (bottom) and is projected to be twice the planet’s biological capacity by around 2035.  
Question: If we are living beyond the earth’s renewable biological capacity, why do you think the human population 
and per capita resource consumption are still growing rapidly? (Data from Worldwide Fund for Nature, Global Footprint 
Network, Living Planet Report 2008. See www.footprintnetwork.org/en/index.php/GFn/page/world_footprint/) 
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IPAT Is Another  
Environmental Impact Model 
In the early 1970s, scientists Paul Ehrlich and John 
Holdren developed a simple model showing how popu-
lation size (P), affluence, or resource consumption per 
person (A), and the beneficial and harmful environ-
mental effects of technologies (T) help to determine 
the environmental impact (I) of human activities. We 
can summarized this model by the simple equation  
I = P × A × T. 

Impact (I) = Population (P) × Affluence (A) × Technology (T) 

Figure 1-14 shows the relative importance of these 
three factors in less-developed and more-developed 
countries. While the ecological footprint model empha-
sizes the use of renewable resources, this model includes 
the per capita use of both renewable and nonrenewable 
resources. The environmental impact (I) is a rough esti-
mate of how much humanity is degrading the natural 
capital it depends upon. 

Note that some forms of technology such as pollut-
ing factories, coal-burning power plants, and gas-guz-
zling motor vehicles increase environmental impact by 
raising the T factor in the equation. But other technolo-
gies reduce environmental impact by decreasing the  
T factor. Examples are pollution control and prevention 
technologies, wind turbines and solar cells that generate 
electricity, and fuel-efficient cars. In other words, some 
forms of technology are environmentally harmful and 
some are environmentally beneficial.

Some ecological footprint analysts have attempted 
to put these measurements in terms of actual land area. 
Others say that such estimates are debatable, but for 
rough comparison purposes, they agree that the esti-
mates work well. According to one study, the world’s 
per capita ecological footprint equals about 5 football 
fields of land. Other values are 18 football fields per 
person in the United States, 8 in Germany, and 4 in 
China. 

According to William Rees and Mathis Wackerna-
gel, the developers of the ecological footprint concept, 
with current technology, it would take the land area of 
about five more planet Earths for the rest of the world 
to reach current U.S. levels of renewable resource con-
sumption. Put another way, if everyone consumed 
as much as the average American does today, the 
earth could indefinitely support only about 1.3 bil-
lion people—not today’s 6.9 billion. At current levels 
of resource consumption, the land area of the United 
States could indefinitely sustain about 186 million peo-
ple. The actual U.S. population in 2010 was 310 mil-
lion—67% higher than the nation’s estimated biologi-
cal capacity. 

thiNkiNg aBout 
your ecological Footprint

Estimate your own ecological footprint by visiting the website 
www.myfootprint.org/. Is it larger or smaller than you 
thought it would be, according to this estimate? Why do you 
think this is so?

Figure 1-14 Connections: This simple model demonstrates how three factors—number of people, affluence 
(resource use per person), and technology—affect the environmental impact of populations in less-developed coun-
tries (top) and more-developed countries (bottom). 
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In most less-developed countries, the key factors in 
total environmental impact (Figure 1-14, top) are popu-
lation size and the degradation of renewable resources 
as a large number of poor people struggle to stay alive. 
In such countries, where per capita resource use is low, 
about 1.4 billion poor people struggle to survive on the 
equivalent of $1.25 a day and about half of the world’s 
people must live on the equivalent of less than $2.25  
a day. 

In more-developed countries, high rates of per cap-
ita resource use and the resulting high per capita levels 
of pollution and resource depletion and degradation 
usually are the key factors determining overall environ-
mental impact (Figure 1-14, bottom). In other words, 
overconsumption by about 1 billion people is putting tre-
mendous pressure on our life-support systems. To some 
analysts this factor is more important than the popula-
tion growth factor.

As the human population continues to grow by 
more than 80 million people a year, we deplete more 
topsoil by increasing food production, we drill more 
and deeper water wells, and we use more energy and 
spend more money to transport fossil fuels, water, min-
erals, and food farther. This combination of popula-
tion growth and increasing resource use per person is 
depleting nonrenewable mineral and energy resources 
and degrading renewable resources. 

These processes will accelerate as countries with 
large populations such as China (see the Case Study 
that follows) and India become more developed and 
as their per capita resource use grows toward the per 
capita levels of more-developed countries such as the 
United States.

■ Case study 

China’s New Affluent Consumers 
More than a billion super-affluent consumers in more-
developed countries are putting immense pressure on 
the earth’s potentially renewable natural capital and 
its nonrenewable resources. And more than a half bil-
lion new consumers are attaining middle-class, afflu-
ent lifestyles in 20 rapidly developing middle-income 
countries, including China, India, Brazil, South Korea, 
and Mexico. In China and India, the number of middle-
class consumers is about 150 million—roughly equal to 
half of the U.S. population—and the number is growing 
rapidly. In 2006, the World Bank projected that by 2030 
the number of middle-class consumers living in today’s 
less-developed nations will reach 1.2 billion—about 
four times the current U.S. population.

China has the world’s largest population and sec-
ond-largest economy. It is the world’s leading consumer 
of wheat, rice, meat, coal, fertilizer, steel, and cement, 
and it is the second-largest consumer of oil after the 
United States. China leads the world in consumption 
of goods such as televisions, cell phones, and refrigera-
tors. It has built the world’s largest building, the fastest 

train, and the biggest dam. It has produced more wind 
turbines than any other country and will soon become 
the world’s largest producer of solar cells. In 2009, the 
number of Internet users in China was greater than the 
entire U.S. population and this number is growing rap-
idly. By 2015, China is projected to be the world’s larg-
est producer and consumer of cars, most of them more 
fuel-efficient than cars produced in the United States 
and Europe. 

On the other hand, after 20 years of industrializa-
tion, China now contains two-thirds of the world’s most 
polluted cities. Some of its major rivers are choked with 
waste and pollution and some areas of its coastline are 
basically devoid of fishes and other ocean life. A mas-
sive cloud of air pollution, largely generated in China, 
affects other Asian countries, the Pacific Ocean, and the 
West Coast of North America. 

Suppose that China’s economy continues to grow at 
a rapid rate and its population size reaches 1.5 billion 
by around 2025, as projected by some experts. Envi-
ronmental policy expert Lester R. Brown estimates that 
if such projections are accurate, China will need two-
thirds of the world’s current grain harvest, twice the 
world’s current paper consumption, and more than all 
the oil currently produced in the world. According to 
Brown: 

The western economic model—the fossil fuel-based, auto-
mobile-centered, throwaway economy—is not going to 
work for China. Nor will it work for India, which by 2033 
is projected to have a population even larger than China’s, 
or for the other 3 billion people in developing countries 
who are also dreaming the “American dream.” 

For more details on China’s growing ecological foot-
print, see the Guest Essay by Norman Myers for this 
chapter at CengageNOW. 

Natural Systems  
Have Tipping Points 
One problem that we face in dealing with environmen-
tal degradation is the time delay between the unsustain-
able use of renewable resources and the resulting harm-
ful environmental effects. Time delays can allow an 
environmental problem to build slowly until it reaches 
a threshold level, or ecological tipping point, which 
causes an often irreversible shift in the behavior of a 
natural system (Figure 1-15). 

Reaching a tipping point is somewhat like stretch-
ing a rubber band. We can get away with stretching it 
to several times its original length. But at some point, 
we reach an irreversible tipping point where the rubber 
band breaks. 

Three potential tipping points that we now face are 
the collapse of certain populations of fish due to over-
fishing; premature extinction of many species result-
ing from humans overhunting them or reducing their 
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species, Homo sapiens sapiens, has walked the earth for 
about 200,000 years—less than an eye-blink in the 
earth’s 3.5 billion years of life (Figure 1-2). Until about 
12,000 years ago, we were mostly hunter–gatherers who 
obtained food by hunting wild animals or scavenging 
their remains, and gathering wild plants. Early hunter–
gathers lived in small groups and moved as needed to 
find enough food for survival. 

Since then, three major cultural changes have 
occurred (Figure 1-16). First was the agricultural revo-
lution, which began 10,000–12,000 years ago when 
humans learned how to grow and breed plants and ani-
mals for food, clothing, and other purposes. Second was 
the industrial–medical revolution, beginning about 275 
years ago when people invented machines for the large-
scale production of goods in factories. This involved 
learning how to get energy from fossil fuels (such as coal 
and oil) and how to grow large quantities of food in an 
efficient manner. It also included medical advances that 
have allowed a growing number of people to live longer 
and healthier lives. Finally, the information–globalization 
revolution began about 50 years ago, when we devel-
oped new technologies for gaining rapid access to much 
more information and resources on a global scale.

Each of these three cultural changes gave us more 
energy and new technologies with which to alter and 
control more of the planet to meet our basic needs and 
increasing wants. They also allowed expansion of the 
human population, mostly because of increased food 
supplies and longer life spans. In addition, they each 
resulted in greater resource use, pollution, and environ-
mental degradation as they allowed us to dominate the 
planet and expand our ecological footprints. 

habitats; and long-term climate change caused in part 
by the burning of oil and coal, which emits gases into 
the atmosphere that cause it to warm more rapidly than 
it would without such emissions. We examine each of 
these problems in later chapters.

Cultural Changes Have Increased 
Our Ecological Footprints
Culture is the whole of a society’s knowledge, beliefs, 
technology, and practices, and human cultural changes 
have had profound effects on the earth. 

Evidence of organisms from the past and studies of 
ancient cultures suggest that the current form of our 

Figure 1-15 In this example of a tipping point, you can control the 
ball as you push it up to the tipping point. Beyond that point, you 
lose control. Ecological tipping points can threaten all or parts of the 
earth’s life-support system. 

Tipping
point

Figure 1-16 Technological innovations have led to greater human control over the rest of nature and to an expand-
ing human population. 
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Many environmental scientists and other analysts 
now call for a fourth major cultural change in the 
form of a sustainability revolution during this cen-
tury. This cultural transformation would involve learn-
ing how to reduce our ecological footprints and to live 

more sustainably (Core Case study). One way to 
do this is to copy nature by using the three prin-
ciples of sustainability (Figure 1-3) to guide our 
lifestyles and economies.

1-3 Why Do We Have Environmental Problems?

ConCept 1-3 Major causes of environmental problems are population growth, 
wasteful and unsustainable resource use, poverty, and exclusion of environmental 
costs of resource use from the market prices of goods and services.

▲

Experts Have Identified Four Basic 
Causes of Environmental Problems
According to a number of environmental and social 
scientists, the major causes of pollution, environmen-
tal degradation, and other environmental problems are 
population growth, wasteful and unsustainable resource 
use, poverty, and failure to include the harmful envi-
ronmental costs of goods and services in their market 
prices (Figure 1-17) (Concept 1-3).

We discuss in detail all of these causes in later chap-
ters. But let us begin with a brief overview of them.

The Human Population Is Growing 
Exponentially at a Rapid Rate
Exponential growth occurs when a quantity such 
as the human population increases at a fixed percent-
age per unit of time, such as 2% per year. Exponential 
growth starts off slowly. But eventually, it causes the 
quantity to double again and again. After only a few 
doublings, it grows to enormous numbers because each 
doubling is twice the total of all earlier growth.

Here is an example of the immense power of expo-
nential growth. Fold a piece of paper in half to double 

its thickness. If you could continue doubling the thick-
ness of the paper 50 times, it would be thick enough 
to reach almost to the sun—149 million kilometers  
(93 million miles) away! Hard to believe, isn’t it?

Because of exponential growth in the human popu-
lation (Figure 1-18), in 2010 there were about 6.9 bil-
lion people on the planet. Collectively, these people 
consume vast amounts of food, water, raw materials, 
and energy, producing huge amounts of pollution and 
wastes in the process. Each year, we add more than 80 
million people to the earth’s population. Unless death 
rates rise sharply, there will probably be 9.5 billion of us 
by 2050. This projected addition of 2.6 billion more peo-
ple within your lifetime is equivalent to about 8 times 
the current U.S. population and twice that of China, the 
world’s most populous nation. 

The exponential rate of global population 
growth has declined some since 1963. Even so, 
in 2010, we added about 83 million more people to the 
earth—an average of a about 227,000 people per day. 
This is roughly equivalent to adding a new U.S. city of 
Los Angeles, California, every 2 weeks, a new France 
every 9 months, and a new United States—the world’s 
third most populous country—about every 4 years. 

No one knows how many people the earth can sup-
port indefinitely, and at what level of resource con-

Figure 1-17 Environmental and social scientists have identified four basic causes of the environmental problems we 
face (Concept 1-3). Question: For each of these causes, what are two environmental problems that result? 
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resources per year to support one American, or 8.3 bil-
lion truckloads per year to support the entire U.S. pop-
ulation. Stretched end-to-end, each year these trucks 
would reach beyond the sun! In its 2006 Living Planet 
Report, the World Wildlife Fund (WWF) estimated that 
the United States is responsible for almost half of the 
global ecological footprint (Figure 1-13). 

Some analysts say that many affluent consumers 
in the United States and other more-developed coun-
tries are afflicted with affluenza—an eventually unsus-
tainable addiction to buying more and more stuff. They 
argue that this type of addiction fuels our currently 
unsustainable use of resources, even though numer-
ous studies show that beyond a certain level, more con-
sumption does not increase happiness. Another down-
side to wealth is that it allows the affluent to obtain the 
resources they need from almost anywhere in the world 
without seeing the harmful environmental impacts of 
their high-consumption, high-waste lifestyles.

On the other hand, affluence can allow for bet-
ter education, which can lead people to become more 
concerned about environmental quality. It also pro-
vides money for developing technologies to reduce 
pollution, environmental degradation, and resource 
waste. As a result, in the United States and 
most other affluent countries, the air is clearer, 
drinking water is purer, and most rivers and lakes are 
cleaner than they were in the 1970s. In addition, the 
food supply is more abundant and safer, the incidence 
of life-threatening infectious disease has been greatly 
reduced, life spans are longer, and some endangered 
species are being rescued from extinction that may be 
hastened by human activities.

These improvements in environmental quality were 
achieved because of greatly increased scientific research 
and technological advances financed by affluence. And 

sumption, without seriously degrading the ability of the 
planet to support us, our economies, and other forms 
of life. But the world’s expanding total and per capita 
ecological footprints (Figure 1-13) are disturbing warn-
ing signs. 

We can slow population growth with the  
goal of having it level off at around 8 billion 
by 2040, as suggested in the Core Case study. 
Some ways to do this include reducing pov-
erty through economic development, promoting fam-
ily planning, and elevating the status of women, as dis-
cussed in Chapter 6.

Affluence Has Harmful and 
Beneficial Environmental Effects
The lifestyles of many consumers in more-developed 
countries and in less-developed countries such as India 
and China (see Case Study, p. 18) are built upon grow-
ing affluence, which results in high levels of consump-
tion and unnecessary waste of resources. Such affluence 
is based mostly on the assumption—fueled by mass 
advertising—that buying more and more material goods 
will bring fulfillment and happiness. 

The harmful environmental effects of affluence are 
dramatic. The U.S. population is only about one-fourth 
that of India. But the average American consumes about 
30 times as much as the average Indian and 100 times 
as much as the average person in the world’s poor-
est countries. As a result, the average environmental 
impact, or ecological footprint per person, in the United 
States is much larger than the average impact per per-
son in less-developed countries (Figure 1-13, top). 

For example, according to some ecological footprint 
calculators, it takes about 27 tractor-trailer loads of 

Figure 1-18 Exponential growth: The J-shaped 
curve represents past exponential world popula-
tion growth, with projections to 2100 showing 
possible population stabilization as the J-shaped 
curve of growth changes to an S-shaped curve. 
(This figure is not to scale.) (Data from the 
World Bank and United Nations, 2008;  
photo L. Yong/UNEP/Peter Arnold, Inc.) 
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22 ChApter 1  Environmental Problems, Their Causes, and Sustainability

education spurred many citizens to insist that businesses 
and governments work toward improving environmen-
tal quality (Core Case study).

Poverty Has Harmful  
Environmental and Health Effects
Poverty occurs when people are unable to fulfill their 
basic needs for adequate food, water, shelter, health, 
and education. According to a 2008 study by the World 
Bank, 1.4 billion people—one of every five people on 
the planet and almost five times the number of people 
in the United States—live in extreme poverty (Figure 1-19) 
and struggle to live on the equivalent of less than $1.25 
a day. (All dollar figures used in this book are in U.S. 
dollars.) Could you do this?

Poverty causes a number of harmful environmental 
and health effects (Figure 1-20). The daily lives of the 
world’s poorest people are focused on getting enough 
food, water, and fuel for cooking and heating to sur-
vive. Desperate for short-term survival, some of these 
individuals degrade potentially renewable forests, soils, 
grasslands, fisheries, and wildlife at an ever-increasing 
rate. They do not have the luxury of worrying about 
long-term environmental quality or sustainability. Even though the poor in less-developed countries have no 

choice but to use very few resources per person, their 
large population size leads to a high overall environ-
mental impact (Figure 1-14, top).

CoNNeCtioNs
Poverty and Population growth

To many poor people, having more children is a matter of sur-
vival. Their children help them gather fuel (mostly wood and 
animal dung), haul drinking water, and tend crops and live-
stock. The children also help to care for their parents in their 
old age (their 40s or 50s in the poorest countries) because 
they do not have social security, health care, and retirement 
funds. This is largely why populations in some less-developed 
countries continue to grow at high rates.

While poverty can increase some types of environ-
mental degradation, the converse is also true. Pollution 
and environmental degradation have a severe impact on 
the poor and can increase their poverty. Consequently, 
many of the world’s poor people die prematurely from 
several preventable health problems. One such prob-
lem is malnutrition caused by a lack of protein and other 
nutrients needed for good health (Figure 1-21). The 
resulting weakened condition can increase an individ-
ual’s chances of death from normally nonfatal ailments 
such as diarrhea and measles. 

A second health problem is limited access to ade-
quate sanitation facilities and clean drinking water. 
More than 2.6 billion people—more than 8 times the 
population of the United States—have no decent bath-
room facilities. They are forced to use backyards, alleys, 
ditches, and streams. As a result, a large portion of these 

Figure 1-19 Extreme poverty: This boy is searching through an 
open dump in Rio de Janeiro, Brazil, for items to sell. Many children 
of poor families who live in makeshift shantytowns in or near such 
dumps often scavenge most of the day for food and other items to 
help their families survive. 
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Figure 1-20 These are some of the harmful effects of poverty. 
Questions: Which two of these effects do you think are the most 
harmful? Why? (Data from United Nations, World Bank, and World 
Health Organization) 
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thiNkiNg aBout 
the Poor, the affluent, and rapidly  
increasing Population growth

Some see the rapid population growth of the poor in less-
developed countries as the primary cause of our environ-
mental problems. Others say that the much higher resource 
use per person in more-developed countries is a more impor-
tant factor. Which factor do you think is more important? 
Why? 

Prices Do Not Include  
the Value of Natural Capital
Another basic cause of environmental problems has 
to do with how goods and services are priced in the 
marketplace. 

Companies using resources to provide goods for 
consumers generally are not required to pay for the 
harmful environmental costs of supplying such goods. 
For example, fishing companies pay the costs of catch-
ing fish but do not pay for the depletion of fish stocks. 
Timber companies pay the cost of clear-cutting forests 
but do not pay for the resulting environmental degra-
dation and loss of wildlife habitat. The primary goal of 
these companies is to maximize profits for their owners 
or stockholders, which is how capitalism works. Indeed, 
it would be economic suicide for them to add these costs 
to their prices unless government regulations created a 
level economic playing field by using taxes or regula-
tions to require all businesses to pay for the environ-
mental costs of producing their products.

As a result, the prices of goods and services do not 
include their harmful environmental costs (Figure 1-22, 
p. 24). So consumers have no effective way to evalu-
ate the harmful effects, on their own health and on the 
earth’s life-support systems, of producing and using 
these goods and services. 

Another problem arises when governments (tax-
payers) give companies subsidies such as tax breaks and 
payments to assist them with using resources to run 
their businesses. This helps to create jobs and stimu-
late economies. But it can also degrade natural capital 
because, again, the companies do not include the value 
of the natural capital in the market prices of their goods 
and services. Indeed, environmentally harmful subsi-
dies encourage the depletion and degradation of natural 
capital. (See the Guest Essay for this chapter about these 
subsidies by Norman Myers at CengageNOW.) 

We can live more sustainably (Core Case 
study) by including in their market prices the 
harmful environmental costs of the goods and services 
we use. Two ways to do this over the next two decades 
are to shift from earth-degrading government subsides 
to earth-sustaining subsidies, and to tax pollution and 
waste heavily while reducing taxes on income and 
wealth. We discuss such subsidy shifts and tax shifts in 
Chapter 23.

people—one of every seven in the world—get water for 
drinking, washing, and cooking from sources polluted 
by human and animal feces. A third health problem is 
severe respiratory disease that people get from breath-
ing the smoke of open fires or poorly vented stoves used 
for heating and cooking inside their homes. 

In 2008, the World Health Organization estimated 
that these factors, mostly related to poverty, cause pre-
mature death for at least 6 million young children each 
year. Some hopeful news is that this number of annual 
deaths is down from 12.5 million in 1990. Even so, 
every day an average of at least 16,400 young children 
die prematurely from these causes. This is equivalent 
to 82 fully loaded 200-passenger airliners crashing every day 
with no survivors! The daily news rarely covers this ongo-
ing human tragedy. 

Figure 1-21 Global Outlook: One of every three children younger 
than age 5, such as this child in Lunda, Angola, suffers from severe 
malnutrition caused by a lack of calories and protein. According to 
the World Health Organization, each day at least 16,400 children 
younger than age 5 die prematurely from malnutrition and from 
infectious diseases often caused by drinking contaminated water. 
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24 ChApter 1  Environmental Problems, Their Causes, and Sustainability

People Have Different Views  
about Environmental Problems  
and Their Solutions
Another challenge we face is that people differ over the 
seriousness of the world’s environmental problems and 
what we should do to help solve them. This can delay 
our dealing with these problems, which can make them 
harder to solve. 

Differing opinions about environmental problems 
arise mostly out of differing environmental world-
views. Your environmental worldview is your set of 
assumptions and values reflecting how you think the 
world works and what you think your role in the world 
should be. Consciously or unconsciously, we base most 
of our actions on our worldviews. Environmental 
ethics, which are beliefs about what is right and wrong 
with how we treat the environment, are an important 
element in our worldviews. Here are some important 
ethical questions relating to the environment:

• Why should we care about the environment?

• Are we the most important beings on the planet or 
are we just one of the earth’s millions of different 
life-forms?

• Do we have an obligation to see that our activities 
do not cause the extinction of other species? Should 
we try to protect all species or only some? How do 
we decide which ones to protect?

• Do we have an ethical obligation to pass on to 
future generations the extraordinary natural world 
in a condition that is at least as good as what we 
inherited?

• Should every person be entitled to equal protection 
from environmental hazards regardless of race,  
gender, age, national origin, income, social class,  
or any other factor? This is the central ethical  
and political issue for what is known as the environ-
mental justice movement. (See the Guest Essay by  
Robert D. Bullard at CengageNOW.)

• How do we promote sustainability?

thiNkiNg aBout 
our responsibilities 

How would you answer each of the questions above? Com-
pare your answers with those of your classmates. Record your 
answers and, at the end of this course, return to these ques-
tions to see if your answers have changed. 

People with widely differing environmental world-
views can take the same data, be logically consistent 
with it, and arrive at quite different conclusions because 
they start with different assumptions and moral, ethi-
cal, or religious beliefs. Environmental worldviews are 
discussed in detail in Chapter 25, but here is a brief 
introduction.

The planetary management worldview holds 
that we are separate from and in charge of nature, that 
nature exists mainly to meet our needs and increasing 
wants, and that we can use our ingenuity and technol-
ogy to manage the earth’s life-support systems, mostly 
for our benefit, indefinitely. 

The stewardship worldview holds that we can 
and should manage the earth for our benefit, but that 
we have an ethical responsibility to be caring and 
responsible managers, or stewards, of the earth. It says 

Figure 1-22 This Hummer H3 sport 
utility vehicle burns a great deal of 
fuel compared to other, more efficient 
vehicles. It therefore adds more pollut-
ants to the atmosphere and, being a 
very heavy vehicle, does more damage 
to the roads and land on which it is 
driven. It also requires more material 
and energy to build and maintain than 
most other vehicles on the road. These 
harmful costs are not included in the 
price of the vehicle. 
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1-4 What Is an Environmentally Sustainable Society?

ConCept 1-4 Living sustainably means living off the earth’s natural income 
without depleting or degrading the natural capital that supplies it. 

▲

Environmentally Sustainable 
Societies Protect Natural Capital 
and Live Off Its Income
According to most environmental scientists, our ulti-
mate goal should be to achieve an environmentally 
sustainable society—one that meets the current and 
future basic resource needs of its people in a just and 
equitable manner without compromising the ability of 
future generations to meet their basic needs 
(Core Case study). 

Imagine you win $1 million in a lottery. Suppose you 
invest this money (your capital) and earn 10% interest 
per year. If you live on just the interest, or the income 
made by your capital, you will have a sustainable annual 
income of $100,000 that you can spend each year indef-
initely without depleting your capital. However, if you 
spend $200,000 per year, while still allowing interest to 
accumulate, your capital of $1 million will be gone early 
in the seventh year. Even if you spend only $110,000 
per year and allow the interest to accumulate, you will 
be bankrupt early in the eighteenth year.

The lesson here is an old one: Protect your capital and 
live on the income it provides. Deplete or waste your capital 
and you will move from a sustainable to an unsustain-
able lifestyle.

The same lesson applies to our use of the earth’s 
natural capital—the global trust fund that nature has 
provided for us, our children and grandchildren (Fig-
ure 1-1), and the earth’s other species. Living 
sustainably means living on natural income, 
the renewable resources such as plants, animals, and 
soil provided by the earth’s natural capital. It also means 
not depleting or degrading the earth’s natural capital, 
which supplies this income, and providing the human 
population with adequate and equitable access to this 
natural capital and natural income for the foreseeable 
future (Concept 1-4).

There is considerable and growing evidence that we 
are living unsustainably. A glaring example of this is our 
growing total and per capita ecological footprints (Fig-
ure 1-13). 

We Can Work Together to  
Solve Environmental Problems
Making the shift to more sustainable societies and econ-
omies includes building what sociologists call social 
capital. This involves getting people with different 
views and values to talk and listen to one another, to 
find common ground based on understanding and trust, 
and to work together to solve environmental and other 
problems facing our societies. 

Solutions to environmental problems are not black 
and white, but rather are all shades of gray, because pro-
ponents of all sides of these issues have some legitimate 
and useful insights. In addition, any proposed solution 
has short- and long-term advantages and disadvantages 
that we must evaluate. This means that citizens need to 
work together to find trade-off solutions to environmen-
tal problems—an important theme of this book. They 
can also try to agree on shared visions of the future and 
work together to develop strategies for implementing 
such visions beginning at the local level, as the citizens 
of Chattanooga, Tennessee (USA), have done. 

■ Case study

The Environmental Transformation  
of Chattanooga, Tennessee 
Local officials, business leaders, and citizens have worked 
together to transform Chattanooga, Tennessee, from a 
highly polluted city to one of the most sustainable and 
livable cities in the United States (Figure 1-23, p. 26).

During the 1960s, U.S. government officials rated 
Chattanooga as one of the dirtiest cities in the United 
States. Its air was so polluted by smoke from its indus-
tries that people sometimes had to turn on their vehi-
cle headlights in the middle of the day. The Tennes-
see River, flowing through the city’s industrial center, 
bubbled with toxic waste. People and industries fled the 
downtown area and left a wasteland of abandoned and 
polluting factories, boarded-up buildings, high unem-
ployment, and crime.

we should encourage environmentally beneficial forms 
of economic growth and development and discourage 
environmentally harmful forms.

The environmental wisdom worldview holds 
that we are part of, and dependent on, nature and that 

nature exists for all species, not just for us. According to 
this view, our success depends on learning how life on 
earth sustains itself (Figure 1-3 and back cover of this 
book) and integrating such environmental wisdom into 
the ways we think and act.
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2� ChApter 1  Environmental Problems, Their Causes, and Sustainability

In 1984, the city decided to get serious about improv-
ing its environmental quality. Civic leaders started a 
Vision 2000 process with a 20-week series of community 
meetings in which more than 1,700 citizens from all 
walks of life gathered to build a consensus about what 
the city could be at the turn of the century. Citizens 
identified the city’s main problems, set goals, and brain-
stormed thousands of ideas for solutions.

By 1995, Chattanooga had met most of its original 
goals. The city had encouraged zero-emission industries 
to locate there and replaced its diesel buses with a fleet 
of quiet, zero-emission electric buses, made by a new 
local firm. 

The city also launched an innovative recycling pro-
gram after environmentally concerned citizens blocked 
construction of a new garbage incinerator that would 
have emitted harmful air pollutants. These efforts paid 
off. Since 1989, the levels of the seven major air pol-
lutants in Chattanooga have been lower than the levels 
required by federal standards.

Another project involved renovating much of 
the city’s low-income housing and building new low-
income rental units. Chattanooga also built the nation’s 
largest freshwater aquarium, which became the cen-
terpiece for downtown renewal. The city developed a 
 riverfront park along both banks of the Tennessee River, 
where it runs through town. The park draws more than 
1 million visitors per year. As property values and living 
conditions have improved, people and businesses have 
moved back downtown.

In 1993, the community began the process again in 
Revision 2000. Goals included transforming an abandoned 

and blighted area in South Chattanooga into a mixed 
community of residences, retail stores, and zero-emission 
industries where employees can live near their work-
places. Most of these goals have been implemented.

Chattanooga’s environmental success story, based 
on people working together to produce a more livable 
and sustainable city, is a shining example of what other 
cities could do by building their social capital.

Individuals Matter
Chattanooga’s story shows that a key to finding 
solutions to environmental problems and mak-
ing a transition to more sustainable societies is to rec-
ognize that most social change results from individual 
actions and individuals acting together to bring about 
change through bottom-up grassroots action. In other 
words, individuals matter—another important theme of 
this book. 

Here are two pieces of good news: First, research by 
social scientists suggests that it takes only 5–10% of the 
population of a community, a country, or the world to 
bring about major social change. Second, such research 
also shows that significant social change can occur in a 
much shorter time than most people think. 

Anthropologist Margaret Mead summarized our 
potential for social change: “Never doubt that a small 
group of thoughtful, committed citizens can change the 
world. Indeed, it is the only thing that ever has.”

Scientific evidence indicates that we have perhaps 50 
years and no more than 100 years to make a new cul-

Figure 1-23 Since 1984, citizens have worked together to make the city of Chattanooga, Tennessee, one of the 
best and most sustainable places to live in the United States. 
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tural shift from unsustainable living to more sustainable 
living, if we start now. Many analysts argue that because 
these changes could take at least 50 years to implement 
fully, we now face a critical fork in the road where 
we must either choose a path toward sustainability or 
continue on our current unsustainable course. One of 
the goals of this book is to provide a realistic vision of 
a more environmentally sustainable future. Instead  
of immobilizing you with fear, gloom, and doom, we 
hope to energize you by inspiring realistic hope as you 
play your role in deciding which path to follow.

Based on the three principles of sustainability 
(Figure 1-3), we can derive three strategies for 
reducing our ecological footprints, helping to 
sustain the earth’s natural capital, and making a transi-
tion to more sustainable lifestyles and economies (Core 
Case study). Those strategies are summarized in 
the three big ideas of this chapter:

■ Rely more on renewable energy from the sun, 
including indirect forms of solar energy such as 
wind (Figure 1-24) and flowing water, to meet most 
of our heating and electricity needs. 

■ Protect biodiversity by preventing the degradation 
of the earth’s species, ecosystems, and natural pro-
cesses, and by restoring areas we have degraded 
(Figure 1-25).

■ Help to sustain the earth’s natural chemical cycles 
by reducing the production of wastes and pollu-
tion, not overloading natural systems with harm-
ful chemicals, and not removing natural chemicals 
faster than nature’s cycles can replace them. 

Figure 1-24 Capturing wind power is one of the world’s most rapidly growing and least environmentally harmful 
ways to produce electricity. 
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Figure 1-25 This young child—like the grandchild of Emily and 
Michael in our fictional scenario of a possible future  (Core Case 
study)—is promoting sustainability by preparing to plant a tree.  
A global program to plant and tend billions of trees each year will 
help to restore degraded lands, promote biodiversity, and reduce the 
threat of climate change from atmospheric warming. 
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A Vision of a More Sustainable Earth 

We face an array of serious environmental problems. This book is 
about solutions to these problems. A key to most solutions is to 
apply the three principles of sustainability (Figure 1-3 and the 
three big ideas listed above) to the design of our economic and 
social systems, and to our individual lifestyles. We can use such 
strategies to try to slow the rapidly increasing losses of biodiver-
sity, switch to more sustainable sources of energy, spread more 
sustainable forms of agriculture and other uses of land and water, 
sharply reduce poverty, slow human population growth, and cre-
ate a better world for ourselves and future generations.

If we make the right choices during this century, as Emily and 
Michael and people like them did in the Core Case study that 
opens this chapter, we can create an extraordinary and more sus-
tainable future for ourselves and for most other forms of life on 

our planetary home. If we get it wrong, we face irreversible eco-
logical disruption that could set humanity back for centuries and 
wipe out as many as half of the world’s species as well as much of 
the human population.

You have the good fortune to be a member of the 21st 
century’s transition generation that will decide which path 
humanity takes. This means confronting the urgent challenges 
presented by the major environmental problems discussed in  
this book. However, those challenges will also present you with 
opportunities for a promising and exciting future based on work-
ing with and for the earth that sustains us. As environmental  
author and entrepreneur Paul Hawken reminds us, “Working for 
the earth is not a way to get rich, it is a way to be rich.” 
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What’s the use of a house if you don’t have a decent planet to put it on?
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 1. Review the Key Questions and Concepts for this chapter 
on p. 6. What is sustainability and why should we care 
about it? What are three principles that nature has used to 
sustain itself for at least 3.5 billion years, and how can we 
use these principles to live more sustainably?

 2. Define environment. Distinguish among environmen-
tal science, ecology, and environmentalism. Distin-
guish between an organism and a species. What is an 
ecosystem? Define natural capital, natural resources, 
and natural services. Define nutrient cycling and 
explain why it is important. Describe how we can degrade 
natural capital and how finding solutions to environmen-
tal problems involves making trade-offs. Explain why  
individuals matter in dealing with the environmental 
problems we face.

 3. What is a resource? Distinguish between a perpetual 
resource and a renewable resource and give an exam-
ple of each. What is sustainable yield? Define and give 
two examples of a nonrenewable resource. Distinguish 
between recycling and reuse and give an example of 
each. What is economic growth? Distinguish between 
gross domestic product (GDP) and per capita GDP. 
What is economic development? Distinguish between 
more-developed countries and less-developed 
countries.

 4. Define and give three examples of environmental deg-
radation (natural capital degradation). Define pollu-
tion. Distinguish between point sources and nonpoint 
sources of pollution. Distinguish between pollution 

cleanup (output pollution control) and pollution 
prevention (input pollution control) and give an 
example of each. Describe three drawbacks to solutions 
that rely mostly on pollution cleanup. What is the tragedy 
of the commons? 

 5. What is an ecological footprint? What is a per capita 
ecological footprint? Compare the total and per capita 
ecological footprints of the United States and China. Use 
the ecological footprint concept to explain how we are liv-
ing unsustainably. What is the IPAT model for estimating 
our environmental impact? Explain how we can use this 
model to estimate the impacts of the human populations 
in less-developed and more-developed countries. Describe 
the environmental impacts of China’s new affluent con-
sumers. What is an ecological tipping point? 

 6. Define culture. Describe three major cultural changes that 
have occurred since humans were hunter–gatherers. What 
would a sustainability revolution involve?

 7. Identify four basic causes of the environmental problems 
that we face. What is exponential growth? Describe the 
past, current, and projected exponential growth of the 
world’s human population. What is affluence? How do 
Americans, Indians, and the average people in the poor-
est countries compare in terms of consumption? What are 
two types of environmental damage resulting from grow-
ing affluence? How can affluence help us to solve environ-
mental problems? What is poverty and what are three of 
its harmful environmental and health effects? Describe the 
connection between poverty and population growth. 

CRItICAl thInKIng
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 8. Explain how excluding from the prices of goods and  
services the harmful environmental costs of produc-
ing them affects the environmental problems we face. 
What is the connection between government subsidies, 
resource use, and environmental degradation? What is an 
environmental worldview? What are environmen-
tal ethics? Distinguish among the planetary manage-
ment, stewardship, and environmental wisdom 
worldviews.

 9. Describe an environmentally sustainable society. 
What is natural income? What is social capital? 
Describe the environmental transformation of  
Chattanooga, Tennessee.

 10. How long do some scientists estimate that we have to 
make a shift to more environmentally sustainable econo-
mies and lifestyles? Based on the three principles 
of sustainability, what are the three best ways 
to make such a transition as summarized in this 
chapter’s three big ideas? Explain how we can use these 
three principles to get us closer to the vision of a sustain-
able earth described in the Core Case study that 
opens this chapter. 

Note: Key terms are in bold type.

CRItICAl thInKIng

 1. Do you think you are living unsustainably? Explain. If so, 
what are the three most environmentally unsustainable 
components of your lifestyle? List two ways in which you 
could apply each of the three principles of sustain-
ability (Figure 1-3) to making your lifestyle more 
environmentally sustainable.

 2. Do you believe a vision such as the one described in  
the Core Case study that opens this chapter is pos-
sible? Why or why not? What, if anything, do you 
believe will be different from that vision? Explain. If your 
vision of what it will be like in 2060 is sharply different 
from that in the Core Case Study, write a description of 
your vision. Compare your answers to this question with 
those of your classmates.

 3. For each of the following actions, state one or more  
of the three principles of sustainability (Figure 1-3) 
that are involved: (a) recycling aluminum cans; 
(b) using a rake instead of leaf blower; (c) walking 
or bicycling to class instead of driving; (d) taking your  
own reusable bags to the grocery store to carry your pur-
chases home; (e) volunteering to help restore a prairie; 
and (f) lobbying elected officials to require that 20% of 
your country’s electricity be produced with renewable 
wind power by 2020.

 4. Explain why you agree or disagree with the following 
propositions:

 a. Stabilizing population is not desirable because,  
without more consumers, economic growth  
would stop.

 b. The world will never run out of resources because  
we can use technology to find substitutes and to help 
us reduce resource waste. 

 5. What do you think when you read that (a) the aver-
age American consumes 30 times more resources than 
the average citizen of India; and (b) human activities are 
projected to make the earth’s climate warmer? Are you 

skeptical, indifferent, sad, helpless, guilty, concerned, or 
outraged? Which of these feelings can help to perpetuate 
such problems, and which can help to solve them?

 6. When you read that at least 16,400 children age five  
and younger die each day (13 per minute) from pre-
ventable malnutrition and infectious disease, how does  
it make you feel? Can you think of something that you 
and others could do to address this problem? What might 
that be?

 7. Explain why you agree or disagree with each of the fol-
lowing statements: (a) humans are superior to other  
forms of life; (b) humans are in charge of the earth;  
(c) the value of other forms of life depends only on 
whether they are useful to humans; (d) based on past 
extinctions and the history of life on the earth over the  
last 3.5 billion years, all forms of life eventually become 
extinct so we should not worry about whether our activi-
ties cause their premature extinction; (e) all forms of life 
have an inherent right to exist; (f) all economic growth 
is good; (g) nature has an almost unlimited storehouse of 
resources for human use; (h) technology can solve our 
environmental problems; (i) I do not believe I have any 
obligation to future generations; and (j) I do not believe I 
have any obligation to other forms of life.

 8. What are the basic beliefs within your environmental 
worldview (pp. 24–25)? Record your answer. Then at the 
end of this course return to your answer to see if your 
environmental worldview has changed. 

 9. Are the beliefs included in your environmental worldview 
(Question 8) consistent with your answers to question 7? 
Are your actions that affect the environment consistent 
with your environmental worldview? Explain. 

 10. List two questions that you would like to have answered 
as a result of reading this chapter.
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eCologICAl FootpRInt AnAlYSIS

If the ecological footprint per person of a country or of the world  
(Figure 1-13) is larger than its biological capacity per person to 
replenish its renewable resources and absorb the resulting 
waste products and pollution, the country or the world is said 
to have an ecological deficit. If the reverse is true, the country or 

the world has an ecological credit or reserve. Use the data below  
to calculate the ecological deficit or credit for the countries 
listed and for the world. (For a map of ecological creditors and 
debtors, see Figure 8, p. S40, in Supplement 8.)

 1. Which two countries have the largest ecological deficits? 
Why do you think they have such large deficits?

 2. Which two countries have an ecological credit? Why do 
you think each of these countries has an ecological credit?

 3. Rank the countries in order from the largest to the smallest 
per capita ecological footprint.

leARnIng onlIne
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Place

Per Capita  
ecological Footprint  

(hectares per person)

Per Capita  
Biological Capacity  

(hectares per person)

ecological  
Credit (∙) or debit (∙)  
(hectares per person)

world 2.2 1.8 – 0.4

united states 9.8 4.7

China 1.6 0.8

india 0.8 0.4

russia 4.4 0.9

Japan 4.4 0.7

Brazil 2.1 9.9

germany 4.5 1.7

united kingdom 5.6 1.6

Mexico 2.6 1.7

Canada 7.6 14.5

Source: Data from WWF Living Planet Report 2006.
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