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x Preface

When we wrote the first edition of Environmental Change 
and Challenge more than 20 years ago, it was already 

obvious that the two core themes of “change” and “challenge” 
were going to be major defining characteristics of the twenty-
first century. However, since then, the speed and magnitude of 
change have often been unanticipated, leading to major chal-
lenges. Thus, we believe that today these two core themes con-
tinue to be relevant, even more so, than when the first edition 
was published in 1998.

Scientists and social scientists in the mid-1990s were cer-
tainly very aware of global climate change, for example, but 
the rate of such change was expected then to be a concern for 
the next rather than the current generation. For example, the 
Arctic Ocean was predicted to be ice-free in 50 to 100 years. 
However, as a result of colossal ice losses in the Arctic dur-
ing the last decade, and also in the Antarctic, the prediction 
has been modified to indicate major changes within a much 
shorter time frame.

Challenges due to these and other changes will be profound, 
with local, regional, national, and global implications. Sea 
levels can be expected to rise more quickly than anticipated, 
ocean currents will change, more communities will experience 
flooding, rainfall and temperature patterns will be modified, 
crops will be affected, and millions of lives will be affected.

The reality of such changes is daunting, and yet also difficult 
for many people to believe or accept, since it counters many 
deep-seated beliefs and expectations. Furthermore, some pol-
itical leaders downplay or reject the findings of natural and 
social scientists, arguing their results and interpretations are 
questionable or unproven, even while not providing credible 
counterevidence to support their views.

Another part of the reality is that treaties were signed with 
Indigenous peoples for “as long as the rains fall, as long as the 
rivers flow, as long as the winds blow” because these were the 
immutable constructs of nature that were reliable. The Earth 
also was conceived by many as being so large that the impacts 
of humans would be trifling in comparison. Photos of our 
lonely planet floating through space, taken from spacecraft, 
helped to dispel that myth.

A fundamental change has occurred over the past several 
decades regarding the relationship between humans and 
the planet. No longer is the planet a vast and wild place in 
which change occurs on a geological time scale driven by nat-
ural forces; instead, it has become the “greenhouse” of the 

 greenhouse gas analogy in which wild nature is being replaced 
by human constructs, and even the atmosphere and ocean 
 reflect human desires as they become increasingly choked 
by the wastes of consumer societies. Indeed, the influence of 
humans on ecosystems has prompted some to call for a new 
geological epoch to be labelled as the “Anthropocene” to suc-
ceed the current epoch (the Holocene), to reflect the impact of 
humans and their activities on the global environment.

Given the above, there has not been a more critical time 
when humans should know how the planet works and espe-
cially understand processes driving life-support systems. This 
book was conceived and written with these twin goals in mind: 
that students should attain a basic appreciation of how the 
planet works, and also understand the impacts of humanity 
on its systems, challenges triggered, and potential responses.

The book is also focused primarily on Canada, one of the 
most magnificent places on Earth. Our geography, people, 
history and political culture are distinctive. Canadians can 
and should play a constructive role in what happens globally 
in terms of the environment. We are the world’s second-largest 
country in terms of area. We also are a rich country. In gener-
al, most of our citizens have a high quality of life and value the 
environment, but we also create some of the highest per capita 
impacts in the world in terms of carbon dioxide emissions, 
water use, and waste production. Changes need to take place. 
And those changes need to happen far more quickly than is 
currently happening. Our “leaders” have often been willing 
to make necessary changes, but only if they perceive there is 
support for them. That support rests on a well informed and 
engaged populace.

We believe it is critically important that students graduate 
from our universities and colleges with a greater understand-
ing of the planetary ecosystems that support life, an apprecia-
tion of their impacts on ecosystems, and an awareness of what 
society and individuals can do to help improve the situation. 
If all university and college graduates came out thus informed 
and acted on this knowledge to create change in their own 
lifestyles and society, the prognosis for the future could be 
more optimistic.

Another significant and relevant trend is a growing appre-
ciation that Indigenous peoples were living in what became 
Canada long before the first European explorers arrived. The 
early European explorers, business people, settlers, and politic-
al leaders effectively displaced the Indigenous peoples,  leaving 
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a tarnished legacy. Initiatives are being taken to  address the 
inequities created and maintained, but it has been, and is, 
an incremental and gradual journey. In that context, in this 
book we use the term “Indigenous” when referring to the pre-
European settlers and occupiers of what became the nation 
of Canada, reflecting an evolution of terms from “Indians,” 
“Natives,” and “Aboriginals” to “Indigenous.” The term 
“Indigenous” is inclusive as it refers to three distinct peoples: 
First Nations, Métis, and Inuit.

This book was written for students taking a first course in 
environment, to impart an understanding of the biosphere’s 
function and to link basic environmental management prin-
ciples to environmental and resource problems in a Canadian 
context. As well, since Canada is just one nation on planet 
Earth, initiatives and examples from other parts of the world 
are examined, given that we can learn much from others’ ex-
periences. Thus, this book provides both a basic background 
for those who will go on to specialize in fields other than the 
environment and a broad platform upon which more specific 
courses on environment can build.

In developing this book, we had to address inevitable ten-
sions among depth, breadth, and integration. Various ap-
proaches can be used to deal with such interactions. We decid-
ed for the first edition to organize the book by first introducing 
a significant case study, and using it to highlight many funda-
mental challenges that must be addressed; we have continued 
with this approach through to the sixth edition. We have used 
the case study to show how science and social science theories, 
concepts, and methods can be used in a complementary man-
ner. In addition we outline some basic arrangements within 
Canada related to environmental management, and also how 
Canada engages at an international scale. Importantly, we 
draw attention to opportunities for individuals to make a dif-
ference in every chapter.

On this foundation, we then created two sections which 
examine core ideas and methods from science and social sci-
ence, and alert you to the theories, methods, and techniques 
that can be drawn upon for examining and resolving prob-
lems. From such a platform, we turn in a fourth section to 
explore and analyze substantive topics—challenges and op-
portunities related to climate change, oceans and fisheries, for-
ests, agriculture, water, minerals and energy, urban areas, and 

endangered species and protected areas. When examining any 
one of these, we often note how issues are similar to, or con-
nect with, issues in one of the other theme areas. For example, 
in each chapter in this section we consider the implications of 
the Sustainable Development Goals developed by the United 
Nations, for concerns ranging from climate change to endan-
gered species and protected areas. In that manner, we strive to 
achieve an “integrated” approach. And, throughout, we have 
sought to draw attention to the significance of Indigenous 
knowledge and experience, and how it, and other types of ex-
periential knowledge, can help to achieve deeper understand-
ing, as well as enhance capacity for problem solving. Finally, 
in the last section, entitled Epilogue, we reflect on what has 
been examined in previous chapters and the challenges and 
opportunities that await us.

In this sixth edition, we have updated information in the 
fifth edition, as well as incorporated new concepts and ideas, 
such as strategic lawsuits against public participation (SLAPPs) 
and ecological forestry. In addition, one new Vision from the 
Field box is included in each chapter, from either Canadian 
or international authors. The intent of these boxes is to add 
other perspectives, and their authors were asked to examine 
one or more concepts, illustrate it with one or more examples, 
and reflect on implications for environmental management. 
Furthermore, we have provided a number of “integrative” 
case studies, such as the Trans Mountain pipeline example in 
Chapter 1, which highlight the need to take a holistic or eco-
system approach. And, finally, to encourage you to reflect and 
consider how you can help in identifying solutions, What You 
Can Do boxes are included toward the end of each chapter, 
in which opportunities are identified for you to “make a dif-
ference.”

Change and challenge are the core themes of this book, and 
we believe fundamental changes are needed in the way soci-
ety manages itself and the environment if we are to meet the 
challenges facing us and to create opportunities. We hope that 
his book will help to contribute to creating a sustainable and 
resilient future, and to encourage you to become part of mak-
ing such a future a reality.

Philip Dearden
Bruce Mitchell

Erin O’Connell



Features

Current Changes and Challenges
Coverage of current events—including the Trans 
Mountain pipeline debate, the activism of Greta 
Thunberg, the Australian wildfires, and the Paris 
Agreement—illustrates environmental changes and 
challenges happening every day all over the world.

In preparing this new edition of Environmental Change and 
Challenge, we have, from the start, kept in mind one para-

mount goal: to produce the most dynamic, accessible, and 
up-to-date introduction to environmental studies available 
to Canadian students. 

This revision builds on the strengths of the highly acclaimed 
previous editions, and continues to address the needs of  today’s 
students by providing them with a thorough understanding 
both of how our environment is changing and of the challen-
ges faced by Canada and the world.
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Greta Thunberg is a Swedish schoolgirl. In 2018, no one out-
side her immediate friends and family knew the 16-year-old. 
Now her name is known the world over. Sudden fame such 
as this is not so unusual in this globalized world. Pop stars, 
footballers, tennis players can rocket to fame within weeks. 
But this very seldom happens with non-commercial individu-
als, such as Greta, who offer no one a ride to instant riches, 
and may in fact curtail the riches of many. So what brought 
about this change?

Greta became aware of the immense challenges being 
posed by global climate change and simply could not under-
stand why no effective action was being taken to protect her 
and others of her generation from these catastrophic impacts. 
It all seemed so clear to her. First, she converted her skepti-
cal parents. Then she decided she would protest. Inspired by 
the Florida students who started a school strike to protest lax 
gun laws that had allowed their schoolmates to be shot and 
killed, she decided to go on strike. Every day she went to 
the Swedish parliament with her sign. Greta is articulate, and 
she knew her stuff—people started to listen at the tail end of 

a summer that had been ravaged by unprecedented heat in 
northern Europe. Soon, she was joined by others who shared 
her concern.

▲  Artit Tongvichit/Shutterstock

Epilogue:  
The Sustainability Revolution

Greta Thunberg speaks at a rally at the Alberta Legislature 
Building in Edmonton in 2019.
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Vision from the Field

Responding to Environmental 
Challenges in Canada: The Role of 
Indigenous Jurisdictional Authority
Maggie Low

The increasing recognition of Indigenous rights and title has 

had significant implications for the jurisdictional arrange-

ments responding to environmental challenges in Canada. 

Indigenous peoples and their governments are demanding 

recognition as a distinct order of government, thus challeng-

ing the day-to-day realities for natural resource managers 

and all levels of the Canadian government, including munici-

pal, provincial, and federal.

Court decisions have acted as effective leverage for In-

digenous nations wishing to have more power in decisions 

made about their lands and waters (forestry, mineral, fisher-

ies, etc.). For example, the Haida v. British Columbia (2004) 

and Taku River Tlingit First Nation v. British Columbia (2004) 

decisions defined the “duty to consult” whereby provincial 

and federal government agencies must meaningfully consult 

Indigenous peoples before resource development activities 

occur on their traditional territories or reserve lands. To date, 

provincial and federal consultation processes—such as en-

vironmental impact assessments (EIA)—have been ill-suited 

to meet the constitutionally protected rights of Indigenous 

peoples in such consultation processes.

Apart from rights recognized by the Canadian courts, In-

digenous peoples in Canada possess inherent rights that flow 

from their ways of knowing and political and social systems 

existing before the arrival of European colonists. These in-

herent rights—including political rights and title to land—are 

rooted in Indigenous knowledge and laws developed over 

millennia. Historically, treaty-making between Indigenous 

nations and Canadian governments over most of Canada’s 

land base was meant to establish a nation-to-nation relation-

ship. However, Canadian governments have normally viewed 

treaties as extinguishing Indigenous nations’ inherent rights 

in exchange for narrowly defined treaty rights, such as for 

hunting, fishing, and trapping. Modern treaty processes have 

also been used to try to bring certainty to questions of land-

ownership and who benefits from resource development. To 

date, Canadian governments have declared ultimate jurisdic-

tional authority over land and resources in Canada.

However, in British Columbia, few historic and present-

day treaties have been signed, meaning both Indigenous 

nations and Canadian governments lay claim to the same 

land base and waterways. Indigenous nations in BC are as-

serting their inherent rights and jurisdictional authority over 

their territories through legal challenges, negotiated politi-

cal agreements, and activism. By exercising their jurisdic-

tional authority, Indigenous nations in Canada are changing 

the rules for governments and resource users in significant 

ways. To exemplify this, I share a story from my time living 

in Bella Bella, BC, home of Heiltsuk Nation. Heiltsuk Nation 

holds inherent jurisdiction and governing authority over its 

territories and (rightfully) consider themselves owners and 

caretakers of their homelands.

In March 2015, members of the Heiltsuk Nation occupied 

the office buildings of Fisheries and Ocean’s Canada (DFO) on 

Denny Island for four days to protect one of their primary 

marine resources, Pacific herring. Herring are a cornerstone 

of Heiltsuk people’s diet, cultural practice, and livelihoods. The 

peaceful occupation of the DFO offices began when a del-

egation of Heiltsuk members and supporters hand-delivered 

an official eviction notice to the DFO staff that read: “Due to 

Lack of Respect for Heiltsuk Gvi’ilás [Heiltsuk laws], You are 

Hereby Given a Notice of Eviction from the Heiltsuk Nation.” 

Essentially, the eviction notice instructed DFO to pack up 

and leave Heiltsuk territory. This action, although seemingly 

minor, was significant because it implied DFO were only visi-

tors on Heiltsuk territory. As far as Heiltsuk were concerned, 

DFO had no jurisdictional authority and was no longer wel-

come to operate on Heiltsuk lands and waters.

In March 2015, members of Heiltsuk Nation and their 
allies peacefully occupied the offices of the Department 
of Fisheries and Oceans for four days on Denny Island, BC.
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Continued

Fresh National and Global 
Perspectives
“Vision from the Field” features, including 15 entirely 
new statements, highlight the work of engaged 
environmental researchers making a difference in 
Canada and internationally in areas such as global food 
security, freshwater fisheries, water ethics, and shark 
conservation. 
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Increased Coverage of Indigenous 
Peoples
Greater coverage of Indigenous perspectives and 
the challenges faced by Indigenous Peoples—the 
disproportionate impacts of climate change on the 
Inuit, experiences of Indigenous Peoples and Canadian 
biosphere reserves, Indigenous rights to water, and 
the role of Indigenous jurisdictional authority—gives 
students better insight into important current issues. 

Primer on Scientific Concepts
Thorough coverage of the environmental processes 
that form the Earth’s life-support systems helps 
readers understand essential scientific concepts 
and recognize the importance of taking a holistic, 
scientifically informed approach to environmental 
issues. 
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In 2018, following a 12-year legal battle, the Supreme Court 
of BC ruled that the Nuu-chah-nulth First Nations of Vancou-
ver Island also have the right to harvest and sell fish commer-
cially, and it is anticipated that this ruling will be expanded to 
other Indigenous fishers.

In many ways, the story of the BC coastal Indigenous cul-
tures is a story of the sea in general and of salmon in par-
ticular (Box 9.5). The bounty of the sea allowed these peoples 
to establish a more sedentary lifestyle than many other In-
digenous peoples in North America. Consequently, nowhere 
else did hunter–gatherer societies develop such complex social 
structures, rigid hierarchies, and dense populations in per-
manent winter villages. From these villages, the people de-
veloped complex and effective hunting practices for whales, 
sea lions, seals, sharks, tuna, wolf eel, sole, oolichan, green-
lings, herring, halibut, crabs, clams, mussels, skate, sturgeon, 

and, above all, salmon. The salmon fishery was managed ef-
fectively; no stocks crashed. And the salmon was venerated 
through myth and legend among the coastal peoples.

Conflict and sometimes tenuous resolution will continue to 
arise as Canada strives to achieve equitable solutions to fish re-
source allocation problems involving Indigenous peoples. The 
clock cannot be rolled back to pre-treaty times, yet there must 
be some recognition of the central role that fish and fishing 
have played in the societies of many Indigenous peoples in 
Canada and of their intimate knowledge of coastal ecosystems 
(Box 9.6).

Amendments to the Fisheries Act in 2019 acknowledge the 
important role of fisheries for many Indigenous peoples and 
also the important role that Indigenous peoples should have 
fisheries management in Canada. Key aspects of the changes 
related to Indigenous peoples include (Axmann et al., 2018):

• Increased opportunities for Indigenous participation. The 
changes allow the minister to enter into agreements and 
cooperation with Indigenous peoples to further the goals 
of the Act. These agreements may provide for the appli-
cation of Indigenous laws and Indigenous administration 
and enforcement within their own territories. However, 
the federal government is not required to enter into these 
agreements.

• Consultation requirements. The revised language in the Act 
aligns with requirements that the government consult with 

Perspectives on the Environment
Fisheries Access and Well-Being

ForIndigenouscommunitiesinCanada,accesstoocean

and coastal territories is essential for cultural continu-

ity—including traditional management and harvesting 

practices,inter-generationaltransferofknowledge,and

consumption, trade or sale of local and culturally sig-

nificant species used for food, social and ceremonial

purposes. Access is also important for the political em-

powerment of those who have claims of adjacency or 

historical use of the marine environment and resources. 

Securelong-termaccessandretentionofbenefitsisnot

just about the well-being of coastal communities; it is 

ultimately a matter of their continuity and survival. For 

example,declinesinfishingeconomiescanresultfrom

reduced access and in turn cause increasing unemploy-

ment and deteriorating social conditions in coastal com-

munities. This can lead to a number ofmental, social

and physical health issues, aswell as outmigration to

regional centers.

—Bennetetal.(2018:187)

An Indigenous fisher uses a dip net to intercept a chinook 
salmon at Moricetown Falls, Bulkley Valley, British Columbia.
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removed the capelin from the food chains that nourish many 
other marine species. The puffins were a noticeable victim of 
this appropriation, but other species feeding on the capelin 
suffered the same consequence. These species in turn would 

affect the abundance of other species at all levels in the food 
web, since the numbers of some species are controlled mainly 
by their predators. This example illustrates the importance of 
understanding how energy links species and flows through 
ecosystems. Changing the energy available at one part of the 
food chain will have repercussions throughout the ecosystem.

Reading this book, taking notes in class, even snoozing at 
home all require energy. That energy comes ultimately from 
the radiant energy of the sun and is transformed into chemi-
cal energy in the form of food supplies before being converted 
to mechanical energy in the form of physical exertion and ac-
tivity. In this chapter, you will gain an appreciation of energy 
in relation to such transformations, how energy flows through 
ecosystems, and the ecosystem consequences that result. You 
also will be introduced to the main factors that control the 
structure and composition of ecological communities and 
how these interact to produce the biodiversity of our planet.

Figure 3.1 provides a simplified diagram of the different lay-
ers of the Earth. We are most concerned with the outer layer, 
the ecosphere, which consists of three main layers:

• The lithosphere, which is the outer layer of the Earth’s 
mantle and the crust. It contains the rocks, minerals, and 
soils that provide the nutrients necessary for life.

• The hydrosphere, which contains all the water on Earth. 
Water in a frozen state is referred to as the cryosphere, a 
very important component for much of Canada.

The colourful bill is the most striking feature of the Atlantic 
puffin, which breeds among the rocks of sea islands.
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FIGURE 3.1 A simplified model of the Earth showing the ecosphere.
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FIGURE 3.11 Influence of temperature and rainfall on biome.

Tropical deserts are extreme environments with the hottest temperatures combined with the lowest precipitation in 
the world, resulting in no vegetation growth over wide areas. Animals that live there have special adaptations to these 
conditions. One example is the smallest canid in the world, the fennec fox, found in the North Sahara, and often sold as 
pets to visitors. The fox is nocturnal to avoid the heat of the day and has many internal adaptations to withstand the 
searing heat. The large ears help dissipate heat but are also crucial to the fox’s acute hearing; it can hear the movements 
of prey species hiding under the sand. The fox is listed on the International Union for Conservation of Nature’s Red List of 
endangered species (see Chapter 15).
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Dynamic Art Program
From carefully chosen images that present the issues in 
living colour to detailed figures and tables that provide 
the most up-to-date data, the revised art program 
complements and augments the discussion in every chapter
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Emphasis on Solutions
Explorations of global, national, and personal solutions 
suggest actions that can be taken to move toward 
more sustainable ways of living.

Online Supplements
Environmental Change and Challenge, sixth edition, is supported by an outstanding array of ancillary materials for both 
instructors and students, all available on the book’s Ancillary Resource Centre (ARC) at www.oup.com/he/Dearden-
Mitchell6e.

For Instructors

• An instructor’s manual includes lecture outlines, suggested classroom activities and topics for class discussion, tutorial 
activities, and lists of additional resources.

• A test generator offers a comprehensive set of multiple choice, short-answer, and essay questions.

• PowerPoint slides for use in classroom lectures summarize key points from each chapter.
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and more recommended resources—to help students understand important concepts and prepare for tests,  
essays, and exams.
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Acidified water may also hold other substances in solution 
that are deleterious to human health. Excess levels of alumi-
num have already been noted. When metals such as mercury, 
chromium, and nickel are leached from the substrate into 
water, they may be taken up and concentrated along the food 
chain and eventually cause a human health problem.

What Can We Do about It?

One of the main challenges associated with acid deposition 
is that it is not limited to areas generating the emissions and 
causing the problem. In Canada, more than half of the acid 
deposition originates in the US. To address such problems, 
international efforts are required, as is a greater concern on the 
part of individuals (see Box 5.11).

Canada has addressed the problem through national, bilat-
eral, and multilateral efforts. In 1983, the Canadian Council 
of Resource and Environment Ministers agreed on an annual 
target deposition or critical load of 20 kilograms per hectare 
as an acceptable goal, taking political and economic costs into 
account. This is an important qualification. The critical load 
represents a policy target value (PTV) set by politicians. At 
the time, scientists warned that a further 75 per cent reduc-
tion in SO2 emissions would be needed to address the situa-
tion adequately. This is a scientific target value (STV), and 
subsequent experience demonstrates that the scientists were 
correct in their assessment. Many of the environmental prob-
lems you will read about in this text represent instances in 

which PTVs were established that conflicted with STVs. Total 
allowable catch in fisheries (Chapter 9) and annual allowable 
cut in forestry (Chapter 10), as well as designation of endan-
gered species (Chapter 15), are good examples of this conflict.

Advances in science have allowed more comprehensive as-
sessments of critical loads to be defined that combine sul-
phates and nitrogen oxides (NOX) for both aquatic and 
terrestrial ecosystems. They are now expressed as ionic charge 
balance in terms of equivalent/hectare/year, and the old load 
of 20 kilograms/hectare/year is represented by 416 equivalent/
hectare/year. Current critical loads for the Boreal Shield are 
shown in Figure 5.20, with between 21 and 75  per  cent of 

FIGURE 5.20 Areas where the critical load has 
been exceeded in the Boreal Shield. Number of units 
above critical load, 2009.
Source: Federal, Provincial, and Territorial Governments of Canada (2010: 68). © Her Majesty the Queen 
in Right of Canada, as represented by the Minister of the Environment, 2020.
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BOX 5.11 What You Can Do: Taking Individual Action Every Day

Many challenges and problems discussed in this book are 

international in scope and require the coordinated efforts of 

different levels of government, industry, and individuals. Mat-

ter cycles are a relatively easy way for individuals to reduce 

their environmental impacts through the day-to-day deci-

sions that we all make regarding food, water consumption, 

shopping, and many other activities. The following are some 

ways individuals can have a positive influence.

1. Recycle your wastes. In BC, just by recycling beverage 

containers, consumers contributed to the reduction of 

135,000 tonnes of carbon dioxide equivalent in 2010. This 

is equivalent to taking 39,000 cars off the road for a year.

2. Acid deposition is profoundly influenced by the personal 

decisions we each make regarding use of fossil fuels in 

transport and electricity consumption. Think about your 

decisions and how you can minimize use.

3. Many consumer items, such as TVs, cellphones, comput-

ers, and other electronic products, contain materials such 

as lead and nickel that contain sulphur. As you buy and 

dispose of these items, you are helping to increase acid 

deposition. Only buy items that you really need and al-

ways dispose of them correctly.

4. Use chemical fertilizers sparingly on your gardens to re-

duce impacts of excessive nutrients on water bodies.

5. Eat less meat. This reduces the demand for livestock, and 

livestock are major contributors to eutrophication.

6. Let your political representatives know that you are in fa-

vour of mandatory measures to curb sulphur emissions and 

treat livestock wastes, even if this costs you more money.

Environment in Focus
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BOX 8.5 Sea Ice in the Arctic and Implications for Cruise Tourism

Records show that surface air temperatures are increasing in 

the Canadian Arctic. The extent of northern hemisphere sea 

ice has also been decreasing since 1979. One consequence 

of this is that cruises in Arctic Canadian waters more than 

doubled between 2005 and 2013.

While ice-free periods may allow easier movement of ships 

through the Northwest Passage, there may be a false sense 

of optimism regarding the ease of future shipping. As noted 

by the Government of the Northwest Territories (2015):

Even if relatively ice-free in late summer, the 

Northwest Passage and the Beaufort Sea remain 

difficult to navigate with their unmarked shallow 

areas, shifting sand-gravel bars, fog, and dangerous 

weather. Increasing shipping in the region would re-

quire a high preparedness of potential environmen-

tal incidents.

Whether such analysis is optimistic or pessimistic depends 

on one’s point of view, but cruise lines have dramatically 

increased their Arctic business over the past 20 years, in-

cluding transiting the Northwest Passage—not always suc-

cessfully. In 2010, one ship ran aground and had to be towed 

to Kugluktuk, Nunavut, from where the tourists were flown 

south. A similar incident occurred in August 2018.

Increased tourism also has consequences for communities 

in Arctic Canada. While opportunities exist for tourists to 

learn about Inuit culture and traditions, communities tend to 

be small, ranging from 500 to 3,000 people. The passengers 

of larger cruise vessels can overwhelm the local population 

and disrupt daily living activities. Some communities have 

expressed concerns that they have not seen adequate eco-

nomic returns to warrant the environmental risks and efforts 

put forth to welcome cruise tourists. The unpredictability of 

Arctic weather can also affect vulnerable communities. For 

example, in 2018, the only two cruise ship visits scheduled 

for the small community of Ulukhaktok, Northwest Territo-

ries, were cancelled due to difficult ice conditions. At least 

40 individuals in the community had already trained and 

prepared to welcome up to 400 tourists from these ships, 

significantly affecting their incomes in this remote commu-

nity (Kassam, 2016; Stewart et al., 2016; CBC News, 2018).

Environment in Focus

An inflatable boat brings tourists ashore in Nunavut from 
Clipper Adventurer, an expeditionary cruise ship in the High 
Arctic.

Perspectives on the Environment
Glaciers Melting

Under a medium emission scenario, it is projected that 

glaciers across the mountains of western Canada will lose 

74% to 96% of their volume by late century. Most small 

ice caps and ice shelves in the Canadian Arctic will disap-

pear by 2100. Increases in mean air temperature over land 

underlain with permafrost are projected under all emis-

sions scenarios, resulting in continued permafrost warming 

and thawing over large areas by mid-century with impacts 

on northern infrastructure and the carbon cycle.

—Bush et al. (2019: 12)

A pair of trucks drive the Ice Road in the Northwest 
Territories. Truckers drive the frozen ice highway on the 
Mackenzie River in the few months it is safe for use.
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ity-based approaches to mar-
ine conservation in Myanmar 
and Thailand, designing cli-
mate change–resistant mar-
ine protected area networks in 
Thailand, developing optimal 
approaches for whale shark 
watching in the Philippines, 
scaling up marine protected 
area networks in the Philippines, and developing community-
based approaches to conservation around Serengeti National 
Park and World Heritage Site in Tanzania. I am a member of 
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 Research Group at the University of Victoria (https://mparg.
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I was born and raised in Prince Rupert, a small city on the 
northwestern coast of British Columbia, whose economy was 
strongly based on natural resources, especially forests and fish. 
As a result, from an early age I became aware of the import-
ance of both “natural resources” and the “environment.” As a 
graduate student, I focused on water resources, having learned 
how critical this resource is for both natural systems and hu-
mans. And I always recalled that humans and other living spe-
cies quickly become vulnerable if access to potable water of 
suitable quality and quantity is limited. That aspect, as well as 
the striking vulnerability to both floods and droughts, high-
lighted that water was, is, and will be a key resource from local 
to international scales.

As a high school student in Prince Rupert and an under-
graduate at the University of British Columbia, I worked sum-
mers first at a fish-processing plant and then as a deckhand on 

a troller that fished mainly 
for salmon. Both provided 
first-hand experience with a 
resource-harvesting industry. 
However, more importantly, 
it made me aware of how 
knowledgeable and skill-
ful people who had not fin-
ished their education in the 
formal school system often 
were. This experience highlighted that “local” or “experien-
tial” knowledge can provide remarkable understanding and 
insight. Indeed, this became a lifelong lesson: Experiential 
knowledge deserves respect and those pursuing science and 
social science should continuously look to such knowledge to 
complement and enhance what they believe they know.
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Studying geography provided a foundation for me to under-
stand natural systems, as well as the manner in which humans 
interact with and use them. As time passed, I became more 
and more convinced that many “natural resource and environ-
mental problems” often were “people problems.” I also became 
aware of the concept of “wicked problems,” problems which 
are ill defined, have no obvious or single correct solution, and 
for which solutions often cause other, sometimes even greater, 
challenges. As a result, I focused my attention toward plan-
ning and management, always mindful of the need to draw 
upon both scientific and social science research plus experien-
tial knowledge.

I have published over 165 journal articles and book 
chapters, 36 books and monographs, 50 reports and com-
mentaries, and edited or co-edited 5 journal theme issues. 
I also was general editor for the Themes in Resource Man-
agement Series, which published 11 books. I have been a 
visiting professor at 15 universities in various countries, 
and received the Award for Scholarly Distinction from the 
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guished Teaching Award from the University of Waterloo. 
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the International Water Resources  Association, have been 
awarded the Massey Medal from the Royal Canadian Geo-
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As a faculty member, I have conducted research in Canada 
as well as in Australia, China, India, Indonesia, and Nigeria. 
Working in other countries has made me aware of how im-
portant it is to understand the ecological, economic, social, 
and political contexts within which management of natural 
resources and the environment occurs. It also has convinced 
me that, while many problems are formidable, again and again 
it has been possible to make progress in ameliorating, if not 
totally resolving, them. Thus, I believe we should be positive. 
With competence, discipline, commitment, and integrity, we 
can each contribute to resolving problems and to creating op-
portunities for our own and future generations.

Erin O’Connell
I grew up in southern Ontario, just outside the city of Kitch-
ener, in a small hamlet surrounded by rolling agricultur-
al fields and cattle grazing off in the distance. As a young 
child, I also spent many summers in Prince Edward County, 
 Ontario, where my grandparents had previously been small-
scale dairy farmers. Along with an innate love for animals, 
these experiences have underpinned my appreciation for the 
natural world.

As a graduate student, my interests turned to natural dis-
asters, including earthquakes, tsunamis, landslides, floods, 
and cyclones, with a particular emphasis on the post-disaster 
recovery period. The more I have learned about disasters, the 
more obvious the interconnections between disasters and the 
environmental issues discussed throughout this book have 
become. Deforestation on hillslopes can increase the risk of 
landslides; coastal development can destroy important man-
grove forests that act as buffers against tsunamis and storm 
surge; monoculture agricultural activity can increase the risk 
of disease and pests, yet agriculture is also affected by disasters 
like drought, floods, and storms; giant piles of discarded waste 
have contributed to landslides that destroyed vulnerable com-
munities. The connections go on and on.

During my work in post-disaster recovery, two things have 
taught me important life lessons. First, I am struck by the 
optimism of people who have experienced the devastation as-
sociated with disasters. Instead of focusing on their loss, the 

individuals I have met and worked 
with have concentrated on build-
ing a better future for themselves, 
their families, and their commun-
ities. I believe this has strong les-
sons for how we can respond to 
some of the environmental chal-
lenges discussed in this book. 
Instead of fixating on how things 
have been done in the past, we 
can and should focus on build-
ing a more sustainable, better functioning, and more resilient 
 society in the future. Second, I have met many people who 
 appear to have little in terms of material possessions but much 
in terms of happiness—people who care less about having 
“more possessions” and who are happy and fulfilled when their 
basic needs are met and they can spend time with loved ones 
and contribute to their communities. I believe this also can 
teach us about where our future lies: not with more “things” 
but with experiences and connections.

As a lecturer at the University of Waterloo, I have been 
teaching the next generation of environment students (and 
non-environment students) for almost a decade, both in Can-
ada and China. I have published a number of articles and book 
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Introduction
On Spaceship Earth, there are no passengers; we are all 
members of the crew.

—Marshall McLuhan

PART A



The relationship among environment, 

resources, and society is one of the 

most important challenges facing humans 

on Earth. For many of Earth’s human inhab-

itants, this relationship is an ongoing reality 

as they try to meet their everyday needs 

for food, water, and shelter. For others, usu-

ally urban dwellers in developed countries, 

this reality often seems distant. Food comes 

from the supermarket, water is piped into 

homes, work and home environments have 

controlled temperature through central heat-

ing and air conditioning. Not until disruptions 

occur in these delivery systems—caused by 

floods, tsunamis, droughts, ice storms, earth-

quakes, hurricanes, insect infestations, or 

similar forces of nature—do many people re-

alize that they, too, depend on the environ-

ment for survival.

This first section introduces some basic 

concepts in Chapter 1 regarding the rela-

tionship among environment, resources, 

and society and the ways by which we try 

to understand complex natural and socio- 

economic systems. There are many ways of 

knowing about environment. Here we con-

centrate mainly on the contribution of the 

natural and social sciences.

Science, especially environmental science, is 

increasingly a collaborative undertaking. This 

collaboration involves workers from many 

disciplines coming together to contribute their 

understanding of a particular phenomenon. 

An understanding of acid precipitation, for ex-

ample, requires input of chemists, biochem-

ists, climatologists, geologists, hydrologists, 

geographers, biologists, health specialists, 

economists, and political and legal experts, to 

name a few. Each discipline has its own ex-

pertise and methods of approach, and they 

can be combined in different ways to yield 

more effective answers to environmental 

problems. Even with the use of science, there 

can be high levels of uncertainty and conflict. 

How we deal with uncertainty and change 

is one of the main themes of this book, and 

this is illustrated in the example of the Trans 

Mountain pipeline from Alberta to Burnaby in 

British Columbia, examined in Chapter 1.

Toward the end of Chapter 1, two con-

cepts are examined relating to a vision 

for the future: sustainable development 

and resilience. Sustainable development, 

popularized in 1987 with the publication 

of Our Common Future, the report of the 

World Commission on Environment and 
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Development, has provoked much debate because differ-

ent groups interpret it in ways that favour their values and 

interests. Despite conflicting views about what sustainable 

development means, it frequently appears in policies re-

lated to the environment and natural resources. Thus, it 

is important to have a critical appreciation of its strengths 

and limitations. Resilience is the second concept proposed 

as a guiding concept for development and environment 

in the future. Resilience has been gaining in popularity in 

many areas of the scholarly and scientific literature, but 

what does it really mean, and how can it be enhanced? 

Our intent here is to ensure that you understand both these 

concepts, and their implications.

Needless to say, the global situation is infinitely more com-

plex than sustainability or resilience alone. Thus, Chapter 1 

provides an overview of the global situation with regard to 

environment and society. What are some of the main trends 

pointing to future directions? Although disagreements exist 

about the rate and severity of environmental change, few 

claim that overall conditions are improving. One indicator 

is population growth. The United Nations (2017) reported 

that the global population of 7.6 billion people in 2015 was 

expected to grow to 9.8 billion by 2050 and to 11.2 billion 

by 2100.

Another important dimension that has only shown growth, 

however, is resource use, fuelled mainly by the demands of 

consumers in developed countries—we are reminded of the 

old comic strip Pogo in which the title character, a possum 

living in a swamp, famously proclaimed, “We have met the 

enemy, and he is us.” If there is one fundamental message 

that we would like to convey, it is that the power of indi-

viduals to make decisions on a daily basis can reduce these 

pressures. Canadians have much to contribute in this regard, 

since we are among the most profligate consumers of en-

ergy and water in the world and are also among the most 

prolific producers of waste. Our society has developed into 

one of the most wasteful on the planet. Only we can turn 

that around.

In Chapter 2, we explore how governance institutions 

have historically responded to environmental change and 

challenge, both internationally and domestically, within Can-

ada. The jurisdictional and governance arrangements for 

environmental management in Canada strongly influence 

our relationship with the environment. Such arrangements 

are rarely taken into account by scientists and environmen-

talists, but they can be the most important factor when 

considering how and when a particular problem is going to 

be addressed. Canada is a large country, and the various 

levels of government (federal, provincial/territorial, municipal, 

Indigenous) are complex and often work poorly together. 

This is compounded by the short-term nature of political 

leadership and different political parties’ various approaches 

for responding to environmental change and challenge. We 

also need to consider the roles and responsibilities of the 

corporate and education sectors.

Whether the context is global, national, or regional, we are 

interested in measuring our progress in addressing environ-

mental change, in terms of, for example, the UN Sustainable 

Development Goals and the concept of ecological footprint, 

both examined in Chapter 2. As noted earlier, however, the 

situation is very complex, with far more variables, interac-

tions, and changes than can be readily measured. The sec-

ond chapter thus discusses how we try measuring progress 

through the use of indicators and outlines various kinds of 

indicators and their strengths and weaknesses.

The chapter ends with a simple framework that summa-

rizes the process of resource and environmental manage-

ment. Throughout the book, we return to this framework to 

illustrate deficiencies in understanding or lack of connection 

between different elements of the framework.

Part A thus provides an overall introduction to environ-

mental change and challenge with reference to global, na-

tional, and regional levels. Most of the remainder of the 

book concentrates on Canada, although we consider global 

aspects throughout. Part B provides an overview of the main 

environmental processes we need to be familiar with to 

understand many environmental problems. Part C discusses 

some dimensions and best practices of various aspects of 

resource and environmental management. In Part D, we 

discuss various thematic aspects of resource management, 

such as fisheries, forestry, water, and climate change. The 

final section (the Epilogue) addresses some of these themes 

and notes what individuals can do to effect change for the 

better in the environment of tomorrow.
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Introduction: Change and Challenge
We are currently facing unprecedented concern regarding 
 environmental changes and challenges. In the context of 
complex global challenges, particularly the changing climate, 
many people are increasingly concerned about the fate of 
human society, other species on the planet, and the overall 

health of the planetary ecosystem. However, some deny cli-
mate and other changes are occurring, and resist initiatives 
designed to slow down or reverse such trends. Yet many of 
the environmental changes and challenges we face also offer 
 opportunities—if we could perceive them as such.

Environment, Resources, 
and Society

Learning Objectives
• To appreciate different perspectives related to environ-

ment and resources
• To understand the implications for change, complexity, 

uncertainty, and conflict relative to environmental issues 
and problems

• To appreciate the concept of “wicked problems”
• To recognize the implications of the Anthropocene
• To understand the nature of human population growth
• To appreciate the impacts of over-consumption on global 

ecosystems

• To distinguish among disciplinary, cross-disciplinary, 
multidisciplinary, interdisciplinary, and transdisciplinary 
approaches

• To learn about various considerations that must be ad-
dressed to bring science to bear on environmental and 
resource problems

• To understand the significance of sustainable develop-
ment and resilience

1
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Several examples highlight changes, challenges, and oppor-
tunities related to resource and environmental management. 
As an example of a change and opportunity, Reuters (Davey, 
2018) reported that in April 2018 more than 40 companies in 
Britain, including Procter & Gamble, Nestlé, Coca-Cola, and 
the largest supermarkets had joined the UK Plastics Pact, led 
by a sustainability group called WRAP (Waste and Resources 
Action Programme). Its goal was to eliminate by 2025 single-
use plastic packaging and to ensure that by then all plastic 
packaging was reusable, recyclable, or compostable. In addi-
tion, the member companies committed to reach a target of 
recycling or composting 70 per cent of plastic packaging and 
that all of their plastic packaging would contain an average 
of 30 per cent recycled content. The UK Plastics Pact aligned 
with Prime Minister Theresa May’s 2018 pledge that by 2042 
Britain would eradicate avoidable plastic waste.

Then, on 31 October 2018, the 28 member countries in the 
European Union (EU) agreed to make illegal the use of speci-
fied single-use plastics. In the previous week, an overwhelming 
majority of EU members had agreed to ban single-use plastic 
straws, cutlery, cotton swab sticks, and similar items. The EU 
plans legislation which would be approved and  become law 
in 2021.

In Canada, on 1 January 2018, Montreal became the first 
major city in the country to ban distribution of plastic bags. 
The ban focuses on lightweight plastic bags less than 50 mi-
crons thick, as well as biodegradable plastic bags containing 
an additive which causes them to decompose under heat and 
light. Exceptions are given for thin bags used in grocery stores 
for wrapping meat or carrying fruit and vegetables. The in-
tent is to change behaviour and have people shift to reusable 
rather than single-use bags. Merchants were given six months 
to comply with the ban, after which an individual using non-
recyclable plastic bags could be fined up to $1,000 and a store 
could be fined up to $2,000 for a first offence. In Victoria, 
British Columbia, a similar ban took effect in July 2018, and 
various smaller communities had already initiated such bans. 
On 1 July 2019, the Plastic Bag Reduction Act (Bill 114) came 
into effect in Prince Edward Island, making it the first prov-
ince to ban most single-use plastic bags. To encourage the use 

of reusable bags, for example, the act prohibits PEI businesses 
from providing plastic checkout bags to their customers for 
most products.

Companies also are taking related initiatives regarding plas-
tic bags. For example, in August 2019, Sobeys announced that 
all of its Canadian stores (more than 1,500 across all of its 
chains) would phase out the use of plastic bags no later than 
February 2020. The intent is ultimately to stop providing 
plastic bags in its produce aisles and provide mesh alternatives 
made from recycled bottles. Thus, many opportunities exist 
for both the public and private sectors to reduce the amount 
of plastic being discarded into the waste management system.

At a global scale, pressure on dealing with plastics in-
creased on 31 December 2017 when China decided to stop 
importing non-industrial plastic wastes (Brooks, Wang, and 
 Jambeck, 2018). It is estimated that 2 million tonnes of plas-
tic were manufactured in 1950, a figure which had grown to 
322 million tonnes in 2015. And, only 9 per cent of plastic is 
recycled at a global scale, with most being placed into landfills 
or simply discarded, including 4 to 12 million tonnes ending 
up in oceans. It has been estimated that between 1992 and 
2017, China had imported more than 105 tonnes of plastic, 
and nations such as the United States, Japan, and Germany 
relied heavily on shipping used plastic to China. With China 
no longer accepting waste plastics, and other countries such as 
Thailand, Vietnam, and Malaysia, which also have accepted 
discarded plastics from other countries, considering restric-
tions on imports of plastics, pressure will grow on many coun-
tries to find innovative ways to handle used plastics.

Another significant initiative began in May 2019, when, 
after 12 days of negotiations at a United Nations Environ-
ment Programme meeting held in Geneva, 180 countries, not 
including the United States, agreed on a strategy intended 
to significantly reduce the amount of plastic ending up in 
oceans (DW, 2019). A legally binding agreement requires these 
countries to monitor and track thousands of different types 
of plastic wastes beyond their borders. This new agreement is 
an update of the Basel Convention of 1989 intended to con-
trol hazardous waste, including plastics. As one science ad-
visor commented, “For far too long developed countries like 
the US and Canada have been exporting their mixed toxic 
plastic wastes to developing Asian countries claiming it would 
be recycled in the receiving country. Instead, much of this 
contaminated mixed waste cannot be recycled and is instead 
dumped or burned, or finds its way into the ocean” (DW, 
2019). The agreement signed in Geneva is intended to change 
such behaviour.

On 10 June 2019, the Canadian government announced a 
plan to ban harmful single-use plastics beginning in 2021, to 
reduce the millions of tonnes of plastic waste annually ending 
up in oceans. This decision accelerates the timeline to reduce 
such plastic waste in the oceans; at the 2018 G-7 summit, 
Canada, along with France, Germany, the United Kingdom, 

Perspectives on the Environment
Climate Change as Opportunity

We have completely mischaracterized our response to 

the climate emergency as something that doesn’t help 

the economy. You have the biggest global economic 

opportunity in the history of humankind in moving off 

fossil fuels as quickly as possible.

—Elizabeth May, Canadian Green Party Leader
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and the EU signed an Ocean Plastics Charter, committing 
that by 2040 all plastic produced in each of their countries 
would be reused, recycled, or burned to generate energy. This 
initiative is discussed in more detail in Chapter 9.

Water shortages are another challenge in many parts of the 
world. One example is found in Cape Town, South Africa. After 
two years (2013 and 2014) of plentiful winter rainfall, drought 
conditions began in 2015 and continued into 2018. This period 
of unusually dry weather alerted Cape Town officials to the 
vulnerability of its water supply system. This challenge was par-
tially driven by the rapid population growth in the city, from 
2.4 million in 1995 to an estimated 4.3 million in 2018. Thus, 
over 23 years the population had grown by almost 80 per cent 
while water storage capacity had increased by only 15 per cent. A 
further complication is that a significant proportion of the popu-
lation lives in “informal settlements,” with little or no infrastruc-
ture, meaning many homes are not connected to water supply or 
sewage systems, making those residents highly vulnerable.

In February 2018, Cape Town stated it was likely to become 
the first major urban city in the world to run out of water. At 
that time, the six reservoirs providing water to the city were 
down to 28.7 per cent of their capacity, and it was estimated 
that “Day Zero” would be 21 April 2018—the date on which 
the municipal water supply would be shut down. One reason 
for the announcement of the impending Day Zero was that 
less than 40 per cent of the city’s population had moderated 
their daily behaviour to use no more than 87 litres per person. 
However, later that month, city officials stated that, due to a 
decrease of over 50 per cent in per capita water use, Day Zero 
was postponed until 4 June, and subsequently announced that 
it would not occur until sometime in 2019.

Various information campaigns helped to stimulate changes 
in behaviour. For example, people were asked to limit showers 
to 90 seconds, to use runoff or “grey water” for flushing toi-
lets to remove faeces, and to flush only occasionally to  remove 
urine. As well, a multi-stage strategy was developed: in the 
first stage, water was rationed through reduction of water pres-
sure; in later stages, water was available only at 149 identified 
places, limited to 50 litres per capita per day, to be reduced to 
25 litres if necessary. In addition, agricultural users of water 
curtailed their use by 50 per cent, but with an associated loss 
of 37,000 jobs tied to agriculture.

Reflecting on the experience, Walton (2018) observed that, 
following the panic in January 2018, the date of Day Zero 
steadily was moved further back because total demand, which 
had been holding at about 600 million litres/day, began to fall 
and settled at about 500 million due to the various restric-
tions and higher water rates. In addition, from October 2017 
to May 2018 city workers installed over 46,000 water control 
devices that limited the amount of water entering homes using 
over 10,500 litres each month.

Walton (2018) also reported that various initiatives were ex-
panding water supply capacity. One project, with construction 

scheduled from 2019 to the end of 2021, would draw surplus 
flows during the winter from the Berg River. Another ini-
tiative is to drill for groundwater. Three aquifers have been 
identified, and it was anticipated that drinking water could be 
drawn from the Cape Flats Aquifer by September 2018. How-
ever, this plan failed due to poor water quality in that aquifer, 
as well as political struggles among government parties.

Several other actions were identified, but would take longer 
to achieve. At the time of the water crisis, only 8 per cent of the 
water in Cape Town was being recycled, with the rest being 
discharged into the ocean. A second approach would be to 
develop desalinization capacity, the most expensive way (per 
litre of water) to augment supply. Three very small desaliniza-
tion units producing 16 million litres per day were scheduled 
to begin operating in 2018, but these plans were placed on 
hold. In the longer term, Cape Town will consider construct-
ing a much larger desalinization plant which could produce 
120 to 150 million litres daily. Such a plant would provide a 
reliable but costly source of water, especially because it would 
use significant energy. In South Africa, coal-fired electricity 
plants produce 90 per cent of the energy in the country, and 
such plants use significant volumes of water as well as leaving 
a very high carbon footprint.

If all these projects were implemented, Walton (2018) stated 
that by 2021 they would enhance the water supply for the 
city by 350 million litres per day. In addition to such supply-
side solutions, work will continue to reduce consumption of 
water by residents and businesses in Cape Town. However, 
it has been recognized that the sharp restrictions on house-
hold water use, while manageable in the short term, caused 
discomfort and thus are not likely to be sustainable. Further-
more, they were seen to further exacerbate inequality, with 
many households not even having access to running water.

The Cape Town experience is not unique, and such sce-
narios are likely to become more common in the future. For 
example, in May 2018, São Paulo, Brazil, was on the verge of a 
similar crisis, and, closer to home, the east coast of Vancouver 
Island, with the exception of Victoria, was placed under the 
most stringent water-use regime in August 2018, with no ap-
preciable rainfall having fallen in the previous two months.

The above examples—reducing use of plastics in Britain, 
Canada, and elsewhere; the decision by China to stop ac-
cepting discarded plastic; and consumption of water in South 
 Africa—were chosen because all of us can relate to them, and 
individuals can make a difference. However, they also illus-
trate that while changes in individual behaviour can have an 
impact, initiatives are often also required in the private and 
public sectors to place the use of resources and our environ-
mental impact on a different trajectory.

The example from South Africa also illustrates that natu-
ral systems can and do change. Furthermore, strong evi-
dence  exists that human activities often are a main driving 
force behind environmental change, and many changes are 



8 PART A | Introduction

happening more abruptly and with greater magnitude than 
previously. They threaten societal well-being, and society 
needs to  respond thoughtfully and deliberately.

Changes also occur as a result of shifts in human values, 
expectations, perceptions, and attitudes, which may have im-
plications for future interactions between societies and natural 
systems. The value of the world economy has increased more 
than sixfold in the past 40 years. This increase was not merely 
the result of population growth; the chief cause has been in-
creased consumption. Expectations have changed. Things seen 
as luxuries 60 or 70 years ago, such as TVs and automobiles, can 
now be found in some of the most remote societies on Earth.

Changes in natural and human systems generate challenges. 
If we wish to protect the integrity of biophysical systems yet 
also ensure that human needs are satisfied, questions arise about 
how to determine ecosystem integrity and how to define basic 
human needs. Such questions force us to think about conditions 
both today and in the future. Such questions also remind us that 
an understanding of environmental and resource systems re-
quires both natural and social sciences. Neither alone provides 
sufficient understanding and insight to guide decisions.

In this chapter, we begin by examining the Trans Mountain 
pipeline project, designed to increase capacity to move petro-
leum products from Alberta to Burnaby in British Columbia. 
This case study connects not only to the detailed discussion 
of global climate change in Chapter 8, but also to many 
other topics throughout the book. It highlights that manag-
ing natural resources and the environment involves a mix of 
considerations, not just technical ones. The case study vividly 
demonstrates that decisions are often made in the context of 
changing conditions, conflicting interests and values, trade-
offs, and uncertainty. These conditions apply not only to the 
Trans Mountain proposal or, indeed, to Canada generally, 
but also to the global stage. In this context, we subsequently 
 provide an overview of some major environmental trends and 
the main issues that arise. There is no doubt that human pop-
ulation growth is a stress on this planet, but so are the con-
sumption patterns of the more affluent sectors of society. These 
factors are leading to unprecedented changes in global systems.

The changes taking place are often very complex. It is im-
portant that we grasp the essence of major changes and act ac-
cordingly. We thus conclude the chapter by explaining what we 
mean by “environment,” “resources,” and “society” and then 
consider alternative ways to understand systems, issues, and 
problems, as well as identify some key considerations regarding 
how scientific understanding and insight can be used to in-
form resource and environmental management and decisions.

Case Study:  
Trans Mountain Pipeline
Context
The Trans Mountain pipeline project, running from Alberta 
to the southwestern coast of British Columbia, highlights the 
reality that resource and environmental management often in-
volves much more than scientific and technical considerations. 

Perspectives on the Environment
On Change

There is nothing wrong with “change,” if it is the right 

direction.

—Winston Churchill, British prime minister (1940–5, 1951–5)

There is nothing more certain and unchanging than 

 uncertainty and change.

—John F. Kennedy, president of the United States (1961–3)

Flooding followed by drought has significantly reduced the 
grain crop growing in this field in Manitoba.
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A rally was held in Vancouver in November 2016 to oppose 
the Trans Mountain pipeline project.
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Indeed, while the proposed pipeline predictably generated 
protests from certain constituencies, such as environmental-
ists and some Indigenous peoples, it also triggered major con-
flict between the provincial governments of Alberta and BC 
and raised fundamental questions about the role of the federal 
government in interprovincial resource development projects.

Kinder Morgan announced in May 2012 that it would ex-
pand its existing Trans Mountain pipeline from Strathcona 
County in Alberta, near Edmonton, to Burnaby, BC. The in-
tent was to create additional capacity to allow more petroleum 
products from Alberta to reach new markets. The project, 
initially estimated at $7.4 billion ($9.3 billion by mid-2018), 
would involve a twinning of the 1,150 km pipeline built in 
1953 (Figure 1.1). About 980 km of new pipeline would be 
added, increasing the capacity of 300,000 barrels a day in the 
original pipeline to 890,000 barrels per day. Almost three-
quarters of the route for the new twin pipeline would follow 
the right of way for the original pipeline, and would create 
capacity to load about 34 ocean tankers a month at the termi-
nal in Burnaby. A significant motivation was that nearly all oil 
from Western Canada had been going to only one market—
the United States—for a price significantly lower than that in 
other international markets.

The original pipeline carries refined products, synthetic 
crude oils, and light crude oils, while the new pipeline would 
carry heavier oils. Heavy oil, also referred to as bitumen, is too 
thick and sticky to flow unless heated or diluted with lighter 
hydrocarbons. As well, it normally contains more sulphur, 
metals, and heavy hydrocarbons than conventional oil does. 
A major challenge is that if there is a spill, heavy oil is more 
difficult to remove from waterways than light crude oil, which 
floats on the surface of water; much of the heavy oil sinks be-
neath the surface. In 2018, Canadian researchers found many 
negative impacts of bitumen on juvenile salmon, including 

delayed hatching, increased mortality, increased deformities, 
and changes in growth and energy stores. Almost half the 
salmon studied died within two months of exposure to bitu-
men levels equal to those found in the Gulf of Mexico after 
the 2010 Deepwater Horizon spill (Alderman et al., 2018).

Perspectives: Provincial, Federal,  
and Indigenous
The Trans Mountain project, originally to be built by Texas-
based Kinder Morgan, was approved by the federal govern-
ment in 2016 following a multi-year environmental assessment 
process. Rachel Notley, leader of the provincial New Demo-
cratic Party (NDP) and premier of Alberta from 2015 to 2019, 
was a strong advocate for the pipeline, given petroleum’s sig-
nificant role in Alberta’s economy. In contrast, John Horgan, 
premier of BC since 2017 and leader of a minority NDP gov-
ernment supported by the BC Green Party, is strongly critical 
of the pipeline. During the 2017 BC election he committed 
to oppose the Trans Mountain pipeline twinning unless a 
guarantee was provided that spills from the pipeline would 
be cleaned up properly, because the provincial government 
had a responsibility to protect BC’s coastal and inland waters. 
 Although the previous BC Liberal government had approved 
the pipeline twinning, Horgan’s government asked the BC 
Court of Appeal to decide whether the BC government had 
authority to create and apply environmental legislation to re-
strict movement of diluted bitumen through the province. In 
late May 2019, the Court ruled that the BC government has 
no such authority because the federal government has exclu-
sive jurisdiction related to interprovincial pipelines. The BC 
government indicated that it would appeal to the Supreme 
Court of Canada.

Prime Minister Justin Trudeau has argued that the pipe-
line is in the national interest and that it is possible to achieve 
both economic development and protection of the environ-
ment. In his view, establishing a price for carbon pollution 
across the country and creating incentives for development of 
lower-emission cars, along with investing in public transport 
infrastructure, would reduce carbon emissions while still fa-
cilitating economic development through initiatives such as 
the Trans Mountain pipeline.

However, his support of the pipeline led some to ques-
tion his commitment to lowering greenhouse gas emissions 
to reduce climate change risks (see also Chapter 8). In that 
context, he claimed that federal support for the Trans Moun-
tain pipeline would in turn ensure Premier Notley’s necessary 
help in developing a national climate change plan. The fed-
eral Conservative party, the official opposition, argued that 
the federal government had constitutional authority related to 
interprovincial projects such as pipelines, and therefore should 
move quickly to ensure the twin pipeline was built. In con-
trast, Jagmeet Singh, leader of the federal NDP, called on the 
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