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Preface

These are seemingly desperate times as we are bom-
barded with an endless supply of bad news billed as
insurmountable problems that relate both to the de-
clining state of our planet and to the human condi-
tion. This book is inspired by these times and the fact
that despite their overwhelming nature, there exist
realistic solutions to these problems. It serves to ne-
gotiate the tension between a growing sense of pow-
erlessness and a palpable desire for effecting change
that resides within us. It offers the optimistic possi-
bility for workable solutions to the complex problems
that confront us.

An Integrative, Problem-Solving
Approach

556205595099000025004458000223008 0080 BtnBABKIVACEAFCVSARpes AR osaROBIEAT

Sustainability is an ideal framework for the develop-
ment of solutions to many of these problems. Broadly
defined as meeting the needs of the present without
compromising the ability of future generations to meet
their own needs, sustainability is a framework that in-
tegrates sciénce with justice, economics, and policy.
This book offers its readers opportunities to engage in
this integration as part of a problem-solving approach.
Policy, economics, and social elements are not isolated
at the end of chapters, nor as separate chapters at the
end of the book. Rather, each chapter provides the
scientific basis to problems and their solutions; each
does so within the context of economic development,
policy, and social justice in order to reveal the com-
plexity of the problems and sustainable solutions to
them. This offers the interdisciplinary background
that is required to understand many of these com-
plex challenges, and it equips readers with the skills
needed to develop solutions to them.

Readers will have opportunities to integrate
across disciplines in order to better understand how
things such as individuals and institutions, novel col-
laborations, innovation and entrepreneurship, new

technologies, and policy decisions can be used to
achieve sustainable solutions. The book offers readers
opportunities for critical thinking, further action, and
group work. Also, because of its intended interdisci-
plinary audience, the book is designed to be accessi-
ble to readers with varied backgrounds and interests
in science and technology, public policy, economics,
social justice, and public health. It provides substan-
tial background for those interested in sustainability/
social entrepreneurship, green business, and other
careers that incorporate sustainability principles. It is
also accessible to a broader audience of non-academic
readers with an interest in sustainability.

Sustainable Solutions provides both the necessary
background in science and a broad, interdisciplinary
knowledge base that the reader can then connect to
specific disciplines, such as environmental science,
engineering, agriculture and food science, business,
natural resource management, and public health. It
prepares the reader to approach sustainable problem
solving at a variety of scales from personal behavior
to institutional- and community-level problem solving
and up through regional, national, and global scales.
Each chapter emphasizes skills such as how to identify
and work with stakeholders on a particular issue, pro-
gram assessment, and systems thinking. My hope is
that this book will lay the groundwork for training of
sustainability professionals and those in other careers
that link to sustainability and that it will also empower
everyday citizens to effectively act and engage with
others in ways that further sustainability objectives.

Organization of the Book

Chapters are organized into three overarching sec-
tions. Part 1, The Problems We Must Solve, introduces
a variety of global concerns and issues as a context
for sustainable problem solving. It then walks the
reader through an exercise in developing a working

xi




xii  Preface

definition of sustainability by first tracing its history
and then extracting the core principles that emerge
from that history. Once defined, a detailed approach to
applying sustainability objectives to problem-solving
skills and assessment of sustainable programs or proj-
ects is developed.

Part I, The Earth as a Resource: Moving Toward a

Sustainable Future, focuses on the use of our planet for
meeting the needs of humans. In each of the content
areas (air, water, food, energy, non-fuel extractive re-
sources, and waste), issues are identified and solutions
are offered using the approach developed in Part L
Potential solutions are examined critically. Tools such
as life cycle analysis and systems thinking are used to
assess a variety of “sustainable technologies” to reveal
both the positive and the negative aspects of things
such as wind turbines, genetically modified organ-
isms, and waste-to-energy. A goal of this book is not
to get readers to blindly accept an approach as sus-
tainable but, rather, to offer ways to critically examine
potential solutions in order to assess their potential to
contribute to sustainability and consider ways to im-
prove upon them. Each chapter highlights the barriers
to sustainability and ways to overcome them, and each
ends with a discussion on assessment and of common
elements for success.

Part ITL, Integrating Sustainable Solutions at Different
Levels of Organization, focuses on sustainability, start-
ing with the individual and then moving up hierar-
chically through institutions, communities, and cities
to global sustainability and sustainable development.
This section allows the reader to make connections
among the prior chapters. By working at various levels
of organization, the intersectionality of the themes
presented in Part I becomes apparent. For example,

a community is not simply faced with a single issue
such as local food production. Rather, it faces multi-
ple interconnected issues. Food, energy, water, forest
and mineral resources, and waste production are all
related. These in turn intersect with race, gender, cul-
ture, and poverty. It is through these connections that

the systematic causes of problems are exposed, and
proposals for larger scale reform such as new eco-
nomic models, international policy, and approaches to
development are explored.

Features

qqqqqqqqqqqqqq e

To help accomplish the goals of this book, a variety
of features are employed. At the start of each chapter,
the reader is guided with questions framed as Plant-
ing a Seed: Thinking Before You Read, and oppor-
tunities for critical thinking are offered at the end of
every chapter under Digging Deeper: Questions and
Issues for Further Thought. Each chapter concludes
with specific ways for the reader to act in order to fur-
ther sustainability objectives described as Reaping
What You Sow: Opportunities for Action.

Also included are boxed elements that offer real
examples of sustainable problem solving relevant
to the focus of each chapter. Boxes on Individual
Action challenge readers to think about what per-
sonal changes they can make to solve the problems
by highlighting examples of successful individual ac-
tions, including behavioral change, effective dialog,
and activism. This is done in a critical way, forcing
readers to think about the complexity of their actions
and the various implications of these actions. Boxes
on Stakeholders and Collaborators focus on identi-
fying and working with stakeholders, and they high-
light examples in which individuals and groups that
at first glance seem at odds with each other can come
together on shared values to solve a current problem.
Another feature, Innovators and Entrepreneurs,

presents specific examples of how innovation and
social entrepreneurship can be successful in achieving
sustainability, offering a business perspective to prob-
lem solving. Bach chapter also has a boxed element on
Policy Solutions that emphasizes policy approaches

and the role of government in working toward a sus
tainable future. :
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PLANTING A SEED: THINKING BEFORE YOU READ

3. Make a list of the barriers that seem to stop
us from solving these problems.

4. Propose some realistic ways to overc.ome

S these barriers and examples of possible
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Corporate control over g
our global citizenry ag g
viduals are viewed ag ei

Overnment policy. They paint
reedy, ignorant, or both, Indi-

o, ther powerless victims or self-
Teonsumers who have no Opportunity to make

a difference. You, the generation with relatively f,

Opportunities and higher levels of dep than 1}‘,eve'Wer
generations, see the system as rigged. As a resp It, on.
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Of course, not all of the news is good, but this list does
show tangible improvement in our environmental and
human prospects and also that individuals, communi-
ties, organizations, and even governments can achieve
positive results. The goal of this book is to inspire and
empower you, the reader, to become an active partic-
ipant in generating solutions to the problems we face.
You are part of a diverse audience with a variety of
backgrounds that might include business, science,
engineering, education, international development,
policy and law, communications, agriculture, tech-
nology, the humanities and arts, or any of the trade
professions. This book will allow you to place the
presented problems within the context of your own
expertise or interest and to see how that expertise con-
nects to these problems and their solutions.

This book will teach you how to develop solutions
to environmental and social problems by first provid-
ing you with the interdisciplinary background that is
required to understand the many complex problems
that we face. Then we will provide you with a frame-
work for defining problems and offer specific compe-
tencies to approach and solve them. Through globally
diverse examples at many different levels of organiza-
tion we will offer you recipes for success and concrete
ways to overcome barriers to change. By critically ex-
amining these examples you will begin to see what
works and what constrains success, and also how to
assess or measure that success.

In this chapter, we first establish a broad context
for examining global problems. Then in Chapter 2, we
use a historical approach to develop a definition for
sustainability that will serve as our lens for examin-
ing problems and developing solutions. The next set
of chapters are thematically organized by the ways in
which we depend on our planet and the impacts we
have on it as we do so. These include air, water, food,
energy, non-energy extractive resources, and waste. In
the final section, we re-organize our thinking around
different levels of organization to which we will apply
what we have learned in the previous chapters. These
levels include the roles of the individual and institu-
tions and how problems can be solved by communi-
ties, cities, regions, and on a global scale.

B D
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Natural Resources
and Environmental Issues
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In this section, we introduce some of the basic back-
ground required to understand the environmental
issues we face. First, we examine them in relation to
the natural resources on which we depend. Then we
explore global environmental issues such as climate
change and the impacts of invasive species. We next
consider the services that our ecosystems perform and
the value of biodiversity and the urgent need to pro-
tect them and to incorporate their value into our eco-
nomic system. As we introduce these environmental
problems and issues, we begin to suggest the broader
possibilities for solutions that will be elaborated on in
subsequent chapters.

Natural Resources

To state the obvious, our lives depend on what the
Earth provides. Natural resources are materials that
can be found within the environment that are either
necessary or useful to humans. Resources are often
referred to as natural assets that can serve as raw
materials to be used for economic production or con-
sumption. Ubiquitous resources are those that can
be found everywhere, such as sunlight, water, and
air. Others, such as mineral resources, occur more lo-
cally. Resources can be classified as biotic or abiotic.
Biotic resources come from live organisms and organic
matter. Examples include forest and animal products
and also fossil fuels, which come from decayed organic
matter. Abiotic resources are non-living, inorganic ma-
terials such as minerals, metals, air, and water.

Matter can be neither created nor destroyed, and
all resources cycle through components of the bio-
sphere or environment occupied by living organisms.
For example, nitrogen cycles from the atmosphere
to soil and aquatic environments and into living or-
ganisms, in which it is often converted into differ-
ent forms through biological processes (Figure 1.1).
The temporal scale of this cycling is highly variable
among different resources. The temporal scale of cy-
cling determines the rate of recovery or regeneration.
Resources with short periods of regeneration are con-
sidered renewable resources, and those with slow
rates of replenishment are non-renewable resources.
From a human use perspective, when the rate of ex-
traction outpaces the rate of renewal for a particular
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z;f;;:ec? zt)}.rat resource is considered non-renewable

' Because most of our natural resources come in
fixed amounts and their regeneration is a slow pro-
cess, there is concern that we will deplete themz d
therefore will be unable to meet the needs of futuI;e
generations. Resources on which humans depend are
threatened either from overextraction and depletio
or from destruction through pollution or othef t en
of human disturbance. Some estimates reveal tha’zf c}:u:
use of resources well exceeds the biosphere’s capacit
to regenerate them and that within the next 20 yearsy
two planets will not be sufficient to meet human re:
source needs on our single globe.
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Figure 1.1 Schematic representation of the flow
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. ‘Some question this finite view of resource avail-
ability. The case is often made that technological ad-
vances will allow us to do more with less or develo
new alternative ways to extract resources. This notioﬁ
was promoted by Julian Simon, who in the 1980s
authored a controversial book titled The Ultimate
Re_source.‘L Simon argues that there is no resource crisis
HI.S reasoning is that as a resource becomes scarce its.
price will rise, creating an incentive for people to c’hs—
cover more of that resource, ration and recycle it, and
eventually, stimulate innovators to find a replace;nent
for that resource. The “ultimate resource” is not any

particular physical object but, rather i
2 , the ¢
humans to invent and adapt. cpacityfor
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Figure 1.2 The amount of resource extracted (» » +) and the amount of resource regenerated (- - -) over
time. The slope of each line represents the rate of use or renewal. In this example, the rate of resource
extraction exceeds that of renewal. The point at which the lines meet is when the resource can no longer
be considered renewable (shaded area). For many of our natural resources, that rate of extraction far

exceeds the rate of renewal. Courtesy R. Niesenbaum.

These arguments are somewhat flawed in that
they do not take into account impacts beyond the
specific resource. For example, recycling technology,
such as our ability to recycle aluminum, has allowed
resources with slow rates of regeneration to become
renewable, but not without the expense of energy.
Hydrofracturing (fracking) technology has allowed
for continued exploitation of fossil fuels beyond limits
based on prior extraction technologies, but not with-
out serious impacts and threats to other environmen-
tal components such as drinking water. It is useful to
explore how technologies can both improve efficiency
of extraction and use of natural resources and also
how innovation can help us do this and develop alter-
native resources. However, this must be done within
the broader context of natural resource management,
energy use, and environmental impact. Next, some
examples of natural resources are presented with ex-
planations of how they cycle through the environment
and the degree to which they may be renewable.

AIR

Air is an abiotic, renewable resource. The manner
in which it cycles is more complicated because air
consists of a variety of components that enter into

different, somewhat complex cycles. By volume, dry
air contains approximately 78% nitrogen, 21% oxygen,
and smaller amounts of carbon dioxide, argon, water
vapor, and other gases. Oxygen, carbon dioxide, and
nitrogen cycle through biotic systems and are vital
to living systems (Figures 1.1 and 13). Oxygen and
carbon dioxide are cycled through the processes of
photosynthesis, respiration, and decomposition. They
are vital for living organisms. Carbon is stored in a
variety of reservoirs, including soil, the ocean, bio-
mass, rock, and as fossil fuels. Carbon dioxide is re-
leased during the burning of stored sources including
fossil fuels and rock sources through volcanic activity.
These have led to a steady increase in atmospheric
carbon dioxide, which is a significant greenhouse gas
contributing to global climate change, as will be ad-
dressed later in this chapter.

Nitrogen is the most abundant element in our at-
mosphere. Itisalso a vital element because compounds
essential to living systems, such as protein and DNA,
contain nitrogen. Ironically, most life forms, including
all plants and animals, are unable to utilize nitrogen
in its most abundant form, dinitrogen gas (N)-
Fortunately, specialized groups of microorganisms
are capable of nitrogen fixation. Nitrogen fixation is
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the reduction of N, gas to ammonia NH,* using a class
o.f enzymes called nitrogenases to catalyze the reduc-
thn. This is an energy-intensive process, so these
microbes are typically either photosynthetic or in
symbiotic relationships with plants. Photosynthesis
Provides the needed energy. There are also denitrify-
ing bacteria that oxidize useable nitrogen to generate
energy and return N, back into the atmosphere (see
Figure 1.1).

Although air and its constituents cycle over rel-
atively short timescales, making it comparatively re-
newable, human activity has drastically influenced
these cycles and negatively impacted air quality. Air
po.llutants in the form of carbon, nitrogen, and sulfur
oxides; suspended particulates; ozone; and volatile
organic and other types of compounds have been a
serious threat to human and ecological health. Given
the vital nature of air for living organisms, it is im-
portant that we develop solutions to the problem of air

Figure 1.3 Carbon and oxygen
cycle between autotrophs and
heterotrophs. Plants, protists,
and many bacteria (autotrophs)
use carbon dioxide (CO,) and
water to form oxygen (O,) and
complex organic compounds
through photosynthesis.
Autotrophs and heterotrophs
such as animals and fungi use
such compounds to again form
CO, and water through cellular
respiration. Derivative by Mikael
Hiiggstrom, using originals by
Laghi I, BorgQueen, Benjah-bmm?27,
Rkitko, Bobisbob, Jacek FH, Laghi L,
and Jynto,

Animals, fungi,
many bacteria
(Heterotrophs)

Plants, algae, many bacteria
(Autotrophs) ¢ A

85
20rganic

pollution. These must include new policies, changes
in individual behavior, and technological innovation
that are elaborated on in Chapter 3.

WATER

Water, like air, is an abiotic, renewable resource that
is vital for all of life. It exists in three forms: liquid
solid ice, and gaseous water vapor. There are well ove1:
300 million trillion gallons of water on Earth, but less
than 1% of that is in the form of potentially drinkable
fresh water (Figure 14). The oceans store approxi-
mately 97.5% of the planet’s water as salt water, and
approximately 2% is frozen in glaciers. Both physical
and biological processes are responsible for cycling
water. The physical processes include evaporation,

f#egzing and thawing, and condensation and pre:
cipitation. Biological activity such as transpiration
(evaporation of water through plants) and metabolism
also contribute to the cycling of water.

Carbon dioxide

compounds

(Fresh water)

Water vapor
in atmosphere

Given the natural processes and rates of cycling
of water, it is considered a renewable resource. How-
ever, the availability of water for animal and plant
consumption, including that by humans, and for
agriculture can be very limiting. The availability of
potable water can be limited through overexploita-
tion at local and regional levels. It can also be limited
through contamination with either chemical pollut-
ants or biological pathogens introduced through poor
or absent sanitation infrastructure. Low access to
clean drinking water availability is a crisis especially
in developing countries. Globally, an estimated 663
million people lack ready access to improved sources
of drinking water, and 2.4 billion people lack access
to proper sanitation and hygiene. As a result, 340,000
children younger than age 5 years die annually from
related diarrheal diseases, which equates to nearly
1,000 children per day.® In addition, aquatic ecosys-
tems including rivers, lakes, estuaries, wetlands, and
marine systems are sensitive to and readily impacted
by human activity and habitat destruction.

There are ways to solve these water-related prob-
lems, including policies and technologies that reduce

Chapter 1 The Problems We Must Solve 7

Figure 1.4 Most of the 300 million trillion
gallons on Earth is salt water in our oceans
(97.5%) and less than 1% is in the form of
potentially drinkable freshwater. Courtesy
World Bank Group, https://go0.gl/images/
RoalrU

Water in rivers

Water in living
organisms

water pollution, improved water delivery and sanita-
tion infrastructure, and new innovative approaches to
generating and conserving clean watet, such as desali-
nation and purification. Enforced policies that protect
water and aquatic habitats, promote water conservation,
and allow for regional water sharing and distribution
are also vital. These solutions are explored in Chapter 4.

ENERGY
Energy resources can be either non-renewable or re-

newable. Examples of non-renewable resources include
fossil fuels, specifically oil, coal, and natural gas. As the
name implies, these fuels are buried combustible geo-
logic deposits of decayed or fossilized organic materi-
als from microbes, plants, and animals. Over hundreds
of millions of years, these organic materials have been
converted to crude oil, coal, natural gas, or heavy oils
by exposure to heat and pressure in the Earth's crust.
Also referred to as hydrocarbons because they consist
of compounds of bound hydrogen and carbon, fossil
fuels represent a significant storage reservoir or sink
for global carbon, which is released to the atmosphetre
as carbon dioxide when it is extracted and burned.
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Uranium, used in nuclear power plants, is also con-
sidered non-renewable because its occurrence is finite
and it cannot be replaced through natural processes
within the time frame of human extraction. Nuclear
power plants produce electricity using neutrons to
bombard compounds such as uranium. This process
of nuclear fission results in the release of energy in the
form of heat that can boil water to create steam that can
generate electricity by driving turbines. Nuclear energy
allows for energy independence in regions that lack
fossil fuel deposits, and it has reduced emissions com-
pared to fossil fuels. However, there have been legiti-
mate concerns about safety, what to do with radioactive
wastes, and potential depletion of uranium resources.

Examples of renewable energy resources include
solar, geothermal, hydropower, wood, and biofuels.
They are considered renewable in that many of them,
like solar energy, are not depleted when used or can
be produced at rates equivalent to their rate of use.
Currently, renewable energy resources represent ap-
proximately 20% of the global energy production, and
their rate of expansion is exceeding predictions.

The use of non-renewable energies, although cen-
tral to our lifestyles and economies, has a number of
limitations. Our fossil fuels are being depleted. They
are not geographically well distributed, resulting in
unequal access, and they negatively impact the envi-
ronment and public health. The world now consumes
85 million barrels of oil per day, or 40,000 gallons per
second, and demand is rapidly growing. Oil and other
fossil fuel reserves will begin to decline by 2020, but
the more easily extracted, less expensive reserves are
already nearly depleted. New techniques for extract-

ing less accessible fossil fuels are being developed

As the price of fossil fuels rises and that of renewables
declines, the use of renewable energy will increase
and could be part of potential solutions to our com-
plex energy problems. In addition to the high cost of
renewable infrastructure, renewables have other lim-
itations that must be considered. For example, the use
of land to grow biofuels may affect food production.
Not all geographical locations have sufficient exposure
to sunlight to exploit solar energy. Other renewables
negatively impact aquatic systems or require non-
renewable rare-earth metals in their production. As
we develop renewable energy, all of these issues must
be considered. Despite these limitations, the transition
to renewable energy is essential for the future of our
planet and people. In Chapter 6, we explore new ad-
vances in renewable energy and examine the barriers
to this transition and ways to overcome them.

TERRESTRIAL AND MARINE EXTRACTIVE

NON-FUEL RESOURCES

Werely on a number of terrestrial and marine resources
for things other than fuels. These resources include
soil, forest products, fisheries, and mined mineral and
rock materials. Soil, particularly the upper fertile layer
referred to as topsoil, is an essential natural resource.
It provides a medium for plant growth and biological
activity. Soil regulates the flow and storage of water
and nutrients. Soil can also filter and buffer pollutants.
Although one might think of it as an abiotic resource,
it is actually a complex living system. One gram of soil
contains as much as 10,000 different microbial species.
There are 1.5 times as many organisms in a teaspoon
of soil as people on Earth. Although soil is renewable,
the time span of renewal well supersedes that of human

a variety of techniques in agriculture focus on soil
health and new policies and technologies have been
developed to protect soil.

Timber and non-timber forest products are biotic,
renewable resources. Timber products are primarily
lumber and pulp used in paper production. There
are many other useable products from timber. These
products are made from the cellulose and lignin in
the wood and when refined are used in the manufac-
ture of asphalt, rayon, flavorings, paint, detergents,
and plastics. Non-timber forest products include fuel
wood, charcoal, resins, fibers, decorative foliage, and
edible nuts and fruits. Also, numerous cultures and
communities rely almost entirely on the medicinal
properties of forest plants for their health care. Fur-
thermore, more than 25% of prescription medications
in modern medicine are based on or derived from
plant compounds, and there is much potential for
future cures to come from plant sources.

In spite of or because of our dependence on for‘est
systems, they are disappearing at an astonishing
rate. The average annual net loss of forest is approx-
imately 5.2 million hectares per year. Deforestation
has been directly linked to population growth and
the increased resource demands associated with it
(Figure 1.5). The majority of forested land is cleared .for
agriculture and livestock grazing. The overextraction
of forest resources, forest fires, illegal logging, and in-
secure tenure of forest land are also resulting in forest
decline. The cutting of forest for firewood is also a sig-
nificant driver of deforestation. In rural areas of de-
veloping countries, 95% of total energy consumption

Detorestation (biflion hectares)
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can be from firewood. This not only reduces forest
cover but also deteriorates air quality, which nega-
tively affects the health of those who breathe the air.
Social and govemance-related phenomena, such as
increasing settlements, weak law enforcement, rising
poverty, and civil conflict, also contribute to the rising
rates of deforestation.

Urbanization and sprawl models of development
also contribute to loss of forest habitat. There are a va-
riety of approaches to managing forest resources that
can enhance the degree to which they can be renew-
able and that can also decrease environmental damage
while providing essential resources and economic po-
tential. These are addressed in Chapter 7. Also, man-
aged development and agriculture can further serve
to protect forests (see Chapters 5 and 11).

Another terrestrial resource that often comes
from forested ecosystems is hunted animal meat and
other products. This is a biotic resource that should
be renewable given that under ideal conditions, game
or wildlife populations should either be growing or
maintained at equilibrium, where birth rates equal

death rates. Unfortunately, in many areas of the world,
such conditions are not met. Most game populations
are threatened, and many have been driven to the
brink of extinction by habitat loss and overhunting.
Even when protected in wildlife preserves, large an-
imals are often subject to poaching or illegal hunting.
To effectively protect these populations, there must be
alternative ways to meet the nutritional and economic
needs of those who resort to poaching in conjunction
with enforcement and protection of the animals.

Population (billion) ~ Figure 1.5 World
8

and expanded, including hydrofracturing, extraction  use because the natural processes required to create 1 22 population and
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tal and health risks. Because fossil fuels are concen- Certain practices, such as those used in organic 18 — trends have continued
trated in specific regions, there have been geopolitical agriculture, can both conserve and expedite the resto- through 2016. Source: UN
consequences, including military conflict over access ration of soil resources. Intensive soil use and human 16 EAO State of the World's
to those resources. In addition to the environmental impact result in various forms of degradation, includ- 14 — Forests 2012, hitp://www
consequences of fossil fuel extraction, their combus- ing erosion, organic matter loss, salinization, nutrient f a0.018/t docrep/, 016/:3010¢/
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change, including air pollution, and climate change, and chemical toxicity. Given our reliance on soils 10 Figure 1.
as described throughout this book. for the production of food and other plant products, 08—

The continued use of fossil fuels has implications protecting soil quality, like protecting air and water, ' 0
for national security, energy independence, and the en- should be a central goal of national and international 06 =5 EEEEEEEEEEEEEEEEE g
vironment. One response to this has been the increase environmental policy. Unfortunately, this has not typ- 8 & 2 8 3 &8 2 2 ® 2 ‘2 22 2 2 2 s - o
in development and use of renewable forms of energy. ically been the case, but in Chapter 5 we will see that Deforestation  ——— Fopulation

o

This content downloaded from
135.129.124.12 on Sat, 31 Jan 2026 13:27:51 UTC
All use subject to https://about.jstor.org/terms



10 Part! AnlIntroduction to Sustainability

In contrast to those being driven toward extinc-
tion, there are some game populations that are grow-
ing out of control. An excellent example of this is deer
in the eastern United States. Because their natural
predators have been eliminated, their populations
grow unchecked even in the face of hunting. These
predators are referred to as keystone species because
of their major effect on their environment relative to
their abundance and also their critical role in main-
taining the structure of their ecological communities.
The loss of large predators such as wolves in eastern
US forests has allowed the deer populations to expand,
which in turn assert extreme browsing pressure on
the vegetation of forested ecosystems, gravely impact-
ing their ecology. There is evidence that overbrows-
ing by deer negatively impacts other species, such as
neotropical migrant birds that nest in these habitats.
Effective management programs can protect both the
resource and the habitats and other species they are
impacting.

Non-fuel mineral resources are materials that
are concenirated in or on the Earth’s crust that offer
economic potential. These are typically considered
separately from fossil fuel deposits. They are abi-
otic, non-renewable resources that are extracted
from the Earth using a variety of mining techniques
that involve either surface or subsurface excavation,
Mined resources include precious metals, metal-
lic ores, and other rock materials. Many industrial
processes and products, including those produced
by the technology industry, utilize various mineral
resources. Historically, mining has had very nega-
tive environmental, public health, and social conse-
quences, and it continues to do so. New approaches,
policies, and the development of alternative materials
that can reduce these consequences are discussed
in Chapter 7.

Marine and aquatic resources also have great
economic importance and potential. They can include
biotic resources such as animal and plant life, includ-
ing fish and seafood. In this regard, overfishing has
been extremely problematic, and as a result we are
experiencing a global collapse of natural fisheries,
with more than 75-90% of stocks being depleted. In
addition, because of marine pollution, many naturally
caught fish contain toxins, including polychlorinated
biphenyls and mercury. In addition to providing food,
the marine environment can provide abiotic materi-
als that are of significant value. Many minerals can be

mined from the deep sea, such as gold, nickel, cobalt,
copper, manganese, and zinc. With limited reserves
on land, deep sea mining is becoming more attractive
despite the high costs of extraction. Marine aggregates
such as sand and gravel are extracted and used in the
construction industry for the manufacture of building
materials such as concrete and manufactured stone.
Extraction of such resources may have negative conse-
quences for the marine and aquatic environments and
their biodiversity. In addition, both the development
and the destruction of coastal habitats and wetlands
has had negative impacts. Other types of impacts on
marine and aquatic systems include the dumping of
wastes, especially plastics; chemical pollution; agricul-
tural and industrial run-off; and ocean acidification
and coral reef bleaching associated with rising CO,
and climate change. Reducing waste, regulating ocean
dumping, and reversing climate change are solutions
to these problems.

WASTE

Although not typically viewed as a natural resource,
humans’ production of waste and garbage must be
considered when contemplating the future of our
planet. Globally, we generate more than 3.5 million
tons of solid waste per day, and this is expected to
triple by 2100. This has drastic economic and envi-
ronmental costs. Reductions in waste production
will require us to rethink our current industrial and
economic models; shifts in individual behaviors;
and other innovative solutions, including the use of
waste as a resource. These solutions are the focus of
Chapter 8.

The Changing Climate

Climate change is directly linked to our resource use
and most environmental issues. Thus, any approach
to environmental problem solving must be done so
within the context of global climate change. Climate
change, also referred to as global warming, is either
influenced by and/or impacts every other environ-
mental issue. Climate change is real, it is scientifically
documented, and its negative effects are being real-
ized today. In this section, we examine the causes and
consequences of climate change. We also examine
general solutions to the problem of climate change,
with the understanding that it will be dealt with
more specifically in practically every other chapter in
this book.

UNDERSTANDING CLIMATE CHANGE
One of the first steps in understanding climat'e
change is the differentiation of weather from c1.1-
mate. Weather consists of short-term changes in
atmospheric variables such as wind, temperatur?,
cloudiness, moisture, and atmospheric pressure. Cli-
mate, on the other hand, is a measure of the ave?-
age pattern of the previously mentioned ?tmosl.:oher'lc
variables over a long period of time. Climate is dif-.
ferent from weather in that weather only descr.ib'es
the short-term conditions of these variables W}thln
a narrow geographical region. Weather is h1ghl.y
variable, whereas climate changes more gradually, is
more predictable, and is often considered over wider
geographical ranges or even globally. The occurrence
of an odd weather event, such as a very warm day
in winter in a particular region, does not mean the
climate is changing. Changes in global .climat'e are
long-term changes in average atmospheric variables
over time and across the globe.

Visible light readily passes through the atmo-
sphere and heats the surface of Barth. ‘The Earth re-
flects or reradiates this energy as heat in the form of
infrared thermal radiation (Figure 1.6). This infrared
thermal radiation is at a longer wavelength than
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the visible light spectrum and does not readily pass
through the atmosphere back into space. Rather, the
gases that comprise the upper atmosphere absorb
some of this heat and re-radiate it back to the lower
atmosphere and the surface of the Earth. The gases
that prevent the heat from leaving the atmosphere
and re-radiated it back to Earth are referred to as
greenhouse gases (GHGs).
GHGs include carbon dioxide (CO,), water vapor,
methane, nitrous oxide, and ozone. They are called
greenhouse gases because like the glass of a green-
house, shorter wave radiation from the sun readily
passes through them and, like the glass, GI{.GS are
responsible for retaining the heat an.d war:fnmg'the
atmosphere below, but the way heat is retained in a
greenhouse is very different. The glass of a green-
house reduces airflow and prevents loss of heat
through convection, whereas the GHGs ab.sorb and
re-radiate the heat. Regardless of this difference,
this analogy has stuck, and the process of shortwave
radiation passing through the atmosphere and re-
flecting off of the Earth’s surface as longer wave in-
frared radiation that is then captured by the GHGs
and re-radiated back to the Earth is still referred to
as the greenhouse effect (see Figure 1.6). As GHGs

Figure 1.6 The greenhouse effect expl

or heat, warming the upper atmosphere and earth surface. Incr
and natural process increase the amount of heat captured and r

ained. Increased GHGs capture and re-radiate longer wave radiation
easing GHG concentrations through human

e-radiated, thereby increasing global

temperatures. Image courtesy of the Field Museum, https://climatechicago fieldmuseum.org/learn
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12 Part! Anlntroduction to Sustainability

increase, the extent to which the atmosphere absorbs
and re-radiates infrared radiation or heat back to the
lower atmosphere and the Earth’s surface increases,
resulting in global warming.

There is great variation in the extent to which
each GHG contributes to global warming. This de-
pends on both the amount of each GHG in the
upper atmosphere and the relative measure of heat
that each gas traps or its global warming potential
(GWP). GWP for a specific gas is based on how long
it remains in the atmosphere and how strongly it ab-
sorbs heat. It compares the amount of heat trapped by
a certain mass of the GHG in question to the amount
of heat trapped by the same mass of CO,. We further
address GWP as we more closely consider specific
GHGs in Chapter 3.

The abundance of GHGs in the upper atmosphere—
specifically carbon dioxide, methane, and nitrous
oxide—has sharply risen during the past two cen-
turies. This is made evident by examining ice cores
from the Greenland and Antarctic ice sheets. These
cores have in them bubbles of ancient air that can
be dated, and their composition can be determined.
These data, coupled with contemporary atmospheric
measurements, show that GHG concentrations
have dramatically increased since the industrial
revolution.

Some have argued that the rise in atmospheric
CO, is the result of a natural fluctuation rather than
due to human causes. However, several pieces of ev-
idence have convinced the scientific community that

Figure 1.7 Trends in

this is not the case. First, increases in anthropogenic
CO, emissions starting in 1850 and rising rapidly after
1950 have been directly linked to increases in atmo-
spheric CO, (Figure 1.7). Also, the increasing rate of
fossil fuel consumption is directly related to the rise
in CO, emissions. Plant material and things derived
from plant materials, such as fossil fuels, have dis-
tinctive stable carbon isotopic ratios or proportions
of different forms of carbon (C,;C,). Such analyses
have revealed that the recent increase in atmospheric
CO, is due to plant-derived sources such as fossil fuels
rather than non-plant-derived carbon sources such as
releases from volcanoes and the oceans. Contributions
of other GHGs such as methane and nitrous oxides
have been directly linked to human activities, includ-
ing industrial agriculture and waste production. This
represents solid scientific evidence that not only are
GHGs steadily rising but also this rise is being caused
directly by our actions.

Accumulated GHGs have the capacity to retain
and reflect heat back to the Earth. Thus, as atmo-
spheric GHGs rise in concentration, so do mean
global temperatures. The Intergovernmental Panel
on Climate Change (IPCC)® reported that during
the 20th century, global temperatures rose approx-
imately 0.1°C per decade. However, in the past 20
years, this warming rate has doubled. At current
rates of fossil fuel combustion, average global tem-
peratures will warm by 3°C by the middle of this
century. The greatest levels of warming will be in the
northern polar region, where average temperatures

Temperature - emissions - CO, trends

are predicted to rise by nearly 7°C by next century.
This is due to the feedback effect of the melting polar
ice caps.

The consequences of this pattern of global warm-
ing are serious. We already experience some of these
effects, including drought, crop loss, increased wild-
fire risk, extreme weather events, and flooding and
storm damage. These types of impacts will increase
in frequency and severity in the next 50 years. In ad-
ditioni, with the continued rise in average global tem-
peratures, sea ice at the poles has been melting. This in
turn is causing a rise in sea level that will be devastat-
ing to coastal regions and inhabited islands through-
out the world, resulting in millions of climate refugees
as people migrate from flooded areas (Figure 1.8).

Other impacts of rising CO, and climate change
include ocean acidification, which is resulting in the
bleaching and death of diverse and important ecosys-
tems. It is estimated that 10% of coral reefs are already
dead and that 60% of the world’s reefs will be dead by
2050.6 In addition to coral reefs, there will be high rates
of extinction in other habitats. Amphibian species are
among the most threatened by climate change.

Climate change will also have negative impli-
cations for global public health. This will include in-
creased mortality from extreme heat and also deaths
due to increased flooding and extreme high sea level
events. More frequent droughts will result in food
and water shortages, hunger and malnutrition, and
increases in waterborne disease. Warming may favor
the range expansion of insect vectors of diseases such
as dengue fever and malaria, and it may increase the
spread of allergens. There will also be significant eco-
nomic losses of up to 5% of gross domestic product

Chapter 1 The Problems We Must Solve

heavily impacted and also because they lack the
means to adapt or respond to this change.

Consensus among scientists is often difficult to
achieve. This is not the case with global climate change
and its cause and consequences, as described previ-
ously. Scientists are in agreement that climate change
is occurring as the result of human activities, and
many of the effects can already be seen. Many corpo-
rations are accounting for current and future impacts
of global climate change in their long-range business
plans. This is particularly true for the insurance in-
dustry, which is in the business of assessing risk. A
recent report by the IPCC shows that GHGs have risen
to unprecedented levels since 2000, and these levels
will rise more quickly than previously predicted.®
This is occurring even in the face of a growing number
of policies designed to reduce climate change.

Despite this overwhelming scientific evidence
and the early emergence of the devastating effects of
climate change, there are groups with their own agen-
das that deny that climate change is occurring or that
it is caused by human activity. This is particularly the
case in the United States, where there is a small but
adamant denial movement that is primarily politi-
cally motivated. However, this movement has begun
to decline as both the scientific evidence and actual
current impacts of climate change are convincing the
broader public and even politicians of its clear and
present danger.

What are the solutions to climate change? They
can be divided into two types: mitigation and ad-
aptation. Mitigation is the attempt to reduce GHG
concentrations. This can occur by reducing or stop-
ping emissions and through sequestration or active

:Irgi};rs?gr?si?r;;gieﬁc 160 — 08 for most nations.” These economic impacts are likely removal of GHGs from the atmosphere. Because
CO, concentrations, and — 0.6 to disproportionately aff.ect the. poorest pe.ople inthe  plants act.ively .’cake up .CQZ' thei{c rer‘noval through
temperature. The increase L . © world because they live in regions that will be more deforestation will result in increasing its atmospheric
in the concentration of =
atmospheric CO, and 02 § Figure 1.8 Global average
global temperatures 0 o T g sea level change (mm)
correspond to cumulative % <= from 1993 to 2017.
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14 Part! An Introduction to Sustainability

concentration, but adding plants through reforesta-
tion can increase CO, uptake from the atmosphere
and reverse the trend. Adaptation refers to how
human communities must adjust their lifestyles in
response to changing climate and its impacts. Within
the framework of mitigation and adaptation, there are
solutions to the problems of global climate change.
Our capacity to both mitigate and adapt to climate
change will determine our resilience or ability of our
ecological, social, and economic systems to absorb
or cope with the change. To mitigate climate change,
we must find new ways to decouple greenhouse gas
emissions from economic development, a phenom-
enon that is already occurring in some countries
(Figure 1.9). Because of the overarching nature of cli-
mate changg, it and potential solutions for mitigation
and adaptation are addressed in nearly every chap-
ter of this book. Solutions must run the gamut from
policy implementation to innovation and entrepre-
neurship and individual action, and they must bring

together diverse stakeholders. One of the major goals
of this book is to develop solutions that meet these
criteria. Another is to move beyond mitigation and
adaptation and instead consider a transformation
or radical change or alteration of the way we live our
lives on this planet in order to protect it and ourselves
from the devastating effects of climate change.

Invasive Species

Another global environmental problem is that of
invasive species. Invasive species are those that have
ecological characteristics such as high reproduc-
tive output and colonizing ability that allow them to
invade new habitats once they are introduced. They
are often non-native organisms that are introduced
to a natural habitat either on purpose or by accident.
In their new habitat, natural predators or, in the case
of plants, herbivores that normally control them are
missing. Left unchecked, these species proliferate and
can quickly come to dominate an area. Disturbances

GDP and Greenhouse Gas and Carbon Dioxide Emissions,
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using change in COo emissions from the energy sector from the EIA.

Figure 1.9 In the United States, GHG emissions are declining while the economy as measured by GDP grows

Source: Environmental Protection A ] nistrati
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including grazing by livestock and fragmentation of
ecosystems further encourage the establishment and
proliferation of invasive species.

Unintentional introductions can occur through
global commerce as non-native species are trans-
ported as “hitchhikers” by air, water, railways, or
roads and in wood and wood products. Ballast water
taken up at sea and released in port by transoceanic
vessels is a major vector for non-native aquatic spe-
cies through the global transport of their propagules
or larvae. Through this process, it is estimated that
more than 3,000 different species of aquatic life may
be transported on any given day’ An example of this
is the zebra mussel Dreissena polymorpha. The larvae
of this small freshwater mussel were transported in
ballast from the Black, Caspian, and Azov seas to the
Great Lakes and the St. Lawrence Seaway, where they
have invaded hard aquatic substrates. In addition to
North America, they have invaded much of costal
Europe, where they disrupt the ecosystems through
monoculture colonization and damage harbors, ships,
and water treatment and power plants.

In addition to accidental occurrence, deliberate

introductions have commonly occurred through the
introduction of new horticultural varieties, crops,
and plants for wildlife management. Failed attempts
at biological control in which a potential predator is
introduced to control a pest have also resulted in the
introduction of invasive species. An example of this
is the introduction of the cane toad Rhinella marina to
Australia in an effort to control the grubs of beetles
that were devastating Australia’s sugar cane crops.
The toad was generally unsuccessful in reducing the
targeted pest, and the prolific nature of the toad al-
lowed it to spread and become firmly established
throughout much of the continent.
" So why are invasive species problematic? Doesn’t
the introduction of new species increase diversity?
The answer is generally no. Invasive organisms tend
to drive down native diversity. In the United States,
invasive species have contributed to the decline of
42% of all endangered and threatened animals and
plants. One example is paperbark, Melaleuca quinquen-
ervia, which was introduced to the Florida Everglades
in the late 1800s in an effort to assist in drying out
swampy land but established monocultures where it
was planted. Its rapid proliferation reduced diversity
in areas of the Everglades from 80 species of plants to
4 species.!
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There are numerous other examples of the det-
rimental effects of invasive species. Those most com-
monly known that have not already been mentioned
include kudzu or “the vine that ate the South”; the
starling, which was originally introduced as four
pairs in Central Park in New York City; the Asian
long-horned beetle, which has caused approximately
$10 billion worth of tree damage in the United States;
and the Asian carp, which has devastated the ecology
of Lake Victoria in East Africa.

Large economic costs are associated with invasive
species. These include costs associated with reduced
production in agriculture and forestry, negative im-
pacts on ecological tourism, and the control and
management of invasive species. It is estimated that
damage and control of invasive species in the United
States cost more than $120 billion per year and that
invasive species cause $7.4 billion in annual produc-
tivity losses of 64 major crops."! Regarding the exam-
ple of Melaleuca described previously, control efforts
within the state of Florida cost more than $2.2 million
annually. These costs do not take into account losses
in biodiversity and losses of ecosystem services. As
we explore and assess solutions in this book, it will
be important to consider the potential for introduction
and encouragement of invasive species through those
actions.

Ecosystem Services and the Value

of Biodiversity

People who value the natural world and all of its
biodiversity often do so for intrinsic reasons. Many
people are committed to protecting nature for spir-
itual, ethical, and even aesthetic reasons. However,
when considering environmental problem solving, it
is often useful to move beyond the esoteric value of
nature and to take into account the services that eco-
systems perform and the value of biodiversity. The
ways that humans benefit from natural processes
are referred to as ecosystem services. There are four
broad types of ecosystem services. Provisioning
services refer to the useable materials or energy
that people obtain from ecosystems. These include
food, water, genetic resources, and the other natu-
ral resources described in this chapter. Supporting
services are those that play a role in the maintenance
and function of all other types of ecosystem services.
These include pollination and seed dispersal, nutri-
ent cycling, and the provision of habitat for species
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16 Part! An Introduction to Sustainability

that perform other services. Regulating services are
those that control or maintain environmental con-
ditions. Examples include carbon sequestration and
climate regulation, purification of air and water, and
flood control. Finally, cultural services provide spiri-
tual, aesthetic, or historical value and also venues for
science, education, and recreation.

When assigning value to biodiversity, we con-
sider two types: direct and indirect values. Direct
values include consumptive use values such as foods,
medicines, and fuels that are used and consumed lo-
cally and not marketed nationally or internationally.
Productive use values are direct use products that
are commercially harvested or produced and sold.
Indirect values of biodiversity are those that provide
indirect benefits to humans that are more difficult to
quantify. These include the social and cultural, ethi-
cal, and aesthetic value of biodiversity as well as the
ecosystems services described previously. Option
values include currently undiscovered potential bene-
fits of biodiversity. For example, a yet to be discovered
plant may offer a cure for cancer or diabetes.

Unfortunately, most economic systems do not
take into account the value of ecosystems services
and biodiversity. When a for-profit entity impacts the
environment, it calculates its bottom line without in-
cluding contributions from or costs of impacting nat-
ural systems that actually serve its interests or those
of others. In other words, it reaps the benefits of these
services, such as natural water treatment or pollution
abatement, without paying for them. When the entity
destroys or depletes these resources, it is often not held
responsible for the economic losses incurred by this
impact. For example, entities involved in industrial
agriculture are able to increase their profit margin by
producing “cheap food.” One reason why this food is
cheap and their profits are high is that large producers
are not responsible for these sorts of external or indi-
rect costs in the production of this food. These costs
might include natural pollination on the use side and

pollution of water resources or health or societal prob-
lems caused by their actions on the impact side.

These types of costs are termed externalities.
These are ecosystem benefits or consequences of an
industrial or commercial activity that affect other
parties and are costs that are not accounted for in the
production of goods or services. Externalities are not
fully reflected in the price of a good or service or in the
determination of profit. As we consider the impacts of

such commercial activity and solutions to associated
problems, we must do so within the context of these
sorts of externalities.

This book is not just about the environment but also
about the link between humans and the environment.
It is also important to consider our own condition and
recognize that our quality of life is both dependent on
and impacts the environment. In this section, we con-
sider the problems related to population growth, rates
of consumption, economic issues, and education and
public health. Again, we begin to broadly establish
solutions to these problems that will be specifically
addressed in the chapters that follow.

The Growth of Human Populations
and Consumption
Exponential growth is when the amount being added
to a system is proportional to the amount already pres-
ent. As an exponentially growing system increases
in size, so does the rate of increase. Such populations
remain small at first, but the rate of increase escalates
with population size. Theoretically, when left unchecked,
a population should grow exponentially, and this is es-
sentially what has occurred historically with the global
human population (Figure 1.10). In the first 200,000 years
of human existence, the population growth rate slowly
increased as 1 billion people were added during that
time. It took only another 130 years to add the next bil-
lion, 14 years to add the next, and this rate of increase
continues to rise as the current population size exceeds
7 billion people and rapidly approaches 10 billion.
Exponential growth should eventually level off
as resources become limited. The carrying capacity
of a population is defined as the population size at
which the growth rate of a population becomes zero.
As a population approaches its carrying capacity,
growth rate begins to decline due to resource con-
straints, eventually leading to the point at which the
birth rate equals.the death rate. Theoretically and in
nature, some populations actually crash and reduce in
number well below the carrying capacity under limit-
ing conditions.
Many have argued that the human population has
reached its carrying capacity, but so far resource con-
straints have not seemed to limit population growth,
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Figure 1.10 Total world population growth. Source: US Census Bureau,

International Database.

as the most constrained regions often have the high-
est growth rates. This lack of decline in grvow‘th ra‘tes
suggests that the concept of carrying capacity 1s being
misapplied to human populations. Moreover, apply-
ing the concept of carrying capacity to human popu‘la-
tions is problematic for a number of reasons. The. fufst
is based on the argument that humans can defy limits
through the discovery of new resources and techn.ol~
ogies, and history has reflected this. Second, the point
at which populations begin to decline probably shou‘ld
not be our first indicator of crisis. The quality of life
at the Earth’s carrying capacity may not be something
we want to experience because there are likely to be
harsh health, social, and environmental implications
as death rates approach and perhaps even surpass
birth rates.

Currently, approximately 70 million people are
added to the planet per year. That is equivalent to
adding more than 200,000 people every day, or ap-
proximately 140 people every minute. However, th}S
is not occurring uniformly across the planet. In fact, in
some areas, populations are declining. In develop.ed,
wealthier countries, populations are either holding
stable or declining. However, in the least developed
areas of the world; populations are rapidly expanding

International Programs Center,

such that 98% of the world’s population growth is oc-
curring in middle- to low-income countries, where the
potential for economic opportunity is the %east. ’
There are a number of factors driving the dif-
ferences in population growth between the indus-
trialized, developed areas of the world and poorer,
developing countries. The first is fertility rate, or the
average number of children each woman has in her
lifetime. A fertility rate of two is essentially a replace-
ment rate that stabilizes population growth. In many
developed countries, fertility rates are either at'two
or below, resulting in stable or declining populations.
In developing countries, the fertility rate ranges from
three to seven, contributing to their population expan-
sion. A second contributing factor to the disparity is
average age of first reproduction, which tends to be
younger in less developed countries. A younger age
at first reproduction not only increases fertility rate
by lengthening the time of childbearing age l?ut also
decreases the generation time or the average tll’%le b'e-
tween two consecutive generations. A population in
which the average age of first reproduction is 20 years
will yield five generations in 100 years, Where*f\s
an average age of first reproduction of 25 years v§1111
yield four generations. Thus, the average age of first
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reproduction is one of the most important determi-
nants of population growth rate. A third factor is the
age structure of a population. If a population has a
large number of young people just entering their re-
productive years, the rate of growth of that population
will rise even with low fertility rates; again, this is a
common pattern in less developed, poorer nations.
Another important influence of population
growth in relation to development is the rate of mor-
tality. Developed countries tend to have reduced birth
and death rates, which stabilize populations. Death
rates are rapidly declining in many poorer countries as
they begin to experience the benefits of development,
such as improved medical care and public health;
however, reductions in birth rate tend to lag behind.
Today, this sharp decline in death rates followed by
slowly declining birth rates is characteristic of most
of the less developed regions of the world, resulting
in rapid population growth. It is expected that if these
countries continue to develop, birth rates will eventu-
ally decline and populations will begin to stabilize.
The changes in birth and death rates and hence
population size with development are referred to as
the demographic transition (Figure 1.11). This transi-
tion can be divided into essentially four phases. Phase
1 is referred to as “primitive stability,” with equally
high birth and death rates. Phase 2 exhibits declin-
ing mortality with increased medical care and public
health but precedes any decline in birth rate. Popu-
lation growth rapidly increases during this phase.
In Phase 3, birth rate begins to decline and approach
death rates, reducing population growth. In Phase 4,

Figure 1.11 The four

birth rates and death rates are both low, resulting in a
stabilized population (see Figure 1.11).
Currently, most developing countries are in Phases

2 and 3, in which population growth rates are the high-
est. Few are transitioning into low growth phases, and
approximately half of them have been “trapped” in
this phase of rapid population growth for more than
50 years. This has evoked questions about the potential
of this model to necessarily predict future population
growth, particularly in the less economically devel-
oped countries. Demographic transition theory also
does not account for recent phenomena such as HIV,
which has increased mortality in a number of sub-
Saharan African nations, nor does it necessarily take
into account government interventions such as popu-
lation control programs. The model also assumes that
population changes are caused by increased wealth
associated with industrial changes, and to a lesser
extent it considers the role of social change in deter-
mining birth rates. But as a model, it serves to elucidate

mechanisms by which patterns of birth, mortality, and

population growth change with development. The fol-

lowing are two examples of developing countries that

have made the transition to reduced birth and death

rates, resulting in decreased population growth; these

cases are used to flesh out the mechanisms by which
population growth is stabilized:

Sri Lanka: Prior to World War II, advances in
public health had been largely limited to affluent, in-
dustrialized countries. But since then, improvements
in public health have been made in many of the poorer
countries of the world, resulting in sharp declines in

death rate. An example of this is the South Asian coun-
try of Sri Lanka, which has a population of approxi-
mately 20 million. In 1945, the death rate in Sri Lanka
(then called Ceylon) was high. In 1946, a large-scale
program of mosquito control using DDT to eradicate
malaria was started. This was quite successful and
cut the death rate by more than 50%. From the 1940s
until the mid-1970s, death rates were relatively low,
while birth rates had not substantially declined. As
a result, the population was increasing at an annual
rate of 1.2%, with a doubling time of 57.5 years. But by
the 1980s, fertility rates began to decline and life ex-
pectancy continued to rise, resulting in an aging pop-
ulation. Today, fertility rates average approximately
two children per woman, and the population growth
rate has fallen below 1% per year. This was achieved
through government health and education reforms.
This proved to be a wise investment because the de-
mographic shift resulted in a growing working-age
population and a decrease in the number of depen-
dents per family. This ultimately allowed for contin-
ued economic development and improvements in the
general standard of living.*?

Bangladesh: Bangladesh is a small country with a
population of 150 million people. It is ranked seventh
in the world for population size, with more people
than Russia. However, it is smaller in area than the US
state of Florida so that it is ranked number one in pop-
ulation density, with 950 people per square kilometer.
This density is equivalent to half of the people in
the entire United States living only in the state of
Florida. In the 1960s, fertility rates were as high as 7 or
8 children per family, and it was believed that culture
and religion would make it impossible to reduce this
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In addition to improvements in health care, a
number of other common changes contributed to the
demographic transition in these two countries. These
included improvements in nutrition and education, in-
cluding the introduction of family planning. Economic
growth and poverty reduction have also played a major
role. But probably the most important factor has been
the empowerment of women. As women have obtained
educational opportunities, improved literacy, and entry
into the formal labor market, marriage and pregnancy
have been delayed and fertility rates have decreased.

THE POPULATION BOMB

The Population Bomb, a bestselling book written by Stan-
ford University Professor Paul R. Ehrlich in 1968, identi-
fied overpopulation as the single most important issue
confronting humans It warned that the “population
explosion” would result in mass starvation and major
societal upheaval. The book advocated for immediate
action to limit population growth as a means to save
our species, and it argued that the only way to save the
planet was to stabilize global population growth rates.
The book served to bring the issue of overpopulation
to a wider audience, but it has been criticized for its
alarmist tone and its inaccurate predictions.

One additional problem is that the emphasis on
population growth and disparities in rates between
developed and developing countries places the focus
of these global problems on the developing world.
But population growth rate is not the only disparity
between developing and developed nations. Rates of
consumption vary and are often inversely related to
population growth rates. Higher per capita rates of con-
sumption by individuals in a population may do more
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referred to as the Bangladesh Miracle"®

These two case studies reveal several potential
ways to stabilize population growth in developing coun-
tries. In Sri Lanka, health care and education reform
was a clear priority. In Bangladesh, the completion of
the demographic transition coincided with indepen-
dence from Pakistan in 1971. This was followed by the
development of an open culture of research-based in-
novation in community-based health care that brought
key health interventions to every household that di-
rectly led to drastic reductions in population growth.

The most developed countries of the world consume
approximately 32 times more total resources per
capita compared to the least developed countries. The
United States is home to approximately 4.5% of the
world’s population but consumes more than 25% of
the world’s resources. Per person per year, the most
developed nations of the world, such as the United
States, consume fossil fuels at 3.6 times the rate of the
world average and 15.1 times the rate of Africa. It has
been too easy to blame the developing world and its
population pressures for its impact on the planet, but
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when we consider rates of resource consumption and
depletion, true patterns of impact become clear.

One way to integrate population size with con-
sumption to determine impacts is through the IPAT
model.” This model takes into account per capita neg-
ative impact (I) on the environment, expressed as the
product of population size (P), affluence (A), and tech-
nology (T). Affluence is assumed to be directly related
to the average consumption of each person in the pop-
ulation. Technology represents how resource intensive
the production of affluence is. The greater these two
variables are, the greater the environmental impact.

There have been a number of criticisms of the
IPAT model, including its simplicity, the interdepen-
dency of the variables, and that technology can also
decrease impact through increased efficiencies. Re-
gardless, this model illustrates that in industrialized
countries, in which levels of affluence and technology
are high, there is potential for large environmental
impact even at lower population sizes. Solutions that
reduce environmental impact must move beyond pop-
ulation control in the developing world and include re-
ductions in consumption in industrialized countries.
These are considered throughout the book, but an in-
depth discussion of them is provided in Chapter 8.

Fiscal Crises and Economic Opportunity
According to the World Economic Forum,* 3 of the top
10 global risks of highest concern are severe economic
disparity, structurally high unemployment or under-
employment, and the potential for fiscal crises in key
economies. If these global risks are not effectively ad-
dressed, there could be far-reaching social, economic,
and political fallout. These issues are interconnected
with resource use, climate change, and population
growth and/or decline, as previously described in this
chapter. The Forum suggests that these risks can only be
addressed through long-term thinking and collabora-
tion among businesses, governments, and civil societies.
The Forum reports that the wealth of the world is
divided between two groups: the richest 1% and the
remaining 99%. There is extreme economic dispar-
ity between these groups. This gap between the rich
and the poor has been steadily increasing and is at its
highest level in 50 years. The average income of the
richest 10% of the population is approximately nine
times that of the poorest 10%. This is up from seven
times that of the poorest 10% 25 years ago. The poor-
est half of the world’s population has a shared wealth

equal to that of the richest 85 individuals. The gross
domestic product (GDP), a measure of the monetary
value of all the finished goods and services produced
within a country’s borders in a specific time period, is
an estimate of that country’s wealth. The GDP of the
41 most indebted, poor countries with a total popula-
tion of 567 million people is less than the wealth of the
world’s 7 richest people combined.

Almost half of the people in the world, more than
3 billion people, live in extreme poverty, living on less
than $2.50 per day. Some countries, such as Brazil and
a number of developing countries in Asia and Africa,
have effectively reduced poverty. However, large in-
equities in wealth remain. Economic inequality dis-
proportionately affects women and children. In the
poorest areas of the world, the earning potential and
educational opportunities for women are further re-
duced. Globally, 1 billion children live in poverty (1 in
2 children in the world), 640 million live without ad-
equate shelter, 400 million have limited access to safe
water, 270 million have no access to health services,
and 10.6 million died in 2003 before they reached the
age of 5 years (or roughly 29,000 children per day).

Economic inequity is caused by a variety of fac-
tors, including a regressive pattern of taxation that re-
duces the rate for the highest income groups. Since the
1970s, these rates have significantly declined in many
countries throughout the world, but particularly in
the United States and United Kingdom. Other factors
contributing to inequity are deregulation of industry,
international trade policy, exploitation and the disem-
powerment of labor, and unequal access to technol-
ogy. There is still strong political pressure to continue
all these trends and to maintain this inequity.

Another global risk is chronically high unemploy-
ment and underemployment. In contrast to cyclical
patterns that have occurred in the past, today’s glob-
ally high rates of unemployment appear to be struc-
tural, which means that employment opportunities
will not increase without significant change or reform.
One major cause of this is that education and training
programs are either non-existent or have not adapted
to the changing job market, resulting in a mismatch
between jobs offered by employers and the skill set
of potential workers. Other causes include reduction
in the labor force due to automation, movement of in-
dustry to areas where labor is cheaper, and large-scale
bankruptcy in locations where a single industry has
been a dominant employer.

The Wortd Economic Forum places the threat of
major fiscal crisis at the top of its list of global risks. The
cause of these crises will be increasing deficits and debt
characteristic of the majority of both developed and
developing nations of the world. A fiscal crisis occurs
when investors begin to doubt a government’s ability
to repay its debt. This results in escalating interest rates
on further borrowing. This in turn adds more debt and
creates more fear and potential that a country will de-
fault on its debt. Debt development such as this leads
to the instability of financial systems and eventually
forces governments to cut expenditures and raise taxes,
triggering recession and massive unemployment.

Advanced economies are currently in danger of

such fiscal crisis, as indicated by the large amount of
debt in the United States (>100% of GDP) and Japan
(well over 200% of GDP). The collapse of key econo-
mies such as these will result in a cascading effect of
global economic failure. Again, this failure will dispro-
portionately impact the global poor. Such crises result
in increased unemployment and reduced wages. At
the same time, financially strapped governments and
aid agencies are forced to cut funding for vital social
and public health services, and environmental protec-
tion efforts, including options for adapting to climate
change, are weakened. A number of realistic economic
reforms that include collaboration between the public
and private sector will help ensure that fiscal frame-
works become more resilient.

Education and Public Health

In addition to global disparities in wealth and eco-
nomic opportunity between developed and devel-
oping countries, there are also grave differences in
education and public health. Nearly 1 billion people
entered the 21st century unable to read a book or
éign their names. More than 25% of all children in
18 countries have never been to primary school, and
in 23 countries, more than 75% of adolescents have not
completed lower secondary school. These numbers
are considerably greater for lack of secondary and
post-secondary education. Often, girls and women are
the ones who lack these opportunities. Access to ed-
ucation has been shown to be linked to fertility rates
and population growth, public health, economic op-
portunity and equity, and effective natural resource
management. Accordingly, universal primary educa-
tion that ensures access for all children everywhere
has become an important objective of the United
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Nations and the world’s leading development organi-
zations. We focus on ways to improve global education
in Chapter 12, and ways in which education connects
to specific issues are considered throughout the book.
During the past several decades, people living in
developing countries have experienced considerable im-
provements in health. For example, during the past 40
years, annual mortality among children younger than
age 5 years has been reduced by 50%. Unfortunately,
since 2000, these gains have slowed or even reversed
in some areas of the world. The countries experiencing
these setbacks are primarily in sub-Saharan Africa and
some areas of South Asia, where patterns of disease and
mortality in less developed countries have changed
markedly. This includes the HIV/AIDS epidemic, the
re-emergence of tuberculosis, increases in the incidences
of insect-borne diseases, the emergence of new infec-
tious diseases, and increases.in violence associated with
political unrest. Also, a number of chronic diseases that
were thought to be of concern primarily in developed
countries are exhibiting increased incidence in develop-
ing countries. These include the increased occurrence of
coronary artery disease, cancers, diabetes, and cerebro-
vascular damage. Many of these trends can be reversed
by increasing access to health care, including medicines
and vaccines, and effective education programs specif-
ically with regard to HIV/AIDS and mosquito control.

A number of public health problems are directly
linked to environmental issues, including the limits of
the environment to provide nutritious food and water
to meet the needs of all people. These limits are primar-
ily due to mismanagement. Globally, itis estimated that
approximately 870 million people are undernourished,
and more than 100 million children younger than age
5 years are undernourished and underweight. A suf-
ficient supply of water that is of high enough quality
for drinking is essential for the well-being of humans.
Naturally occurring water systems are being depleted
and contaminated at alarming rates. As noted previ-
ously, millions of people die each year from water, san-
itation, and hygiene-related causes.

Pollution and climate change will impact the
health and lives of people throughout the world in
complex and very serious ways. For example, the in-
creased use of toxic chemicals without sufficient en-
vironmental and occupational regulation has resulted
in increases in a variety of acute and chronic diseases.
The connection between the environment and human
health is emphasized throughout this book.

This content downloaded from
135.129.124.12 on Sat, 31 Jan 2026 13:27:51 UTC
All use subject to https://about.jstor.org/terms



22 Part] An introduction to Sustainability

Developlng Sustamable Solutlons
When many think of the environment or the natural
world, they think of its awesome power and magnifi-
cent beauty; they think of it as something pristine; and
they want to protect and save it for its intrinsic value.
They are reminded of all the incredible species and their
amazing adaptations that allow them to survive and re-
produce in the natural world. But they often forget about
one species. It is a wide-ranging species that occurs in
tropical and temperate forests, on mountaintops, and in
desert and polar regions. Like all species, its survival is
dependent on the natural world. That species is Homo
sapiens. Yes, our species is inextricably linked with the
environment. Nature and the environment are worth
saving not just for their intrinsic value but also because
our lives depend on it. There is also a clear link between
environmental factors and diseases such as cancer.””
Our planet has been in existence for 4.6 billion
years. The evolution of early humans occurred less
than 5 million years ago; thus, humans have occupied
Earth for 0.003% of its existence. This is proportional to
just a few seconds in an entire day. Despite our short
time here on Earth, human activities have had a signif-
icant global impact on its ecosystems. Because of this,
many scientists now argue that we have entered into a
new geological epoch referred to as the Anthropocene,
the portion of the Barth’s history during which human
activity has begun to cause significant global change
by approaching or exceeding planetary boundaries.
These boundaries are biophysical thresholds that define

Figure 1.12 The nine planetary
boundaries for Earth systems on which
human survival depends. The shaded
areas indicate the boundaries in the
three systems that have already been
exceeded. (Adapted from the Stockholm
Resilience Center, https://commons
‘wikimedia.org /wiki/ File:Planetary_
boundaries.svg)

Freshwater use

the safe operating space for planetary life support Sys-
tems essential for human survival. According to Johan
Rockstrém and his collaborators, three of nine of these
interlinked planetary boundaries have already been
overstepped (Figure 1.12). It is also argued that these
planetary boundaries should be the basis for defining
preconditions for human development.s

Recognizing that our actions threaten our own
life support system is an important first step in be-
ginning to protect and restore it. But we must also ac-
knowledge the complicated connection among natural
resources, biodiversity, climate change, human popu-
lation growth and consumption, economic issues, ed-
ucation, and public health, and we must realize that
they need to be considered in concert to solve the
problems that confront us and our planet. History has
taught us that preserving and protecting the environ-
ment without considering the needs of the people who
depend on it will not work.

The notion that we need to protect our planet be-
Cause we use it to meet our diverse needs is central
to what we call sustainability. In this book, we exam-
ine the question of how we can continue to do this
without ruining our ability to do so in the future by
wrecking the planet on which we depend. Although
defined in many ways, sustainability almost always
refers to managing the environment for current and
future generations so that members of those genera-
tions have opportunities to live full and healthy lives.

In Chapter 2, we examine the history of the sus-
tainability movement and use the context from this

Climate change

Ocean acidification

Ozone depletion

egen cycle

Phosphorus cycie

chapter along with that history to develop a useful
definition of sustainability. We apply this definition to
the variety of problems we face on planet Earth. Sus-
tainability is presented as a way to analyze problems
and develop solutions to them. We explore specific
solutions, programs, and projects, and we examine
how they are implemented and assessed. We do this
through a critical lens and with an open mind to allow
us to see the potential benefits and limitations of each
approach. Our goal is to develop interdisciplinary
solutions to complex problems in an effort to sustain
our planet in order to meet the needs of the current
and future generations of our species.

Chapter Summary

 The goal of this book is to offer the mterdlsmphnary
background that is required to understand the
many complex problems that we face and to do so
in a way that will both inspire and equip its diverse
audience to develop solutions to these problems.

» Natural resources are materials in the environment
that are either necessary or useful to humans. They
cycle naturally in the environment. When the rate
of extraction of a particular resource outpaces
its renewal in natural cycles, that resource is
considered non-renewable.

¢ The fundamental resources of air and water are
abiotic and theoretically renewable, but human
pressure has negatively impacted their quality
and accessibility.

* Humans rely on terrestrial and marine resources
such as soil, forest and animal products, and
mined materials. Current practice results in
depletion of those resources and negative impacts
on environment and public health.

» Terrestrial and marine environments also provide
energy on which humans rely heavily. Non-
renewable fossil fuels are rapidly being depleted
and contribute to global climate change. Their
continued use has implications for national
security, energy independence, and the environ-
ment. Examples of renewable energy resources
include solar, geothermal, wood, and biofuels.
Currently, renewable energy resources represent

less than 20% of global energy production and use.

Climate change or global warming is linked
to human activity through our contribution to

Chapter 1 The Problems We Must Solve

atmospheric greenhouse gases and the removal of
natural carbon sinks. The consequences of global
climate change are serious and include drought,
crop loss, extreme weather events, damage due to
increased fires and flooding, coral reef destruction,
and rising sea levels.

e Another global environmental problem is that of
invasive species, which are non-native organisms
that when introduced to an environment dominate
and drive down native diversity.

o Natural ecosystems provide a diversity of services
that benefit humans, and biodiversity has potential
value as new foods and medicines. Most econormic
systems and business models do not take this
value into account. This value should be accounted
for when considering the impact of commercial

activity and the cost of products and services.

e Developing countries tend to have higher

population growth rates, whereas developed

countries have disproportionately higher rates

of consumption. These need to be considered in

tandem as ways to reduce environmental impact

and resource limitations and depletion.

Other threats to the human condition include

the potential for fiscal crisis, severe economic

disparity, incomplete or ineffectual education, and

public health issues. Environmental, economic,
and social issues need to be considered in concert
to solve the problems that confront our species
and our planet.

Digging Deeper: Questions
and Issues for Further Thought

1. Julian Simon argued that there is no resource
crisis—that as resources become scarcer, they in-
crease in cost and in turn there is economic incen-
tive to discover more, ration, recycle, and develop
alternatives to them. Can you think of examples in
which such human ingenuity generated solutions
that eliminated a resource crisis? Were there any
other consequences associated with that solution?
Are there areas in which solutions have not yet
been generated? What are the limitations of this
way of thinking?

2. By the end of this chapter, connections between
the problems we confront and social justice have
begun to emerge. Pick one problem (e.g, climate
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change, population growth, and fiscal crises) and

explore the linkage of the problem to social justice.
. A number of conservation programs that protect

specific areas of nature by strictly banning human
economic activity have failed. Why? What might
be a more effective approach to conservation?
What are the criteria for designating a resource

as renewable? Give examples of renewable and
non-renewable resources? Are there aspects or
components of some renewable resources that are
not completely renewable? What might be a better
term for such resources?

Reaping What You Sow:
Opportunities for Action

1.

We have seen that there are large disparities in
per capita consumption of resources between
developed and developing countries. Fither for
yourself or for your community, develop a plan
to reduce individual consumption of one or more
resources. How would you measure or quantify
that reduction?

. For one or more of the issues presented in this

chapter, identify some organizations that directly
address them. What is their approach? How are
they funded? Choose one that appeals the most
to you, and explore ways to either directly get
involved with it or support its efforts.
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CHAPTER 2

DEVELOPING SUSTAINABLE SOLUTIONS

In Chapter 1, we saw that the state of the environment and human actions and quality of life

' . N N . . S
are all complexly interconnected. Thus, solving problems in either realm Tequwes §|mult§ne§:
consideration of the other. We must consider the environment as something that is required to

gnizing that our ability to do this is contingent on how we live our

sustain human life while reco mental

lives. The principle of sustainability embraces the notion that \asting so!ut.ions to envxro; e

problems are difficult to achieve if they do not also improve the guality of life of th?se W {'odsdeﬁ-

and depend on that environment. However, sustainability has had numerous loosely apptie o

nitions. Also, because it has been co-opted and deceptively used tg market products or serv

as environmentally friendly, it has at times been maligned or discredited.
Problem-solving frameworks require precise definitions and apprgaches sot o

be implemented and ultimately assessed. Given that our framework is that of sustainability,

must precisely define it in a practical way. This definition must be broad enough so that it can be |
ng specific objectives that can be used to

hat strategies can

i i i ile also providi
applied to a wide range of issues while a e can b .
iy measurable outcomes. This chapter establishes a robust definition of sustainability that will

develop nability within

serve as a framework for identifying and solving problems. We begih by placing sustad| A
a historical context. Then we examine the terminology and definitions that emerged from

tory and extract those elements that will be most useful in solving problems at the interface of the

environment and human needs. We then use these to develop a working definition of sustainability

that will allow us to identify problers related to it, most effectively develop creative solutions that

can solve those problems, and determine how best o assess the effectiveness of these solutions.

PLANTING A SEED: THINKING BEFORE YOU READ

Explain how they differ and what common
ideas they share.

3. What are the “must have’ elements of
good, working definition of sustainability?

1. List five key terms that come to mind when
you think of the definition of sustainability.

2. Do an internet search and locate three
rather different definitions of sustainability.

The great challenge of the 21st century is o
raise people everywhere to a decent standard
of living while preserving as much of the rest

of life as possible.
fi —FEdward O. Wilson
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