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About the Cover

The Age of Humans and Climate Disruption We are living in the age
of humans, and there is no denying that the technologies innovated by
Homo sapiens have turned us into a major geologic force. The resulting
modification of the land, the oceans, and the atmosphere has poisoned
our bodies, imperiled our environment, and disrupted the planet’s cli-
mate. The composite image on the cover acknowledges the inextricable
link that humans have with our planet. To solve the imminent problem
of climate disruption, human beings have to realize that we all belong
to the same Homo sapiens species. We must work together for the com-
mon good since the problems we face require global solutions. Think
local, to protect your family and community, but act global. This is the
spirit of the book you are about to read. It describes how the climate
change problem can still be solved.

V. Ramanathan
University of California, San Diego

Scott Friese
University of California, Office of the President
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FOREWORD

Climate change is among the most urgent risks we face in the twenty-
first century. Across the globe, natural disasters are becoming more
prevalent and weather patterns are turning more volatile. We're wit-
nessing an increase in wildfires, rising sea levels, and the extinction of
plants and animals. Accelerating changes in our climate are affecting
everything from disease management and food security to immigration
patterns and water resources.

These developments impact not only our natural environment, but
also our economy, our national security, and our very way of life.

Over my 25-year career in public service, I've observed the wide-
spread effects of climate change on communities across the United
States. As Governor of Arizona, | saw how a warming climate contrib-
uted to dangerous weather conditions such as drought and extreme
heat across the American Southwest. Later, as the U.S. Secretary of
Homeland Security, | worked to counter negative climate impacts on our
nation’s critical security infrastructure, from airports to military facilities
to our transportation networks.

Over time, it became clear to me that climate change was—and is—a
greater threat to our security, and to the futures of citizens around the
globe, than any other. For the most vulnerable populations—including
children, the elderly, and low-income and indigenous communities—the
risk is even more severe.

This conviction has shaped my focus on sustainability as the Pres-
ident of the University of California. As a pioneer in climate research
for decades, UC was already a hub for ambitious sustainability work
when | arrived. In one of my first acts as UC President, | launched the
UC Carbon Neutrality Initiative, a bold effort to leverage the university's
climate expertise to achieve systemwide carbon neutrality by 2025. |
knew that eliminating greenhouse gas emissions from our campuses,

medical centers, and laboratories would be challenging. But by setting



Vi

this audacious goal, we mobilized dozens of efforts that are transform-
ing our institutional approach to sustainability.

In 2014, the Carbon Neutrality Initiative brought together 50 re-
searchers and scholars from across the UC system—led by UC San Diego
Professor Ram Ramanathan—to collaborate on the groundbreaking Bend-
ing the Curve report. It outlined 10 solutions that could change the tra-
jectory of global carbon emissions and guide other institutions in their
sustainability efforts. Modeled off of UC's own institutional sustainability
commitments, the report broke new ground with its interdisciplinary
focus, relying on the knowledge of experts from a broad spectrum of
fields ranging from climate science to ethics, economics, ecology, en-
ergy, environmental justice, political science, and religion.

The practical, cross-sector approach outlined in the Bending the
Curve report has rippled across other UC sustainability efforts. Inspired
by the report, faculty members developed a new multi-disciplinary
online course that challenges students to identify locally and globally
scalable climate solutions. The class has been launched on six UC cam-
puses, and in 2018 San Diego State University became the first California
State University institution to pilot the course. In line with UC's focus on
scalability, the course is designed to be rapidly expanded at universities
across the U.S. and abroad, with the goal of creating a new generation
of engaged climate experts.

In further recognition of the need to share expertise and best prac-
tices, in 2018 UC spearheaded the launch of the University Climate
Change Coalition, a collective of 20 research universities across the US,
Canada, and Mexico who are working together to advance local and
regional climate action. Our coalition has since brought together more
than 2,600 leaders from the public, private, and academic sectors to
collaborate on climate solutions and challenges.

With their emphasis on research and innovation in service of the
public good, universities like UC are well positioned to generate the
discoveries and innovations the world will need to address climate
change. By using our campuses and facilities as living laboratories of
sustainability—powered by the expertise and the energy of our faculty
and students—we can determine what technologies and approaches

work, and how they can be scaled up.
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Fortunately, universities aren't the only institutions working to gen-
erate new solutions and train the next generation of climate champions.
Across the country, we have seen a massive groundswell of institutions—
cities and states, the private sector, foundations and nonprofits, and
citizen advocates—stepping up to this challenge. Many of them have
been working on this issue for decades. What unites all of us in our
efforts is the recognition that making a real change on a large scale will
require creativity, persistence, and collaboration.

We have that responsibility as scientists, leaders, and citizens of
the planet. Let us work together and hold each other to that great
responsibility.

Janet Napolitano
University of California, Office of the President

Janet Napolitano is the twentieth president of the University of California. She pre-
viously served as the US secretary of homeland security from 2009 to 2013, as
governor of Arizona from 2003 to 2009, as attorney general of Arizona from 1998
to 2003, and as US attorney for the District of Arizona from 1993 to 1997.
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PREFACE

The book you are reading is years—centuries, even—in the making. You
can trace its inspiration back to the start of the Industrial Revolution,
when advances in manufacturing processes triggered massive changes
in all aspects of daily life, including how human beings interacted with
their environment and one another. These advances, however, did not
come without a cost. As the global population grew and communities
adapted to a higher quality of life, the amount of heat-trapping gases
released into the atmosphere that could be traced to human activity
increased markedly.

The title of this book refers to the resulting rise in global tempera-
ture, represented as an ever-steepening curve over time. Bending that
upward curve to decrease the unsustainable trajectory of an increasing
global temperature requires a significant focus on reducing the release
of emissions of carbon dioxide and four short-lived climate pollutants
into the air. Without mitigation, the warming will reach dangerous levels
before 2050 and we will be transitioning from climate change to climate
disruption. The timeline for bending the warming curve is aggressive.
Mitigation actions have already begun in many cities, states, and na-
tions. It must proceed at a rapid pace such that emissions of all climate-
warming pollutants will be reduced by 50% to 80% by 2050, followed by
ongoing carbon neutrality before 2100. We must also be prepared to
extract as much as 500 billion to a trillion tons of carbon dioxide from
the air during this century. Bending the curve of climate change has
emerged as the challenge of our time.

In 2013, University of California President Janet Napolitano an-
nounced the Climate Neutrality Initiative, a landmark initiative that
commits the university to emitting net zero greenhouse gases from its
vehicle fleet and physical structures by the year 2025. This commitment
to the health of the planet brought together more than 50 UC research-

ers and scholars in the fall of 2015 to identify solutions that can flatten



the curve of climate change. Out of this collaboration emerged Bending
the Curve: 10 Scalable Solutions for Carbon Neutrality and Climate Stability
(V. Ramanathan et al.). The executive summary was published in 2015,
while the full report appeared in 2016.

This book is an offshoot of the Bending the Curve report. Within
those 10 solutions is a call to “foster a global culture of climate action
through coordinated public communication and education at local to
global scales.” The University of California now offers a multidisciplinary
undergraduate course based on the report that consists of 18 original
lectures by 23 faculty representing 9 UC campuses and national labora-
tories. The course is unique in that it goes beyond the scientific under-
pinnings of climate change and focuses on solutions to the problems
that global warming has created. With this book our aim is to further
extend the call to bend the curve with 19 chapters that expand on those
solutions, many written by the same UC scholars and researchers who
shaped the Bending the Curve report and contributed lectures to the
course.

Bending the curve of climate change is a battle against time and a
battle for the well-being of our children and grandchildren. To tackle this
crisis, we need a million climate stewards to safeguard the planet and
those who call it home. Fortunately, there is still time and this book gives
you the tools to help solve the defining problem of our age.

Scott Friese
University of California, Office of the President

V. Ramanathan
University of California, San Diego, Scripps Institution of Oceanography
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INTRODUCTION

Climate change is one of the most far-reaching social and political
challenges that humans have ever faced. “Climate change is the defin-
ing issue of our time...we face a direct existential threat,” says UN
Secretary-General Anténio Guterres. The Pope calls climate change “a
global problem with grave implications” and “one of the principal chal-
lenges facing humanity in our day.” Climate change is part of a much
broader problem of unsustainable consumption of natural resources,
as captured in the declaration by the Kenyan Nobel Laureate, Wangari
Maathai: “Today we are faced with a challenge that calls for a shift in
our thinking, so that humanity stops threatening its life-support system.
We are called to assist the Earth to heal her wounds and in the process
heal our own.”

That the climate is changing—and that humans are responsible—is
not in serious doubt. “Warming of the climate system is unequivocal,”
according to the most prominent international scientific body of over
1,000 climate scientists for assessing climate change, the Intergovern-
mental Panel on Climate Change. “Human influence on the climate sys-
tem is clear.”

What is open to question, however, is how we, as a species, can
bend the curve of planetary warming before it is too late. That warming
curve is illustrated in stylized form on the title page of this book and
represents that the world needs to cut emissions by 80% by 2050, and
to cut emissions to close to zero soon after. We don't have much time.
We have already emitted 2.2 trillion tons of carbon dioxide into the air,
and the third trillion will be dumped into the air by 2030. How can we
rapidly phase out our dependence on fossil fuels? How can we quicken
the pace of technological innovation and create the social, political,
and economic impetus to implement those solutions that are already
available? How can we do so in a way that helps, not harms, the most

disadvantaged people in society?



The industrial era was ushered in with the invention of the im-
proved steam engine by the Scottish engineer James Watt in 1769. The
Industrial Revolution that followed benefited humanity immensely with
vastly improved health and wealth, but the improvement in the human
condition came at a huge and unacceptable cost to the environment.
Largely as a result of industrial emissions of carbon dioxide and other
greenhouse gases, the planet has already warmed by about 1°C (1.8°F)
since preindustrial times. If emissions continue at the present rate, the
planetary warming is highly likely to reach 1.5°C (2.7°F) before 2030.
The last time the planet was this warm was 130,000 years ago, and it was
sufficient to increase sea level by about 6 to 9 meters (20 to 30 feet).
With unchecked emissions beyond 2030, the warming could exceed 2°C
by 2050, exposing more than 1.5 billion people to extreme heat waves,
storms, floods, fires, droughts, and a variety of diseases.

Such projections were thought to be unrealistic or dystopian in the
first decade of the twenty-first century, but not anymore. The science
linking warming to extreme weather has improved so dramatically in
the years following the Paris climate summit (in 2015) that the normally
cautious American Meteorological Society declared in 2017: “We are
experiencing new weather extremes because we have created a new
climate.” The prestigious Lancet Commission, consisting of medical ex-
perts in Britain, concluded in 2015: “The effects of climate change are
being felt today, and future projections represent an unacceptably high
and potentially catastrophic risk to human health.”

Scientists by and large accept that we have entered the age of hu-
mans—the Anthropocene. In other words, we have transitioned from
the Holocene epoch with its relatively stable climate to the Anthropo-
cene, a period when climate change has led to climate disruption. Such
far-reaching disruptions are no longer being debated among the vast

majority (97%) of scientists.

How This Book Is Organized

This book is about solutions. More than 20 leading experts, most at
the University of California, share their analyses of how to bend the
curve of planetary warming. Taken together, the following chapters tell
us that the deep emission cuts that are required are well within our
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technical capabilities. This book demonstrates, however, that deploying
the technological solutions demands a broad understanding of the mul-
tidimensional aspects of the climate change problem.

The book consists of 19 chapters organized by themes into three
parts: The first part sets the stage for the entire book by introducing
concepts and solutions. The second part consists of 12 chapters that
describe in more detail the solutions and their multidimensional nature,
which capture aspects of societal transformation, governance, market
instruments, technology measures, and ecosystem restoration. The third
part focuses on special topics that are vital for developing mitigation
solutions.

The first 4 chapters of the book set the stage for the entire book
by introducing concepts and solutions. Chapter 1, Climate Change, is a
broad summary of climate change science that describes what we know,
how we know what we know, and the future extreme climates society
will inherit this century if we do not bend the curve in time. Chapter
2, Humans, Nature, and the Quest for Climate Justice, gives a broad
background on the societal behavior and history that led to the current
state of affairs, while Chapter 3, Climate Change and Human Health,
describes the impacts of climate change on health—perhaps the most
important motivation for urgent action. Chapter 4, Overview of the Ten
Solutions for Bending the Curve, introduces readers to ten solutions to
bend the curve.

Chapters 5 through 8 together argue that we need to foster a global
culture of climate action that creates the will to take the measures re-
quired. Such a culture can be created by social movements (Chapter
5) and by behavioral changes through changing social norms (Chapter
6). Chapter 7, Religion, Ethics, and Climate Change, brings up a major
tool for solving the climate change problem, of forming an alliance with
leaders from a range of religious belief systems to effect large-scale
societal transformation. Communication is a fundamental requirement
for fostering a global culture of climate action, as argued in Chapter
8, which also offers effective communication techniques to persuade
those who have difficulty accepting climate change science, the data,
and the predictions.

Chapters 9 and 10 deal with governance solutions that explore

Introduction



policymaking at vastly different scales—the local and the global. Locally
and regionally, many cities and states in the United States are already
well on the road to bending the curve and are acting jointly through
coalitions such as C40 Cities; the case of the state of California is an-
alyzed in detail in Chapter 9. But these leaders—city mayors and state
governors—need broad-based political support to continue to deepen
their efforts, while other leaders need to be pushed into action. At the
global level, Chapter 10 shows the promise of new models of interna-
tional cooperation, and the potential to build on the Paris Agreement.

Solutions related to market instruments are explored in two chapters
that analyze climate change through an economic lens. Chapters 11
and 12 discuss market-based, regulatory, and policy approaches such as
carbon pricing that encourage firms and individuals to switch to cleaner
production methods, prioritize energy efficiency, and travel more sus-
tainably. The chapters also highlight how market instruments are work-
ing successfully in many parts of the world.

Technological measures are detailed in Chapters 13 to 15, which that
introduce you to the tools to solve the problem. New breakthroughs
in renewable energy, vehicle electrification, and smart grids, detailed
in Chapters 13 and 14, will help to bring down the cost of emission
reductions and help us reach zero emissions shortly after 2050. But
reductions in carbon emissions of 30% to 40% are already feasible using
mature technologies that are available today. Chapter 15 shows that
tackling short-lived climate pollutants—such as methane, black carbon,
hydrofluorocarbons, and ozone—can bend the curve quickly, giving time
for the carbon reduction measures to take effect.

Chapter 16 describes natural and managed ecosystem solutions and
argues that much of the climate change remedy has already been pro-
vided by nature. As this chapter highlights, we can reduce emissions
by one-quarter through tackling deforestation, regenerating damaged
natural ecosystems, improving the ability of soils to store carbon, and
reducing food waste.

The book concludes with three more chapters on special topics.
Chapter 17, Sea Level Rise from Melting Ice, addresses the impact
of the possible disintegration of the massive ice sheets of Antarctica

and Greenland. Chapter 18, Atmospheric Carbon Extraction: Scope,
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Available Technologies, and Challenges, addresses a major emerging
theme in climate solutions, deploying technological measures to extract
carbon from the atmosphere. Chapter 19, Local Solutions, describes
a local community-scale living laboratory that is attempting societal

transformation.

What This Book Does Not Address

This book does not address adaptation to climate change. The world
has already passed the point where some adaptation will be needed,
such as changing agricultural practices, retreating from or protecting
coastlines threatened by rising sea levels, and managing increased heat
waves and droughts. But that is not our focus here. Nor do we discuss
climate engineering—drastic, and controversial, measures to try to stave
off climate change, such as injecting millions of tons of sulfur into the
atmosphere. Bending the curve of planetary warming must remain the
first priority—reducing emissions enough to allow us time to adapt and
avoiding the potentially disastrous unintended consequences of climate

engineering.

Who Is This Book For?

This book is written for anyone who cares about the future of the planet
and human well-being. The chapters will help you understand how indi-
viduals, community groups, businesses, religious leaders, mayors, heads
of state—in short, everyone—can work to bend the emissions curve.

What you will learn from the chapters in this book is this: climate
change is not a question of political beliefs but a dominant scientific
and societal issue, and without the fast actions described here to bend
the curve, it can quickly morph into an issue of incalculable human
tragedy.

We've designed each chapter as a stand-alone resource that can
be read independently, in any order. If you aren’t familiar with climate
science, though, it will help to start with Chapter 1, which explains how
and why the climate is changing, as well as the likely impacts under
a “business as usual” scenario. And the solutions that can bend the
warming curve are interconnected. To see this, read Chapter 4, which

introduces the ten solutions and explains how they fall into a series of
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six clusters that involve science, societal transformation, governance,
markets, technology, and ecosystems.

Each chapter is written for a generalist audience—nonexpert readers
at the level of a second-year undergraduate student—with little assumed
in the way of prior knowledge. If you are trained as a microbiologist,
you can jump right into the chapters that draw on political science and
psychology. If you are an artist or a social scientist, Chapter 1 will in-
troduce you to the physical principles and evidence that demonstrates
how and why humans are changing the climate. Key terms, especially
those that might be unfamiliar, are boldfaced and defined when first
used. Given the interconnected nature of the climate challenge, such an
interdisciplinary approach is essential. Climate science, economics, and
engineering all just have a piece of the puzzle. The learning objectives
at the start of each chapter will give you a road map for what you can
take away. Discussion questions in the learning companion to this book
provide an opportunity to extend your understanding through talking
with classmates, friends, or family members. And if you want to delve
further, references and in some cases additional readings are given at
the end of each chapter.

After you read this book, we hope you are convinced of two things.
First, climate change is a major problem for all human beings. Second,
the solutions are within reach. But how will that social and economic
transformation be brought about? Bending the curve will take a world of
climate champions who can innovate and implement climate solutions.
This book will help you to join their ranks.

Adam Millard-Ball

University of California, Santa Cruz

V. Ramanathan
University of California, San Diego, Scripps Institution of Oceanography
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HOW TO USE THIS BOOK
AND THE LEARNING COMPANION

Bending the Curve: Climate Change Solutions brings together leading ex-
perts from diverse areas of academia and research to address the mul-
tidimensional aspect of climate change. As an interdisciplinary book, it
has been written to appeal to a broad audience, including students and
instructors in a wide range of educational settings, as well as readers
beyond the classroom. The chapters do not assume that the reader has
prior knowledge of climate change science.

To help all audiences gain the most from this book, we have also
developed a learning companion that includes questions and resources
to help readers connect ideas, understand key concepts, and increase
their ability to effectively discuss and explain climate change solutions.
The learning companion is available for download through the California

Digital Library as a PDF in print-ready format.

For Students

Each chapter in the book focuses on a particular aspect of climate
change. To support your learning, each chapter includes an overview
that highlights the key concepts presented by the author(s). We rec-
ommend that you spend some time familiarizing yourself with the focus
of each chapter before diving in. For those of you who are interested
in learning more about the focus of a particular chapter, please consult
the text sources at the end of the chapter as well as a list of additional
resources in the learning companion that have been provided on a par-
ticular topic.

The organization of the learning companion mirrors that of the
book, with a section for each chapter. The companion provides two sets
of questions for each chapter: review questions and discussion ques-
tions. Review questions are presented in multiple-choice format and are
designed to help you gauge how well you have grasped key concepts

and information. Discussion questions are open-ended and designed to
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help you apply what you read to the world around you. These questions
are designed to promote deeper learning through conversation with

your fellow students, or others outside the classroom.

For Instructors

Bending the Curve: Climate Change Solutions is meant to address climate
change through a wide lens that includes physical and atmospheric sci-
ence, government and policy, economics, technology, as well as the hu-
manities and social sciences. With that in mind, this digital book is meant
to help you bolster your background in fields beyond your specialty.

The learning companion provides review questions that can be used
to assess familiarity with key concepts, ensuring all participants are ready
to apply what they've learned. These questions can also help instructors
identify areas of learning that may require additional explanation. The
learning companion also provides discussion questions, which can help
facilitate deeper conversations in the classroom, or activities that en-
gage student-to-student discourse. All of the questions provided in the
learning companion can be included in live class sessions or through

online delivery environments.

For Readers Beyond the Classroom

Bending the Curve: Climate Change Solutions, while written primarily for
a higher-education audience, will also appeal to a broader audience of
readers. This may include community organizers or climate advocates
seeking key arguments, facts, and details. This book is also helpful to
everyone interested in expanding their learning about climate change
solutions. The book can be helpful to those who are already climate
change solution champions interested in expanding their learning, as
well as those who are new to the idea of identifying climate change
solutions and are curious about learning the basics.

We recognize the importance of public communication and educa-
tion to promote a broad culture of climate action. Using the companion
guide questions can help you to take action and to collaborate with
others as a learning community, focused on climate change solutions.

Scott Friese and Alan Roper
University of California, Office of the President

How to Use This Book and the Learning Companion

Xvii
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Climate Change

V. RAMANATHAN
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Learning Objectives

1. Explain the basic concepts of climate change science.
You will learn how some atmospheric gases emitted by human ac-
tivities spread around the planet like a blanket and how that blanket
traps infrared radiation (heat radiation) and warms the planet. Such
gases are popularly called greenhouse gases. A basic knowledge of
climate science will help motivate you to solve the problem of in-
creased greenhouse gases. You will be able to explain the underlying

scientific principles of climate change to others, including skeptics.

2. Discuss the anthropogenic drivers of climate change.
Next you will learn how our various activities—driving, flying, cook-
ing, heating and cooling homes, and producing food—contribute
to climate change. Because these drivers are related to human
activities, we call them anthropogenic drivers of climate change
(anthropogenic is the scientific term for “human-caused”).

3. Explain how and why the climate is changing.
By this point, you will know how the greenhouse gases emitted by
human activities are expected to change the climate, based on phys-
ical principles. The third learning objective is to understand how the
climate is changing now and how our observations of the weather

are matching predictions from climate models.

4. Describe the likely climate changes and their projected impacts.
The fourth objective is to use the knowledge you have gained thus
far to describe the potential impacts of the warming on aspects of
climate that affect us all, including heat extremes, droughts, floods,
sea level rise, and melting sea ice and glaciers. It is having huge
impacts on almost everything we know. Climate change is causing
new weather extremes such as floods, heat waves, and droughts,
with negative effects on public health. It is better termed as climate
disruption. We will track down the various impacts we are already
experiencing today and project the impacts that are likely to occur
in the future if we continue on our current path of unsustainable

greenhouse gas emissions.
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Overview

The climate system is dynamic and has undergone major changes in the
history of the planet. Over the last 2 million years, the Earth’s climate
has cycled between cool glacial periods and warm interglacial periods.
These cycles have occurred about every 100,000 years over at least the
past 800,000 years. Beginning 11,700 years ago, the Earth transitioned
to the current interglacial warm epoch called the Holocene. Before the
nineteenth century, climate change on the planet was mainly a naturally
occurring phenomenon caused by changes in the Earth’s orbit around
the sun, changes in the amount of solar radiation reaching the Earth,
volcanic activity, and natural patterns of heat exchange between the
land, the ocean, and the atmosphere.

Since the dawn of the industrial era, a new global causal factor has
been added to this list: humans. We emit carbon dioxide and other
pollutant gases when we burn fossil fuels and do many other things,
such as refrigerate our food and fertilize our crops. These pollutants
have drastically altered the heat-trapping properties of the atmosphere.
In the case of carbon dioxide, the changes are irreversible on time scales
of thousands of years or more. These pollutant gases now cover the
Earth like a blanket, trapping infrared heat and warming the planet.
The climate has already warmed by 1°C since the preindustrial era and
in another 15 years (from 2018) will reach levels not seen in the past
130,000 years. Climate scientists have concluded that if the current rate
of emissions continues, the planet will warm to levels not observed in
the last 25 million years or more. Not only is the amount of the warm-
ing unprecedented, but the rate of change is also orders of magnitude
larger than that of past natural variations.

How do we know this is true? Climate change science is intensely data
driven and has undergone the traditional scrutiny and rigor of scientific
methods. It has taken thousands of peer-reviewed studies over more
than 100 years and large quantities of data collected from ships, surface
stations, aircraft, and satellites to arrive at the conclusions described in
this chapter. The findings reported here are based on analyses of literally
trillions of bytes of data by thousands of scientists from around the
world as reported in thousands of peer-reviewed publications. These

studies have been reviewed by science academies in the United States

Chapter 1: Climate Change



and around the world since the 1970s, culminating in the formation of
the Intergovernmental Panel on Climate Change (IPCC) by the United
Nations in 1989. Hundreds to thousands of scientists contribute to the
IPCC's periodic reports that assess, evaluate, and update the science
and the data. References to some of these reports are provided at the
end of this chapter.

The most important messages in this chapter are that (1) anthro-
pogenic emissions are causing climate change at a magnitude and rate
that are unprecedented over at least the past million years, and (2) this
human-caused climate change is likely to have severe impacts on both
the natural environment and human society. Finally, it is particularly im-
portant to recognize that we still have time to act to reduce human-caused
climate change and moderate or avoid the most serious impacts—if we start
acting now (2019). The purpose of this book is to empower you and
give you the tools you will need to act as “climate warriors” innovating
and implementing climate solutions.

This chapter will also help you address questions that people you
know, including climate change skeptics, might ask you. For example,
how do you know the climate is changing? Even if it is changing, how
do you know the change is caused by human activities? And whom do
you believe?

Your answer to the last question should be simple: we do not have
to believe anyone. We have the data. Thousands of scientists have an-
alyzed and interpreted observed data from peer-reviewed studies, so
these are facts, not beliefs. The real issue we want to address is the
following: if we continue along the current path of unsustainable pollu-
tion, what does the future hold for us? How will the planet look a few
decades from now? And what'’s in store by the end of the century? The
projections made by various scientific institutions are summarized in
this chapter.

Hopefully these scientifically projected scenarios will give you the
reasons, as well as the motivation, to solve the problem in a timely man-
ner. As you already know, this book is about solving the climate change
problem. A hopeful message comes out of the findings summarized in
this chapter: there is still time to solve the problem of climate change

and stabilize the climate below dangerous levels of warming.
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Box 1.The Intergovernmental Panel on Climate Change

The Intergovernmental Panel on Climate Change (IPCC) is the most prominent interna-
tional scientific body for assessing climate change. It was formed in 1988 by the World
Meteorological Organization (WMO) and the United Nations Environment Programme
(UNEP). There are currently 195 member countries in the IPCC, and membership is open
to all countries in the WMO and UN. The IPCC is responsible for reviewing and evaluat-
ing scientific, technical, and socioeconomic information related to climate change. While
the IPCC neither conducts research nor monitors any climate change data directly, it
provides policymakers with the most comprehensive picture of the scientific consensus.

Globally averaged greenhouse gas concentrations
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IPCC.

The information assessed by the IPCC is synthesized into a major assessment report
(AR) every 5 to 7 years. There are currently five multivolume assessment reports, and the
latest one, AR5, was finalized in 2014. Each AR has three volumes, each of which is led
by a working group. Working Group | (WGI) consists of 258 experts who assess the sci-
ence behind climate change and how humans are causing it. With 302 experts, Working
Group Il (WGII) evaluates the impacts of climate change and how living things, such as
humans, animals, and plants, can adapt. Working Group lll (WGiIII) has 271 experts and
focuses on mitigating climate change—that is, slowing it down and preventing its worst
possible effects.

AR5 has more than 830 lead authors across the three working groups from over 80
different countries. The reports submitted for any AR undergo a rigorous, multistage
review process. The IPCC is currently working on AR6, and the contributions from the
three working groups will be finalized by 2021.

SOURCE: https://www.ipcc.ch/organization/organization.shtml.
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1.1 Entering the Age of Humans

Before diving into the problem of anthropogenic climate change, it's
helpful to understand what the planet’s climate was like before modern
humans (Homo sapiens) became a major force.

The history of Homo sapiens extends as far back as 160,000 years
ago. However, it was only in the last 10,000 years, with the advent of
the Agricultural Revolution, that Homo sapiens began modifying the land
surface for growing food. The Agricultural Revolution roughly coincides
with a warm interglacial that began about 11,700 years ago and con-
tinues to the present. Scientists call this period of warm and relatively
stable climate the Holocene. Although there were significant regional
climate fluctuations, the stable climate of the Holocene enabled the
Agricultural Revolution. During this period humans transitioned from
hunting and gathering to agriculture. Cities, writing, and major human
civilizations all developed during this time. The last 270 years of the
Holocene ushered in the Industrial Revolution, and with that, climate

pollution began to increase dramatically.

160,000 years to 10,000 years ago to || AD IlS_[ll]s to N‘OW
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FIGURE 1.1.1 Homo sapiens history. Image from V. Ramanathan.
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FIGURE 1.1.2 Effects of the Great Acceleration on six different measures.
As human population and gross domestic product (GDP) have risen sharply,
so have water use, carbon dioxide emissions, deforestation, and species
extinctions. Adapted from Steffen et al. 2015.

The “Great Acceleration”

The Industrial Revolution, which started in Britain and evolved during AD
1750-1850, was powered by fossil fuels. Now nearly all nations in the
world consume them. Beginning around 1950, after World War I, the
production and consumption of goods increased dramatically, leading
to accelerated burning of fossil fuels. This acceleration is illustrated in
every measure we can think of: population, gross domestic product
(GDP), water use, fertilizer consumption, the number of motor vehicles
in circulation, and many more. Because of this, scientists call the period
from 1950 to the present the Great Acceleration.

Not only did the Great Acceleration increase production, consump-
tion, and population, it also left a huge imprint on the ecosystem. For
example, the rate of change in carbon dioxide concentration, which
was already steadily increasing, accelerated in 1950. By the 1980s, this
increase in carbon dioxide had already led to a significant rise in global
temperatures, which in turn brought huge ecological impacts. Depletion
of the ozone layer again became a major factor in the 1980s. After
1950, the biodiversity of species started decreasing and the extinction

of species accelerated.
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Figure 1.1.2 shows a few examples of the rapid increase in human
activity and its ecological impacts during the Great Acceleration. Notice
that nearly every measure—population, total real GDP, water use, bio-
sphere degradation (species extinctions), and the loss of tropical rain
forests—takes off dramatically beginning around 1950.

No part of the planet remains unaffected by the Great Acceleration.
The planet we see today is vastly different from the planet our ancestors
inherited a century ago.

The Anthropocene

We are still in the Holocene climatologically, but the impacts of the
Industrial Revolution and Great Acceleration, combined with a massive
population increase, have caused many scientists and other thinkers to
argue that we have entered a new period called the Anthropocene, or
age of humans. Humans have emerged as a major force modifying the
environment. The activities of all humans combined are comparable to
geological forces, such as earthquakes and volcanoes, that modify the
Earth’s surface and atmosphere on large scales and in visible ways.

Scientists have not yet agreed on the time period that marks the be-
ginning of the Anthropocene. Many propose the period started some-
time during the Industrial Revolution. Others argue that it began with
the advent of the Agricultural Revolution about 10,000 years ago. Still
others suggest that its start date should be set to 1945, the date of the
first atomic explosions. Irrespective of how scientists settle the starting
date of the Anthropocene, it's the Great Acceleration that began in the
1950s that marks the beginning of Homo sapiens’ truly massive global
imprint on the planet. The climate has already warmed by 1°C since
1900. If we continue with business-as-usual consumption of fossil fuels,
the warming between 1900 and 2100 could exceed 4°C.

Why worry about a warming of 4°C?

We know that the planet has been both significantly warmer and signifi-
cantly cooler in the past. Why bother about a human-induced warming
of 4°C? How do we judge whether this amount of warming is large
or small? One way is by looking at the glacial to interglacial cycles the
planet has undergone many times over the last 2.5 million years. The
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difference in global average temperature between a glacial and an in-
terglacial period is only about 4°C to 5°C, but this difference results in
a dramatically different climate. At the coldest point of the last glacial
period (the Ice Age, about 20,000 years ago), an ice sheet covered most
of what is now Canada and the northern United States. This ice sheet
was about 1 kilometer thick over the current location of New York City.
In contrast, during the previous warm interglacial period about 120,000
years ago, called the Eemian interglacial, there was substantially less ice
in Greenland and Antarctica than at present, and global sea levels were
at least 6 meters higher. The temperature at that time was only about
1°C warmer than the preindustrial average of the early 1800s. It's clear
that a 4°C increase in the global temperature is, in fact, a big deal.

It's also important to understand that the planet is already in its
warm state (interglacial period), having warmed by about 4°C from the
glacial temperatures of about 20,000 years ago. Warming it by another
4°C would push the planet, along with all of its ecosystems and glaciers,
beyond any temperature experienced in the last 25 million years. In
short, more than just the 4°C warming, the fact that this warming is
happening on top of the current warm interglacial period is the bigger
concern.

Finally, past changes in global temperature by as much as 4°C oc-
curred over periods of thousands of years or more. Compare that to
the projected Anthropocene warming, which will happen within a single
century. This rate of warming is at least 100 times faster than naturally
occurring changes—and far too rapid for social systems, natural species,

and ecosystems to adapt.
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1.2 The Atmospheric Blanket

and Its Warming Effect

The Earth’s atmosphere is an extremely thin shell compared with the
size of our planet. The primary gases in the atmosphere by volume are
nitrogen (78.1%), oxygen (20.9%), and argon (0.9%). These figures don't
include water vapor, which varies significantly with location and altitude
but averages about 0.4% of the atmosphere globally. Other naturally oc-
curring gases include carbon dioxide (designated by chemists as CO,),
ozone, and methane, which all occur in trace amounts. Although CO,,
methane, and ozone occur naturally, human activities are increasing
their concentrations.

This blanket of atmosphere sustains life in many fundamental ways.
First, it is vital to the cycle of plant and animal life. Plants grow by taking
carbon dioxide from the atmosphere. In the process of photosynthesis,
they use energy from the sun to synthesize carbon dioxide with water
and release oxygen to the atmosphere. Plants incorporate the carbon
into sugars that store energy and into structural materials such as cel-
lulose, while they release the oxygen back into the atmosphere. When
animals, including human beings, consume plant material (or other an-
imals), they digest it: that is, they take in oxygen, which reacts with the
food to release its stored energy. In the process, animals and humans
convert some of the carbon back into carbon dioxide and re-exhale it
into the atmosphere.

Water vapor is a crucial part of the atmospheric composition. Water
vapor is produced primarily from evaporation from the oceans, surface
soils, and subsurface aquifers and then spreads around the planet. It
is the water vapor in the atmosphere that forms clouds and rain, thus
creating rivers, lakes, glaciers, and ski slopes.

Most important for our purposes, the atmosphere plays a crucial
role in determining the temperature of our planet, as we will see in our
discussion of the greenhouse effect. Water vapor, carbon dioxide, and
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Atmosphere
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FIGURE 1.2.1 Atmosphere: a thin, fragile shell. The various ways the
atmosphere sustains life on the planet. Image by V. Ramanathan. Icons designed
by Freepik from Flaticon.com.

other greenhouse gases warm our planet. Without these greenhouse
gases, our planet would be about as cold as Mars—far too cold to sup-
port liquid water and life. At the other extreme, without clouds, ice,
and snow to reflect sunlight, the planet would be so hot that it would
be unlivable.

Thus, the composition of the atmosphere keeps the Earth's tem-
perature at just the right level for water to be present in the planet in
all three phases: gaseous water vapor, liquid water, and solid ice and
snow crystals. The presence of all three forms of the water molecule
is essential for the survival of Homo sapiens and most other species on

Earth. The atmosphere thus protects life.

The natural greenhouse effect

Our planet’s fundamental energy source is incoming radiation from the
sun, which we will refer to as incoming solar energy. Not all of this
solar energy is absorbed by the planet. About 29% of it is reflected back
into space by the atmosphere, the land surface, and the sea surface.

The percentage of solar radiation reflected back into space is called the
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reflected solar radiation: 29%

incoming solar radiation: 100%

FIGURE 1.2.2 The greenhouse effect. Adapted from NASA.

albedo. The primary climate variables responsible for the Earth's 29%
albedo are clouds, snow cover, ice sheets, sea ice, glaciers, and oxygen
and nitrogen in the atmosphere. In general, whiter substances (clouds,
ice, and snow) reflect more solar radiation. The scattering of sunlight by
oxygen and nitrogen gives the sky its blue color.

After 29% of the incoming solar radiation is reflected back to space,
the Earth absorbs the remaining 71%, which heats the land, ocean sur-
face, and atmosphere. In response, the surface and the atmosphere
radiate (i.e., give off) this heat by emitting infrared radiation. This
infrared radiation is commonly referred to as heat energy because the
infrared radiation emitted by any substance depends on its tempera-
ture. The higher an object’s temperature, the more heat energy it emits.

However, not all of the emitted heat energy can escape to space.
The greenhouse gases in the intervening atmosphere absorb (trap) some
of this heat energy. As a result, the heat energy leaving the planet is re-
duced by the intervening atmosphere. It is this trapping of heat energy
that otherwise would have escaped to space through the atmosphere
that is referred to as the greenhouse effect.
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Now, let's see how this trapping effect warms the surface. The
greenhouse gases in the atmosphere trap heat energy and reradiate
some of it back to the surface. The surface absorbs this reradiated heat
energy, causing it to warm some more. The Earth will continue to warm
until it reaches a temperature at which the net incoming solar energy
equals the heat energy emitted to space by the warmer surface and the
atmosphere.

Thus, the surface temperature of a planet is primarily determined
by two factors: the net amount of incoming solar energy it receives, and
the heat-trapping properties of any greenhouse gases in its atmosphere.
Increasing the concentration of greenhouse gases shifts the balance
between incoming solar energy and outgoing heat energy, requiring
the planet to become warmer and emit more heat energy to restore

equilibrium.

“Blanket” is a better metaphor

The trapping of heat by the Earth’s atmosphere is
typically referred to as the “greenhouse effect.” This
metaphor compares the heat-trapping gases in the at-
mosphere to the glass panes of a greenhouse, which
allow solar radiation to enter but slow down outgo-
ing infrared heat radiation. Although this name has
become standard, it's not the best metaphor for un-
derstanding the effects of climate pollutants. In fact,
the main reason it's warmer inside a real greenhouse
is not because it traps radiated heat energy, but be-
cause its walls and roof keep warm air from escaping
and colder outside air from entering.

A more scientifically accurate metaphor for the

warming effect of the atmosphere is the blanket _
effect. On a cold night, a blanket (the atmosphere) FIGURE 1.2.3 Blanket
warms us by trapping some of the heat energy ra- ~ metaphor. Photograph by
diated by the body (the planet’s surface) and thus Matthew Henry on Unsplash.
prevents some of it from escaping to the rest of the room (space).
However, following well-established tradition, we will retain the terms

greenhouse effect and greenhouse gases throughout this book.
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What are the natural greenhouse gases?

So, what are the gases responsible for this natural heat-trapping effect?
Most of the Earth’'s atmosphere is made up of gases, primarily nitrogen
and oxygen, that do not trap heat energy and do not contribute to
the greenhouse effect. The term greenhouse gases refers to the small
fraction of gases that do have the ability to trap infrared heat energy.

The dominant greenhouse gas in the Earth’'s atmosphere is water
vapor. Next is carbon dioxide. Other naturally occurring greenhouse
gases in the atmosphere include methane, ozone, and nitrous oxide.
Concentrations of these gases are extremely small when compared with
oxygen and nitrogen, but they play a crucial role in regulating climate
and climate change. They have a much larger role in determining the
Earth’s climate than their tiny concentrations would suggest.

As we noted earlier, water exists in the atmosphere not only in the
form of gaseous water vapor, but also in the form of clouds (liquid
water droplets and ice crystals). Clouds also provide a large greenhouse
effect, almost comparable to that of CO,. However, clouds also reflect
solar energy. The reflective effect of clouds is about twice as large as
their greenhouse effect. Thus clouds, in spite of trapping significant

amounts of heat, have a large net cooling effect on the planet.

Experimental validation of the atmospheric greenhouse
effect

How do we know the greenhouse effect is real? One way is to look
at the energy absorbed and emitted by the Earth. Satellites routinely
measure the incoming solar energy and the outgoing heat energy from
the planet. Independently, the heat energy emitted by the surface has
been estimated using observed surface temperatures on land and sea.
A note about units: scientists measure energy in units called joules.
To describe incoming and outgoing energy for the Earth, scientists use
watts. A watt is a unit describing the rate at which energy is emitted
or absorbed; 1 watt is equal to a rate of 1 joule per second. To give a
familiar example, a 60-watt lightbulb, when lit, emits 60 joules of heat
and light energy per second. Scientists measure the rate of incoming

solar energy and emitted heat energy for a planet in terms of the energy
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FIGURE 1.2.4
Comparative statistics
of the incoming solar
energy and surface
150 Wim?_ 28 temperatures of
Venus, Earth, and
Mars. Adapted from
NASA.

rate per unit of its surface area. This is expressed as watts per square
meter of the planet’s surface, denoted in short form as W/m? (where
the slash means “per”).

Globally, measurements show that the Earth's surface emits heat
energy at 390 W/m?. However, satellite measurements during the 1980s
showed that the heat energy escaping to space through the atmosphere
was only 260 W/m?2. Thus, the atmosphere traps about one-third of the
surface-emitted heat energy. Clouds decrease the energy that escapes
by an additional 25 W/m?; thus, the net heat energy escaping to space
(with clouds) is 235 W/m?.

We can use another, more whole-system approach to validate the
greenhouse effect: comparing planet Earth with its neighbors, Venus and
Mars. On one hand, the average surface temperature of Earth is 15°C.
The Venusian surface, on the other hand, is searing hot at 462°C—well
above the melting point of lead. Why is this the case? The first obvious
suggestion would be that Venus is hot because it is so close to the sun.
Indeed, Venus is close to the sun, and its incoming solar energy is 659
W/m?, compared with 341 W/m? for Earth.

But there is a second factor to consider: Venus is completely cloud
covered and as a result reflects as much as 75% of its incoming solar
energy (that is, the albedo of Venus is 75%). Taking this into account, we
find that Venus actually absorbs solar energy of 165 W/m?, slightly less
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than the amount of solar energy that Earth absorbs (242 W/m?). On that
basis, we would expect Venus to be cooler than the Earth.

The only remaining explanation for Venus's searing hot surface tem-
perature is the greenhouse effect of the CO, in its atmosphere. It turns
out that the concentration of CO, on Venus is about 200,000 times
more than that on Earth, creating a superstrong CO, greenhouse effect,
which maintains Venus's hot temperature.

Mars, on the other hand, is much farther from the sun and receives
less than half the solar energy that Earth receives. Mars is nearly cloud-
free (except for some dust clouds), and its albedo is only 18%. The net
effect is that the solar energy that Mars absorbs (125 W/m?) is only
half of that absorbed by Earth. This is the primary reason for the frigid
average temperature on Mars (-55°C). Mars's atmosphere is mostly
CO,, and the amount of CO, on Mars is actually about 15 times larger
than that on Earth, but the stronger greenhouse effect is not enough to

compensate for the lower incoming solar energy.

Earth in the Goldilocks zone

The above exercise illustrates an important message about the optimal
climate on Earth. The surface temperature is determined by a delicate
balance between the amount of incoming solar energy, the reflected
solar energy, and the greenhouse gases in the atmosphere.

As we saw earlier, water vapor has the strongest warming effect
of the naturally occurring greenhouse gases. At the same time, clouds
made up of condensed water vapor have a net cooling effect. If water
vapor plays such a significant role in our climate, why do discussions of
climate change mostly focus on emissions of carbon dioxide? Where
does the water vapor greenhouse effect fit in this picture?

While carbon dioxide is emitted by geological processes (and more
recently, human activities), the concentration of water vapor is primarily
governed by surface and atmospheric temperatures. The warmer the at-
mosphere, the higher the concentration of water vapor, assuming there
is an abundant source (such as oceans or water “cooked out” from
minerals deep in the Earth’s interior).

Because the concentration of water vapor depends on temperature,
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climate scientists refer to it as a climate feed-
back that amplifies warming, rather than
a direct cause of warming. If there were no
carbon dioxide in the Earth’s atmosphere, tem-
peratures would fall to the point that most of
the water vapor would condense or crystallize
out of the Earth’s atmosphere as well. With-
out carbon dioxide, there would be very little

water vapor greenhouse effect and the Earth

would be much cooler, if not frozen.
Thus, the Earth seems to have just the right ~ FIGURE 1.2.5 Goldilocks principle.

amount of incoming solar radiation, clouds, ~ Reproduced from NOAA.

and CO, to maintain an equitable climate.

Among the three planets, Earth is the only one whose temperature is

not too hot, not too cold, but “just right” for Goldilocks’s porridge—and

for life.

CO, increased by human activities

While the natural greenhouse effect is vital for maintaining life on Earth,
humans have added an enormous amount of carbon dioxide to the thin
shell of the atmosphere since the dawn of the Industrial Revolution. As
of 2017, we have dumped 2,200,000,000,000 (2.2 trillion) tons of carbon
dioxide into the atmosphere over the past 240 years. About 45% of that
carbon dioxide still remains in the air today. That leaves a blanket of
human-generated carbon dioxide in our thin atmospheric shell whose
sheer weight is astounding—990 billion tons. That's equivalent to the
weight of about 490 billion cars circling the planet all the time.

How do we know the weight of the human-made CO,? From direct
measurements initiated by Charles David Keeling of the Scripps Institu-
tion of Oceanography (UC San Diego). This wiggly curve (Figure 1.2.6) is
called the Keeling Curve and shows the concentration of carbon dioxide
in the atmosphere. When Keeling first started making measurements in
1958, the atmospheric carbon dioxide concentration was 313 parts per
million (abbreviated as 313 ppm). That is, out of every million mole-

cules in the atmosphere, 313 were carbon dioxide molecules in 1958.

1-18 Chapter 1: Climate Change



Mauna Loa Observatory, Hawaii and South Pole, Antarctica

Monthly Average Carbon Dioxide Concentration
Data from Scripps CO_‘> Program  Last updated May 2019
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FIGURE 1.2.6 The Keeling Curve shows the increase in CO, from 1958 to
2017. Reproduced from the Scripps CO, Program from the Scripps Institution of
Oceanography.

Passing a major threshold

In the year 2016, we passed a major threshold—one that we should not
be passing. Based on measurements of ancient air bubbles trapped in
ice and other data, scientists estimate that the concentration of CO, be-
fore 1850 was 275 ppm. That concentration has since increased steadily,
shooting past 300 ppm by 1950, 369 ppm by 2000, and 400 ppm by
2016. Carbon dioxide concentration was about 410 ppm in 2018, mean-
ing that humans have now increased the overall concentration of carbon
dioxide by nearly 50% since the preindustrial era. Crossing the threshold
of 400 parts per million signifies that the planet could be transitioning
into an era of major climate changes.

The increase is seen everywhere on the planet: the ocean surface,
mountaintops, and deserts. Whether the data are collected in Hawaii,
the Arctic, or the Antarctic, the findings are the same. Basically, the
additional CO, has covered the planet like a blanket.
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How did that happen? Air travels fast. Pollution from North America
travels to Europe in days; pollution from Asia travels to North America
in a week; and pollution from South America travels to the Antarctic
in a few weeks. Air takes a few years to travel from the Arctic to the
Antarctic. Travel times for pollution are much shorter than the lifetime
of the CO, molecule in the air, which is 100 to 1,000 years. That's why
the CO, increase is found everywhere on the planet. Carbon dioxide is
what scientists refer to as a well-mixed gas—one that remains in the
atmosphere much longer than the time it takes to spread around the

world.

What is the take-home message?

The atmosphere connects every part of the world with every other part
in a matter of days or weeks. Therefore, we can only solve the climate

change problem through global cooperation.

Greenhouse gases as pollutants

Why do we call carbon dioxide and other anthropogenic greenhouse
gases “pollutants”? Pollute means “contaminate something with a harm-
ful or toxic substance.” Carbon dioxide is a natural component of the
atmosphere and a vital part of the respiration cycle that sustains life,
so how can it be a pollutant? Although carbon dioxide and most other
greenhouse gases exist naturally in the atmosphere, human emissions
are increasing their concentrations, causing warming that will most defi-
nitely have harmful impacts, as we will see later in this chapter. The
harmful impacts of these emissions make it appropriate to refer to

greenhouse gases as “pollutants.”

What are the sources for the observed increase in CO,?

Many human activities that address our basic needs, development, and
well-being are sources of greenhouse gases. Most of the energy used by
society since the Industrial Revolution has come from fossil fuels: coal,
oil, and natural gas. Burning fossil fuels emits the largest amount of CO,
by far, contributing an estimated 34 billion tons in 2016.

Major anthropogenic sources of carbon dioxide include the

following:
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Using fossil fuels to produce
electricity: In 2016, 65% of
electricity worldwide was gen-
erated by burning fossil fuels,
including 38% from coal and
23% from natural gas. Coal
emits roughly twice as much
CO, per unit of electricity gen-
erated as natural gas, so burn-
ing coal to generate electricity

is particularly concerning.

Transportation:  There are
about 1 billion motor vehicles
in use around the world, the
vast majority of which use
oil-based fuels. Aviation and

commercial shipping are also

major emitters of carbon dioxide.

Global greenhouse gas emissions by sector (2004)
Waste and
wastewater

Residential and 2.8%
commercial buildings

7.9%
Transport Energy supply
13.1% 25.9%
Agriculture
13.5% Industry
19.4%
Forestry
17.4%

Source: IPCC, 2007.

FIGURE 1.2.7 Sources of greenhouse gas emissions.
Reproduced from UNEP/GRID-Arendal.

Residential and commercial buildings and activities: In addition to

indirect emissions from electricity use, buildings can be a direct

source of CO, emissions, primarily through heating. In developed

countries, natural gas is frequently used for space heating, water

heating, and cooking. The least affluent 3 billion, with limited access

to fossil fuels, frequently burn wood or animal dung for heating and

cooking, which also release CO,.

Industrial processes: A range of industrial processes, in particular

cement and steel production, emit significant amounts of CO,. Ce-

ment production alone is estimated to have been responsible for 2

billion tons of CO, emissions in 2016.

Land use: Changes in land use, in particular burning forests to clear

land for farming, grazing, or housing, also emit significant amounts
of carbon dioxide. Over the decade 2007-2016, CO, emissions from

land use averaged about 5 billion tons per year.
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How much additional heat energy is trapped by the
990-billion-ton CO, blanket?

As of 2010, the heat-trapping effect of human-emitted carbon dioxide
was about 860 terawatts (1 terawatt equals 1,000 billion watts—that’s
a 1 followed by 12 zeros). This represents about 50 times our total
global rate of energy consumption! To understand the enormity of 860
terawatts, let’s look at another statistic. The heat energy trapped by our
human-made blanket is equivalent to burning 40 trillion 60-watt light-
bulbs every second, every day, every month, every year. We are trap-
ping an enormous amount of heat in the land, oceans, and atmosphere.
Based on fundamental physics, the temperature of the planet and the
atmosphere will be forced to increase until the extra 860 terawatts are
radiated away into space. If we continue to increase the concentration
of CO, in the atmosphere, even more heat will be trapped, forcing the
planet to warm even further. This, in a nutshell, is the cause of global

warming.

Is CO, the only important anthropogenic greenhouse gas?

Until 1975, we thought that CO, was the only source of anthropo-
genic warming. Then the greenhouse effect of chlorofluorocarbons
(CFCs)—a group of artificially produced molecules used as refrigerants,
solvents, and propellants—was discovered in 1975. Soon after, a host
of other anthropogenic gases (more than 20) were added to the list
of climate-warming gases. The most important of these, in terms of
their warming impact, are methane, ozone, nitrous oxide, and an-
other group of refrigerants known as hydrofluorocarbons (HFCs). The
sources of these pollutants are the following:

» Methane is the main natural gas that we use for power generation,
heating, and cooking. Natural gas leaks (called “fugitive emissions”)
at production and processing facilities and through distribution
pipes are a significant source of methane emissions. Another major
source is methane produced by bacteria in the guts of cattle, sheep,
and goats. Wet rice agriculture (rice paddy fields), wood burning,
landfills, and sewage water treatment plants are among the other

significant sources.
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» CFCs (chlorofluorocarbons) and HFCs (hydrofluorocarbons) are ar-
tificially produced for refrigeration and air conditioning. CFCs have
been phased out by international treaty since the late 1980s, but
work to phase out HFCs is just beginning.

» Ozone is not directly emitted by human activities, but fossil-fuel
power plants and automobile engines emit gases known as ozone
precursors (methane, nitrogen oxides, and volatile organic com-
pounds) that react with sunlight to produce ozone in the lower

atmosphere.

» Nitrous oxide is released by bacteria in the soil. Nitrogen-based fer-
tilizers used in agriculture increase the activity of soil bacteria and

their nitrous oxide emissions.

The IPCC estimates that as of 2010 (the IPCC data is available for
only up to 2010), CO, has trapped 1.8 W/m? of heat, which is 860
terawatts when integrated over the surface area of the whole planet.
All of the anthropogenic non-CO, gases have added another 1.2 W/m?,
bringing the total heat trapped by all anthropogenic greenhouse gases
to 3 W/m? (about 1,500 terawatts).

Is the climate responding to this added heat?

Undoubtedly, the climate is responding to this added heat, according
to data that scientists have collected at the surface, in the atmosphere
using aircraft and balloons, and from space using satellites. The entire
atmosphere, most of the land surface, and the oceans to depths of as
much as a kilometer have warmed to unprecedented levels compared
with the temperatures of the last 100,000 years. In the following section,
we will review the vast amount of past climate data that provide quanti-
tative answers about the magnitude of the climate’s response.
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1.3 Why and How Is Climate Changing?
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You have so far learned how certain pollutant gases behave like a blan-
ket, trapping heat and causing global warming. In this section, we will
document the evidence that these gases are changing our climate and

do a deep dive into why and how the climate is changing.

Distinguishing between weather and climate

Weather is what is happening at any given time or on a short time
scale of a few weeks or less. For example, there may be rain today,
sunshine tomorrow, and a storm a few days later. These kinds of day-
to-day short-term changes are what we call weather. Climate describes
conditions over a longer term. For example, in many regions winter
is colder and drier than summer. Summer might bring monsoons to
some regions. These are descriptions of climate, which is essentially a
longer-term average of weather. The greenhouse effect causes warming
and other changes to climate on time scales of seasons or longer. A
warmer climate in turn leads to other changes, such as extreme weather
events (heat waves, droughts, extreme storm events). It's in this context
that we talk about climate change.

Distinguishing between global warming
and climate change

Until about two decades ago, scientists used to refer to the increase
in temperature due to increases in CO, as global warming. However,
this term does not describe all of the impacts that go along with warm-
ing, such as extreme weather and rising sea levels. Moreover, in the
1990s and early 2000s, “global warming” became a politicized phrase
and issue, particularly in the United States. Scientists have responded
by avoiding the phrase global warming and replacing it with the phrase
climate change. Both terms are used in this text because global warming

and climate change are distinct processes. By definition, global warming
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FIGURE 1.3.1 Human activities that lead to climate pollution. Top left image
by Alan Kiniry from Pexels. Top right image reproduced from Pixabay. Bottom left
image by V. Ramanathan. Bottom right image reproduced from Pixabay.

refers specifically to the warming effect of anthropogenic gases on the
planet. This global warming in turn leads to broader climate change,
which includes changes in winds, storms, rainfall, and humidity.

Why is the planet warming?

As briefly described in the earlier sections, the Earth has been warming
since the 1850s. The warming has not been constant or steady, how-
ever. As we will see, the evidence indicates that most of this warming is
caused by human activities that release pollutant greenhouse gases into
the atmosphere, thickening the natural greenhouse blanket. The gases
began increasing in the 1850s, but the Great Acceleration in consump-
tion that began in the 1950s (Section 1.1 and Figure 1.1.2) contributed
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to a steeper increase in the concentration of many gases during the last
half of the twentieth century.

The four images in Figure 1.3.1 reveal the interconnectedness of the
climate change problem. The woman cooking with firewood (that was
my grandmother’s kitchen in south India) could lose her source of food
because of changes in climate, such as droughts, caused by CO, emitted
for the most part in developed countries. Likewise, the smoke coming
from that woman’s kitchen in south India—as well as from cars in the US
and power plants in China—could melt glaciers thousands of kilometers
away. It is imperative to keep in mind that pointing fingers at each other
will not solve the climate change problem. We are all in this together
and together we must solve this problem.

We have already identified carbon dioxide as a major anthropogenic
greenhouse gas. Carbon dioxide is a significant concern in part because
of its long lifetime in the atmosphere. Roughly half the emitted CO,
will be taken out of the atmosphere in less than a decade by the land
biosphere (trees, plants, and soil) and by the ocean, but the remaining
half will stay in the air for at least 100 years, and about 20% of the CO,
will stay in the atmosphere for 1,000 years or more. You, your children,
your grandchildren, and future generations yet to be born will still be
inhaling the carbon dioxide emitted by your car today.

The impact of aerosols

One important point to note from Figure 1.3.1 is that the visible smoke
and smog shown in the images is made up in part of tiny particles
called aerosols; carbon dioxide and other greenhouse gases cannot be
seen by the human eye. Most of these aerosols reflect sunlight and
have a cooling effect, but black carbon aerosols (a major component
of soot) absorb solar radiation entering the atmosphere and have a
warming effect. This trapping of incoming solar radiation should not
be confused with the trapping of outgoing infrared radiation emitted
by the surface. Often black carbon is referred to as a greenhouse gas.
This is wrong on two counts: black carbon is not a gas, and black car-
bon warms the climate by absorbing solar energy rather than infrared
energy from the planet. Black carbon is mainly produced by incomplete

combustion. Major anthropogenic sources include internal combustion
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engines in vehicles (particularly diesel-powered vehicles) and the burn-
ing of solid coal, firewood, crop residues, and animal dung (for heating
and cooking).

Fertilizing agricultural fields and burning fossil fuels and biomass
fuels (for example, wood) also contribute to other types of aerosol par-
ticles, such as sulfates, nitrates, and organics. Unlike black carbon, these
other aerosol particles primarily reflect sunlight and have a cooling ef-
fect. Although some of this cooling is offset by black carbon’s warming,
the net effect of all aerosols combined is one of cooling. This cooling
has been estimated to offset about a third of the warming caused by an-
thropogenic greenhouse gases, but the net impact of human emissions

still warms the planet.

Super pollutants

As of 2010, non-CO, pollutants (non-CO, greenhouse gases and black
carbon) contribute about 45% of the total anthropogenic warming ef-
fect. These non-CO, greenhouse gases and black carbon particles are
also called super pollutants. This is because, per molecule, their warm-
ing effects are much larger than that of CO,. For example, methane is
25 times more potent than CO, at warming the planet; nitrous oxide is
300 times more potent; HFCs and CFCs are a few thousand to 10,000
times more potent; and black carbon is 2,000 times more potent (also
Box 1.3.1). These non-CO, pollutants have powerful warming effects,
but methane, ozone, HFCs, and black carbon are also called short-lived
climate pollutants (SLCPs) because their lifetimes in the air range from
less than a week (black carbon), to a month (ozone), to a decade or
two (methane and HFCs), compared with the century to millennial time
scales of CO,. These relatively short atmospheric lifetimes will be an

important factor when we begin to look at climate solutions.

Warming trends

Signs of warming can be seen on the land and sea surface as well as in
the atmosphere and the deeper oceans. The globally averaged surface
temperature shown in Figure 1.3.2 reveals a persistent warming that
began in 1900 and continues until the present (2018), with some ups
and downs. Most of the 1°C warming experienced since the beginning
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Box 1.3.1 Global Warming Potential of Greenhouse Gases

Each greenhouse gas has a different capacity to trap heat in the atmosphere. One way we can
measure this is through global warming potential (GWP), which compares the heat-trapping
effect of a gas to the effect of an equal mass of carbon dioxide.

Different gases stay in the atmosphere for different time periods; scientists call the time a
particular gas remains its lifetime. Since the warming effect of a gas depends in part on how
long it stays in the atmosphere, global warming potential must be defined for a specific time
period, usually 20 years or 100 years.

The table below lists the 100-year global warming potential (GWP100) for three of the
most important greenhouse gases. For example, the 100-year GWP of methane is given as 30
(with a range of 28 to 36). This means that if we were to emit equal masses of methane and
carbon dioxide into the atmosphere at the same time, the methane would trap 30 times as
much heat energy as the carbon dioxide over a period of 100 years.

Lifetime in the GWP
Greenhouse gas Chemical Formula Atmosphere (years) (100 years)
Methane CH, 12 30
Nitrous Oxide N,O 114 298
HFC-134a* CH,FCF; 14 1,430

* HFC-134a is a commonly used refrigerant and is given as an example of a
hydrofluorocarbon (HFC). There are dozens of different HFCs in use, with GWP values
ranging from a few hundred to several thousand.

We can use global warming potentials to define “equivalent emissions” in terms of CO,.
Scientists call this the CO, equivalent, typically written as “CO,e” or “CO,eq.” For example,
since methane has a GWP of 25, the release of 1 ton of methane would have a warming effect
comparable to 25 tons of CO,. This might be described as the addition of 25 tons of CO,e.
When looking at greenhouse gas emission numbers, it's important to note whether they're
expressed in tons CO, or tons CO,e.

You may have noticed that carbon dioxide is not included in the table; its GWP is 1 by
definition. Also, as we will see, carbon dioxide is removed from the atmosphere by a variety of
different processes, so it's not possible to define a single lifetime for CO,.

Also notice that two important greenhouse gases, water vapor and ozone, are not included
in the table. That's because their lifetimes in the atmosphere are extremely short, only a few
days or weeks, so it's not meaningful to define a 100-year global warming potential for them.

SOURCES: Climate Change 2013: The Physical Science Basis. Contribution of Working Group | to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T. F., et al. (eds.)]. Lifetimes,
Radiative Efficiencies and Metric Values, Table 8.A.1 Cambridge University Press, New York, NY.; UNEP. 2012.
The Emissions Gap Report 2012. United Nations Environment Programme, Nairobi, Kenya.
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FIGURE 1.3.2 Changes in global averaged land and sea surface temperatures
since 1880, relative to 1951-1980 average. Adapted from NASA/GISS.

of the twentieth century happened after the Great Acceleration began
in the 1950s.

A similar pattern is observed in the ocean to a depth of at least 700
meters. The warming can be seen over the whole globe with very few
exceptions. Most every region has experienced the warming, but it is
not uniform. For example, the land surfaces have warmed more than
the sea surface. This is expected since the land surface has less thermal
inertia than the sea and hence warms more rapidly than the ocean.
The Northern Hemisphere has warmed more than the Southern Hemi-
sphere, again largely because of the ocean’s influence: the spatial extent
of the ocean is not as great in the Northern Hemisphere. The northern
polar regions have warmed twice as much as the global average: more
than 2°C compared with the global average of 1°C.
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If we keep adding climate pollutants at the present rate, global tem-

peratures will continue to increase to more than 2°C by 2050, and to a

catastrophic 3°C to 7°C by end of this century.

How do we know the warming is due to human activities?

A large amount of evidence and many lines of evidence-based reasoning

have led scientists to conclude unequivocally that the warming is caused

by the increase in the thickness of the greenhouse blanket of CO,, meth-

ane, CFCs, ozone, and nitrous oxide. There are two primary grounds for

this conclusion:

1.

Natural changes are much too small to produce the observed
warming. There are three main ways that natural changes can
contribute to climate change. First, changes in processes within
the sun can cause variations in incoming solar energy. However,
incoming solar energy has been regularly monitored by satellites
since the late 1970s, and the observed variations in incoming solar
energy are about a factor of 10 lower than the 3 W/m? increase
caused by anthropogenic thickening of the greenhouse gas blanket.
Even more significantly, changes in solar output over the last
couple of decades have been in the opposite direction. That is, the
sun’'s energy output has decreased slightly, which would tend to
cause cooling, not warming.

A second natural factor that can affect climate is variation
in the Earth’s orbit around the sun. These orbital changes play a
significant role in climate changes on time scales of 10,000 years
or more (for example, the cycles between glacial and interglacial
periods), but they have negligible effects on time scales of a
century or so. They are simply too slow to be responsible for the
warming observed over the past few decades.

The third natural factor that can cause climate changes
is volcanic eruptions. Volcanoes put out sulfur gases that get
converted into reflective aerosol particles in the atmosphere. By
reflecting solar energy back into space, these particles cool the
climate. Volcano-induced cooling is real but lasts for less than 5
years. The change in reflected solar radiation due to volcanoes
and the resulting temperature changes have been measured
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FIGURE 1.3.3 Observed temperatures compared with those from models
using only natural factors and with those from models using both natural and
anthropogenic factors. Reproduced from IPCC.

from both surface instruments and satellites. For example, the
eruption of Mount Pinatubo in the Philippines in 1991 produced

a measurable drop in global temperatures for at least 2 years. As
the sulfate particles are gradually removed from the atmosphere,
temperatures tend to return to previous levels. Although volcanoes
do emit carbon dioxide, these emissions are less than 1% of
human-generated CO,. Scientists have concluded that apart from
temporary cooling, volcanoes have had very little effect on the
rapid warming trend observed since the 1980s.

Models can simulate the observed warming only if they include
human activities. The most sophisticated climate models to
date account for both natural variations and the human-caused
increase in greenhouse gases. Model runs that include only natural
variations show year-to-year fluctuations in temperatures, but
they completely fail to reproduce the current warming trend.
Only when models include the anthropogenic thickening of the
greenhouse blanket do they reproduce the observed warming
of the planet. We can see this in Figure 1.3.3. The black lines
represent observations, the blue regions represent the range of
predicted temperatures from models that include only natural
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factors, and the pink regions indicate the range of projections
from models that include both natural and anthropogenic factors.
The observed warming is far outside the range of projections
that include only natural factors, but it is well within the range of
projections that include anthropogenic factors as well. This leads
climate scientists to conclude that anthropogenic changes are the

dominant factor in recent warming.

Why trust the models?

This leads us to a question: Why should we trust the models? After all,

they are just computer calculations. How do we know they accurately

reflect the real world?

Scientists trust the models in attributing the observed warming to

human activities because, in general, the model projections are con-

sistent with the observed changes. Models have successfully predicted

many changes that were later observed, a few of which are listed below:

>

In 1980, models were used to predict that CO,-induced warming
would be detected by the year 2000. Indeed, in 2001 the compre-
hensive report written by over 1,000 scientists for the IPCC was the
first to formally conclude that there was a discernible warming in

the observed records.

Models predicted that warming induced by greenhouse gases would
penetrate to the deeper oceans. Scientists have deployed thousands
of underwater probes in every major ocean basin, and their mea-
surements show that warming temperatures have penetrated to at

least 700 meters below the surface.

Models predicted that the greenhouse-gas-induced warming would
extend to the entire lower atmosphere (from the surface up to
above 12 kilometers). This has been confirmed by balloon and sat-
ellite data.

The predictions suggested that a warmer atmosphere would be-

come more humid and that the increase in water vapor would in turn

amplify the warming because water vapor is a powerful greenhouse gas.

Humidity data collected by weather balloons and microwave instruments
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on satellites confirmed that water vapor has increased with the increase
in temperature since the 1980s.

In the late 1960s, a Russian meteorologist predicted that as the
planet warmed, sea ice and snow would retreat, making the surface less
reflective and exposing the darker ocean below to solar energy. This
reduced reflectivity would increase the solar energy absorbed by the
Arctic Ocean, amplifying the warming. Indeed, satellite data have shown
that the Arctic sea ice has retreated significantly since the late 1970s,
followed by an increase in solar energy absorption by the Arctic Ocean
and amplified warming. The Arctic region has warmed by almost 2.5°C,
compared with the global average warming of 1°C.

But models are tested not just by their ability to successfully forecast
changes in climate that are later observed. A typical test for modern cli-
mate models is their ability to reproduce past climate observations, such
as the temperature record for the twentieth century. This process is
called hindcasting. The ability of models to pass such tests increases sci-
entists’ confidence that they include the factors necessary to determine
the causes of observed climate change, as well as to project changes
likely to occur in the future.

Based on the results from models and other observations and analy-
ses, the most recent report of the US Global Change Research Program,
composed of 13 federal departments and agencies, concluded in 2017
that “it is extremely likely that human activities, especially emissions of
greenhouse gases, are the dominant cause of the observed warming
since the mid-20t century. For the warming over the last century, there
is no convincing alternative explanation supported by the extent of the

observational evidence.”

Projecting future warming: climate feedbacks

As we have seen, we have a good scientific understanding of tempera-
ture increases over the past century. Warming is driven primarily by
increases in concentrations of greenhouse gases. This warming has been
partially offset by the net cooling effect of aerosols.

Past and future warming is governed by climate feedbacks, which
happen when the climate system responds to temperature increases in

ways that can either amplify or moderate warming. Three of the most
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Box 1.3.2 Climate Change: Is the Science Settled?

Media coverage of climate issues sometimes gives the impression that
there is significant scientific debate about climate change. In reality, the
scientific community largely agrees about climate change—both the fact
that it is occurring and why it is occurring. This understanding of the
mechanics of climate change is based on fundamental physics and well-es-
tablished scientific principles. We address some of the most common
questions about the scientific consensus on climate change here.

What fraction of the warming is due to human activities?

My best estimate: 80% or more. How did | arrive at such a number? The
science tells us that the variations in natural climate forcing (that is, solar
and volcanic activities) are too small to account for the observed warming
trends and at times contrary to them. Further, both pedagogical and com-
plex climate models are able to simulate the observed warming magnitude
(0.9°C to 1°C) only if they include the observed buildup of greenhouse
gases since 1900. See Box 1.3.3 for details of these calculations.

So, is the science settled?

The answer depends on what aspect of climate change science you ask
about. Some of the most important questions have been answered with a
high degree of confidence, as summarized in Table 1.3.1.

What aspect of the science is not settled?

Predictions of future warming are less certain. In the first place, we do not
know how much climate pollution humans will emit over the coming de-
cades. Even for a particular emissions scenario, however, climate models
give a wide range of estimates. Some of the major reasons for this range
include varying assessments of factors such as aerosols, cloud feedbacks,
and other feedbacks due to the response of soils and plants to warming
temperatures.

With sufficient warming, there is also the possibility of abrupt and
irreversible changes if global temperatures cross “tipping points” that can
push the climate into new states. Examples of tipping points include sig-
nificant methane releases from melting permafrost or large-scale changes
in ocean circulation. Unfortunately, the temperature thresholds for these
tipping points are not well understood.

These feedbacks and dynamic processes mean that we must present
any conclusion regarding the Earth’s future warming as a probable range
rather than a single value.
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TABLE 1.3.1 Summary of scientific consensus

Question Reply
Is the atmosphere getting more polluted? Yes
Are the greenhouse gases CO,, methane, Yes

and others increasing?

Are the increases due to human activities? Yes

Is the climate warming? Yes

Is the warming in part due to human Yes
activities?

What fraction of the warming is due to 50%-90%

human activities?

What human activities are responsible for Increase in CO,, other greenhouse gases, and

the warming? black carbon particles due to human activities

Can we make precise predictions of No. We can only provide probabilistic values.

future temperatures?

important feedbacks we need to consider in relation to climate change

in the twentieth and twenty-first centuries are the following:

1.

Water vapor feedback: We have already discussed this feedback
earlier in the chapter. When the temperature of the atmosphere
increases, it holds more water vapor. Since water vapor is a
greenhouse gas, this feedback acts to amplify warming, resulting in
temperature changes that are roughly twice as large as would be

expected from the increase in greenhouse gases alone.

Ice-albedo feedback: As described in the previous section,
increasing temperatures reduce snow and sea ice cover, which
decreases albedo and amplifies warming. This feedback has its
strongest effect in the Arctic, which is why this region has warmed

substantially more than the global average.

Cloud feedbacks: Clouds can affect temperatures in two different
ways. Clouds reflect sunlight, which tends to cool the Earth.
However, the liquid water or ice crystals in clouds also trap
infrared radiation, causing warming. It turns out that low, thick
clouds have a net cooling effect, while high cirrus clouds have

a net warming effect. Thus, the overall feedback from clouds

depends on whether a warmer world would have more low,

Chapter 1: Climate Change

1-35



1-36

Box 1.3.3 Can Climate Science Account for the Observed
Warming Trends?

Certainly—let me walk you through a little bit of math. We've already men-
tioned that scientists measure incoming solar radiation and outgoing heat in
units of watts per square meter (W/m?). The physics behind the heat-trap-
ping effect of greenhouse gases is well understood, so we can calculate the
imbalance they create in outgoing versus incoming radiation. Scientists call
this imbalance greenhouse gas forcing. For the amount of greenhouse gases
in the atmosphere in 2005, we find that the forcing is about 3 W/mZ.

How much warming would that 3 W/m? forcing be expected to cause?
To calculate this, we divide the greenhouse gas forcing by a number called
the climate feedback parameter. Our best estimate of this number is 1.3 W/
(m?2 °C), read as “1.3 watts per square meter per degree Celsius.” This
means that a forcing of 1.3 W/m? would be expected to raise the global
temperature by 1°C. Thus we are able to derive the theoretical warming
that we should have seen from greenhouse gases alone by dividing 3 W/m?
by 1.3 W/(m? °C), resulting in an expected warming of 2.3°C. However, we
have only observed 1°C. Where is this difference coming from?

First, not all of the warming appears at the Earth's surface; approxi-
mately 0.5°C is stored by the oceans. Also, greenhouse gas forcing is not
the whole story. About 0.7°C of the expected warming is reversed by aero-
sol cooling, and 0.2°C is reversed by changes in surface albedo, mainly due
to clearing of forests for agriculture and grazing. When we subtract out
warming that was stored by the oceans or reversed (2.3 - 0.5 - 0.7 - 0.2),
we arrive at 0.9°C expected warming for the surface (Table 1.3.2). This is a
good match for the 1°C warming that has been observed.

What about natural factors, such as changes in the energy radiated
by the sun, volcanic eruptions, or natural variability due to heat exchanges
between the oceans, atmosphere, and land? These factors have been ex-
amined carefully, and the conclusion is that they could cause the global
temperature to vary up or down by as much as 0.2°C. In short, natural
factors alone are far too small to account for the observed 1°C warming.
We can only account for the observed warming by including the effects of
anthropogenic greenhouse gas emissions.

SOURCE: Myhre, G, et al. 2013. Anthropogenic and natural radiative forcing. In Climate
Change 2013: The Physical Science Basis. Contribution of Working Group | to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T. F., et
al. (eds.)]. Cambridge University Press, New York, NY. https://www.ipcc.ch/site/assets/
uploads/2018/02/WG1AR5_Chapter08_FINAL.pdf.
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TABLE 1.3.2 Theoretical warming breakdown

Factor Warming
Greenhouse gas forcing (2005) 3 Wm™
Climate feedback parameter 1.3 Wm™2°C?
Theoretical warming we should have seen with just greenhouse gas 2.3°C

forcing (= greenhouse gas forcing divided by the climate feedback
parameter = 3/1.3)

Observed warming 1°C
Ocean heat storage. This is the heat energy stored in the ocean, and it -0.5°C
will be released as surface warming in a few decades.

Masking by aerosol cooling -0.7°C
Surface albedo changes -0.2°C

thick clouds or more high cirrus clouds. Including cloud effects in
computer models is difficult because of their relatively small size
and complex formation processes. The current scientific consensus
is that, overall, cloud feedbacks are likely to have a small amplifying
effect on warming. However, cloud feedbacks continue to be one
of the largest sources of uncertainty in computer projections of

future temperatures.
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Climate change affects all aspects of life on the planet, including ecosys-
tems, social systems, economics, public health, urban systems, and rural
systems. The observed warming of 1°C is already having an impact on
these systems. With unchecked emissions, warming could reach unman-
ageable levels this century. It may be better to call it climate disruption
rather than climate change.

As shown in Figure 1.4.1, the Earth’s climate has varied significantly
over the last 1,000 years. Global records for this period are not avail-
able, but proxy records such as tree rings and pollen suggest that the
northern half of the Northern Hemisphere experienced significant warm-
ing (0.5°C) during the Medieval Warm Period from AD 950 to 1250.
While Europe enjoyed the warmth and Vikings traveled westward to
found settlements in Greenland, other regions, including the American
Southwest, suffered from megadroughts and heat waves. The unlucky
regions included North America, Central and South America, and north-
ern China. The legendary city and massive temple complex of Angkor
Wat in Cambodia were abandoned largely because of decades-long
megadroughts interrupted by occasional episodes of intense rainfall and
flooding. The Medieval Warm Period was followed by the Little Ice Age
from about the mid-1600s to the mid-1800s, which saw widespread
cooling over the North Atlantic and Europe, with global temperatures
on the order of 0.5°C cooler than in the mid-twentieth century. The
Thames River in London froze over multiple times during this period.

These climate events serve to illustrate the strong vulnerability of
civilizations to climate change. However, the large climate changes
experienced during the past 1,000 years cannot be assumed to be a
reliable guide for expected climate changes in the coming decades, in
part because the Medieval Warm Period was neither global nor wide-
spread, even over the Northern Hemisphere. We will begin with the
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Variations in the Earth’s surface temperature: year 1000 to 2100
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FIGURE 1.4.1 Observed temperature changes during the last 1,000 years
compared with the predicted changes from 2018 to 2100. Reproduced from
UNEP/GRID-Arendal.

documented impacts of twentieth-century warming on a global scale. As
we will see, temperature changes during the twentieth and twenty-first
centuries have been larger than those of either the Medieval Warm
Period or the Little Ice Age, with significant climate impacts. After that,
we will look at the projected impacts of continued warming during the

twenty-first century.

Current impacts: twentieth and early twenty-first
centuries

About two-thirds of the 1°C warming recorded since the beginning of

the twentieth century has occurred in the past four decades, starting
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around 1980. As of this writing (2019), 2009 to 2018 has been the hot-
test 10-year period on record.

As previously discussed, a warmer atmosphere holds more water
vapor, so as the planet warms, it becomes more humid. Warmer tem-
peratures also increase the overall cycle of water evaporation and pre-
cipitation, making drier regions even drier and wetter regions wetter.
Dry areas worldwide have increased from about 15% of the Earth’s land
surface during the mid-twentieth century to about 30% by the first de-
cade of the twenty-first century.

The last two decades have also witnessed record increases in ex-
treme weather events. The incidence of very strong hurricanes (category
4 and 5) has increased at the rate of about 25% per degree of global
averaged warming. The number of disastrous floods has increased from
less than 50 per year during the mid-twentieth century to more than 150
per year during the first decade of the twenty-first century.

How do we know the increase in extreme weather is due to anthro-
pogenic global warming? The science of attributing individual extreme
events to climate change has improved significantly. Multiple factors
are involved in any extreme event, so it's not possible to say that a
specific weather event was “caused” by global warming, but we can
determine how much more likely that kind of event is, given the in-
creased temperatures. For example, the record Russian heat wave of
2010, which claimed 15,000 lives, as well as many of the major storms
and droughts witnessed in 2016, have all been statistically attributed
to global warming with about 80% certainty. That is, there is a four in
five (80%) chance that the Russian heat wave would not have occurred
in the absence of human-induced climate change. It's estimated that
widespread warming and rising humidity increased the probability of
extreme weather, particularly heat waves, by a factor of 10 or more
from 2011 to 2015. An analysis of 170 reports on 190 extreme weather
events from 2004 to mid-2018 suggests that about two-thirds of these
extreme weather events were made more likely, or more severe, by
anthropogenic climate change.

The impacts of global warming can also be seen in its effects on
ice and sea levels around the planet. Since 1980, the summer extent

of Arctic sea ice has decreased by as much as 10% to 15%. Glaciers
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Box 1.4.1 Observed Impacts of Global Warming

(Late Twentieth and Early Twenty-First Centuries)

Impacts on ecosystems

As we saw earlier in this chapter, trees and other plants absorb and store carbon
dioxide from the atmosphere. Prior to the twenty-first century, tropical forests
acted as a net absorber (sink) of carbon dioxide. For example, a young growing
tree would absorb carbon in carbon dioxide, while a dying tree would release
that carbon back to the air. However, during the first decade of the twenty-first
century, tropical forests became a net source of CO, because of degradation
from drought and warming.

Corals get most of their energy from single-cell, photosynthetic organisms that
live in their tissues. However, if water temperatures are too warm, the corals
expel these photosynthesizing organisms and are left as white skeletons. This is
called coral bleaching. If warm conditions persist for weeks or months, the coral
may die. Coral bleaching due to warming is happening in most coral reefs; the
most severe global bleaching event in recorded history occurred from 2015 to
2017. During this period, it is estimated, as much as half of the coral in Australia’s
Great Barrier Reef was killed.

Impacts on human societies and human health

Warming and droughts have increased water demand over 86% of cropping
area by about 2.3% to 3.6% per decade since 1981, contributing to significant
reductions in wheat yield and increase in plant diseases.

Adverse health impacts of climate change, such as heat stress, have been docu-
mented extensively. The Lancet Commissions, which consists of international ex-
perts in public health, air pollution, and climate change, concluded in 2015 that
the “effects of climate change are being felt today, and future projections rep-
resent an unacceptably high and potentially catastrophic risk to human health.”

Threats to health, both physical and mental, also arise from decreases in food
security and water availability. These threats include increases in waterborne
diseases such as childhood gastrointestinal diseases caused by floods. Due to
worldwide increases in temperature and humidity, insect-borne diseases, such
as malaria, dengue fever, Lyme disease, and chikungunya, are migrating outside
the tropics and to higher altitudes.

The number of people displaced because of weather extremes has increased to
21 million people.
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are melting worldwide. Major ice sheets, particularly in Greenland and
West Antarctica, are losing mass at a significant rate. Sea levels are
rising at a rate of about 3 millimeters per year because of the melting
of glaciers and ice sheets and the expansion of seawater as the ocean
warms. The ocean is also becoming more acidic because of absorption
of CO,, which produces carbonic acid.

The changes described above have had significant impacts on natu-
ral ecosystems as well as human society and human health. A few of the

observed impacts are detailed in Box 1.4.1.

Climate change to climate disruption

For the first time, the statistical barrier against identification of climate
change as causal factor for extreme weather events was overcome.
The scientifically cautious American Meteorological Association (AMS)
issued the remarkable statement:

For years scientists have known humans are changing the risk of
some extremes. But finding multiple extreme events that weren't
even possible without human influence makes clear that we're

experiencing new weather, because we've made a new climate.

The United Nations Office for Disaster Risk Reduction estimates that
from 1995 to 2015, weather-related disasters have claimed 606,000
lives; furthermore 4.1 billion people have been injured, made homeless,
or required emergency assistance. In addition, the UN agency estimates
the number of disasters during the latter half of the 20-year period was
double that of the first 10-year period. Climate change is thus bringing
new weather extremes and fatal catastrophes—meaning that climate
change is better termed climate disruption. Unchecked climate change is
likely to become unmanageable. That could happen in a matter of few

to several decades as discussed next.

The next three decades: impacts of 2°C warming

As of 2010, we have already emitted 2 trillion tons of carbon dioxide.
As discussed earlier in this chapter, nearly half of that amount is still in
the atmosphere—990 billion tons of CO,, trapping 860 terawatts of heat
energy. Since 2010, we have added another 200 billion tons, bringing the
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total to 2.2 trillion tons as of 2018. Even if we were to stop emissions
immediately, the Earth would warm by another 0.5°C by 2030 to com-
pensate for the heat energy trapped by the already emitted CO,, along
with non-CO, pollutants. Emissions to date have already committed us
to this 0.5°C rise in temperature, which would bring the total warming
since 1850 to 1.5°C. For comparison, even the 1°C of warming experi-
enced during the Eemian interglacial 130,000 years ago was sufficient to
increase sea level by 6 to 9 meters.

At current emission growth levels, under a “business as usual” sce-
nario, we will add another trillion tons of carbon dioxide to the atmo-
sphere within the next 15 years, by about 2030. This additional carbon
dioxide is likely (with a probability of at least 50%) to mean that total
warming will exceed 2°C before 2050. At that point, the decadal rate of
climate change will be three times faster than the pace experienced until
now. Most climate scientists and ecologists concur that 1.5°C to 2°C
represents the warming threshold for dangerous climate impacts.

The impacts of 2°C warming would be quite severe. Rising tempera-
tures will result in an increase in the frequency and duration of severe
heat waves. It's estimated that with 2°C warming, well over 3 billion
people—about 40% of the human population by 2050—would experi-
ence summer mean temperatures hotter than the current record hottest
summers in one out of every two years. Moreover, about 1.8 billion
people would be exposed to lethal heat for more than 20 days a year.
Increasing temperatures will also lead to more droughts and wildfires,
as well as increases in severe storms and flooding.

One impact with truly global consequences is sea level rise. Even
in the unlikely event that warming is stabilized at 1.5°C, sea level rise
will continue for centuries because of ongoing melting of the Green-
land and West Antarctic ice sheets. Studies of data for the past million
years suggest that a 1°C warming (equivalent to the Eemian warming)
is sufficient to lead to an eventual sea level rise of 6 to 9 meters over
several centuries, and a 2°C warming could lead to a rise of 6 to 13
meters. Since more than 75% of the population will be living in coastal
cities by the end of this century, sea level rise of such magnitudes has

enormous negative implications for displacement and mass migration
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Box 1.4.2 Impacts of 2°C Warming

* Highly populated regions, such as the eastern and western United
States, Middle East, South Asia, and China, could experience heat
waves worse than the most severe Russian heat wave of 2010,
when temperatures reached 55°C (131°F).

* About 600 million additional people will be exposed to dengue,
chikungunya, and many other viruses because of the expanded
range of disease-carrying mosquitoes.

* Moderate to severe widespread droughts and fires will occur
worldwide. Both rural and urban populations will be affected by
air pollution, loss of property, and land degradation that reduces
food production and contributes to volatile food prices.

* Floods and storms will become more frequent and/or intense.
Scientists are still debating whether the frequency of hurricanes
will increase, but the storms that do occur are expected to be
stronger, meaning an increase in the strongest (category 4 and 5)
hurricanes.

* The climate could reach a tipping point when forest recovery
time increases to more than 55 months and the intervals between
droughts decrease to less than 55 months. If that happens, forests
may not recover from droughts and fires.

of people, disruption of social systems, and exacerbation or creation of
international conflicts.
Box 1.4.2 provides some additional examples of the impacts of 2°C

warming.

The late twenty-first century: warming of 4°C or more

By the end of this century, a business-as-usual path with unchecked emis-
sions will lead to warming that could exceed 4°C. As we discussed in
Section 1.3, projections by models give a range of possible future tem-
peratures because of differing model treatments of climate feedbacks
that can either amplify the warming or moderate it. These feedbacks,
as discussed earlier, include increasing water vapor in the atmosphere
and the melting of Arctic sea ice, replacing the reflective ice surface with

open ocean waters that absorb additional solar radiation and amplify
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Box 1.4.3 Dangerous to Existential Risk: Categories of
Projected 2100 Warming

- . . Catastrophic Ex.f'steqﬁa:’
& 1t '
=
=08+ ]
g 0.6 g i
o ;5 )
Zoal 3 e -
e} " q,\’\ i
Zo2r
o rd
a O :

0 1 2 3 4 5 6 7 8

2100 Warming(°C)

The green curve on the left labeled “10 Solutions” represents a scenario
in which emissions are curtailed or phased out completely, employing
the ten solutions described in Chapter 4. The other three curves in
red and brown represent scenarios with unchecked emissions.

For the red and brown curves, BL = baseline, meaning no sig-
nificant mitigation efforts. Cl = carbon intensity, referring to the
amount of carbon dioxide emitted per unit of the global economy.
Because of shifts in the economy and increasing costs of fossil fuels,
it's expected that the carbon intensity of the economy will decrease
even without significant mitigation efforts. However, because the
world economy will continue to grow, actual carbon emissions are
expected to increase. For example, if the carbon intensity of the
world economy were to decrease by half while the economy grew to
four times its present size, total emissions would double.

There are specific scenarios shown: BL (Cl-80%), the lowest-
emission scenario of the three, in which carbon intensity decreases
80% by 2100; BL (CI-0%) in which carbon intensity decreases 50%
by 2100; and BL (CI-50% & C feedback), which is the same as the
second scenario except that it also accounts for feedbacks such as a
decrease in carbon dioxide uptake by soils as temperatures increase,
meaning that more carbon dioxide would stay in the atmosphere.

SOURCE: Ramanathan, V., et al. Well Under 2 Degrees Celsius: Fast Action Policies to
Protect People and the Planet from Extreme Climate Change, 2017. Image from Figure
1. http://www.igsd.org/wp-content/uploads/2017/09/Well-Under-2-Degrees-
Celsius-Report-2017.pdf.
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Box 1.4.4 Impacts of 4°C Warming or Greater

* Warming of 4°C would likely expose over 70% of the population
(this would be about 7.5 billion people by 2100) to lethal heat
waves. More than 2.5 billion people could be exposed to diseases
carried by mosquitoes and other pests.

* Warming of 4°C would likely expose about 20% of natural species
to extinction. This is in addition to the roughly 50% or more of
species that will be exposed to extinction through habitat destruc-
tion by the 11 billion humans populating the planet by 2100. An
extinction rate of 70% or more is considered to be a mass ex-
tinction similar to what happened during the Cretaceous period
when dinosaurs disappeared from the planet.

* Over several centuries, warming greater than 5°C could result in
an ice-free Earth, with a rise in sea level of more than 90 meters.
Widespread droughts are likely the most serious outcome, threat-
ening food and water for most of the 11 billion people expected
to be on the planet by 2100 (Figure 1.4.2).

e These impacts will be in addition to worsening droughts, floods,
fires, storms, hurricanes, and dying forests. Widespread droughts
are likely the most serious outcome, threatening food and water
security for most of the 11 billion people expected to be on the
planet by 2100.

e These weather extremes, sea level rise, and the spread of
vector-borne viral diseases will likely lead to the mass migration
of millions of human beings.

warming. We also saw that one of the largest sources for the tempera-
ture range projected by climate models is differing projections of how
the amount and distribution of clouds will change in a warming world.
Because of this, scientists express projections of future temperature in
terms of a range of probabilities rather than a single temperature.

The curves in Box 1.4.3 show the probability of various levels of
warming for different scenarios of emissions growth. The three curves
in red and brown to the right side of the curve are for scenarios in which
emissions growth is essentially unchecked.

The key point is that continued growth in emissions would result in
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FIGURE 1.4.2 Soil moisture conditions in 2080-2099 with unchecked
emissions as simulated by the Princeton University climate model. Adapted from
Cook et al. 2015.

temperatures that expose human society and natural ecosystems to very
severe threats. In these scenarios, the likely warming by 2100 ranges
from less than 3°C to more than 7°C. There is less than 10% probability
that the warming will be less than 3°C, and less than 10% probability
that it will be greater than 7°C.

Warming in excess of 4°C would produce catastrophic changes,
while warming of 5°C or more would have impacts so severe that it
could pose an existential threat to society, as illustrated by the findings
in Box 1.4.4.

One type of high-impact consequence that is of major concern is
the possibility of runaway feedbacks. For example, large temperature
increases could result in methane release by warming permafrost and
wetlands and the disappearance of sea ice and glaciers. This could start
a feedback loop in which higher temperatures cause more methane
to be released, in turn causing further warming. Such a feedback loop
would be outside human control and could undo much of the benefit of
any reductions in anthropogenic emissions.
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Extreme temperature increases of 6°C or greater are an example
of low-probability, high-impact events. While the chance that these
events will occur may be comparatively low, their consequences would
be so severe that significant efforts to avoid them are warranted. One
way to think about this is to consider the question, Would you get on a
plane if you knew there was a 10% chance it would crash? While there
is a high probability (90%) that you would survive the flight, the severe
consequences of the “low-probability” crash might make you rethink
your plans.

However, the green curve in Box 1.4.3, labeled “10 Solutions,” rep-
resents the warming probability if the ten climate solutions presented in
Chapter 4 are implemented. Note that this curve gives a high probability
of remaining below the 2°C threshold for dangerous climate change.
The green curve shows us there is real hope that if we act now, we will
be able to avoid the most serious negative consequences of climate
change.
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1.5 Summary: What Have We Learned So Far?

» Many scientists propose that the current era be called the Anthro-
pocene in view of the fact that human beings have emerged as a
major force transforming the planet, comparable to major geolog-

ical events.

» Human impacts on climate began gradually with the Agricultural
Revolution that started 10,000 years ago; the rate of transformation
picked up with the Industrial Revolution that started around 1750.
Two hundred years later, there was a quantum jump in the pace of

transformation with the Great Acceleration beginning in 1950.

» The post-1950 period witnessed massive changes in the composition
of the atmosphere due primarily to the use of coal and petroleum

for power generation, transportation, and industries.

» Climate change caused by emissions of greenhouse gases and
black carbon has emerged as one of the iconic impacts of the

Anthropocene.

» The primary sources for anthropogenic CO, emissions are fossil
fuel combustion, biomass burning, cement manufacturing, and de-
forestation and other land use changes. Methane sources include
natural gas leaks during production, processing, and transmission;
wood burning; cattle and other livestock; rice paddy agriculture; and
landfills and sewage water treatment plants. Sources for CFCs and
HFCs are refrigeration and air conditioning. Ozone is not directly
emitted by human activities, but the emissions of ozone precursor
gases (methane, nitrogen oxides, volatile organics) produce ozone
in the lower atmosphere. Nitrous oxide is released by agriculture as
a result of fertilization. Black carbon is produced by diesel combus-
tion; burning of solid coal; and burning of firewood, crop residues,
and dung for cooking.
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» The emitted greenhouse gases cover the planet like a blanket and

trap the heat energy (infrared radiation) emitted by the surface.
This trapped heat energy warms the planet. Carbon dioxide is the
most important warming pollutant, contributing as much as 55% of
the present-day warming. Other greenhouse gases and black car-
bon particles contribute the remaining 45%. The planet has already
warmed by about 1°C because of this added heat. All parts of the
Earth system, including the atmosphere, land, oceans, glaciers, and
sea ice, are warming. The warming has extended down to 700 me-
ters below the ocean surface and up to about 12 kilometers in the
atmosphere—just as predicted by climate science and climate mod-
els. The last time the planet was this warm was during the Eemian
interglacial period of 130,000 to 115,000 years ago. Impacts of this
warming include heat waves, severe storms, droughts, and sea level

rise.

Climate change science is intensely data driven. The changes in
the planetary climate have been documented by thousands of in-
struments at the surface and aboard ships, aircraft, balloons, and
satellites. These data have been integrated into sophisticated cli-
mate models run by the world’s fastest computers to determine the

causes and impacts of climate change.

The validity and veracity of models have been assessed by simu-
lating climate changes during the twentieth century and so far in
the twenty-first century, and then comparing the models’ predic-
tions against observations. Predictions that have been verified in-
clude when human-induced warming would be detected above the
background natural variations; amplifying feedbacks involving water
vapor, sea ice, and sea level rise; and the depth of penetration of the
warming in the oceans and the atmosphere.

The observed 1°C warming has already led to a substantial retreat of
sea ice, an increase in hurricane intensity, an increase in the intensity
of precipitation worldwide, large-scale droughts and more frequent
fires, and a tenfold increase in extreme temperatures and lethal heat

waves. Major health impacts have also been documented.

» The planetis currently on a path to warm to 1.5°C (from preindustrial
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levels) within 15 years, most likely by the year 2030. If we keep add-
ing climate pollutants at the present rate, it will continue to warm
to 2°C by 2050, and to a catastrophic 3°C to 7°C (95% confidence
range) by the end of this century. The potential impacts on human
health, ecosystem health, and species extinction lead to the conclu-
sion that warming in excess of 5°C would pose existential threats
to Homo sapiens (all 11 billion of us) and numerous other species.

As we have seen in this chapter, the science of global warming is
clear, and the potential impacts of continuing emissions for human soci-
ety and natural ecosystems are severe. There is still time to act, but we
have only about 20 years to bring all of the solutions described in this
book up to full speed.

Fortunately, a range of climate solutions that offer real hope are
available and will be explored in detail in the remainder of this book.
These solutions will help provide you, climate warriors, with the tools to
avoid such a catastrophic future.

Supplementary Readings

Check out the following resources for more information and discussion
topics:
National Academy of Sciences. Climate Change: Evidence and Causes. http://

dels.nas.edu/resources/static-assets/exec-office-other/climate-change-full.
pdf.

Intergovernmental Panel on Climate Change. Climate Change 2013. The Physical
Science Basis: Frequently Asked Questions. https://www.ipcc.ch/report/ar5/

wgl/.
For more comprehensive and detailed scientific reports, see these

sources:

US Global Change Research Program. 2017. Climate Science Special Report:
Fourth National Climate Assessment, Volume | [Wuebbles, D. ., et al.
(eds.)]. USGCRP, Washington, DC. https://science2017.globalchange.gov.

The Intergovernmental Panel on Climate Change. http://www.ipcc.ch.
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Learning Objectives

This chapter will teach you how to do the following:

1. Recognize the disproportionate impact of climate change on the
world’s most vulnerable people.

2. Understand the difference between climate mitigation and climate
adaptation and why vulnerable populations are less capable of
both.

3. Understand the difference between the intergenerational and
intragenerational impacts of climate change.

4. Be familiar with a variety of perspectives about the relationship
between humans and nature, as well as with the negative
environmental and human consequences of asserting human
dominion over the natural world.

5. Appreciate the urgency of climate justice.

6. Understand global and local trends associated with climate
injustice.

7. Discuss major climate policy frameworks.

8. Be familiar with core climate justice movement ideas, actions, and
visions of change.

Overview

This chapter will address the impact of climate change on human pop-

ulations and the ecologies that sustain human life. “Climate justice” is a

set of global responsibilities toward those who are least responsible for

causing climate change but most negatively affected by it. This chapter

will emphasize the urgency of climate justice in our world today, and it

will hopefully stimulate thinking about what you, as a climate champion,

can do to address it.

Section 2.1 defines climate justice and climate injustice, focusing

on how climate change affects the bottom 3 billion—that is, the poor-

est people in the world. Here, we will explore the environmental and

human harms of climate change, emphasizing the disproportionate
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impacts of climate change on the world’s most vulnerable populations.
Climate change and poverty are inextricably linked. In this section, we
will also consider the difference between the intergenerational and intra-
generational harms of climate change—harms both to those now living,
and to those yet to be born.

Section 2.2 will reflect on the historical relationship between humans
and the natural world. We will encounter a variety of religious and secu-
lar views, past and present, about the relationship between humans and
nature, ranging from justifications for human dominion to perspectives
that advocate a more harmonious relationship. This section is mindful
of the devastating real-world consequences of human dominion over
nature both for the environment and for people, especially the most
vulnerable. We will stress the need for a more harmonious perspective.

In Section 2.3, we will explore the disproportionate impacts of cli-
mate change on vulnerable people around the world and the resulting
ethical imperatives for us as a global community. This section will intro-
duce the difference between adaptation and mitigation; we will explore
why poorer communities are less capable of both adapting to a warm-
ing climate and participating in global mitigation strategies to reduce
greenhouse gas emissions. We will examine cases of climate injustice
and the effects of climate change on women, Indigenous peoples, and
African Americans, among others.

Section 2.4 outlines key global climate policy frameworks, from the
1990s to today. It also surveys climate justice advocates’ criticism of
such policy frameworks and explores some of their unintended con-
sequences. We aim to illustrate what both climate justice and climate
injustice are by examining real cases where people and ecosystems are
affected by climate change. Such cases will help us to think about solu-
tions to these problems from a global policy perspective as well as how
we might implement solutions on the ground.

Finally, Section 2.5 explores alternative principle and policy ap-
proaches proposed by community-based social movements and climate

justice activists. We ask, What might climate justice look like?
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2.1 Defining Climate Justice and Injustice

We are faced not with two separate crises, one environmental and the
other social, but rather with one complex crisis, which is both social and
environmental. Strategies for a solution demand an integrated approach
to combating poverty, restoring dignity to the excluded, and at the same
time protecting nature.

His Holiness Pope Francis, Laudato Si’, ch. 4: 139

Climate change and the bottom 3 billion

Climate change is caused disproportionately by the energy consumption
and production habits of the world’s richest populations. The richest 1
billion people on the planet are responsible for about 50% of green-
house gas emissions, while the poorest 3 billion, without access to af-
fordable fossil fuels, are responsible for about 5%, as P. Dasgupta and V.
Ramanathan have found.

A crowd-sourced image of the world at night, Figure 2.1.1 demon-
strates the disproportionate energy usage among the world’s richest
and poorest populations. This image reveals that dark does not always
mean “unpopulated.” Dark, densely populated areas are distributed
across the world. They tend to be the most vulnerable zones on our
planet, concentrated in the global South, among populations who don't
have access to fossil fuels. However, those in the dark typically suffer the
greatest harms associated with climate change and will continue to be
most affected by climate change into the future.

In other words, those who contribute the least to the greenhouse
gas emissions that cause climate change are now, and will continue to
be, the most severely affected by it. This phenomenon is called climate
injustice. These same vulnerable populations are also less capable of
adapting to a warming climate, because they have less access to finan-

cial and other resources that might allow them to avoid harm. Climate
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M i i
THE ABSENCE OF LIGHT DOES NOT ALWAYS MEAN THE ABSENCE OF PEOPLE

FIGURE 2.1.1 In Plain Sight. Installation designed for Dimensions of
Citizenship, the US Pavilion at the 16th International Architecture Exhibition
of La Biennale di Venezia, commissioned by the School of the Art Institute of
Chicago and the University of Chicago. Installation by Diller Scofidio + Renfro,
Laura Kurgan, and Robert Gerard Pietrusko with the Center for Spatial Research.

justice, as a philosophy and a set of social movements, demands that we
recognize the imbalances between responsibilities and harms and that
we intervene to correct them.

While contributing the least of anyone to the causes of climate
change, people of color, women, Indigenous communities, and global
South nations often bear the brunt of climate disruption. Climate dis-
ruption is another term for climate change, one that emphasizes the
way global warming disrupts climate systems and, along with them,
environments, economies, and human health. Marginalized communi-
ties are among the first to experience the effects of climate disruption,
which can include rising levels of respiratory illness and infectious dis-
ease, heat-related deaths, large increases in energy costs, and so-called
natural disasters that climate change makes more frequent or severe.
These communities also bear the burdens created by ill-conceived poli-
cies designed to prevent climate disruption.

The effects of climate injustice have been evident for years. Flooding

from severe storms, rising sea levels, and melting glaciers affect millions
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FIGURE 2.1.2 People’s Climate March, Seattle, Washington, October 14, 2015.
Photograph by John Duffy from Flickr.

in Asia and Latin America, while sub-Saharan Africa is experiencing sus-
tained droughts. Scholars collectively call these areas of the world the
global South in order to distinguish them from the global North, which
includes Europe and the United States. Unlike older terms such as third-
world versus first-world, or developing versus developed countries, these
terms point to the historical colonization of much of the global South
by nations in the global North.

Consider that nearly 75% the world’s annual carbon dioxide emis-
sions come from the global North, where only 15% of the global pop-
ulation resides. If historic responsibility for climate change is taken into
account, global North nations have emitted more than three times their
share of the total greenhouse gases that we can safely put into the
global atmosphere, while the poorest 10% of the world’s population
has contributed less than 1% of emissions. Thus the struggle for racial,
gender, and economic justice is inseparable from any effort to combat
climate disruption.

Climate justice is a vision aimed at dissolving and alleviating the un-
equal burdens created by climate change (Figure 2.1.2). The topic of cli-
mate justice is a major point of contention in both US and international
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policy efforts to address climate disruption, because it would require
wealthy nations that have contributed the most to the problem to take
greater responsibility for solutions. For many observers, the path is clear:
for humanity’s survival, for justice, and for sustainability, they maintain,

we in the global North must reduce our emissions and consumption.

Why is justice so important?

Justice is a core principle of democracy and is tightly linked with environ-
mental and climate protection. How so? Those communities, states, and
nations with stronger protections for women and other marginalized
communities also tend to have stronger environmental protections. In
other words, those societies with healthier indicators of social equal-
ity, democracy, and justice tend to protect their environments better
as well. If we want ecological sustainability and climate protection, we
must work to strengthen our democracies, and that means strengthen-
ing social systems that facilitate justice for all. Let’s consider these claims
in more detail.

Social scientists such as Liam Downey and Susan Strife have demon-
strated that general measures of social and political inequality are
strongly correlated with and contribute to greater levels of ecological
harm. In addition, James Boyce finds that the level of egalitarianism in
a society strongly predicts the degree of environmental harm it causes.
That is, societies with higher levels of economic and political inequality
are characterized by higher overall ecological harm, and the reverse
is true for societies with more egalitarian structures. How does this
relationship unfold? Richard Wilkinson and Kate Pickett conclude that
rising levels of social inequality contribute to heightened competitive
consumption among a given society’s citizens. This rising consumption,
in turn, causes an increase in industrial activity that contributes to cli-
mate change in particular and to environmental harm in general.

Scholars have discovered that there are strong correlations between
gender inequality and environmental harm as well. For example, Chris-
tina Ergas and Richard York find that carbon emissions are lower in
nations where women have high political status. Thus efforts to im-
prove gender equality and gender justice will likely be more effective

if they work synergistically with campaigns to address climate change.
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Ergas and York also find that nations with greater military spending have
higher carbon emissions than other nations, supporting the work of
ecofeminist scholars, such as Greta Gaard, who have long argued that
militaristic policymaking is linked to ecological harm.

Research on climate justice reveals that socially marginalized com-
munities face the greatest threats from climate change but contribute
the least to the problem. Going further, however, with respect to the
causes of this crisis, we find that the contemporary “wicked problem”
of global climate disruption has its roots in European conquests of
Indigenous peoples and lands in the Americas, the enslavement and
forced labor of vast swaths of people across the global South, and the
Industrial Revolution. These major social, economic, and technological
upheavals also ushered in the Anthropocene—the age in which human
activity has begun to affect the planet so much that it is leaving marks in
the geological record (Chapter 1).

Finally, while researchers have shown that marginalized populations
tend to live in places that experience severe environmental harm, the
driving forces behind this environmental violence require more inves-
tigation. Traci Brynne Voyles's concept of “wastelanding” is immensely
useful here. She shows how the concept of “wasteland” has been used
to define certain human populations and landscapes as pollutable and
expendable.

All the research summarized in this section sends a clear message:
ideologies, policies, and practices that produce and enable human in-
equalities not only harm the people whom they target directly, but also

drive climate change and environmental damage.

Climate justice: redistributing harms and responsibilities

In 2011, United Nations Secretary-General Ban Ki-moon delivered an
address to the General Assembly of the United Nations in which he

voiced the same integral message:

Saving our planet, lifting people out of poverty, advancing economic
growth—these are one and the same fight. We must connect the
dots between climate change, water scarcity, energy shortages,
global health, food scarcity, and women’s empowerment. Solutions

to one problem must be solutions to all.
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In 2013, Pope Francis launched his papacy with a similar commit-
ment to tackling these urgencies together. In his inaugural Mass, he
declared: “Let us be protectors of creation, protectors of God's plan
inscribed in nature, protectors of one another, and of the environment.”
Soon after, in his 2015 encyclical Laudato Si’, he issued perhaps the most
integral and robust plea for climate justice the world had ever seen.*
He linked the global fights against poverty and for tolerance and human
dignity with the fight against climate change. For him, these urgent con-
cerns go hand in hand:

Today we have to realize that a true ecological approach always
becomes a social approach. It must integrate questions of justice
and debates on the environment so as to hear both the cry of the

earth and the cry of the poor.

When Mary Robinson, former president of Ireland, was the UN
High Commissioner of Human Rights from 1997 to 2002, she made
climate change central in her human rights agenda. She argued that
many of the human rights we value as a global community—women'’s
rights, children’s rights, immigrants’ rights, and the rights of all people to
health and well-being, food and water, shelter, and education—are being
undermined by climate change. After she left the United Nations, she
founded the Mary Robinson Foundation-Climate Justice, a center for
thought leadership, education, and advocacy on the struggle to secure
justice for those who are vulnerable to the impacts of climate change.
Though such marginalized communities are disempowered and usually
forgotten, they have a right to low-carbon development.

We need to consider both the intragenerational and intergenera-
tional harms caused by the wealthy global minority through its energy
consumption and production habits. Intragenerational harm refers to the
disproportionate impact of climate change on vulnerable people within
our own generation; it is the kind of harm discussed in the previous sec-
tion. Climate justice means that we have an urgent ethical responsibility

to help those who are suffering right now from the impacts of climate

*Encyclical Letter, Laudato Si’ of the Holy Father Francis, on Care for Our Common
Home, 2015. http://w2.vatican.va/content/francesco/en/encyclicals/documents/
papa-francesco_20150524_enciclica-laudato-si.html.
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change. But we also have to think about intergenerational harm—that is,
the harm that climate change will do to those who are not yet born, the
populations of the future, who cannot consent to the planet that we are
preparing for them. As a matter of climate justice, we need to reduce
warming for our own grandchildren and for the grandchildren of all.

Viewed through the lens of human suffering, climate change be-
comes not only an environmental problem but also an urgent ethical
one. Climate justice demands that those who cause harm, and especially
those who benefit from that harm, bear primary responsibility for rem-
edying it and for preventing further harm in the future.

In other words, climate justice is both backward looking and for-
ward looking. The wealthy polluting population has an ethical responsi-
bility to alleviate present-day human suffering caused by past acts and
omissions, in part by providing aid to populations struggling to adapt.
But the polluting population also has an ethical responsibility to mitigate
future harm by doing everything we now know is necessary to mobilize
a low-carbon global economy. This includes both helping people in de-
veloping countries to leapfrog a carbon-based economy and tempering
the promotion of our own wasteful lifestyles as the epitome of human
happiness.

It could be said that climate justice redistributes responsibilities and
harms for the common good. The Mary Robinson Foundation-Climate
Justice, the first international organization that committed to climate
justice as a human right, frames this as “sharing benefits and burdens
equitably”:

The benefits and burdens associated with climate change and
its resolution must be fairly allocated....In addition, those who
have benefited and still benefit from emissions in the form of
on-going economic development and increased wealth, mainly
in industrialised countries, have an ethical obligation to share
benefits with those who are today suffering from the effects of
these emissions, mainly vulnerable people in developing countries.
People in low income countries must have access to opportunities
to adapt to the impacts of climate change and embrace low carbon

development to avoid future environmental damage.
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FIGURE 2.1.3 The co-author’s son “Marching for Science” in San Diego,
California, April 22, 2017. Photograph by Fonna Forman.

There is no time to wait. Your generation will be most affected by the
changes that are taking place—particularly the most vulnerable among
your generation. Because of the climate disruption you will witness in
your lifetimes, you have a valuable perspective on the intergenerational
harms caused by climate change. Each of us needs to play our role and
find creative ways to intervene in the crisis (Figure 2.1.3). Reading this

book is a very good first start.
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2.2 Humans and Nature

How we think about nature has long influenced our actions toward it, as
well as our actions toward each other as fellow human beings. Has the
relationship between humans and the natural world been understood
primarily as one of harmony and care, or as one of dominion? This sec-
tion will stress that traditions of dominion have produced devastating
environmental and human consequences over time. A more harmonious
and caring relationship between humans and nature will be essential to
solving the integral challenge of climate change, which is presently not
only destroying our environmental ecologies, but also threatening to
destroy our human ecologies as well. Already vulnerable human com-
munities across the globe are struggling to adapt to a warming climate,
raising urgent issues of climate justice—but we and our children and

grandchildren will all be affected by climate change.

Dominion over nature

In some religious traditions, the environment seems to exist to satisfy
human need and pleasure. Exercising mastery over nature and extract-
ing what nature provides for human ends is thus considered by these
traditions a mandate of divine law or natural law. A foundational claim
in the Judeo-Christian tradition, for example, is that God has given the
Earth to humans for their own sustenance, use, and pleasure. The most
well-known biblical statement of human dominion over nature can be
found in Genesis 1:28:

Be fruitful, multiply, fill the earth, and subdue it. Have dominion
over the fish of the sea, over the birds of the sky, and over every

living thing that moves on the earth.

Here, humans are acting in accordance with God’s will when they
subdue the natural world and appropriate the bounty of nature for

human purposes (Figure 2.2.1). In Western history, this religious way of
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FIGURE 2.2.1 The Garden of Eden. Painting by Lucas Cranach the Elder (German,
1472-1553).

thinking about human dominion over nature evolved into a full-blown
secular culture of private property. The religious orientation to domin-
ion in the Judeo-Christian tradition became secularized in the modern
period and was encoded in modern property law.

The seventeenth-century English philosopher John Locke is an im-
portant figure in this theoretical evolution. Locke is best known today
for articulating the modern foundations of private property and for his
theory of moderate government designed primarily to protect “human
life, liberty, and property.” His theory of property is important to us
here, since it was a deliberate secularization of the Judeo-Christian idea
of dominion. Consider this passage, drawn from Locke’s 1690 work, the

Second Treatise of Government:

God, who hath given the world to men in common, hath also given
them reason to make use of it to the best advantage of life, and

convenience. The earth, and all that is therein, is given to men for

Chapter 2: Humans, Nature, and the Quest for Climate Justice



the support and comfort of their being....Though the earth, and
all inferior creatures, be common to all men, yet every man has a
property in his own person....Whatsoever then he removes out of
the state that nature hath provided, and left it in, he hath mixed his
labour with, and joined to it something that is his own, and thereby

makes it his property...that excludes the common right of other men.

This passage is instructive. God gives the world to humankind in
common, but through the use of one’s body and mixing one’s labor
with what is common, an individual can remove something from nature,
privatize the commons, and make it his own. This, for Locke, is the
origin of private property. According to Locke, extracting property from
the commons is God’s plan for humankind: God endowed us all with
reason so that we could do this. Through the exercise of our reason,
individuals can conceive of the best ways to use and expropriate nature
for the betterment of human life. The environment is there for us to use.

Locke’s theory of property is rooted in the ancient idea of terra
nullius. Terra nullius, an old Latin term, refers to land that is empty
and belongs to nobody. According to Locke’s theory, an individual can
rightfully take land that is not being used by another person or group,
because such land is not fulfilling God’s purpose. An individual can en-
close the commons, cultivate it, make it his own, and fulfill God's wishes
for humankind on Earth.

Locke did set an ethical limit on how much an individual can take.
He said that we cannot appropriate more than we can use. According
to divine law, we are not permitted to allow nature to spoil in our
possession and thus deprive others of its usage. We cannot enclose
more of the commons than we can cultivate. We cannot gather so
many apples or fish that they rot. However, Locke quickly observed that
human societies had invented money to bypass the spoilage limitation.
An individual thus exchanges his property for something that symbolizes
its value—money—and can accumulate unlimited sums of money since
money does not spoil. As human societies developed further and money
became the main method of human exchange, an individual could en-
close large tracts of the commons and pay people to cultivate it for him,
either with money or the land’s produce. This, for Locke, was the birth
of agriculture.
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FIGURE 2.2.2 This is an eighteenth-century English enclosure map, depicting
the town of Snaith. Enclosure of the Commons, Yorkshire 1754. Reproduced from
Howdenshire History.

Enclosure and subdivision

Terra nullius, understood as a divine or natural justification for privat-
izing the commons, was useful to the British aristocracy at the time
that Locke was writing. For example, it gave convenient validation to
the enclosure movement, which first began in England in the twelfth
century but accelerated in the eighteenth and nineteenth centuries. The
commons were lands held in common by a given community; people
who did not own land could pasture animals, gather wood, or grow
vegetables or crops for their own use there. Enclosure referred to divid-
ing up the commons into parcels of private property for more intense
agricultural usage, a process that was nearly complete across England by
the close of the nineteenth century (Figures 2.2.2 and 2.2.3).

While enclosure advanced agricultural productivity in England and
other European nations through the eighteenth and nineteenth centu-
ries, agriculture would not be the sole motivation for enclosing and
subdividing the commons throughout the twentieth century and into
the twenty-first (Figures 2.2.4-2.2.8).

For those seeking profit, terra nullius has been a convenient justifica-
tion for enclosing the commons, encroaching on and subdividing empty

or allegedly underutilized spaces, and expropriating natural resources.
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FIGURE 2.2.3 This is what the enclosure of farmlands looks like today when
you fly over the United Kingdom—small plots of private land divided by trees,
shrubs, rocks, and so forth. This aerial photo is of farmland east of Great
Massingham, 2018. Reproduced from Geograph.

FIGURE 2.2.4 Levittown, Pennsylvania, was the first master-planned
development in the United States, built in the 1950s. Its 17,000 identical houses
inaugurated a new symbol of American happiness—the single-family home

in the suburbs—that also required freeway infrastructure and an oil-hungry
automobile industry. Reproduced from Wikimedia Commons.
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FIGURE 2.2.5 This is what suburban sprawl looks like today, in this case
outside Las Vegas, Nevada. Photograph by Jan Buchholtz from Flickr.

FIGURE 2.2.6 Unsustainable American sprawl has been an infectious pattern
around the world, in both developed and developing cities, from Dubai to
Nairobi. Here, for example, is a master-planned community in Huaxi, China.
Photograph by ImmerQi, May 6, 2009, from Flickr.
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FIGURE 2.2.7 Sometimes these master-planned developments abut against
precious environmental zones, encroaching into wetlands and into forests.
Here, for example, is a development in Kendale Lakes, Florida, encroaching
on the Everglades National Park. Photograph by Fred Ward from Wikimedia
Commons.

FIGURE 2.2.8 Sometimes master-planned developments abut on entirely
unsustainable environments, like this desert in Rio Rancho, New Mexico.
Reproduced from Wikimedia Commons.
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FIGURE 2.2.9 The Plumb-Pudding in Danger (1805). Cartoon by James Gillray.

Terra nullius also became a powerful justification for European coloniza-
tion around the world.

Colonization

John Locke’s theory of property, grounded in terra nullius, or empty
land, had important implications for global dynamics in early modernity.
Take a look, for example, at this famous cartoon by James Gillray, The
Plumb-Pudding in Danger, from 1805 (Figure 2.2.9). The French Emperor
Napoleon, on the right, sits with the British Prime Minister William Pitt,
on the left, as they carve up the Earth, distributing terra nullius for their
own national agendas. Extractions from these colonies—gold and silver,
foodstuffs, wood, raw materials, and so forth—would enrich the mother
country.

Of course, when Europeans landed in terra nullius, these lands
weren't empty at all. They were richly inhabited by ancient societies
with forms of life that were foreign and often surprising to Europeans.
Enslaving these inhabitants allowed the conquering nation to extract re-

sources to ship back to the mother country. Centuries of such extractive
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FIGURE 2.2.10 Here we see the environmental scars of mining and of
deforestation, devastating the integral ecologies of northern Brazil, the lungs of
our planet. Photograph by Operagdo Hymenaea, 2016, from Wikipedia.

practices destroyed Indigenous cultures as well as the environmental
ecologies that situated their ways of life. From Spain’s infamous Potosi
silver mines in Peru and sugarcane plantations in the British Caribbean
to diamond and gold mining in South Africa and the rubber boom in the
Congo, modernity has been a brutal story of dominion over land and
peoples and of slavery, extraction, and environmental mutilation across
the world (Figure 2.2.10).

Harmony with nature: protecting the environment,
protecting each other

One hundred years before we were thinking about climate change,
Gandhi declared, “Earth provides enough to satisfy every man’s needs
but not every man'’s greed.” In contrast with traditions, histories, and
practices of dominion over the centuries, there are alternative religious
and secular traditions that have cautioned us to respect the Earth and to
find ways to live in harmony with it. These include Koranic, Buddhist, and
Hindu traditions, a vast range of Indigenous traditions and practices,
and strands within Judeo-Christian tradition itself. Most often these
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traditions recognize the inherent interdependence of natural and social
systems—what Pope Francis calls our “integral ecology.” They stress that
irresponsible human dominion over nature causes not only environmen-
tal harm, but human harm as well. It violates not only the integrity of
nature, but also the well-being of humans.

The great variety of religious and cultural traditions that emphasize
our harmony with nature, as well as our ethical responsibility toward
each other, can be very helpful to us today as we tackle the urgent chal-
lenge of climate change. For example, the Koranic ayah 24:45 instructs
that we are “stewards of the Earth™:

The Earth is green and beautiful, and Allah has appointed you his
stewards over it. The whole Earth has been created a place of
worship, pure and clean. Whoever plants a tree and diligently looks
after it until it matures and bears fruit is rewarded. If a Muslim
plants a tree or sows a field and humans and beasts and birds eat

from it, all of it is love on his part.
The Buddhist Za Choeje Rinpoche teaches:

By injuring any part of the world’s system, you injure yourself.
Think of life on this planet in terms of systems and not detached
elements. See that the environment does not belong to any single

country to exploit and then disregard.

Laguna Pueblo poet Paula Gunn Allen describes a Native American
orientation to the Earth as inherently part of the self, and explicitly re-

jects a relation of dominion:

We are the land. . . that is the fundamental idea embedded in Native
American life and culture in the Southwest. . .the Earth is the mind
of the people as we are the mind of the Earth. The land is not really
the place (separate from ourselves) where we act out the drama
of our isolate destinies. It is not a means of survival, a setting for
our affairs....It is rather a part of our being, dynamic, significant,

real. It is ourself.

There are countless examples of belief systems and practices that em-

brace harmonious views of the human relationship with the natural world.
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FIGURE 2.2.11 Rise for Climate march in San Francisco, September 8, 2018.
350.0org. Photograph by Xanh Tran, Survival Media Agency, from Flickr.

An important strategy for climate action today is to identify common
views among otherwise diverse cultural, religious, and political groups
to summon agreement, coordinate action, and assert political pressure
to protect the planet from destructive human behavior (Figure 2.2.11).
Too often commonalities are buried beneath political contestation over
other issues—and this can be detrimental to building coalitions around
urgent environmental and human challenges like climate change.

As an example of finding commonalities, a new and fruitful con-
versation has opened in recent years between climate scientists and
members of the American evangelical community. Evangelical and at-
mospheric scientist Katharine Hayhoe gives voice to a position, rooted
in scriptural commitments, that is attracting increasing support among
some evangelicals:

If | say that | respect God, that | love God, and God has given us
this incredible life-giving planet, then if | strip every resource at the
expense of my poor sisters and brothers—one in six of whom die
because of pollution-related issues, who are suffering and dying

today—then I'm not somebody who takes the Bible seriously.

Chapter 2: Humans, Nature, and the Quest for Climate Justice

2-23



2-24

Along these lines, the recent “Climate Change: An Evangelical Call
to Action” asserts that “love of God, love of neighbor, and the demands
of stewardship are more than enough reason for evangelical Christians
to respond to the climate change problem with moral passion and
concrete action.” This document proceeds to cite relevant scripture to

substantiate its claims:

»  Christians must care about climate change because we love
God the Creator and Jesus our Lord, through whom and for
whom the creation was made. This is God’s world, and any
damage that we do to God's world is an offense against God
himself (Gen. 1; Ps. 24; Col. 1:16).

»  Christians must care about climate change because we are
called to love our neighbors, to do unto others as we would
have them do unto us, and to protect and care for the least
of these as though each was Jesus Christ himself (Mt. 22:34—
40; Mt. 7:12; Mt. 25:31-46).

» Christians, noting the fact that most of the climate change
problem is human induced, are reminded that when God
made humanity he commissioned us to exercise stewardship
over the earth and its creatures. Climate change is the latest
evidence of our failure to exercise proper stewardship and
constitutes a critical opportunity for us to do better (Gen.
1:26-28).

The ethical stand against climate change today, emerging from both
religious and secular positions, typically combines care for the environ-
ment itself with care for our fellow humans, particularly those who are
most vulnerable. In the next section, we turn to the human impacts
of climate change, emphasizing what we call the “disproportionate im-

pacts” on the global poor.
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2.3 Disproportionate Impacts:

Global and Local Trends

In this section, we turn to the impacts of climate change on human life.
Here we acknowledge that all of us are vulnerable to climate change but
that those who are young, elderly, poor, and sick are most vulnerable
to—and least capable of adapting to—the impacts of climate change.

Climate change is projected to cause widespread and serious harm
to human settlements on the planet, threatening to unravel many of the
development gains of the last century. The effects of climate change
cluster and bear down hard on the global poor, those who are both
least responsible for the causes and least capable of adapting. The
health impacts of climate change are predicted to become catastrophic
by the middle of this century if significant reductions in greenhouse gas
emissions do not occur.

Several years ago, the Lancet Commissions documented the pub-
lic health impacts of climate change and presented predictions for the
future. The commissions found that climate change poses unaccept-
able risks to global public health. The United Nations Children’s Fund
(UNICEF) similarly predicted that there may be “no greater growing
threat facing the world’s children and their children than climate change.
This mounting global crisis has the potential to undermine many of the
gains we have made in child survival and development and poses even
greater dangers ahead.”

We look around us and we can see that our world is changing. We
are witnessing the effects of warming through our own senses: more ex-
treme weather events, more damaging wildfires, rising sea levels, more
frequent and severe floods, and so forth. But these effects do not affect
everyone in the same way. This section is about the disproportionate
impacts of climate change on the most vulnerable people around the
world and in our own regions, cities, and villages. The vulnerable lose
more when these kinds of disasters strike.
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Adaptation and mitigation

To appreciate the disproportionate impacts of climate change, we begin
by distinguishing a few concepts. The language of “adaptation” and “mit-
igation” is often used in discussions about climate impacts. Let’s define
each of these terms and explore why vulnerable communities are less
capable of both adaptation and mitigation.

Adaptation refers to the capacity of a community or a demographic
group to accommodate to changes in climate or extreme weather events
related to climate change. Does climate change disrupt someone’s live-
lihood? Does it displace someone from her home? Does it threaten her
life or affect her health, and does she have adequate health care to treat
these health impacts? Does it force her to move, and does she have the
resources and social capital to relocate if she needs to? Does she have
access to government services or other social or humanitarian aid re-
sources to assist her? Wealthier individuals and communities have more
capacity to adapt, and poorer individuals and communities, including
those who rely on the natural world for subsistence, have less. Thus we
refer to an “adaptation gap” between the rich and the poor across the
world.

While adaptation refers to the capacity to accommodate to a chang-
ing climate, mitigation refers to activities that reduce the production
of carbon dioxide and other greenhouse gases. Poorer individuals and
communities have fewer resources for participating in mitigation activi-
ties and climate action—in other words, for contributing to a low-carbon
economy. Poorer communities have less capacity to adapt to a warming
climate, and they also have less capacity to participate in mitigation
strategies. Vulnerable communities produce proportionately far less
carbon than wealthier populations. But as these societies “develop,” it is
essential that they do so in greener ways, not by mimicking the carbon-
hungry development patterns of wealthier societies. The problem is that
it is costly to invest in sustainable development and green technologies.
For this reason, global resources must flow toward vulnerable commu-
nities to help them leapfrog over the oil-based development patterns of
wealthy nations that have already gotten us into so much trouble.

With the concepts of adaptation and mitigation in mind, we are

now better prepared to make sense of the risks of climate change and
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to appreciate what's at stake for the poorest societies across the world.
Let's consider some cases of climate injustice and what they can tell us

about how best to address this challenge.

Climate migration

The adaptation gap is evident in the acceleration of climate-related
human displacement across the world in recent years. Social scientists
are still figuring out how to accurately measure the rate of climate mi-
gration. In 2009, Anténio Guterres, then the United Nations high com-
missioner for refugees, predicted that climate change would become
the largest driver of population displacements both inside and across
national borders. His prediction seems to be bearing out. The global
rate of displacement has more than doubled since 1970, from fewer
than 2,000 persons per million to more than 4,000 persons per million
in 2014.

The most commonly cited estimate is that climate change will force
200 million people to move by 2050. These displacements, even if tem-
porary, have a profound impact on individuals’ lives, often involving the
loss of a home or crops. Such relocations disproportionately harm in-
dividuals at the very bottom, who lack the resources to adapt and are
increasingly susceptible to the perils of human trafficking and forced
labor.

In their recent paper on climate migration, Fonna Forman and V. Ra-
manathan focus on the slower progressive impacts of climate change,
such as drought, soil erosion, forest loss, and sea level rise. While
extreme weather events often cause sudden mass displacements and
are increasing in frequency, slower processes seem to have a stronger
predictive effect on the likelihood of climate migration. Those living
in rural or low-lying coastal areas, whose livelihoods are linked with
climate-sensitive sectors like agriculture and fishing, are the most vul-
nerable and at highest risk, as they are typically the least capable of
either adapting or migrating. After all, the capacity to leave one’s home
requires financial and social capital, such as education, language skills,
and support networks.

In 1991, the Intergovernmental Panel on Climate Change (IPCC) pre-
dicted that climate change would accelerate urbanization in developing
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countries, with populations migrating from coastal lowlands (particularly
densely inhabited deltas) to inland areas. The world is now urbanizing
at a rate of roughly 32 million people each year, exerting unmanage-
able demands on urban services and increasing political pressure on
nation-states.

The 30-year drought in Syria, for example, is inevitably linked with
the tragic political turbulence we've witnessed there in recent years.
Drought destroyed rural economies and drove farmers into the cities.
Cities couldn’t handle the dramatic influx of population, which contrib-
uted to greater civil unrest. It would be inaccurate to say that climate
change was the “cause” of the geopolitical dynamics that have rocked
Syria and the global community. But it undoubtedly served as a “threat
multiplier,” exacerbating existing conditions of instability and institu-
tional weakness and accelerating the dramatic political outcomes that
ensued.

In the developing world, rapid urbanization in recent decades has
also produced dramatic “asymmetrical” growth patterns. The poorest
populations have amassed by the millions in precarious informal set-
tlements, often peri-urban and frequently along rivers and lagoons,
uniquely exposing them to the effects of climate change—floods,
drought, food and water shortages, and disease. The explosion of slums
at the periphery of cities across the planet is a humanitarian crisis of
gargantuan proportions that cities in the developing world today are

proving unprepared to confront.

Latinx communities in California

For generations, electricity for California’s Central Coast region has been
produced by polluting gas-fired power plants concentrated in Oxnard,
a working-class community that is 85% people of color and 75% Latinx.
Oxnard already has three power plant smokestacks along its shoreline,
more than any other city on the coast of California. Recently, Oxnard
faced a proposal for a fourth power plant that would produce more
greenhouse gases and expose local residents to more particulate matter
pollution while generating electricity for other cities. In other words,
Oxnard would shoulder the cost and receive few of the benefits of this

development. Many neighborhoods in Oxnard are already above the
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FIGURE 2.3.1 Puente protest. Photograph by Central Coast Alliance United for a
Sustainable Economy (CAUSE).

ninetieth percentile for asthma rates in the state of California—their res-
idents are literally gasping for air.

But local residents, grassroots organizations, and college students
stood up to oppose this power plant and called for an end to dangerous
and polluting fossil fuel projects that threaten human and environmental
health. They simultaneously took action to promote positive practices
and policies, such as the restoration and protection of critical habitat
and the expansion of safe, well-paying jobs. This is an example of a com-
munity fighting against climate injustice and demanding climate justice,
and they succeeded in stopping the proposed plant in its tracks (Figure
2.3.1)

Africa and climate disruption

Western nations are responsible for the great majority of greenhouse
gas emissions globally. The European Union, the United States, Canada,
Australia, and Russia are responsible for 68% of global emissions while
sub-Saharan Africa is responsible for only 2%. The African continent’s
economies are largely dependent on farming and natural resource ex-
traction and export. These are two of the industries that scientists ex-

pect to be hit hardest by climate disruption in the coming years.
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In fact, according to the IPCC, Africa is the continent most at risk
from climate disruption. These threats include reduced agricultural pro-
ductivity as a result of rising temperatures, which may lead to rising
food insecurity, hunger, and political conflict. The output of rainfed
agriculture is expected to drop by as much as 50% in some African
nations by 2020. Increasing drought conditions in some parts of the
continent and rising sea levels near coastal areas may contribute to
social and economic problems as well. Generally, African nations can
expect to see increased desertification, more floods and droughts, in-
tensified water shortages, and massive increases in climate refugees.
In 2009, the Climate Change Vulnerability Index of the conservation
group NatureServe concluded that of the 28 nations around the world
facing “extreme risk” due to climate change, 22 of those countries were
in Africa. Issues that we define as “environmental” or “climate-change
related” cannot be cordoned off—they intersect with a host of other
problems and concerns.

African societies are far less responsible for climate disruption than
other nations because they have far lower per-capita energy consump-
tion and greenhouse gas emissions. Sub-Saharan Africa is the poorest
region on Earth in strict economic terms. However, it is also the world’s
most profitable investment site because of its abundance of ecological
wealth critical to the functioning of the global economy. As journalist
Naomi Klein puts it, “Africa is poor because its investors and its creditors
are so unspeakably rich.” Many leaders of nongovernmental organiza-
tions in the global South believe that the struggle for climate justice in
Africa has to be a part of the broader struggle against inequalities that

reflect the continuing legacies of colonialism.

African Americans

The story of Africa and climate disruption in many ways mirrors the story
of African American communities. African Americans make up roughly
12% of the US population and emit far fewer greenhouse gases than
white Americans. In fact, African Americans produce only 9% of carbon
dioxide emissions, while whites, who comprise 62% of the population,
produce 76% of emissions.

African Americans are less responsible for emissions but experience
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a disproportionate burden of the costs of climate change. For example,
African Americans are more likely to live in close proximity to coal-fired
power plants and suffer from greater vulnerability to asthma, heat
waves, “natural” disasters, food insecurity, and high energy prices—all of
which are correlated with intensifying climate disruption. In fact, African
Americans experience climate injustice at nearly every point in the pro-
cess that causes climate change. They are exposed to health risks from
living near or working in sites of fossil-fuel extraction, refinement, pro-
cessing, combustion, and waste dumping. African Americans are also
more vulnerable to hurricanes, heat waves, and other so-called natural
disasters linked to climate disruption. These pressures are intertwined
and amplified by historic and contemporary racial inequalities with re-
spect to income and wealth, energy expenditures, urban sprawl and
transportation design, housing, food security, and disaster relief and
recovery policies.

Climate disruptions are indelibly marked on the bodies and com-
munities of African Americans. The significant public health effects as-
sociated with climate disruption include more deaths from heat waves,
increases in asthma and other respiratory illnesses, and developmental
abnormalities, just to name a few. These health effects harm African
Americans at higher rates than whites, as Robert Bullard and Beverly
Wright have shown.

Heat waves and other extreme weather events have devastating and
unequal effects on African Americans. As a result of historical internal
migrations and the urbanization of the US, most African Americans live
in cities, which tend to be several degrees warmer than surrounding
areas. People living in urban centers suffer the most from heat waves.
Research has shown that people of color are twice as likely as whites to
die in a heat wave and also suffer more from heat-related stress and ill-
ness. African Americans are also more likely to suffer during heat waves
because they have less access to heat-adaptive technologies like home
insulation and air conditioning, as a result of lower levels of income and
wealth.

Considering these factors, it is no wonder that we see so much
tragedy in cities across the US facing heat waves. In the 1995 Chicago
heat wave, for example, African Americans died at a rate 50% higher
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Photo by Brooke Anderson | Suryival Media Agen

FIGURE 2.3.2 Indigenous block at Rise for Climate march, San Francisco,
September 8, 2018. 350.org. Photograph by Brooke Anderson, Survival Media
Agency, from Flickr.

than whites did. Climate disruption is expected to increase the number

of heat waves and related deaths in urban areas in the coming years.

Indigenous rights

Indigenous peoples, in particular, face a range of threats from climate
disruption.

Leaders of Indigenous communities around the globe have been
clear about the need to recognize Aboriginal peoples’ rights under inter-
national law, their roles as stewards of ecosystems, the inherent value of
traditional ecological knowledge, and their positions on the front lines
both of climate change’s impacts and of forging solutions (Figure 2.3.2).
These leaders demand that the United Nations Declaration on the Rights
of Indigenous Peoples (UNDRIP) be fully recognized and respected in
all decision-making processes and activities related to climate change
policy at the UN Framework Convention on Climate Change (UNFCCC).
This includes rights to Indigenous lands, territories, environment, and
natural resources, as outlined in Articles 25-30 of UNDRIP.

In 2009, the National Aeronautics and Space Administration (NASA)
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and various tribal college partners held a workshop on climate change,
Native peoples, and Native homelands in Anchorage, Alaska. The collec-
tive statement that emerged from this gathering—the Anchorage Decla-

ration—included the following:

In order to provide the resources necessary for our collective sur-
vival in response to the climate crisis, we declare our communities,
waters, air, forests, oceans, sea ice, traditional lands and territories
to be “Food Sovereignty Areas,” defined and directed by Indigenous
Peoples according to customary laws, free from extractive indus-
tries, deforestation and chemical-based industrial food produc-
tion systems (i.e. contaminants, agro-fuels, genetically modified

organisms).

Workshop organizers stated that climate change affects Indigenous
peoples first and foremost and that solutions must include “shifting the
energy paradigm so that we develop efficiency and produce our own
clean energy, and it means growing our own traditional varieties of food.
It means returning to self-sufficiency by creating energy and food sover-
eignty that can provide a bright future for the generation yet to come.”

The programmatic exploitation of conventional energy resources
has run a long and often deadly course in Native communities. It also
has a distinctly colonial flavor: tribes have supplied energy companies
with access to abundant ecological resources at low prices in contracts
promoted by the federal government, yet these communities themselves
are often unserved or underserved by the benefits of such projects.
Even the most recent federal energy legislation and incentives are still
designed to encourage the development of tribal resources by outside
corporate interests without ownership by or financial benefit to the host
tribes. The fact that the US has yet to sign on to UNDRIP compounds
this situation.

Gender and climate

Gender inequality has major implications for how people are affected
by climate disruption, and scholars have discovered important link-
ages among gender, power, and environmental outcomes. According

to Joane Nagel, the differing social roles that men and women occupy
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“position them differently in terms of their vulnerability to the impacts
of climate change, access to resources associated with recovery from
climate-related disasters, and participation in the political processes that
shape mitigation and adaptation policies.”

Researchers report that vulnerability to disasters—including those
associated with climate disruption—is strongly correlated with demo-
graphic factors such as gender. Exposure to heat, hypothermia, and
waterborne diseases during extreme weather events disproportionately
affects women. According to United Nations WomenWatch, studies
predicting population displacements due to climate change anticipate
uneven and disproportionate effects on women as a result of their
social position as people who are primary caregivers for children and
the elderly, have limited land rights and lower social status, depend on
subsistence agriculture, and work for low or no wages. In addition,
women frequently face a heightened risk of sexual and domestic vio-
lence when social norms and networks break down in the aftermath of
natural disasters.

Not only are women frequently affected more severely by climate
disruption, but they are also routinely excluded from policy discussions
on disaster planning, mitigation, and response. This exclusion is espe-
cially troubling because the many women who are small farmers in the
global South have experience and knowledge that could be of great
value in shaping climate policy. Social scientists Kari Norgaard and Rich-
ard York have demonstrated that nation-states in which women hold a
larger share of parliamentary seats are more likely to ratify international
environmental treaties. As noted earlier, those nations where women
enjoy higher political status also tend to have lower per-capita carbon
emissions on average. This all adds up to the conclusion that gender
equality and climate justice are tightly interwoven, so any effort to se-
cure one of these aims will likely be more transformative if it is tied to
the other.
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2.4 Major Policy Frameworks

The UN Framework Convention on Climate Change (UNFCCC) of 1992
is “the law of the land” in most countries, including the United States. All
signatories to the treaty agreed to stabilize greenhouse gas emissions to
prevent dangerous climate change. The UNFCCC is based on the princi-
ple of equity and common but differentiated responsibilities. Under the
treaty, global North, or “Annex 1,” nations have committed to taking the
lead on reducing their own greenhouse gas emissions, assisting global
South nations with technology transfer to pursue sustainability goals
there, and supporting climate change adaptation in the global South
through funding, with the additional goal of poverty reduction.

In the view of many global South community leaders, the UNFCCC
has been problematic because it relies primarily on market-based ap-
proaches, which present many challenges for achieving carbon emissions
reductions and climate justice. These policies are rooted in a framework
that embraces economic growth and social inequality, though these are
some of the primary driving forces of the climate crisis in the first place.

Another reason these efforts have fallen short is because Indigenous
peoples, people of color, women, family farmers, fisherfolk, forest-
dependent communities, youth, and other marginalized communities
have been systematically excluded from the negotiations. Moreover,
despite UNFCCC and IPCC goals, there is, thus far, no meaningful mo-
mentum in the global North toward reducing emissions by the targeted
amounts. In fact, emissions have actually increased in global North na-
tions; large portions of any claimed reductions have been made through
offsets in the global South rather than through real action in the North.
While these last two trends are part of the system'’s design, many global
South environmental advocates argue that this is unacceptable.

The Kyoto Protocol supplements the UNFCCC and puts forth legally
binding measures for reducing emissions in global North nations. Kyoto

created a number of flexible procedures for meeting emissions targets,
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two of which are an international emissions trading (IET) scheme for
Annex 1 nations and the clean development mechanism (CDM). The
IET is a carbon cap-and-trade scheme on a global scale, but it has not
achieved success, according to many critics, because it encourages
“business as usual” practices in many industries that profit most from
the use of fossil fuels. Numerous leading global South activists have
concluded that no cap-and-trade scheme can achieve climate justice.
The clean development mechanism was proposed during Kyoto ne-
gotiations in 1997 as a less painful method of capping greenhouse gas
emissions and assisting nations in their efforts to adapt to new carbon
constraints. The CDM has two primary goals: to promote sustainable
development in global South countries and to allow industrialized coun-
tries to earn emissions credits from their investments in emission-re-
ducing projects in the South. The CDM specifically allows global North
countries to purchase credits from southern nations that reduce carbon
emissions. Those northern countries can then use or sell those credits
in the global North. This program has also been the target of criticism
for numerous reasons. For example, major emitters in the global North
generally treat buying CDM offsets as a far cheaper alternative to actu-
ally reducing their own emissions or making large capital investments
in renewable energy technology. In addition, methane recovery from
industrial agriculture, large hydropower projects, and coal-fired power
plants can receive credits under the CDM. Emissions reductions credits
have also been used to expand polluting industries in the global South.
Finally, CDM includes agrofuel or biofuel crop projects that rely on
industrial-scale agriculture, which has long relied on deforestation and
cheap fossil fuels, thus threatening biodiversity and food security for
Indigenous communities in various regions. While the US and European
governments have embraced agrofuels as a “green” alternative to fos-
sil fuels for automobiles, in many global South nations rain forests are
threatened in order to make way for agrofuel plantations. Deforesta-
tion disrupts the regulation of climate systems, as do the nitrous oxide
emissions from chemical fertilizers used in plantation agriculture. The
biofuels market has also led to an increase in the cost of staple foods
like corn, sugar, and soy for people in the global South, leading to pop-
ular unrest in Indonesia, Mexico, and many African nations. In Tanzania,
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thousands of people have been evicted for the development of agrofuel
plantations.

Critics claim that the problems with the CDM are insurmountable
because it seeks to reduce emissions in the South and not in the North,
while we need such reductions in both places. Many observers view the
CDM’s strategy as unjust, given the historic responsibility on the part
of the North for the vast majority of carbon emissions. Furthermore,
CDM projects often create problems in global South communities, such
as displacing populations from their land, and lock nations into high-
carbon pathways.

Reducing emissions from deforestation and degradation (REDD) is
another offsetting mechanism. Devised by the World Bank, it is slated to
be a key component of any post-Kyoto climate treaty. REDD is intended
to help global South countries protect their remaining rain forests and
reduce the greenhouse gas emissions caused by deforestation, forest
degradation, and peatland destruction. Countries that reduce net REDD
emissions below a preset baseline would receive credits that could be
sold in carbon markets and used by purchasing nations to meet their
international mitigation obligations.

The definition of forests used by the UNFCCC includes clear-cuts,
which are euphemistically referred to as “temporarily unstocked areas,”
and monoculture tree plantations—that is, plantations of one species
of tree, which are much less biodiverse than forests and less useful in
taking up carbon dioxide. Therefore, a government or logging com-
pany could hypothetically evict an Indigenous community, clear-cut or
burn down the forest, impose a monoculture plantation, and still re-
ceive REDD money, since that would not count as deforestation. The
Climate Justice Now! network stated in 2010, “These plantations destroy
ecosystems and subsistence agriculture, cause rural unemployment and
depopulation, deplete soils and water resources and violate Indigenous
Peoples’ rights.” The International Indigenous Peoples’ Forum on Climate
Change opposes such carbon markets and calls them a new form of
colonialism, declaring that “under REDD, States and Carbon Traders will
take more control over our forests.” Other global South activist groups,
like La Via Campesina, representing activists from more than 36 nations,

view REDD as a way of privatizing forests.
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FIGURE 2.4.1 Activists pressure universities and other institutions to divest
from fossil fuels out of a conviction that we cannot wait for national and
international leaders to address climate change. Fossil-free UC action at the
Regents of the University of California meeting in Sacramento, May 16, 2014.
350.0rg. Photograph by Mauricio D. Castillo from Flickr.

Global South activists argue that we need to reduce both defor-
estation and fossil fuel emissions, not trade between them. Hundreds
of REDD-type projects already exist and have resulted in human rights
violations and violence against Indigenous peoples.

The Paris Agreement (Accord de Paris) is a global agreement that
came into force in 2016 and builds on the UNFCCC with the aim of lim-
iting global temperature rise to less than 2°C above preindustrial levels.
All parties to this agreement are to report regularly on their emissions
and implementation efforts. One major limitation of the Paris Agreement
is that it is voluntary and thus has little in the way of an enforcement
mechanism.

Perhaps even more exciting is the growth of a number of subnational
agreements to achieve climate stability. One example is the Under2 Coa-
lition, a diverse group of 177 jurisdictions, 37 nations, and 6 continents
that represents 1.2 billion people and nearly 40% of the global economy.
Their aim is to achieve the goal of limiting global temperature rise to

less than 2°C through subnational government action. In other words,
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they are not waiting on heads of state or world leaders to reach con-
sensus—they're going ahead regardless of what national governments
do (Figure 2.4.1).

REDD case study: the Ogiek people

A Mau Forest conservation project in Kenya, funded by the United Na-
tions Environment Programme (UNEP), provides an example of a carbon
offset project that has resulted in serious human rights violations. In
2009, the Mau Forest was “prepared” for this carbon offset reforesta-
tion project by the forceful and often violent eviction of its inhabitants,
including the Indigenous Ogiek people, who had lived on their ancestral
lands in the region for centuries. Prime Minister Raila Odinga argued
that in order to preserve the forests, the Indigenous inhabitants had
to be removed; he represented them as a threat to the stability of the
ecosystem. Following up on the prime minister’s declaration, Kenyan
President Mwai Kibaki stated, “The government shall take action against
people who destroy forests. Such people should not be spared at all,
they should be arrested and charged with immediate effect.” The prime
minister and the Kenyan Forest Service evicted more than 20,000 Ogiek
people from their ancestral lands.

The Ogiek have confronted eviction and displacement in the past,
extending back to the colonial era when, in the 1930s, British authorities
similarly claimed that they were depleting forest resources needed by
others. At that time, the Ogiek were forcibly removed to “native re-
serves” while their lands were logged and replaced with pine plantations.
In the 1990s, the Kenyan government allotted large areas of the Mau
Forest to friends and associates of elected officials. In 2009, the same
week that evictions were announced, the government made allotments
in the region to 49 companies and individuals, and one such company
has strong ties with former president Daniel Moi. Underscoring this
observation, Ogiek leaders argued that the displacement order seemed
to ignore the activities of logging corporations and non-Indigenous set-
tlers moving into the region. Large tracts of the Mau Forest continued
to be destroyed by corporations turning trees into plywood, doors,
and other products for export. Survival International condemned the

eviction of the Ogiek in a statement that read in part, “If evicted from
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their ancestral land in the misplaced name of conservation, the Ogiek
will become the world’s next ‘conservation refugees.”

But UNEP, which has its headquarters in Nairobi, supported the
government’s plans for the Mau Forest. In September 2009, well after
the threats of evictions had started, UNEP’s executive director, Achim
Steiner, was clear in his embrace of the project: “The Mau Complex is
of critical importance for sustaining current and future ecological, social
and economic development in Kenya. The rehabilitation of the ecosys-
tem will require substantial resources and political goodwill. UNEP is
privileged to work in partnership with the Government of Kenya to-
wards the implementation of this vital project.”

In 2017, the Ogiek won a victory: an international court ruled that
the Kenyan government had violated their ancestral land rights by evict-
ing them from the forest. There is still fear, however, that the govern-
ment may not abide by the ruling. While many observers agree that the
Mau Forest must be restored, UNEP’s failure to focus on corporate-led
deforestation there while ignoring the eviction of thousands of people
to make way for a carbon offset project is troubling for the future of
REDD programs and the prospects for millions of Indigenous peoples
and forest-dwelling communities of the world.

As much as the above issues and cases are cause for concern, there
are success stories as well. For example, The International Small Group
and Tree Planting Program (TIST) project is a global effort that seeks
to empower subsistence farmers in East Africa, South Asia, and Latin
America to reverse the effects of deforestation, drought, and famine.
Through the sale of greenhouse gas credits, TIST generates revenue
for farmers and supports sustainable agriculture, tree planting, and
improvements in public health and education. TIST has over 70,000
participants organized across numerous small groups of farmers and
has achieved impressive results (see www.tist.org). Perhaps the lessons
from this project can be studied and multiplied many times over.

The evidence strongly suggests that major climate policy frameworks
have failed to deliver, as emissions continue to rise while deforestation,
evictions, and land grabs intensify. These agreements also suffer from
a logical and ideological problem: they are premised on the idea that

market-based, pro-growth solutions are workable, when in fact it was
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exactly those kinds of approaches that produced the problem of cli-
mate change in the first place. More fundamentally, the vision of infinite
economic growth in a finite ecological system is a physical impossibility.
Perhaps part of the problem is that many of the most affected popu-
lations and their visions of climate justice have been excluded from or
marginalized in debates. Given all of these challenges, what are some

alternatives?
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2.5 Policy Alternatives, Alternative Visions:

What Might Climate Justice Look Like?

Addressing climate debt and ecological debt

According to an Ecuadorian nongovernmental organization, Accién
Ecoldgica, ecological debt is “the debt accumulated by Northern, in-
dustrial countries toward Third World countries on account of resource
plundering, environmental damages, and the free occupation of envi-
ronmental space to deposit wastes, such as greenhouse gases, from
the industrial countries.” One of the leading scholars in the field of eco-
logical debt studies, Joan Martinez-Alier, calculates ecological debt by

drawing on many variables, such as

nutrients in exports including virtual water, the oil and minerals no
longer available, the biodiversity destroyed, sulfur dioxide emitted
by copper smelters, the mine tailings, the harms to health from
flower exports, the pollution of water by mining, the commercial
use of information and knowledge on genetic resources, when
they have been appropriated gratis (“biopiracy”), and agricultural

genetic resources.

While each of these examples involves the withdrawal of key ecolog-
ical resources from the global South to the global North, Martinez-Alier
shows that wealthy nations and corporations have also brought numer-
ous threats into local environments in the South, including tons of haz-
ardous chemical wastes.

About a study of global ecological debt that he led, economist
Richard Norgaard said, “At least to some extent, the rich nations have
developed at the expense of the poor, and, in effect, there is a debt
to the poor.” Nongovernmental organizations across Africa and the
global South—including Jubilee South, the Pan African Climate Justice
Alliance, the African Peoples Movement on Climate Change, the World
Council of Churches, Action Aid, Africa Action, and the Third World
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Network—endorse repayment of ecological debt. Moreover, the World
Bank acknowledges the problem of ecological debt and its continuing
and highly unequal effects on the gross domestic product of various
nations.

Climate debt is a specific type of ecological debt and is best summed
up in the UNFCCC's own words: “The largest share of historical and cur-
rent global emissions of greenhouse gases has originated in developed
countries... [and should be redressed] on the basis of equity and in ac-
cordance with their common but differentiated responsibilities.” Many
scholars and observers believe that addressing climate debt through
global North nations’ allocation of funds to the South is a path far supe-
rior to carbon trading.

Progressive financing of climate debt would involve transferring con-
siderable resources to the South to account for the historic excessive
harm that wealthy nations have visited upon the global climate and for
future ecological-social crises that will likely unfold in the South. Coali-
tions like La Via Campesina have demanded of the UNFCCC that 6% of
Annex 1 nations’ gross domestic product be allocated to finance actions
to mitigate the climate crisis in global South countries. On this topic,
Pablo Soldn, the Bolivian ambassador to the United Nations, stated,
“We are not assigning guilt, merely responsibility. As they say in the US,
if you break it, you buy it.”

The debate over market-based solutions

For many global South activists, the explicit commitment to economic
growth in major policy debates around climate disruption is not useful.
Growth of the global economy means the production and consumption
of an ever-increasing amount of goods, using an ever-increasing amount
of energy, mineral, agricultural, and forest resources. For these critics,
replacing “growth” as the main objective of the economy is a funda-
mental change that must be made to address climate disruption. The
challenge ahead is to build a new paradigm rooted in meeting human
needs equitably and sustainably.

Regarding the growth imperative in climate policy, Tom Goldtooth,

director of the Indigenous Environmental Network, said:
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The climate crisis is rooted in a political and cultural system
dedicated to economic growth at any cost. I[deas and actions around
the climate crisis must include a complete transformation away
from the dominant economic model of incessant and unsustainable
growth, and social oppression and injustice. . ..Indigenous peoples’
cosmovision and our worldview are concerned of a world that
privatizes the air, water and commodifies the sacredness of Mother

Earth. We must de-colonize the atmosphere.

After the UN Climate Change Conference (COP 16) in Cancun in
2010, the global coalition La Via Campesina declared, “Stop the ten-
dency to convert the grave problems of the climate crisis into business
opportunities. ... Earth cannot be sold!”

There's another way to think about this. To meet the challenges of
the climate crisis, we must make consistent, dramatic, and immediate
reductions in carbon dioxide and other greenhouse gas emissions. If
those needs are clear, then why would we put so much of our effort into
a system that is inherently volatile and has never produced consistent,
sustainable, and dramatic gains over time?

For some global South communities, the market-based approach is
a significant obstacle to achieving solutions to the climate crisis. These
groups oppose the dominant policy and cultural framework for address-
ing climate change, which suggests that the best way to save the planet
from ecological peril is to ensure that someone can make a profit while
doing it. This logic views ecosystems as commodities and assumes that
we will truly value things only if they have a price tag on them. On
one hand, that means that everything can be sold, even if it has great
cultural, intrinsic, and ecological value to someone who does not want
it to be sold. On the other hand, it means that places and things with
rich cultural value can be ignored or destroyed if they do not also enjoy
high market value.

Many activists in the global South see this kind of unsustainable
thinking at the core of market logic. If everything only has a value in
terms of global markets, then what is most important and dear to local
communities matters much less. This is one of the many problems with
cap and trade, CDM, and REDD. These policies are implemented by
officials, corporations, and governments that care not about what local
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people value, but only about national and international emissions targets
appearing to be achieved. These policies run the risk of disempowering
local communities and devaluing their ecosystems because they ignore
local peoples’ needs.

Speaking to some of these concerns, the US Environmental Protec-
tion Agency’s Acid Rain Program, established under the 1990 Clean Air
Act amendments, demonstrates how a market-based cap-and-trade pro-
gram might achieve significant results. According to the Office of Man-
agement and Budget, this project has produced significant reductions in
sulfur dioxide and nitrogen oxide emissions from coal-fired power plants
in the United States. Nationally prominent advocacy organizations like
the Environmental Defense Fund support this particular project and the
general market-based approach as well. Despite this project’s admirable
success, it is fair to say that carbon is a far more complex substance to
regulate than sulfur.

Many global South leaders believe that we sorely need to focus
on protecting the various commons that we all depend on—the land,
water, air, and climate systems that we share. Activists and organiza-
tions across the global South call for a post-petroleum and post-fossil
fuel global economy and society that will produce dramatic, immediate,

and sustainable reductions in carbon emissions.

Community-based social movement responses

Community-based leaders across the global South insist that we focus
on the root causes—social, environmental, political, and economic—of
the climate crisis in order to move toward a total systemic transforma-
tion of our societies. There are numerous exciting proposals and visions
for how to move toward climate justice from scholars and advocates

from around the world. The following are just a select few:

» We need to redefine economic growth. A new paradigm is needed,

one that is rooted in meeting human needs equitably and sustainably.

» The long-standing and dominant commitment to infinite economic

growth in major climate policy debates is downright destructive.

» We need to shift from export-led development policies and prac-
tices in the global South to supporting locally sustainable economies

everywhere.
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FIGURE 2.5.1 These posters reflect the struggle for climate justice,
underscoring links between social equality and environmental protection.
350.org, UC Davis, 2017. Reproduced from Flickr.

» Wealthy nations of the global North must also learn to consume
less and achieve dramatic reductions in carbon emissions without

offsetting schemes.

» We should reexamine global trade and investment rules that en-
courage energy-intensive industries that have been proven harmful

to ecosystems and the climate.

» Many observers believe that the United States should launch a Green
New Deal that would feature a carbon tax on the biggest industrial
polluters, phase out subsidies to high-emissions industries, and pro-
mote increases in public funding for clean technology, renewable
energy, public transport, and energy efficiency. All of this would
improve job creation (Figure 2.5.1).

Those are some examples of proposals for climate justice. The fol-
lowing are some instances of actual documents that leaders from the
climate justice movement and governments have authored to inspire
people, organizations, and policymakers to implement these kinds of
changes.
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The Bali Principles

In 2002, an international coalition of nongovernmental organizations
drafted and released the Bali Principles of Climate Justice, which seek to
redefine climate change from a human rights and environmental justice
perspective. While covering an ambitious range of topics, these princi-
ples make clear that, for many people, the climate issue is a matter of
life and death and that perhaps its gravest injustice is that those who
suffer the greatest harm are the least responsible for contributing to the
problem. The principles consider the causes of climate change and offer
a far-reaching vision for solutions.

For example, Principle 24 states: “Climate Justice opposes military
action, occupation, repression and exploitation of lands, water, oceans,
peoples and cultures, and other life forms, especially as it relates to
the fossil fuel industry’s role in this respect.” It is well known but rarely
stated publicly that military organizations and practices require massive
fossil fuel production and constitute one of the greatest global threats
to ecological sustainability.

The Bali Principles suggest that any move forward in global climate
policy must be inclusive of all peoples, especially persons from those
communities most affected by climate disruption. Principle 12, for ex-
ample, states: “Climate Justice affirms the right of all people, including
the poor, women, rural and indigenous peoples, to have access to af-
fordable and sustainable energy.” According to Principle 20, “Climate
Justice recognizes the right to self-determination of Indigenous Peoples,
and their right to control their lands, including sub-surface land, terri-
tories and resources and the right to the protection against any action
or conduct that may result in the destruction or degradation of their
territories and cultural way of life.”

Finally, Principle 11 calls for new ways of producing energy that are
sustainable and fair: “Climate Justice calls for clean, renewable, locally
controlled and low-impact energy resources in the interest of a sustain-
able planet for all living things.”

Grassroots global South networks have argued that successes are
occurring in the struggle for climate justice in local communities around
the globe where activists are building movements and power for broader

democratic change. Such efforts have prevented major new industrial
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carbon emissions by stopping incineration projects, hydropower proj-
ects, coal-fired power plants, oil refineries, and offshore drilling expan-
sion plans. These groups have also embraced efforts to decommission
carbon markets and promote massive investments in renewable energy,

public transportation, urban agriculture, and green jobs.

The rights of Mother Earth

Indigenous rights and environmental justice activists argue that we need
to expand the concept of rights to include nonhuman nature. Their
central premise is that ecosystems have inherent value and worth—like
humans, they have a right to exist. These emerging concepts of environ-
mental citizenship decenter human beings and expand the categories of
“person” and “citizen” themselves.

The draft Universal Declaration of the Rights of Mother Earth, de-
veloped at the World People’'s Conference on Climate Change and the
Rights of Mother Earth in April 2010 in Cochabamba, Bolivia, is an inter-
national framework to ensure a mechanism for the recognition of human
rights and for the rights of Mother Earth, or Pachamama. An estimated
35,000 participants from all over the world attended this gathering to
urge governments to grant enduring and permanent rights to the Earth,
while claiming that such a practice will improve efforts to ensure the
rights of the globe’s most vulnerable peoples.

In 2008, Ecuador announced a revised constitution that affords the
Earth and nature constitutional rights. One passage states that nature
“has the right to exist, persist, maintain and regenerate its vital cycles,
structure, functions and its processes in evolution.” The Pennsylvania-
based Community Environmental Legal Defense Fund assisted Ecuador
with the revisions to its constitution and has helped draft similar laws in
several states in the US as well. Its aim in this regard is to create legal
systems “that change the status of ecosystems from being regarded as
property under the law to being recognized as rights-bearing entities.”

Taking all of the above ideas into account, we can return to the

question, What might climate justice look like?

» Any effort at achieving climate justice will have to focus on the root
social, ecological, political, and economic causes of the climate

crisis.
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Systemic transformations are needed—hence the slogan “System

change not climate change.”

Solutions rooted in practices that produced the problem make little
sense. In particular, market-based solutions must be reevaluated
since pro-growth policies led us down the path toward climate dis-

ruption in the first place.

Community action at the local level works to build political power, to

reduce and prevent carbon emissions, and to promote sustainability.
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While climate disruption is a global reality, it affects various popula-
tions and nations in significantly disproportionate and uneven ways.
The movement for climate justice is inseparable from the debate over
solutions to the climate crisis. From global South communities in Africa
to African American communities, individuals and organizations have
demonstrated against climate injustices and have offered visions for
ways to mitigate and reverse this problem. The question on many peo-
ple’s minds is whether those nations and institutions most responsible
for contributing to the climate crisis are willing to take these communi-
ties and their ideas seriously.

This chapter is intended to raise questions that might inform the
policy debate and action around climate disruption and climate justice.

Toward that end, we urge you to consider the following questions:

» How can we work with and empower community-based social
movements to change the discourse and policymaking around cli-

mate disruption?

» How can we bring a deeper understanding of social inequalities and

social justice to climate change debates?

» What are some alternatives to market-based solutions in the climate

change debate, and how can we promote them?
» What might climate justice look like?

To sum up, climate justice and climate injustice are key concepts
that every informed person should be familiar with because they are
at the core of both how the problem of climate change developed and
how we must address this challenge.

In short, we cannot understand and confront climate change with-
out attention to social inequality. Profits derived from stolen Indigenous
lands and the labor of enslaved African people powered the Industrial

Chapter 2: Humans, Nature, and the Quest for Climate Justice



Revolution, which set the world on a course toward today’s intensive
use of fossil fuels. That is, racism and the conquest of people and eco-
systems led to climate disruption in the first place. Justice is not a side
issue.

Finally, grassroots social change movements are critical for pushing
dialogue and action forward in order to imagine and realize climate
justice. How do we build those kinds of movements? Luckily, they're all
around us, and they are filled with everyday people like you and me. If
you're already involved in that kind of work, keep it up, step it up, and
do so in ways that are peaceful, respectful, and nonviolent. And if you're
not yet involved in that kind of work, the door is wide open and the
climate justice movement welcomes you. But we also encourage you to
devise new and even more creative ways of thinking about and acting to
solve our climate challenges. Thank you for reading this chapter, and all
the best of luck
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Learning Objectives

1. Identify the direct and indirect ways that climate change can affect
health.

2. Describe how fossil fuels can cause injury, disease, and death.

3. Discuss solutions that protect health, and address both fossil fuels
and climate change.

4. Assess your local community’s vulnerability to climate change.

Overview

Climate change will cause widespread harm to public health, unraveling
many of the health gains of the last century. Climate change will affect
everyone, and it will increasingly manifest as violent extremes, ranging
from heat waves to fires, storms, and floods. Climate-related events
will have direct effects on human health but will also result in a cascade
of indirect health effects through population displacement, increased
conflict over resources, and mental health problems (Figure 3.1.1).
All people will be affected, but the burden of harm will fall dispropor-
tionately on the poorest communities, the disabled, the very young,
and the elderly, both in the US and globally. Climate change is a threat
multiplier, in that it worsens preexisting individual and societal vulnera-
bilities. Building resilience to climate change requires strengthening our
public health system, our physical infrastructure, and our social support
systems. Rapid action to reduce greenhouse gases by reducing our de-
pendence on fossil fuels has the potential to improve the quality of life

for everyone.
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3.1 Climate Change, Health, and Vulnerable

Populations

The health effects of climate change are already occurring globally and
are predicted to become devastating by midcentury if significant green-
house gas reductions do not occur. llinesses and deaths from climate
change will vary widely across the globe based on geographic, eco-
nomic, and individual factors. The Lancet Countdown: Tracking Progress
on Health and Climate Change has summarized the health effects of
climate change and is tracking them over time. In order to save lives, it is
critical to understand the general relationships between climate change
and health and to learn to predict how these general relationships will
play out in a local community. The burning of fossil fuels causes climate
change and also causes other direct human health consequences, so
there can be direct and immediate health benefits from taking action
today to stop and reverse climate change.

The most direct effect from climate change is from heat. Average
temperatures are rising globally, and dangerous extreme heat events—
“heat waves"—will become increasingly common. Extremes of heat have
increased significantly since 1990 in every region of the world, with
157 million more people exposed to heat wave events in 2017 than
in 2000. Increased heat increases energy and turbulence in the Earth’s
atmosphere. This energy can manifest as dramatic weather fluctuations,
including extreme droughts and violent storms. In 2017, a total of 712
extreme weather events resulted in $326 billion in economic losses,
almost triple the total losses of 2016.

Most of the health effects from climate change are a direct or indi-
rect result of high heat and weather extremes. For example, oscillation
from extremely wet to extremely hot and dry increases the risk of fire.
This is because vegetation grows rapidly in unusually wet periods and
dies in subsequent drought. If hot, windy conditions follow, the dead
brush ignites easily and fuels large firestorms. As another example, heat

increases the risk of infectious disease outbreaks, both because certain

34 Chapter 3: Climate Change and Human Health



Injuries, fatalities,
mental health impacts

Severe
“ Weather
Heat-related illness

and death,
cardiovascular failure

Extreme

Environ-
mental
Degradation

Forced migration,
civil conflict,
mental health impacts

Water and Food
Supply Impacts

Malnutrition,
diarrheal disease

Asthma,
cardiovascular disease

A.
Pol,.::im Malaria, dengue,
encephalitis, hantavirus,
Rift Valley fever,
Changes Lyme disease,
inVector .
chikungunya,
Eeclog West Nile virus

Increasing
Allergens Respiratory
allergies, asthma

Water
Quality Impacts

Cholera,
cryptosporidiosis,
campylobacter, leptospirosis,

harmful algal blooms

FIGURE 3.1.1 Health effects of climate change. Reproduced from Centers for
Disease Control and Prevention.

species of mosquitoes and ticks can survive warmer winters and be-
come established in areas where they could not previously live, and
because warmer temperatures encourage bacteria and parasites to
proliferate, resulting in outbreaks of food-borne and waterborne illness.
Storms, floods, and droughts all contribute indirectly or directly to food
and water scarcity, population displacement, conflict, and mental health
issues (Table 3.1.1).

Ultimately, some areas will be inundated because of sea level rise;
other areas will face increasing challenges from drought-associated
food and water shortages; still other areas will encounter river flooding,
outbreaks of vector-borne disease, and increased agricultural pest pres-
sures, resulting in more intensive pesticide use and higher crop losses.
In some countries, these events will lead to increased conflicts over
remaining resources, population displacement and migration, an over-
strained public health system, and general social disruption. Even politi-
cally stable countries will be stressed by internally displaced populations
and an influx of refugees and migrants. Experience from such events,
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TABLE 3.1.1 Summary of health effects from climate change

Climate-Related  Climate-Related Secondary Health
Stressor Causes Effects Effects
Heat Overall warming  Extreme heat days Heat-related illness
Ozone smog pollution  Respiratory illnesses
Reduced work capacity Economic stress
Drought Shifts in rainfall ~ Reduced agricultural Malnutrition
patterns yield Population displacement
Food scarcity
Fire Shifts in rainfall ~ Smoke (particulate Death
patterns matter) Respiratory illnesses
Property damage Cardiovascular illnesses
Population displacement
Mental health effects
Increased Higher CO, levels More weeds and Worsened allergies and

weed pollen

Sea level rise

Extreme
weather
events

Vector-borne
disease

Algal blooms

Overall warming

Melting of
Antarctic and
Greenland ice

Increased atmo-
spheric energy
Warming of
oceans

Overall warming
Shifts in rainfall
patterns

Overall warming
Runoff from
heavy rains

invasive plant species

Coastal flooding
Property damage

Coastal and river
flooding
Property damage
Drinking water
contamination
Mold growth

Mosquito- and tick-
borne illnesses shifting
north and to higher
elevations

Marine mammal and
bird die-offs

Fishery contamination
and loss

asthma

Population displacement
Drownings
Mental health effects

Population displacement
Drownings

Diarrheal disease
Respiratory and skin
disease

Chemical contamination
Mental health effects

Malaria, dengue fever,
Zika, chikungunya, Lyme
disease, and emerging
illnesses

Diarrheal disease
Neurological disease
Economic stress
Malnutrition

SOURCE: Watts, N., et al. 2018. The 2018 report of the Lancet Countdown on health and
climate change: shaping the health of nations for centuries to come. Lancet 392(10163),
2479-2514. https://doi.org/10.1016/50140-6736(18)32594-7; Mora, C., et al. 2018.

Broad threat to humanity from cumulative climate hazards intensified by greenhouse gas
emissions. Nature Climate Change 8, 1062-1071. https://doi.org/10.1038/s41558-018-0315-6.
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both in the United States and globally, has shown that the people most
likely to suffer and die include the poorest segments of society, the very
young, the elderly, and the disabled. The health effects in general will be
more severe in poorer countries, placing the worst health burdens on

those who contributed least to creating the problem.

Health effects of heat

Extreme heat, the most direct effect of global warming, causes large
numbers of deaths and severe illnesses, depending on the intensity and
duration of the heat event. Extreme heat events are projected to con-
tinue to increase significantly in the United States and worldwide (Figure
3.1.2). Those most likely to die or require emergency hospitalization
include the elderly, infants, pregnant women, outdoor workers, and
people with a range of underlying health conditions. Major increases
in deaths, hospitalizations, and emergency room visits always occur
during heat waves, but even during a non-heat-wave period there are
clearly documented associations between increased temperatures and
a range of health problems. It has been documented in many countries
that hospital and emergency room visits increase with increased heat,
including from respiratory disease, emphysema, heart disease, heart
attack, stroke, diabetes, renal failure, intestinal infections, heat stroke,
dehydration, hypertension, and asthma. Studies have also shown that
for every increase of temperature by 10°F there is a nearly 9% increase
in preterm births.

People exposed to heat can sometimes cool off and rehydrate at
night, but if the nights remain hot, there is no opportunity for recovery.
Urban areas with extensive paved surfaces are also high-risk zones. Dark
pavement and roofing absorbs heat and results in temperatures that are
several degrees hotter than nearby tree-shaded or grassy areas. This
phenomenon, known as the urban heat island effect, can be mitigated
by lighter-colored roofing material, street trees, and parks. Unfortu-
nately many inner-city communities lack natural cooling resources such
as trees and parks. A national analysis in the US found significant racial
and ethnic disparities in heat-risk-related land cover of neighborhoods,
even after adjusting for other factors that influence tree growth. Lack

of access to air conditioning is also correlated with risks of heat-related
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FIGURE 3.1.2 Increase in summer heat wave days over time. Reproduced from
NOAA.

illness and death. One study using heat wave data from Chicago, Detroit,
Minneapolis, and Pittsburgh found that African Americans had a 5.3%
higher risk of heat-related mortality than Caucasians and that 64% of this
disparity was potentially attributable to disparities in air conditioning.

Heat reduces work productivity, especially in active outdoor jobs.
The 2018 Lancet Countdown estimated that 153 billion hours of work
were lost in 2017 because of excessive heat, an increase of 62 billion
hours lost relative to 2000. Lack of acclimatization to heat is an impor-
tant risk factor. Workers in hot environments are most likely to develop
heat-related illness during their first 2 weeks on the job. Research has
shown that people living in normally cooler areas tend to be more
susceptible to health effects from heat waves. As one example, during
the 2006 California heat wave, the greatest increase in emergency de-
partment visits occurred in the normally cooler coastal cities. This phe-
nomenon is probably both because fewer buildings are air-conditioned
in these areas, and because people there are less physiologically accli-
mated to heat.
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FIGURE 3.1.3 Complex mix of air pollution from a power plant. Slide by Gina
Solomon.

Health effects of air pollution

Heat increases the atmospheric conversion of air pollution from gaso-
line and diesel exhaust into ozone smog. Thus the health threat on hot
days stems both from heat itself and from ground-level ozone pollution
that can cause respiratory and cardiac damage. Ozone is created from
other pollutants such as volatile organic compounds (VOCs) and nitro-
gen oxides that are emitted from industrial sources, power plants, cars,
and trucks (Figure 3.1.3). These chemicals are transformed by sunlight
in a chemical reaction that breaks down oxygen in the air and results in
ozone formation. Heat dramatically speeds up this chemical reaction.
As the ambient temperature rises, ground-level ozone levels also rise.
Ozone in the upper atmosphere is beneficial because it protects us
from the damaging ultraviolet rays of the sun. But ground-level ozone
is extremely toxic to our lungs. Ozone in the lower atmosphere is also
known as smog because it creates a gray-brown haze that looks like a
combination of smoke and fog.

The health effects of inhaled ozone include cough, difficulty
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breathing, chest pain, decreased lung function, and asthmatic symptoms.
These symptoms send people to the emergency department with acute
illness. Over time, ozone can also cause significant long-term damage to
airways, affecting the white blood cells that protect our lungs.

Warmer weather conditions with higher concentrations of carbon
dioxide (CO,) in the air also foster the growth of allergenic weeds such
as ragweed. Studies in greenhouses with carefully controlled atmo-
spheric composition have shown that air slightly enriched in CO,, at
concentrations we expect to see due to climate change within the next
few decades, causes ragweed to grow more lushly; worse, the plants
produce about three times more pollen. That extra airborne pollen will
seriously worsen the suffering of individuals with pollen allergies. These
findings suggest an increase in health challenges associated with nui-
sance symptoms such as hay fever, as well as more serious conditions
such as asthma.

In addition to ozone pollution and allergens, particulate matter is
also a threat to health. Particulate matter is discussed in more detail
below, since it is produced in massive quantities from wildfire smoke
and also from the combustion of petroleum and coal—the same sources
that produce most of the carbon dioxide in the atmosphere.

Health effects of wildfires

A warming climate places enormous stress on many species of trees
as weather conditions become too warm and either too wet or too
dry for the climate to which the trees are adapted. Stressed trees are
much more susceptible to fungal infestations, and bark beetles have
been decimating the conifer forests of the western United States. Dead
trees create conditions that are ideal for massive wildfires. In Decem-
ber 2017, the US Forest Service estimated that there were 129 million
dead trees in California, mostly due to drought and bark beetle infesta-
tion. Drought conditions in numerous countries around the world are
similarly fueling fires in places ranging from Australia and Indonesia to
Canada. Rainy conditions that may follow a drought come too late to
save the trees, but rain results in fast growth (and subsequent dieback)
of grasses and shrubs that provide kindling to start massive wildfires.
Wildfires are a natural part of forest cycles, but the fires that occur with
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FIGURE 3.1.4 Health effects of air pollution. Reproduced from Public Health
England.

climate change are intense firestorms that cover vast areas, burn so
hot that they destroy everything in their path, and damage ecosystems
while they threaten humans. In rural areas, fast-moving wildfires can
burn down homes and destroy communities. In recent fires, deaths have
occurred among both emergency responders and local residents when
they were unable to escape from the path of the fire or their escape
route was cut off.

The health effects of wildfire smoke are similar to the health effects
of other particulate matter (PM) in the air (Figure 3.1.4). The small
particles (known as PM, s because they are less than 2.5 micrometers
in diameter) are less visible but more dangerous. These particles cause
lung inflammation that results in impaired function, cough, phlegm,
bronchitis, worsened asthma, heart attacks, heart failure, and prema-
ture death. These effects especially occur in people with underlying
health conditions, such as heart disease, lung disease, and asthma. Even
healthy people can be sickened when wildfire smoke is severe, leading
to decreased exercise tolerance, cough, sore throat, and eye irritation.
Smoke from large fires can cover areas of hundreds of square miles and
can affect entire cities or even entire states for periods of time that can

range from days to months.
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Health effects of flooding

Although it is difficult to pin any single weather event on climate change,
climate models show that extreme weather fluctuations increase as the
Earth warms. For example, rain is more likely to fall in large amounts
when it does occur, leading to increased risk of flooding. Sea level rise
will result in inundation of low-lying coastal areas, especially during high
tides and storm surges. Hurricanes are projected to become more pow-
erful as a result of warming waters in the Atlantic and the Gulf of Mex-
ico. The combination of major storms and sea level rise will predictably
result in both coastal and river flooding, both in the US and worldwide.

When Hurricane Florence flooded the Carolinas in 2018, not only
did people lose their lives, but there were enormous health implica-
tions, both immediately and in the longer term. Hurricane Florence was
considered a “1,000-year storm,” but such storm events will no longer
be rare in the future, as what is now considered an unusual or extreme
storm will become a relatively frequent occurrence.

Fifteen percent of all deaths related to natural disasters are due to
floods. People who are disabled or elderly are often less able to evacu-
ate before a major storm. In some floods, nursing homes and hospitals
are inundated, leaving elderly and sick people in miserable conditions,
without adequate care. In the flooding after Hurricanes Katrina, Sandy,
and Maria, emergency generators at medical facilities failed, and oxygen
supplies, respirators, heart monitors, and all other advanced medical
systems stopped functioning, as did air conditioners and lighting. Con-
ditions in these facilities were horrific, and many people suffered and
died in the days and weeks following these storms.

Flood waters are often contaminated with sewage and chemicals,
resulting in gastrointestinal illnesses and skin diseases after contact.
After people’s homes are flooded and the waters recede, it looks like the
contents of the home have been picked up and swirled around in a huge
blender. The walls grow a thick carpet of black and brown mold over
mud and scum (Figure 3.1.5). Testing in flooded homes reveals high air-
borne levels of mold and endotoxin, which are extremely dangerous to
people’s health. Endotoxin is produced by certain kinds of gram-negative
bacteria that thrive in damp conditions; it can cause respiratory dis-

tress, low blood pressure, and shock. Mold can cause allergic reactions,

Chapter 3: Climate Change and Human Health



FIGURE 3.1.5 Flooded homes after Hurricane Katrina, New Orleans, 2005.
Photographs by Gina Solomon.

asthma, and other health problems. For these reasons, returning home
to sift through personal belongings can be dangerous and requires res-
pirators, protective coveralls, and gloves.

Floods also cause massive destruction of residential and commercial
structures, making neighborhoods completely uninhabitable. There can
also be damage to oil and gas pipelines, water mains, roads, sewage
treatment plants, and other infrastructure that creates contamination
across the entire landscape. Industrial facilities, hazardous waste sites,
and petroleum storage tanks may rupture in the flood and spread toxic
contamination into the mud and soil, both outdoors and inside the
flooded homes. Testing in New Orleans after the 2005 flood from Hurri-
canes Katrina and Rita revealed toxic petroleum chemicals, heavy metals
such as lead and arsenic, and pesticides in the sediment that was left

behind from the flooding. All of these issues need to be addressed in the
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cleanup, and they pose hazards to returning residents and to cleanup
workers.

Floods cause massive population displacement and homelessness.
Some people can evacuate the area and stay elsewhere with family or
friends, at least for a while. Others have no place to go and must be
housed in temporary shelters, sometimes for months. The large num-
bers of displaced people need food, water, and health care. Evacuees
with underlying chronic diseases frequently experience exacerbations
of their illness, often from lack of essential medications. For example,
diabetics who don't have their insulin, people with seizure disorders,
and people with severe psychiatric illnesses are all at high risk of seri-
ous and sometimes life-threatening exacerbations. Family and commu-
nity structures and daily routines are completely disrupted, leading to
depression, anxiety, post-traumatic stress disorder, and confusion for
many people, especially the elderly. Rates of suicide almost always spike
after hurricanes and floods.

Infectious diseases

Flooding causes obvious immediate risks of injury and death but also
can impair drinking water quality by increasing runoff of contaminants
into surface water sources. Runoff of soil and sediment into rivers and
streams can lead to growth of parasites in the water, especially Crypto-
sporidium and Giardia. Both of these parasites can cause severe diarrhea
and especially severe illness in people with immunosuppression. The
combination of extreme rainfall and a malfunction at a drinking water
treatment facility is the most likely set of factors that can lead to a major
outbreak of one of these parasitic diseases.

Increased heat from climate change is another factor that substan-
tially increases the risk of infectious disease spread. The combination of
warmer conditions and altered rainfall patterns can lead to ponding of
warm, stagnant water—conditions ideal for the life cycle of numerous
pests, including the mosquitoes that carry diseases ranging from malaria
and yellow fever to dengue fever and chikungunya.

As one example, the Aedes albopictus mosquito—known as the Asian
tiger mosquito—came into Southern California in a shipment of imported

ornamental “lucky money trees” (Pachira aquatica) from Asia in the early
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FIGURE 3.1.6 Habitat suitability for disease-carrying mosquitoes in the United
States. Reproduced from Centers for Disease Control and Prevention.

2000s. It entered Texas at about the same time in shipments of used
tires. Aedes albopictus and a similar mosquito known as Aedes aegypti
are both relatively new to the United States but have been spreading
northward rapidly (Figure 3.1.6). In the past, these species would not
have survived the winters in temperate climates, but their range has
been steadily extending northward as a result of the warming climate. In
the tropics, the range of these pests is extending to higher elevations in
mountainous areas, exposing new populations to threat. For example,
the highlands of sub-Saharan Africa had a 27.6% rise in the potential for
transmission of malaria from 1950 to 2017 due to warming. The Aedes
mosquitoes are hard to avoid, because they prefer to prey on humans,
they bite during the day, and they breed in little pools of water, such as
in plant pots, abandoned tires, kiddie pools, bird baths, and other items
that lie around collecting water in many people’s yards.

Aedes mosquitoes are capable of transmitting a variety of diseases
that weren't previously thought to occur in the United States and that
are not carried by local mosquitos, including dengue fever, chikungunya,
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and zika virus. Zika caused a well-publicized epidemic in South America
and raised public fears because it can cause microcephaly—a devastat-
ing birth defect—in infants when women are exposed during pregnancy.
Zika was also detected in southern Florida in 2016 and has become
endemic to the area since that time.

Dengue is nicknamed breakbone fever because people who have it
feel like their bones are breaking. The illness is characterized by severe
headaches, generalized aches and pains, high fevers, and total loss of
appetite with nausea and vomiting. The symptoms of chikungunya are
similar, with high fever and body aches; this disease entered Italy in 2007
and recurred in 2017 after a decade’s hiatus.

Lyme disease and other fevers that include rash and arthritis are
spread by ticks. The populations of ticks that carry these diseases are
moving northward into Canada. Agricultural pests and invasive plant and
animal species are also moving around the globe as a consequence of air
travel and trade. When invasive species arrive in an area, they can out-
compete local plants, animals, or insects and may thrive in the warmer
conditions brought by a changing climate. One reason that agricultural
pests and invasive species are important is that they can be enormously
destructive to native species and to local food crops; the other reason
they are important is that they can result in major increases in pesticide
use to fight them. Many pesticides are associated with serious human
health risks, ranging from neurological toxicity, to reproductive effects,
to cancer.

Food-borne diseases are also a concern with climate change. Many
people are familiar with Salmonella and E. coli food poisoning outbreaks.
Warming conditions are ideal for bacterial species, since bacteria pro-
liferate far more rapidly as temperatures increase. Several species of
Vibrio cause severe skin diseases after water contact, and severe gas-
trointestinal illness from consumption of contaminated shellfish. Vibrio
shellfish poisoning has now moved into the cool waters off Alaska during

summer seasons.

Harmful algal blooms and health

Harmful algal blooms (HABs)—sometimes called red tides—are another
health threat associated with climate change. The combination of
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FIGURE 3.1.7 Increase in reported harmful algal bloom events over time.
Reproduced from NOAA.

nitrogen- and phosphorus-rich water and heat creates conditions ideal
for the explosion of small marine organisms and algae. The nutrients are
often contributed by fertilizer runoff in rain events, resulting in pollution
of lakes and coastal waters. Explosions of algal growth are toxic to fishes
and amphibians because the oxygen levels in the water drop to dan-
gerously low levels. HABs are doubly dangerous because they produce
toxins that can directly poison creatures that are in contact with the
water. In many cases, HABs are quite visible, creating greenish, blue, or
red material on the surface of the water. In some cases, the problem is
less visible, thereby failing to alert people to the danger.

HABs often result in major die-offs of aquatic species, including
fishes, birds, and marine mammals. Dogs and livestock that drink from,
or swim in, contaminated water are also at high risk of death. People
can be affected in some cases from skin contact with the contaminated
water, or inhalation of ocean spray. In most cases, however, people
are poisoned from contaminated seafood. The symptoms of HAB poi-
soning vary depending on the organism. Brevetoxins, most commonly
associated with “red tides” off the Florida coast, are respiratory toxins

when inhaled, leading to asthmatic symptoms even in those who do not
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have asthma. Cyanobacteria, known as blue-green algae, are found in
freshwater as well as in salt water. They produce toxins such as micro-
cystin that affect the liver and gastrointestinal tract, causing vomiting,
diarrhea, and sometimes fatal liver failure. Some of these toxins are also
potential carcinogens. Other categories of HAB toxins affect the ner-
vous system. Most of these toxins affect humans through consumption
of contaminated shellfish. For this reason, the names of the diseases
include “paralytic shellfish poisoning,” “neurotoxic shellfish poisoning,”
and “amnestic shellfish poisoning.”

Amnestic shellfish poisoning is caused by domoic acid, which is pro-
duced by a microscopic diatom in the genus Pseudo-nitzchia. This organ-
ism grows explosively in salt water when there is nutrient pollution from
runoff and when the ocean gets warm, but it does not cause a visible
bloom like a red tide. Shellfish, including clams, mussels, oysters, and
crabs, consume the organism and do not die. Instead, they sequester
large quantities of the toxin in their bodies, poisoning anything that eats
them.

Domoic acid is neurotoxic, causing seizures and death in marine
mammals and birds. The first sign of an offshore bloom is marine mam-
mals washing up on the beaches: sea otters, sea lions, seals, whales.
The toxin also affects humans. Symptoms start quickly, within 24 hours
after ingesting contaminated shellfish. Initially it seems like any other
food-borne illness, with nausea, vomiting, diarrhea, and abdominal pain.
Then the neurological symptoms begin, including headache, dizziness,
weakness, seizures, and changes in mental status. And ultimately, for
those people who do recover, some develop anterograde memory loss,
which means that from the time of the iliness onward, they are not able
to retain memories. These people classically can't remember what they
had for breakfast that morning, even though they have clear memories
of their lives prior to the poisoning event. The treatment is supportive
care. There is no antidote.

The first reported outbreak of amnestic shellfish poisoning was in
1987 in Prince Edward Island, Canada. Three people died in that out-
break, and over 100 people suffered permanent neurological effects.
Since that time, the US, Canada, the European Union, and numerous

other countries have put in place programs to monitor seafood and
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attempt to ensure that scientists detect domoic acid and other HABs
before people become ill. The California Dungeness crab fishery was
shut down for the entire 2015 season because of domoic acid contam-
ination, resulting in enormous economic losses but also saving many

lives and preventing severe debilitating illness.

Health and social inequality

Climate change has a disproportionate impact on vulnerable and socially
marginalized populations. Globally, those countries most threatened by
the risks of global warming are generally the ones that have the fewest
resources to respond and protect themselves; these are also the same
countries that are least responsible for climate pollution. According to
the World Health Organization (WHO), diarrhea, malaria, malnutrition,
and heat stress are the top causes of death worldwide associated with
climate change. WHO estimates that the direct health costs of climate
change will be approximately $2.4 billion per year within the next few
decades.

Within wealthy countries such as the United States, poor communi-
ties are at greatest risk of harm. Researchers have developed the term
the climate gap to describe the disproportionate affect of climate change
on people of color and the poor. Risk to any community or individual
is a function of hazard multiplied by vulnerability. Hazard in this context
could include any climate stressor such as living in an urban heat island
or in a floodplain. Vulnerability describes the ability to anticipate, cope
with, resist, and recover from a stressor, such as a heat wave or flood.
Both hazards and vulnerabilities are often greater in poor communities
of color, resulting in greater overall risks of harm.

Climate change also exacerbates social inequality by increasing costs
for basic necessities such as food and water. Insurance rates in flood
and fire zones also rise, resulting in a higher proportion of uninsured or
underinsured individuals in poor communities. Despite the burdens on
the poor and on communities of color, however, studies have shown
that such communities are more inclined to support strong government
action to reduce greenhouse gas emissions.

The State of California has taken an innovative approach to ad-

dressing climate change and social inequality. Over a billion dollars of
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funding from the state auctions of carbon credits has been allocated
to disadvantaged communities for projects to improve rail and other
public transit, transit-oriented development, affordable housing, bike
lanes and sidewalks, agricultural land preservation, rebate programs for
zero-emission vehicles, weatherization programs for low-income com-
munities, urban forestry, and fire risk reduction. In addition to reducing
greenhouse gases, these investments bring jobs into disadvantaged
communities, create local conditions that promote health, and help re-
dress environmental injustices. This program has the potential to serve
as a model for a way to use a market-based greenhouse gas cap-and-
trade program to generate funds that serve to also address principles of
health and climate justice.

Direct health threats from fossil fuels

Fossil fuels, including coal, oil, and natural gas, continue to be the main
sources of energy in our global economy. These energy sources fuel
power plants, providing us with electricity; they fuel our automobiles
and trucks; and they fuel our industrial sector, producing plastics,
chemicals, cement, and consumer products. Fossil fuels also are used in
agriculture to make fertilizer, pesticides, and all the equipment used to
grow, harvest, and process food.

Fossil fuels have direct health effects at every stage of their production
and use. Coal mining, oil drilling, and hydraulic fracturing (“fracking”) for
oil and gas cause emissions of toxic chemicals to air and water, as well
as occasional dramatic disasters, ranging from worker fatalities in mine
collapses, explosions, or fires, to massive spills such as the 2010 Deep-
water Horizon BP oil spill in the Gulf of Mexico. Transport of these fuels
is beset with pipeline leaks, rail disasters including explosions, and spills
from ocean tankers. Processing of fossil fuels at refineries affects local
communities on a daily basis with air pollution that includes known human
carcinogens such as benzene and formaldehyde, asthma-causing chemi-
cals like nitrogen oxides, and reproductive toxicants. Worse still, the highly
flammable mixtures under high pressures and temperatures at refineries
can result in explosions and fires, sometimes killing workers or sending
hundreds or even thousands of local residents to emergency departments.

Combustion of fossil fuels results in release of carbon dioxide, the
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greenhouse gas that has the longest atmospheric life and is the greatest
contributor to climate change. Other air pollutants released when fossil
fuels are burned include particulate matter, benzene, other volatile or-
ganic compounds that can be transformed into ozone, and heavy metals
such as mercury. Harmful chemicals such as sulfur oxides and nitrogen
oxides are also released.

Particulate matter is a special concern; black carbon particles small
enough to be inhaled deep into our lungs are released from power
plants, refineries, many industrial facilities, diesel engines, diesel gen-
erators, and many other sources. Particulate matter has serious ef-
fects on our hearts and lungs—it increases death rates by increasing
arrhythmias (abnormal heartbeats), causing abnormal clotting in blood
vessels, worsening bronchitis, triggering asthma attacks, and causing
strokes and heart attacks. In 2015, particulate matter from fossil fuel
combustion was responsible for 2.9 million premature deaths, with coal
burning being responsible for more than 16% of these deaths. Black
carbon particles from coal or diesel exhaust contain high concentrations
of cancer-causing chemicals known as polycyclic aromatic hydrocarbons
(PAHs), which over time can lead to lung cancer and other cancers.

Poor people of color are more greatly affected by the fossil fuel
industry, from the points of production near refineries, to the points
of emission near power plants, major roadways, ports, rail yards, and
airports. An analysis of the demographic patterns of exposure to par-
ticulate matter and nitrogen oxides from power plants and petroleum
refineries found that minorities are more likely than non-Hispanic whites
to live near these facilities, even when the analysis controlled for house-

hold income.

Assessing local risk from climate change

As we live our daily lives, it's easy to ignore the dangers around us.
Many people think that the scenes they see on television or in the news-
papers couldn’t happen to their own community. It is hard to imagine
how our own communities would look after a devastating fire, storm,
or flood. In fact, most communities are at risk from climate change in
the coming years and decades. The way to protect ourselves is to open

our eyes to the hazards and vulnerabilities in our communities and to
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prepare, so if disaster does occur, we can protect both ourselves and
others around us.

The steps to assessing local risk include first identifying the hazards.
For example, low-lying areas may be at risk of flooding, especially if
they are in the potential path of coastal storm surge or river flooding.
However, the widespread flooding in September of 2018 after Hurricane
Florence in North and South Carolina included low-lying areas simply in-
undated by heavy rainfall. Areas along the urban-wildland interface may
face a high risk of catastrophic fire. Highly urbanized neighborhoods
without much tree cover may be at particular risk from extreme heat
events, especially if many people lack air conditioning or in the event of
a power failure. Coastal and lake areas face the potential for HAB events,
and warmer, wetter zones have higher risk of mosquito-borne disease
outbreaks. Identifying local hazards from climate change can help create
plans to either reduce those hazards or to prepare for a potential event.

Local vulnerabilities can also be assessed at any scale, from a single
family to an entire state. For example, identifying the presence and lo-
cations of elderly or disabled people who may need extra assistance in
the event of an evacuation, or who may be more vulnerable to heat, can
help ensure that those people receive the assistance they need. Schools,
day care centers, hospitals, nursing homes, and other facilities that can
be difficult to evacuate are also critical to locate. Such facilities should
have extensive plans for preparing and responding to disasters.

In climate catastrophes, relatively few people will die in the immedi-
ate event. The main brunt of the illnesses and deaths occurs in the after-
math, when the effectiveness of the response and recovery is critical to
determining the outcome for many people. For example, if people with
underlying illnesses or acute injuries are able to access timely medical
care, they may avoid serious outcomes. Mental health services, reloca-
tion services, housing, food, safe drinking water, and social support are
all essential components for recovery.

Ultimately we will need to make very difficult decisions as a society.
For example, rebuilding homes and communities after flooding may be
seen as an increasingly unwise investment of resources. Adequately pro-
tecting against sea level rise or flooding is a very expensive effort, and

it can realistically be done only in limited areas. Strategies to reduce the
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risk of wildfire are also evolving, as people realize that fire suppression is
ultimately bound to fail, and as massive tree die-offs occur from drought
and pest infestations. Yet optimal forest management is controversial

and complex.

Reducing climate vulnerability

The interconnections between climate change, health, and justice sug-
gest the importance of incorporating co-benefits into climate mitigation
policy to ensure that solutions leverage improvements in community
health while advancing climate justice. Linking social equity, health, and
sustainability goals in environmental policy can mobilize key constituen-
cies to address climate change.

The State of California has made significant efforts to integrate eqg-
uity into policies and programs to address climate change, in order to
ensure that disadvantaged populations receive an appropriate distribu-
tion of benefits as well as protection from additional harms. Disadvan-
taged communities in California have been identified and prioritized for
funding, using the California Communities Environmental Health Screen-
ing Tool (CalEnviroScreen). CalEnviroScreen was developed through a
public process that included extensive community input. It enables the
identification of communities in California that are burdened by multiple
sources of pollution and face a combination of factors, including contact
with pollutants, adverse environmental conditions in their community,
biological vulnerability due to underlying disease burden or age distri-
bution, and social vulnerability due to poverty and other community
characteristics. The concept of using cumulative impacts in communities
to prioritize areas for funding allows some principles of climate justice
to be integrated into climate mitigation decisions.

Other approaches to reducing greenhouse gases (GHGs) while
adapting to a changing climate and protecting public health include the
following:

» Promote alternative modes of transit, including walking, biking,
and public transit. These strategies reduce GHGs while directly en-
hancing health by reducing motor vehicle pollution and increasing
physical activity.

» Make communities greener by planting trees and developing green/
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cool roof projects, parks, and buffer zones in flood-prone areas.
These strategies reduce air pollution and noise, directly improve

mental and physical health, and reduce the urban heat island effect.

» Construct green, efficient buildings that reduce GHGs while also
improving indoor air quality, thereby directly benefiting the health of
occupants. Such buildings may also be more resilient to heat while

using less energy for cooling.

» Reduce fossil fuel use, and gain a series of direct benefits to public
health in communities affected by air pollution. Reduced fossil fuel
combustion will reduce toxic chemical emissions and particulate
matter pollution. It will also reduce the emissions of ozone precur-

sor chemicals, thus reducing smog despite a warming climate.

» Reduce consumption of meat and high-fat dairy products to sub-
stantially reduce emissions of methane, which is sometimes referred
to as a super pollutant because of its potency as a GHG. Reduced
meat and dairy fat consumption would also reduce risks of cardio-

vascular disease and cancer, both of which are associated with diet.

There are numerous actions we can all take in the near term to
reduce our climate footprint while also benefiting our health and the
health of our communities. At the same time, we must evaluate the risks
in our local areas and develop strategies to reduce those risks or in-
crease our resilience so that we will escape the worst effects of climate
change and protect our families, our neighbors, our environment, and

people around the globe.
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Learning Objectives

1. Summarize the basic concepts and the urgency of climate

mitigation.

You will learn why immediate action to mitigate emissions of climate
pollutants is needed if we are to avoid severe impacts on human and
natural systems. Central to these mitigation efforts is a transition
away from CO,-emitting fossil fuels as well as drastic reductions
of short-lived climate pollutants (SLCPs). You will also learn why
actions on these pollutants must be scaled up rapidly over the next

few years to avoid dangerous levels of warming.

2. Describe the multidimensional scope of climate change

mitigation.

You will see that a wide range of societal sectors will feel the impacts
of climate change. Moreover, solutions to climate change require
expertise from a range of fields and must be addressed through
interdisciplinary collaborations including both experts and ordinary
citizens. It's also important to keep in mind that some of the most
severe impacts will be felt by future generations and by the global
poor, whose emissions are very low. Thus, both intergenerational
and intragenerational equity must be considered in the develop-

ment and evaluation of climate solutions.

3. Explain why we need to organize mitigation under six clusters

and ten solutions.

Because climate change solutions cover so many sectors and require
knowledge from so many fields, we need a framework to help us
organize and evaluate solutions. In 2015, an interdisciplinary group
of experts came together to develop broad strategies to mitigate
emissions and the impacts of climate change. They distilled these
strategies into a list of ten solutions, grouped into six clusters. This
structure of ten solutions in six clusters provides the core organizing

principle for this book.

4. Provide examples of mitigation actions already underway.
Finally, you will get a first look at how cities, states, businesses, uni-

versities, and other institutions have already begun to serve as “living
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laboratories,” implementing and testing climate solutions and forming

networks to coordinate their efforts and share lessons learned.

Overview

In Chapter 1, we looked at the science of climate change. We saw the
strong scientific consensus that human emissions of climate pollutants
are causing warming of our planet on a scale not experienced in over
10,000 years. Continuing on a “business as usual” pathway could lead
to dangerous and even catastrophic changes in the Earth’s climate, with
severe adverse impacts on human and natural systems. We have at most
a few decades to change this trajectory and bend the curve of warming.
In this chapter, we will take an initial look at strategies to mitigate future
climate change.

The challenges presented by climate change cannot be solved by
technological innovations alone. Dealing with this problem will require
changes in our attitudes toward each other and toward nature, as well
as changes in our behavior. We will need a broad-based effort, with
active involvement by individuals from a wide range of fields, including
researchers, academics, engineers, community leaders, and ordinary
citizens.

This book is organized around a set of ten solutions designed to
bend the curve—to reverse the trend of increasing human greenhouse
gas emissions and keep the planet below dangerous levels of warming.
Until 2015 it was generally assumed that warming above 2°C would
represent the threshold for danger. More recently, we have come to
understand that the dangerous warming level is lower: 1.5°C. Warm-
ing limits, such as the 1.5°C goal, should be viewed as broad planning
tools and not confused with a well-defined geophysical threshold for the
onset of dangerous changes. As you learned in Chapter 1, dangerous
impacts of climate changes have already begun at local levels in the form
of intensified droughts, wildfires, hurricanes, and floods, among other
extreme weather-related disasters. Such impacts are already being felt
by several tens of millions; when the warming reaches 1.5°C to 2°C, 1
billion to 2 billion people could be affected adversely—at which stage,
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global warming may have to be renamed global heating, and climate
change renamed climate disruption.

The ten solutions to climate change are organized under six solu-
tions clusters. This set of six clusters and ten solutions was developed
by a multidisciplinary group of over 50 experts from across the Univer-
sity of California system who came together in the summer of 2015 to
discuss a comprehensive approach to combating global warming and
climate change. Their findings and recommendations are included in the
report Bending the Curve: 10 Scalable Solutions for Carbon Neutrality and
Climate Stability.

Although the time to act is short, the good news is that we are not
starting from zero. International agreements, including the Montreal Pro-
tocol on Substances that Deplete the Ozone Layer (Montreal Protocol),
signed in 1987, and especially the Paris Agreement, signed in 2015, have
laid the groundwork on which we can build future actions. The Montreal
Protocol’s original focus was on banning emission of chlorofluorocar-
bons (CFCs) that damage the ozone layer. While damage to the ozone
layer is a separate problem from climate change, those same CFCs have
powerful climate-warming effects; per ton of emissions, the warming ef-
fects of CFCs are about 10,000 times stronger than the effect of carbon
dioxide. If they had not been banned, current global warming would
have been even greater. Moreover, the Montreal Protocol itself has been
expanded to include climate change. The 2016 Kigali Amendment to the
Montreal Protocol calls for the phaseout of hydrofluorocarbons (HFCs),
which do not damage the ozone layer but have very significant warming
effects (Box 1.3.1 in Chapter 1). The Montreal Protocol and the Kigali
Amendment are discussed in more detail in Chapter 15.

The Paris Agreement represents a historic advance because it is the
first international agreement on climate change to include commitments
(albeit voluntary) from all nations on the planet. This agreement has its
drawbacks; as we will see in Chapter 10, current national commitments
under the Paris Agreement are not sufficient to keep warming below
2°C, and many issues remain regarding monitoring and reporting of
reductions in emissions. However, as the first truly global agreement on
climate change that commits countries to specific mitigation actions,

the Paris Agreement provides a foundation for future progress.
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Beyond these international agreements, significant efforts to mit-
igate emissions and combat climate change have already begun at a
wide range of institutions, cities, states, and regions, which can act as
living laboratories to test societal, governance, economic, and technical
solutions. Lessons learned from these models can help guide the imple-

mentation of mitigation efforts at national and global scales.
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4.1 Setting the Stage for Mitigation

In this section, we will look at two key questions:
1. Why should we mitigate climate change?

2. How much time do we have to begin mitigation efforts?

Why should we mitigate climate change?

The scientific findings presented in Chapter 1 make a compelling case for
mitigation of climate pollutants. Unmitigated warming along a business-
as-usual pathway presents serious and possibly existential threats to
human society and natural ecosystems. Human societies have already
experienced significant impacts from the 1°C of warming that has oc-
curred since the Industrial Revolution, including increases in extreme
weather events such as heat waves, droughts, and flooding; a 40% loss
of summer sea ice in the Arctic; and major episodes of coral reef bleach-
ing. Future warming could cause major population displacements due
to sea level rise and extreme weather, as well as massive disruption and
extinction of natural species. These impacts could become catastrophic
and pose existential threats if warming were to exceed 4°C. The long
lifetime of carbon dioxide in the atmosphere means that the effects
would linger for centuries to millennia, affecting our children, grandchil-
dren, and generations still unborn.

The impacts of climate change will be felt in almost every aspect of
human society and social systems and in natural ecosystems as well. Sea
level rise, floods, and forest fires will threaten residential and commer-
cial buildings, as well as the insurance companies that could face rising
liability costs as damage to insured properties increases. Employment
in the energy sector will be affected by major shifts as the industry
transitions from fossil fuels to renewables and other low-carbon energy
sources. Agriculture will be heavily affected by shifts in growing zones;

in particular, millions of agricultural workers in the subtropics could
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be displaced by drought and heat waves. Even recreation will be af-
fected. For example, increasing snowmelt is already beginning to affect
the ski industry, migration of species can affect recreational fishing, and
increasing temperatures and more frequent heat waves will affect your
opportunities and ability to enjoy outdoor sports.

As you will read in the coming chapters, mitigation of climate change
will require a shift away from fossil fuels (coal, oil, and natural gas) as
our primary energy source. Fossil fuels currently supply about 80% of
the energy used worldwide, and they are by far the largest source of
carbon dioxide emissions.

There are many co-benefits to moving away from fossil fuels. Be-
yond their warming effects, emissions associated with the use of fossil
fuels are also a major health hazard. Aside from the future warming
avoided, significant health co-benefits will result from phasing out fossil
fuels. Fossil fuel combustion generates black carbon, which can cause
heart disease and lung cancer, and ozone, which aggravates respiratory
conditions and inhibits growth of agricultural crops. Air pollution (out-
doors and indoors) is estimated to cause 7 million premature deaths
each year, with about half of those deaths attributed to pollutants as-
sociated with fossil fuel burning. Full implementation of the short-lived
climate pollutant (SLCP) mitigation measures discussed in this chapter
and in Chapter 15 could save 2.4 million lives that would have been lost
to outdoor pollution and 3 million lives otherwise lost to indoor pollu-
tion each year, and it could save up to 140 million tons of staple crops
(maize, rice, soybean, and wheat) that would have been destroyed by
0zone exposure.

A shift from fossil fuels to low-carbon energy sources would have
other co-benefits as well. While there would be job losses in traditional
fossil fuel industries, there would also be significant new employment
opportunities in sectors such as renewables and energy storage. In light
of the rapid advances in energy storage technology and dramatic de-
creases in the price of wind and solar energy over the past decade,
renewables have the potential to provide abundant, affordable energy
for all people and dramatically improve the lives of the 3 billion global

poor.
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How much time do we have to begin mitigation?

The short answer is: not much. Humanity has reached a crossroads; the
consequences of our actions over the next decade or so will affect our
descendants and the planet for centuries and millennia to come. Given
the scope and scale of transformations that will be required, it's clear
that we must begin mitigation efforts now and bring them up to full
speed by the middle of this century. We can see this more clearly by
focusing on two approximate time periods: between now and 2030, and
between 2030 and 2050.

Since the beginning of the Industrial Revolution, humans have emit-
ted approximately 2 trillion metric tons (actually 2.2 trillion tons as of
2017) of CO, into the Earth’s atmosphere. About 44% of these 2 trillion
tons still remain in the atmosphere (the rest has been taken up by the
oceans, land plants, and soil organisms). By 2030, under a business-
as-usual scenario we will have added another 1 trillion tons, bringing
cumulative emissions to 3 trillion tons, and by 2050 they will reach 4
trillion tons. In short, unchecked emissions would lead to a warming of
1.5°C by 2030 and more than 2°C by 2050.

In Table 4.1.1 we show the actual or projected warming that would
be realized in a given year, as well as a quantity called “committed warm-
ing,” a term that has different meanings depending on the context. Here,
we define the term committed warming as follows: it is the warming that
will ultimately happen even if CO, concentrations stay at current levels.
The warming continues to increase even after the concentrations have
stopped increasing because Earth takes roughly a decade or two to
adjust to increased CO, in the atmosphere. Currently, the Earth’s surface
temperature is constantly playing catch-up as we continue to increase
concentrations of CO, and other super pollutant greenhouse gases.

Figure 4.1.1 shows possible future temperature trajectories. The pur-
ple line represents measured global temperatures from 1950 to about
2010, and the labeled lines represent future temperature projections
under different scenarios. The business-as-usual scenario is represented
by the gray line that borders the colored zones. The other labeled lines
represent mitigation pathways that we'll discuss later in this chapter and
in Chapter 15 (a stylized version of this curve can be seen on the title

page of the book).
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FIGURE 4.1.1 Projections

of future warming, showing
business-as-usual and pathways
for CO, mitigation only, SLCP
mitigation only, and mitigation
of both CO, and SLCPs. The
purple line represents the
historical temperature record.
From Ramanathan et al. 2017.
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Business as Usual

CO, Only

SLCPs only

2000

CO, + SLCPs

2050 2100

If unmitigated emissions continue, we will emit another trillion tons
between 2030 and 2050, making the total emissions 4 trillion tons. At
that point we will be committed to 3°C warming, well into the “danger
zone” of severe impacts on climate, not all of which can be foreseen at
the present. In that case, we would actually reach 3°C warming around
2070.

If we do not mitigate emissions during this century, the temperature
of the Earth will increase by at least 4°C by 2100. More specifically, cli-
mate models show a 1 in 2 chance (50% probability) that temperatures
by 2100 will be at least 4°C warmer than the preindustrial era, with a 1
in 20 chance (5% probability) that warming will be 6°C or greater. As
we saw in Section 1.4, warming exceeding 4°C could represent an exis-
tential threat to human society and natural systems. Although the risk of

this level of warming is “only” 1 in 20 based on current projections, most
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TABLE 4.1.1 Emissions, actual or projected warming, and committed warming
under a business-as-usual scenario

Actual or Projected Committed
Year Cumulative CO, Warming Warming
2017 2.2 trillion tons 1°C 1.5°C
2030 3 trillion tons 1.5°C 2°C
2050 4 trillion tons 2.2°C 3°C

The committed warming is the equilibrium warming estimated by assuming atmospheric
concentrations are held fixed at the indicated year. The warming estimates include the
effects of SLCPs and cooling aerosols. Figures are approximate.

people would find this an unacceptable level of risk for a possibility with
such serious consequences. As pointed out in Chapter 1, few people
would choose to board a plane if there was a 1 in 20 chance that it

would crash.
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4.2 The Six Clusters
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Although the time to act is limited, you and the million other climate
champions still have a range of solutions you can employ to avoid dan-
gerous warming of the planet. So, how do you go about bending the
warming curve?

Major emission sources will need to be addressed in all sectors,
including electricity generation, residential and commercial buildings,
transportation, and industrial processes. Solutions will require collab-
orative efforts on unprecedented scales, not only by scientists and
engineers, but also by civic, business, and religious leaders, as well as
community members. Given the wide range of impacts, emitting sec-
tors, and areas of expertise required, you need some sort of organizing
principle to sort through potential solutions, rank them, and identify the
groups or institutions best qualified to carry them out. The approach
outlined in Bending the Curve's executive summary and used in this book
is to lay out ten broad solutions, organized into six major solutions
clusters.

Development of the six clusters

The 50 interdisciplinary University of California experts who came to-
gether in the summer of 2015 quickly concluded that a comprehensive
approach requires solutions from a wide range of sectors and areas
of expertise. They developed a set of ten broad solutions but found
there was no single category that would cover them all. In the end, they
grouped the ten solutions into six solutions clusters. The ten solutions
represent ten actions that, taken together, can bend the curve and avoid
dangerous warming of the planet. The six clusters represent the sectors
and areas of expertise that will be needed to implement these solutions.
The six solutions clusters, listed in rough order of importance, are
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Science Pathways Solutions

Societal Transformation Solutions
Governance Solutions

Market- and Regulation-Based Solutions

Technology-Based Solutions

o ok W N R

Natural and Managed Ecosystem Solutions

This ranking does not mean that any of these clusters are optional; all
will be needed in order to avoid dangerous warming. However, clusters
ranked higher on the list are generally considered more fundamental;
solutions clusters that appear lower on the list tend to be in some way
dependent on the higher clusters. For example, science pathways solu-
tions are placed first because without a scientific understanding of the
causes of warming and the most effective emissions pathways for bend-
ing the warming curve, we would be unable to take meaningful actions.

In particular, Bending the Curve was the first report to rank socie-
tal transformation solutions so highly, listing it as the second solutions
cluster. There were several motivations for this high ranking. Without
broad-based societal understanding of the risks and potential impacts of
climate change, there will not be sufficient public support to implement
governance, economic, and technological solutions. Social movements
can energize individuals by bringing them together to act for broader
interests. Moreover, some of the individuals and groups most vulnera-
ble to climate change typically have little voice in global governance and
economic mechanisms. Social movements and collective action can help
ensure their concerns are heard and addressed. Finally, many of the solu-
tions we will examine are dependent on the collective impact of individual
actions and choices. Realizing these solutions will require a transforma-

tion of our societal attitudes toward each other and toward nature.

Intragenerational and intergenerational equity

There is one more important issue that we need to consider before we
look at our ten solutions. Fundamental to the development and evalu-
ation of climate solutions is consideration of equity: whether the distri-

bution of benefits and harm caused by our actions is fundamentally fair.
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Note that equity is not the same as equality: for example, distributing an
equal amount of food to everyone in a group might not be seen as eg-
uitable if some have overflowing refrigerators while others are starving.
Discussions of equity are ultimately based in ethics and personal values,
and different observers might reach different conclusions as to whether
a particular situation is equitable or not. However, most people seem to
believe that it is fundamentally unfair for those who did not share in the
benefits of an activity to be burdened with its costs or other negative
impacts.

In the context of climate change, there are two important aspects
of equity to consider: intergenerational equity and intragenerational
equity.

Intergenerational equity refers to equity between different genera-
tions, for example, between us and our grandchildren or their descen-
dants. It essentially considers equity between groups of people who are
separated in time. The impacts of our current emissions will not be felt
only in this century. A large fraction of the carbon dioxide we emit now
by burning fossil fuels will remain in the atmosphere for hundreds and
even thousands of years, meaning that unborn generations will have to
deal with its impacts even though current generations received the ben-
efits of the energy produced. If warming pushes the Earth’s climate past
one or more tipping points, it could well become impossible to return
our planet to the temperatures of the relatively stable Holocene climate
in which human civilizations developed and flourished (Section 1.1).

Intragenerational equity refers to equity between individuals who
are alive now but separated by location (for example, living in different
countries) or social factors (for example, belonging to different eco-
nomic classes). Among those alive on Earth today, there are billions who
have largely been left behind by the technological advances of the past
few centuries. We can divide the roughly 7.5 billion people living on
Earth into three broad groups:

» The top 1 billion are the most economically well off. Their consump-
tion of fossil fuels contributes roughly 50% of global CO, pollution.

» The bottom 3 billion have very limited access to fossil fuels and the
energy they produce. This group contributes only 5% of global CO,

pollution. We refer to these as the “bottom” 3 billion, not in any
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FIGURE 4.2.1 Rich and poor communities living side by side in Mumbai, India.
Photograph reproduced with permission from Johnny Miller.

pejorative sense, but because they represent the least affluent of the
Earth’'s population and are at the bottom of the economic and en-
ergy pyramids. On a per-person basis, they emit about one-thirtieth
as much as individuals in the top 1 billion, but they are often the
most vulnerable to the impacts of climate change.

» The middle 3.5 billion are neither the poorest nor the richest; their
situation is intermediate between the top 1 billion and the bottom 3
billion. Their per-person emissions are about ten times higher than

the bottom 3 billion, but only about one-third of the top 1 billion.

Consider where you, your family, or your household might be clas-
sified among these groups. It will be helpful to keep this rough division
in mind when evaluating the equitability of climate solutions and deter-
mining responsibilities for their implementation.

As Pope Francis noted in his 2015 encyclical, Laudato Si’, “[w]e are
faced with not two separate crises, one environmental and the other
social, but rather with one complex crisis which is both social and envi-
ronmental. Strategies for a solution demand an integrated approach to
combating poverty, restoring dignity to the excluded, and at the same

time protecting nature.”
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4.3 The Ten Solutions

In this section, we'll introduce the ten solutions, show how they fit into
the six solutions clusters, and describe each of them briefly. The follow-
ing chapters will provide in-depth exploration of each of these solutions.

These ten solutions represent an integrated approach to climate
change across a wide range of expertise and sectors. These solutions are
described as scalable solutions because they can first be implemented in
local or regional living laboratories. Lessons learned can then be scaled
up to national and global levels.

Figure 4.3.1 gives a visual overview of the six clusters, ten solutions,
and three levers (discussed under Solution #1 below). Table 4.3.1 de-
fines the ten solutions and their relationship to the six solutions clusters.

FIGURE 4.3.1 The six
clusters, three levers,
and ten solutions. From
Ramanathan et al. 2017.
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TABLE 4.3.1 The ten solutions

Solutions

I. Science Pathways

1 Bend the warming curve immediately by reducing short-lived climate pollutants
(SLCPs) and sustainably by replacing current fossil-fueled energy systems with
carbon-neutral technologies and by extracting carbon dioxide from the air and
sequestering it or repurposing it for commercial uses.

Il. Societal Transformation

2 Foster a global culture of climate action through coordinated public communica-
tion and education at local to global scales.

3 Deepen the global culture of climate collaboration.

lll. Governance

4  Scale up subnational models of governance and collaboration around the world
to embolden and energize national and international action.

IV. Markets and Regulations

5 Adopt market-based instruments to create efficient incentives for businesses and
individuals to reduce CO, emissions.

6 Narrowly target direct regulatory measures—such as rebates and efficiency and
renewable energy portfolio standards—at high-emissions sectors not covered by
market-based policies.

V. Technology Measures

7 Promote immediate widespread use of mature technologies, such as photovolta-
ics, wind turbines, battery and hydrogen fuel cell electric light-duty vehicles, and
more efficient end-use devices, especially in lighting, air conditioning, appliances,
and industrial processes.

8 Aggressively support and promote innovations to accelerate the complete electri-
fication of energy and transportation systems and improve building efficiency.

9 Immediately make maximum use of available technologies combined with regula-
tions to reduce methane emissions by 50% and black carbon emissions by 90%.

VI. Ecosystem Management

10 Regenerate damaged natural ecosystems and restore soil organic carbon to im-
prove natural sinks for carbon (through afforestation, reducing deforestation, and
restoration of soil organic carbon). Implement food waste reduction programs
and energy recovery systems to maximize utilization of food produced and to
recover energy from food that is not consumed.
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I. The science pathways cluster

This cluster describes emission pathways that were derived from climate
science with the primary goal of keeping the warming below perceived
dangerous levels. Until about 2015, the threshold for dangerous warming
was generally perceived to be 2°C. However, recent data on the impacts
of the 1°C warming that has already taken place (from preindustrial
times to 2015)—for example, on extreme weather and on the melting of
the Greenland and West Antarctic ice sheets—have led climate scientists
and policymakers to conclude that the threshold for dangerous warming
should be redefined to 1.5°C. It should be noted, however, that data
from past climates suggest that even a warming of 1.5°C, if it is allowed
to persist for more than a century, could lead to 6 to 9 meters of sea
level rise (Chapter 1 for a discussion of the Eemian interglacial period
130,000 years ago).

f—\E SOLUTION #1: Bend the warming curve immediately
Q by reducing short-lived climate pollutants (SLCPs) and

sustainably by replacing current fossil-fueled energy
systems with carbon-neutral technologies and by
extracting carbon dioxide from the air and sequestering
it or repurposing it for commercial uses. Achieve the SLCP
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reduction targets prescribed in Solution #9 by 2030 to cut
projected warming by approximately 50% before 2050. To
limit long-term global warming to 1.5°C, achieve carbon neutrality
by 2050 and in addition extract as much as 500 billion to 1 trillion
tons of carbon dioxide from the air by 2100. Solutions #7 to #9
cover technological solutions, and Solution #10 describes ecosystem

solutions to accomplish these targets.

Frequently used terms with respect to CO, emission sources are
defined here:

» Low-carbon refers to energy sources that emit substantially less
CO, per unit of energy than conventional fossil fuels. Solar, wind,

hydroelectric, and nuclear power fall under this category because
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fossil fuels are used in the production and transportation of the

products used in solar cells, wind turbines, and nuclear plants.

» Zero emissions refers to energy sources or systems that truly have
zero associated emissions of CO, and other greenhouse gases. This
is an ideal that is not realized by any current energy sources, includ-
ing solar, wind, hydroelectric, and nuclear, but could be approached
as associated emissions from manufacturing or transportation sys-

tems approach Zero.

» Renewables are energy sources that are replenished naturally. Solar,
wind, hydroelectric, and geothermal fall under this category.

» Carbon-neutral refers to energy sources or systems that absorb as
much CO, as they emit. An energy source that is derived from fossil
fuels can still be carbon-neutral as a whole if the carbon released is

captured and stored indefinitely.

As discussed in Section 4.1, climate studies and computer model
projections make it clear that the only solutions pathway that sustain-
ably keeps warming below 2°C is one that combines mitigation of both
SLCP and CO, emissions. We will refer to these different mechanisms to
reduce warming as levers to bend the warming curve. The Bending the
Curve report, published in 2015, emphasized mainly the carbon and the
SLCP levers because its goal was to keep warming below 2°C. Since
the threshold for dangerous warming has been decreased to 1.5°C,
we need to pull on a third lever, which we refer to as the atmospheric
carbon extraction (ACE) lever. Numerous studies since 2015 have shown
that we may have to extract as much 500 billion to 1 trillion tons of
CO, by 2100 to keep the warming below 1.5°C. We have modified the
two-lever strategy of the Bending the Curve report to a three-lever strat-

egy as discussed below and shown in Figure 4.3.1 and Table 4.3.1:

The SLCP lever: take immediate action to cut emissions of
short-lived climate pollutants.

Because SLCPs—methane, black carbon, and hydrofluorocarbons
(HFCs)—have comparatively short lifetimes in the atmosphere,
their mitigation provides a rapid reduction in temperatures

relative to the business-as-usual path, helping to buy us time for
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carbon dioxide mitigation. In particular, we must reduce methane
emissions by 50%, reduce black carbon emissions by 90%, and
phase out HFCs completely by 2030. Solution #9 specifies the

measures needed to achieve these goals.

The carbon lever: drastically reduce emissions of carbon
dioxide to near-zero levels well before the end of this century.
This lever, as well as the person pulling on it, is intentionally
made larger than the SLCP lever in recognition of the immense
challenges of making the planet carbon-neutral. Specifically, we will
need to cut CO, emissions approximately 40% by 2030 and 80% by
2050, with emissions dropping to as close to zero as possible after
that. Solutions #7 and #8 describe the technologies needed to
achieve these reductions in emissions.

The “CO, + SLCPs” pathway in Figure 4.1.1 represents the
combined effects of the carbon and SLCP levers. The SLCP lever
should reduce projected warming of the planet by approximately

50% by 2050, compared with business-as-usual projections.

The atmospheric carbon extraction (ACE) lever: remove carbon
dioxide from the atmosphere, with removal efforts ramping up
significantly over the course of this century.

Because carbon dioxide can remain in the atmosphere for
centuries or millennia, keeping warming below dangerous levels
for the long run requires this third lever. To give an idea of the
enormous magnitude of this effort, it should be noted that to
keep warming below 1.5°C throughout this century, as much as 1
trillion tons of CO, have to be extracted between 2030 and 2100
(corresponding to a rate of roughly 15 billion tons per year), in
addition to pulling on the SLCP and carbon levers. Accordingly,
the ACE lever is shown with the person having to bend backward
along with the backward bending of the lever.

A range of technologies can be used to remove carbon dioxide
from the atmosphere, including reforestation and agricultural practices
that restore degraded soils and enhance the ability of soil to store car-
bon. Solution #10 focuses on these measures. In addition, CO, can be
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Box 4.3.1 Your Goal: Winning the Relay Race

All of this sounds super complicated, so let us offer a metaphor: the three levers
can be thought of as three runners in a relay team. Solving the challenge of cli-
mate change is like running a relay race, and time is against you. The SLCP runner
is the starter who sprints forward quickly to gain some time for your team. The
baton represents warming of 1.5°C or less. Assuming SLCP mitigation starts by
2020 and is completed by 2040, the SLCP starter can take the baton (1.5°C or
less) to the decade of 2040 to 2050. Around this time, the SLCP runner hands the
baton over to the carbon runner. Provided your team achieves carbon neutrality
(zero CO, emissions) by 2050, the carbon runner can take the baton until 2070
at least, with warming still hovering around 1.5°C. By then, despite the efforts
of the first two runners to bend the warming curve, the cumulative emissions of
CO, (since 1850) will be working hard to bend the curve upward. This is when
the baton is passed over to the finishing runner in your team, the ACE runner,
who takes it to 2100 and beyond, still keeping the warming under 1.5°C.

Carbon ACE

Carbon #
SLCPs 1
SLCPs 77
| ¥ | A 2070
l..f T 20“0
1910 Transition to
Atmospheric
Transition to Carbon
Short-Lived Carbon Lever Extraction
Climate Lever

Pollutants Lever

It's important not to confuse the timeline of when each runner begins to
bend the curve downward with the time when that runner needs to get into
action. For the carbon runner to take the baton around 2040, carbon mitiga-
tion efforts must begin immediately (by 2020 at the latest) and achieve carbon
neutrality by 2050. The ACE runner has to be ready for action beginning around
2030. Why? We may have to take out as much as 1 trillion tons of CO, before
2100. This amount is so large that it cannot be done in a few decades. We have
to start taking out about 15 billion tons of CO, by 2040 and continue at this rate
until the end of the century.

Figure adapted from images in shutterstock.com.
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extracted from the air by a variety of chemical and biological processes.
These measures are still under experimentation and are not yet scalable
to the hundreds of billions of tons of CO, removal that will be required.
Atmospheric carbon extraction technologies are discussed in more de-
tail in Chapter 18.

Box 4.3.1 provides perspective on the three levers through the met-

aphor of a relay race.

Il. The societal transformation cluster

Science can define the necessary pathways to avoid dangerous warming,
but the pathways will not be realized if there is not broad understanding
of the problem at all levels of society and a willingness to take the mea-
sures required. The solutions in this cluster focus on communication,
education, and collaboration strategies to develop a culture of consen-

sus and support for climate action.

O SOLUTION #2: Foster a global culture of climate action

through coordinated public communication and education
@ at local to global scales. Combine technology and policy
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solutions with innovative approaches to changing social

attitudes and behavior.

Increasing societal awareness of the impacts of climate change
and the benefits of climate mitigation is critical to solving the climate
problem. Building support for the actions necessary to combat global
warming will require societal changes in attitudes toward our fellow
human beings and toward nature. Solution #2 focuses on communi-
cation and education needed to foster these societal transformations.
Efforts will include communications targeted toward key stakeholders,
including decisionmakers and investors in low-carbon development, but
also broad educational efforts at all levels, from kindergarten through
college. While it's important to make the severity and urgency of the
climate problem clear, communications should focus on practical,
achievable solutions. The goal of climate communication is to motivate
action, not to create a sense that the challenge is too overwhelming to
tackle. This book and its companion course are examples of the type of
educational outreach recommended as part of this solution.
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Communication and educational initiatives should also consider the
different needs, responsibilities, and abilities to access information of
the world’s top 1 billion, middle 3.5 billion, and bottom 3 billion.

SOLUTION #3: Deepen the global culture of climate
collaboration. Design venues where stakeholders, community,
and religious leaders converge around concrete problems with
researchers and scholars from all academic disciplines, with
the overall goal of initiating collaborative actions to mitigate
climate disruption.

For a global culture of support to really take root, we will need to en-
gageindialogue at all levels: international, national, city, and neighborhood.
This dialogue will involve a wide range of stakeholders—decisionmakers;
community members; researchers and academics; and business, commu-
nity, and religious leaders—in collaborative action, developing solutions to
specific, concrete problems. An understanding of the local-scale impacts
of climate change and development of localized mitigation interventions
can help motivate participation by a wide spectrum of citizens.

Note the specific inclusion of religious leaders in the solution state-
ment. Religion is often overlooked as part of the solution to climate
change, but religious leaders and religious communities can play a vital
role. Both religions and climate scientists want to protect nature (or
creation). Religious spaces can be natural venues to discuss the ethical
issues raised by climate change. In addition, in the United States, where
climate change has become extremely politicized, religious spaces offer
scientists and climate solution seekers like you a nonpolitical forum to
discuss the problem and its solutions. Climate change is also an issue
where science, policy, and religion converge. While scientists and poli-
cymakers talk in terms of intergenerational equity and the protection of
nature, major religious traditions often frame these same concepts in
terms of a duty to care for our fellow human beings and for creation. An
excellent example of the broader framing of climate change impacts in
human terms is Pope Francis’s climate change encyclical, Laudato Si: On
Care for Our Common Home, published in 2015. Because of the broad and
deep penetration of religious faith across the world, religious settings
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can also facilitate dialogue between members of the top 1 billion and
the bottom 3 billion on our planet.
Solutions #2 and #3 will be discussed in Chapters 5, 6, 7, and 8.

lll. The governance cluster

In addition to a broad societal consensus for climate action, implementa-
tion of the recommended pathways will require support and coordination
at all levels of government, from local neighborhoods to international

coalitions.

SOLUTION #4: Scale up subnational models of gover-
nance and collaboration around the world to embolden
and energize national and international action. Use the
California examples to help other state- and city-level jurisdic-
tions become living laboratories for renewable technologies
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and for regulatory as well as market-based solutions, and build
cross-sector collaborations among urban stakeholders because creat-

ing sustainable cities is a key to global change.

With the 2015 Paris Agreement as a framework for international ac-
tion on climate, this solution focuses on governance models from cities,
states, and regions that can be scaled up to national and global levels.
Cities cover less than 2% of the Earth’s surface but produce more than
60% of global CO, emissions. States, cities, and other subnational jurisdic-
tions have the ability to develop innovative solutions that are responsive
to local needs, implement them on a relatively short time scale, and make
adjustments as needed. The C40 initiative (https://www.c40.org) and the
Under2 Coalition initiated by the governor of California are exceptional
examples of subnational activities that can leverage international agree-
ments at a local scale, as we'll see in Section 4.4. In short, they can act as
innovative, nimble living laboratories to test, refine, and promote gover-
nance and other solutions, which can then be adapted and expanded to
strengthen and enhance national and global efforts. Actions under way in
California provide particularly relevant examples of subnational models;
we'll take an initial look at some of these in Section 4.4.

Solution #4 will be discussed further in Chapters 9 and 10.
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IV. The markets and regulations cluster

To make mitigation a reality, policymakers need to send clear signals to
companies and individuals. Appropriate economic and regulatory mea-
sures can encourage investment in existing low-emission technologies
and innovation for the future. The next two solutions explore market-

based instruments and direct regulation.

SOLUTION #5: Adopt market-based instruments to
create efficient incentives for businesses and individuals
to reduce CO, emissions. These can include cap and
trade or carbon pricing and should employ mechanisms to
contain costs. Adopt the high-quality emissions inventories,
monitoring, and enforcement mechanisms necessary to make
these approaches work. In settings where these institutions
do not credibly exist, alternative approaches such as direct regulation
may be the better approach—although often at higher costs than

market-based systems.

Both economic theory and real-world experience indicate that the
most economically efficient, lowest-cost way to achieve emissions re-
duction is through market-based incentives. Market-based mechanisms
add a cost to emissions that reflect the long-term environmental dam-
ages they cause. Two major categories of market instruments are a
direct carbon price, such as a carbon tax or fee on emissions, and a
system of cap and trade under which total emissions from large sources
are capped and allocated through a system of tradable permits. Cap-
and-trade systems for carbon dioxide emissions have been implemented
in a variety of markets, including California, the northeastern US, and
the European Union. In 2017, China initiated a national cap-and-trade
market that began with its power sector and will gradually be expanded
to other sectors of the economy.

While carbon prices and cap and trade could reduce emissions,
current fossil fuel subsidies support production and consumption and
incentivize CO, emissions. Fossil fuel subsidies include tax advantages,

low-interest loan guarantees, and access to public natural resources at
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below-market rates. As estimated by the International Monetary Fund
(IMF), global fossil fuel subsidies are as much as US$540 billion annually.

According to the IMF, when fossil fuel impacts on mortality due to air
pollution (about 3.5 million premature deaths a year) are included, the
total subsidy increases to as much as US$5 trillion annually. In compari-
son, the International Energy Agency estimates that the cost of changing
the entire infrastructure of the world to zero-carbon emissions over a
30-year period would only be about US$1 trillion dollars annually, about
one-fifth of the subsidy cost.

A recent study estimated that the net effect of continued tax prefer-
ences and other subsidies in the US alone would be to increase domestic
oil production by 17 billion barrels (equivalent to 6 billion tons of CO,
emissions) through 2050, relative to a scenario with no subsidies. Re-
moving these subsidies, as well as providing subsidies for low-emission
sources as appropriate, would create strong economic incentives to
transition to low-carbon sources of energy.

One criticism of market-based initiatives is that added costs (for
example, increases in fuel and energy costs) can be passed on to con-
sumers, with a potentially disproportionate impact on the least affluent.
These negative impacts can be reduced if some portion of the revenues
from cap-and-trade or carbon pricing mechanisms are used to reduce
impacts on disadvantaged communities and others who are adversely
affected by higher prices.

SOLUTION #6: Narrowly target direct regulatory
measures—such as rebates and efficiency and renewable
energy portfolio standards—at high-emissions sectors

not covered by market-based policies. Create powerful
incentives that continually reward improvements to bring
down emissions while building political coalitions in favor of
climate policy. Terminate subsidies that encourage emission-
intensive activities. Expand subsidies that encourage innovation

in low-emission technologies.

Regulatory measures are given lower priority than market-based

incentives on our solutions list because they are generally less
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cost-effective. However, direct regulations provide an alternative instru-
ment for emissions reduction, particularly where economic measures
may not be technically or politically feasible. Where regulations are
necessary, they should be targeted toward high-emission sectors to
maximize their impact and designed to contain the costs of compliance.
Solutions #5 and #6 will be covered detail in Chapters 11 and 12.

V. The technology measures cluster

We have set the stage with broad public support for climate solutions
along with governance, market, and regulatory instruments for their
implementation; this cluster provides the technological means to make
those reductions happen. Both wider use of existing technologies and
future innovations will be required. The three solutions in this cluster
focus on both carbon dioxide and short-lived climate pollutants. These
represent the first two levers discussed above: the carbon lever and the
SLCP lever. Solutions #7 and #8 represent two stages of pulling the car-
bon lever. Solution #7 pulls the carbon lever nearly halfway by 2030, and
Solution #8 pulls it the rest of the way by 2050. Solution #9 represents
pulling the SLCP lever by 2030.

To keep warming below dangerous levels, both of these levers will
be required. Fully implemented, the CO, reductions in Solutions #7 and
#8 could reduce global warming by as much as 1.5°C by 2100, relative
to a business-as-usual scenario. In combination with the SLCP reductions
envisaged in Solution #9, this solutions cluster gives us a good chance of
keeping warming below 2°C during this century and beyond.

SOLUTION #7: Promote immediate widespread use of
mature technologies, such as photovoltaics, wind turbines,
battery and hydrogen fuel cell electric light-duty vehicles,

and more efficient end-use devices, especially in lighting,

air conditioning, appliances, and industrial processes. These
technologies will have even greater impact if they are the target

of market-based or direct regulatory solutions such as those
described in Solutions #5 and #6 and have the potential to achieve
a 30% to 40% reduction in fossil fuel CO, emissions by 2030.
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FIGURE 4.3.2 Global CO, emissions from fossil fuels and industry, 2014. The
darker colors indicate the emissions that are most difficult to eliminate; they
account for just over a quarter of the global total. Data from Davis et al. 2018.

Figure 4.3.2 shows the major global sources of fossil fuel and in-
dustrial carbon dioxide emissions, grouped by sectors. Many of these
emissions can be reduced through expansion of currently available tech-
nologies, such as electricity generation by solar photovoltaics and wind
turbines. Significant technical advances and decreasing costs have led to
a rapid increase in the deployment of renewable electricity over the past
decade, mostly from photovoltaic solar panels and wind turbines. How-
ever, reducing emissions from some sectors will be more challenging
and will require innovative new technologies. These difficult-to-eliminate
emissions, which account for just over a quarter of the global total, are in-
dicated by darker colors in Figure 4.3.2 and described under Solution #8.

Nuclear power has the advantage of generating on-demand electricity
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with no direct carbon dioxide emissions, but it is controversial because
of the possibility of nuclear accidents and concerns with storage of
radioactive waste. Some countries, such as China, are expanding their
nuclear power capacity, while others, like Germany, are phasing it out.
In the US, there are currently (as of late 2018) only two new nuclear re-
actors under construction. The high cost of building new nuclear plants
means that at present they are generally not economically competitive
with alternatives such as solar or wind. However, new designs such as
small modular reactors may provide for lower-cost nuclear power in
the future, with less nuclear waste and a far lower risk of catastrophic
accidents.

In the transportation sector, cars and light-duty trucks with electric
motors powered by lithium ion batteries or hydrogen fuel cells could
drastically reduce emissions if low-carbon sources were used for battery
charging and hydrogen production. Emissions from homes and com-
mercial buildings could be reduced by use of energy-efficient heating
and cooling systems, lighting, and appliances. It's estimated that full
implementation of strategies involving existing technologies has the po-
tential to achieve a 30%-40% reduction in fossil fuel emissions by 2030.
We can think of this as pulling the carbon lever about a third of the
way toward carbon neutrality. A combination of market and regulatory
incentives, as discussed in Solutions #5 and #6, could help accelerate

this technological transition.

SOLUTION #8: Aggressively support and promote inno-

6 vations to accelerate the complete electrification of energy

and transportation systems and improve building efficiency.
% Support development of lower-cost energy storage for appli-
cations in transportation, resilient large-scale and distributed
micro-scale grids, and residential uses. Support research and
development of a portfolio of new energy storage technologies,
including batteries, supercapacitors, compressed air, hydrogen, and
thermal storage, as well as advances in heat pumps, efficient lighting,
fuel cells, smart buildings, and systems integration. These innovative

technologies are essential for meeting the target of 80% reduction in

CO, emissions by 2050 and transitioning to zero emissions soon after.
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Moving away from fossil fuels will require electrification of nearly all
end uses, including transportation and heating systems, with the elec-
tricity generated almost exclusively by carbon-neutral energy sources.
Because wind and solar energy production are inherently variable, in-
creasing penetration of renewables depends on affordable systems to
store energy during periods of excess power production and to feed
it back into the grid when production falls; energy storage is a crucial
area of innovation needed for the transition to low-carbon energy, as
discussed in Box 4.3.2.

Power generation systems will also become more widely distributed,
ranging in scale from large-scale utility power plants to rooftop solar for
individual buildings. This will require the development of “smart” electri-
cal systems that can manage power from sources with variable produc-
tion and a variety of scales. Microgrids that can function independently
of the main power grid when necessary would further increase the abil-
ity of the grid to handle variable electric generation and power outages.
These ideas will be further discussed in Chapters 13 and 14.

SOLUTION #9: Immediately make maximum use of
available technologies combined with regulations to reduce
methane emissions by 50% and black carbon emissions by
90%. Phase out hydrofluorocarbons by 2030 by amending the
Montreal Protocol. In addition to the climate and health benefits
described under Solution #1, this solution will provide access to clean
cooking for the poorest 3 billion people who spend hours each day

collecting solid biomass fuels and burning them indoors for cooking.

As discussed in Chapter 1, black carbon, methane, ozone, and hy-
drofluorocarbons (HFCs) are referred to as short-lived climate pollutants
(SLCPs) because their lifetimes in the atmosphere—from a few weeks to a
few decades—are relatively short compared with that of CO,. They are also
super pollutants with warming effects tens to thousands of times stron-
ger than CO,. This combination of short lifetimes and powerful warming
ability means that targeting SLCPs for reduction can have a significant and
comparatively rapid impact on global temperatures, as we saw in Section

4.1. Solution #9 represents pulling the SLCP lever all the way.
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Box 4.3.2 Examples of Difficult-to-Eliminate Sectors of

Carbon Emissions and Required Innovations

Providing reliable electricity

As more sectors are electrified and as a greater portion of electricity
is produced by intermittent renewable energy sources, there will be
an increasing need to provide reliable, load-following electric sys-
tems that can be ramped up quickly to accommodate any mismatch
between energy supply and demand. A key technological approach
is improved energy storage. One alternative is to use excess electric
power to produce hydrogen, which can then be converted back to
electricity by using fuel cells. Hydrogen fuel cell technology is already
in use to power vehicles, but the bulk of the hydrogen is produced
from natural gas. CO, emissions from hydrogen generation can be
eliminated if hydrogen is produced by electrolysis (the splitting of
water into hydrogen and oxygen) using renewable energy sources.

Aviation, shipping, and long-distance road transportation

Advances in battery technology and hydrogen fuel cells have made
short-range battery electric and fuel cell vehicles commercial real-
ities. However, eliminating emissions from long-distance transpor-
tation will require new technologies. Improved hydrogen fuel cells
may prove suitable for long-distance road transport, but aviation
and shipping will require power sources with greater energy density
(energy content per unit weight). Biofuels are promising candidates
since they are carbon-neutral, but they are energy intensive to pro-
duce and can take up agriculturally valuable land.

Cement and steel

Cement and steel production are the two highest-emission industrial
processes, generating 4% and 5% of global CO, emissions, respec-
tively from the burning of fossil fuels to provide the high tempera-
tures required for production and from materials used in production
(such as limestone for cement and coke for steel). Reducing CO,
emissions from cement and steel production will require the devel-
opment of new chemical and industrial processes. In the case of
cement production, it may also be possible to capture and store CO,
directly from the kiln's exhaust gases.
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Another advantage of SLCP mitigation is that SLCP emissions can
generally be reduced more quickly and easily than CO,, and reductions
in SLCP emissions translate into a more immediate impact on the cli-
mate than do reductions in CO, (Chapter 1). Fossil fuels have been used
intensively since the Industrial Revolution and are deeply embedded in
a wide range of human activities. As discussed in Solutions #7 and #8,
phasing out CO, emissions will require several decades and new tech-
nological innovations. SLCPs, on the other hand, are generated by fewer
sectors of society and can be addressed with existing technologies.
Also, SLCP mitigation is often more easily accepted because many of the
co-benefits (to health and agriculture sectors) accrue locally.

The two largest sources of black carbon (up to 95% of the total) are
diesel vehicles and domestic cooking and heating, with 3 billion peo-
ple still relying on eighteenth-century technologies that burn firewood,
dung, and coal. Black carbon emissions from diesel vehicles can be re-
duced by about 98% through adding diesel particulate filters. Replacing
inefficient solid-fuel-burning stoves in India, China, sub-Saharan Africa,
and many countries in South America with less-polluting models can
reduce as much as 80% of their black carbon emissions. Such measures
not only reduce the warming effect of black carbon soot, but also pro-
vide significant health benefits by reducing particulates that can cause
respiratory illnesses. Worldwide, roughly 3 million people die prema-
turely each year because of indoor smoke from cooking, heating, and
lighting with solid fuels.

Another major SLCP, methane, can be addressed through a variety
of means, including capture and burning of methane emitted by coal
mines, oil wells, gas production and distribution facilities, and landfills.
Methane emissions from animal manure and wastewater systems can be
controlled through anaerobic digesters. Mitigation of methane would
avoid 0.5°C warming by 2050.

Ozone in the troposphere (the lowest layer of the Earth’s atmo-
sphere) is another important short-lived climate pollutant. It is not di-
rectly referenced in Solution #9, but decomposition of methane is an
important source of ozone. Measures to mitigate methane would result

in reduced tropospheric ozone as well. Like black carbon, ozone has
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negative health impacts and can cause respiratory illnesses; moreover, it
is a major source of agricultural crop losses.

HFCs are primarily used as refrigerants in air-conditioning systems,
refrigerators, and auto cooling systems. Substitutes with far lower warm-
ing potential are already available. Left unchecked, HFC emissions alone
would warm the planet by 0.1°C by 2050 and 0.5°C to 1.0°C by 2100.

Solution #9 will be covered in more detail in Chapter 15.

VI. The ecosystem management cluster

The previous five clusters focus on mitigating our emissions of climate-
damaging pollutants. However, most projections indicate that for long-
term temperature stability we will also need to remove CO, from the
atmosphere. This cluster focuses on reducing emissions from managed
ecosystems, particularly agricultural lands and rangelands, and managing
ecosystems to enhance their ability to absorb CO, from the atmosphere.
This represents a portion of the third and last of our three levers, the
atmospheric carbon extraction (ACE) lever. It should be noted, Solution
#10 by itself cannot meet more than a third of the carbon extraction
requirements of 500 billion to 1 trillion tons of CO, extraction by 2100.
We will most likely have to resort to direct capture of carbon dioxide
from the air, using some of it for commercial and residential needs and
sequestering the remaining carbon. However, thus far only pilot proj-
ects exist for direct capture, and there are yet no clear pathways to scale
these up to the level of carbon capture required. These technologies are
discussed in Chapter 18.

SOLUTION #10: Regenerate damaged natural ecosystems
G\ and restore soil organic carbon to improve natural sinks
for carbon (through afforestation, reducing deforestation,
and restoration of soil organic carbon). Implement food
_/ waste reduction programs and energy recovery systems
to maximize utilization of food produced and recover
energy from food that is not consumed. Global deployment of these
measures has the potential to reduce as much as 25% of the current

annual emissions of about 40 billion tons of CO,. In addition, Solution
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#10 will help meet the recently approved sustainable development
goals of the United Nations by creating wealth for the poorest 3
billion.

After fossil fuels, the second largest anthropogenic source of CO, is
deforestation. Burning or clearing trees for agriculture and croplands is
estimated to release about 2 billion tons of CO, into the atmosphere an-
nually. Reducing deforestation would reduce these emissions; reforesta-
tion (restoration of forest cover in deforested areas) and afforestation
(the planting of trees in areas that did not previously have forest cover)
would actually remove CO, from the atmosphere. Creating payment
mechanisms for the environmental services provided by forest ecosys-
tems can be an effective mechanism to promote reduced deforestation,
while providing an income source for forest-dependent communities
around the world.

Restoration of degraded ecosystems, including wetlands and man-
grove swamps, and soil management and restoration can provide an-
other mechanism for CO, reduction. Soils contain significant quantities
of organic carbon in the form of plant matter, microbes, and other
organisms. Intensive agriculture tends to disturb the soil, promoting
CO, release. Encouraging alternative agricultural and grazing practices,
including reducing tillage of agricultural fields and promoting greater
biodiversity, can promote CO, absorption and storage in the form of
organic carbon.

One caveat: the capacity of forests and agricultural soils to store
carbon is not unlimited. For example, a 2018 study by the US National
Academies of Sciences, Engineering and Medicine estimated that the
capacity of agricultural soils to store carbon gradually drops to zero
over two to four decades as the soils approach carbon saturation.

Reducing food waste is another key element of Solution #10 and
one of the most significant actions we can take in addressing climate
change. Globally, about one-third of food production is wasted; in the
US, this figure rises to 40%. When food is wasted, the energy and as-
sociated emissions that went into its production, transportation, and
storage are wasted as well. Further, food waste in landfills is a major

source of methane emission.
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It's estimated that combined, these measures for reduced defor-
estation, afforestation, reforestation, soil carbon restoration, ecosystem
restoration, and reduced food waste could reduce greenhouse emis-
sions by about the equivalent of 10 billion tons of CO, annually, about
25% of our current CO, emissions. This solution will be explored further
in Chapter 16.
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As discussed in Solution #4, cities, states, and regions can serve as living
laboratories to test climate solutions and apply the lessons learned to
scale solutions up to national and international levels. This living labora-
tory approach applies not only to governance solutions, but also to the
entire range of climate solutions we have discussed.

Mitigation efforts are already underway in a range of local and re-
gional jurisdictions worldwide and at a range of major corporations
and universities. As described below, dozens of major cities worldwide
have adopted climate action plans (CAPs), setting targets for mitigation
and describing specific actions they will take to achieve those targets.
Many of these CAPs include emissions reduction targets of 10%-30% by
2030 and 80%-90% by 2050, consistent with the targets described in
Solutions #1, #7, and #8.

Cities are well positioned to engage in climate action, as they are
typically more responsive to the needs and demands of their citizens,
and their smaller scale enables them to act relatively quickly, compared
with national governments. Several major cities, including Stockholm,
Oslo, Melbourne, and Seattle, have pledged to become completely
carbon-neutral by 2050. Successful climate solutions can be scaled glob-
ally as cities share their solutions and best practices through networks
such as C40 and the Under2 Coalition, as discussed below.

State and regional initiatives can provide a bridge between city-scale
actions and national policies. In addition to cities, the Under2 Coalition
includes both state and regional jurisdictions. Another example of state-
led initiatives is the US Climate Alliance of state governors, established
in 2017 in response to the US federal government’s announcement of its
intention to withdraw from the Paris Agreement. Member states have
committed to greenhouse gas reductions consistent with the original
US commitment to cut emissions 26%-28% below 2005 levels by 2025.
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While the group is still in the early stages of development, its mem-
bership has grown to include 17 governors from both major political
parties, representing roughly one-third of the US population and 40%
of its economy.

Similarly, major corporations typically have greater autonomy to
act on climate change than most national governments. Several major
corporations have already achieved carbon neutrality or plan to reach
carbon neutrality in the near future. Many of the companies that have
become carbon-neutral or are close to achieving carbon neutrality are
in the technology sector, such as Google, Microsoft, and Adobe; or in
the financial sector, such as Goldman Sachs and Swiss Re. However,
manufacturers such as Volvo and Siemens have also committed to car-
bon neutrality by 2040. These plans have impacts beyond the compa-
nies themselves; for example, local communities hoping to attract large
companies such as Google may be motivated to invest in renewable
energy to meet their corporate requirements.

In the following sections we'll look at a few examples of groups and
initiatives that are aimed at testing solutions in local or regional living
laboratories and at sharing their results at national and international

levels.

C40

The C40 Cities Climate Leadership Group (C40) is an international or-
ganization of cities committed to taking action on climate change. The
group originated when Ken Livingstone, then mayor of London, called
together representatives from 18 different cities to design an agreement
to mitigate climate pollution. In 2006, the group merged with the Clin-
ton Climate Initiative, increasing the network to 40 cities. As of 2017,
the C40 network included 96 of the world’s largest cities (Figure 4.4.1),
representing over 700 million citizens and 25% of the global gross do-
mestic product.

To participate, a city must (1) set a target for reducing emissions,
(2) develop a climate plan with concrete initiatives to meet its target,
and (3) actively share best practices with other cities in the C40 net-
work. A new condition was added in 2017: by the end of 2020, every

member city must have a comprehensive, measurable climate action
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FIGURE 4.4.1 Map of C40 member cities. Reproduced with permission from
C40.

plan designed to provide low-carbon development that is consistent
with the goal of limiting global warming to no more than 1.5°C above
preindustrial levels, as recommended in the 2015 Paris Agreement. C40
indicates that cities have the potential to carry out more than 40% of the
emissions reductions required to achieve this target.

Through C40, city officials are linked to a range of collaborative
networks that share knowledge on best practices and data metrics that
advance climate actions and inspire their city peers. Thirty percent of
all climate actions in C40 cities are being delivered thanks to city-to-city
collaboration. The networks cover topics of high priority to C40 cities
and are categorized under five initiative areas: adaptation implemen-
tation; air quality; energy and buildings; food, waste, and water; and
transportation and urban planning. C40 also provides financing for tech-
nical assistance to help cities in Africa, Asia, and Latin America develop

climate action plans.

Under2 Coalition

Like C40, the Under2 Coalition is a prime example of efforts to scale
up local and regional solutions to the national and international levels.
Initiated by California and the German state of Baden-Wiirttemberg in
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FIGURE 4.4.2 Map of Under2 Coalition members as of late 2017. Reproduced
with permission from Under2 Coalition.

late 2015, the coalition grew to 205 members in 43 countries by late
2017, representing more than 1.3 billion people and 40% of the world’s
economy (Figure 4.4.2). Members have committed to plan for emissions
reductions of 80% below 1990 levels by 2050 and have agreed to work
in partnership to learn from each other’s experiences. The coalition has
set a goal of including the most significant subnational governments
from all parts of the world by 2020, with every member government
actively participating in the coalition’s work.

California as a living laboratory

The state of California is well positioned to act as a living laboratory for
climate solutions. California is a large and diverse state, with a popula-
tion of nearly 40 million and the fifth-largest economy in the world. The
state encompasses major urban centers but also large areas dominated
by agriculture and forestry, providing the ability to test a wide range of
climate solutions.

Moreover, California is regarded as a global leader in addressing cli-
mate change. The centerpiece of California’s climate policies is Assembly
Bill 32, the Global Warming Solutions Act, enacted in 2006 and extended
through subsequent legislation.
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An Integrated Plan for Addressing Climate Change

Reducing Greenhouse Gas Emissions
to 40% Below 1990 Levels by 2030
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FIGURE 4.4.3 California’s climate strategy. Reproduced with permission from
the California Air Resources Board.

The policies employed by California to meet its climate goals span
most of the six clusters and ten solutions introduced in the previous sec-
tions, including increased building energy efficiency, renewable power
generation, increased vehicle fuel efficiency, and low-emission vehicles
(Figure 4.4.3). California has adopted the three-lever approach recom-
mended in Solution #1, targeting emissions of both CO, and super-
polluting SLCPs and promoting carbon sequestration in soils. California
has also established a market-based cap-and-trade emissions permit
system (discussed in Chapter 9).

As seen in Table 4.4.1, California has defined emissions targets for
three time periods. The first target, established by executive order in
2005, is a return to 1990 emissions levels by 2020, with 33% of elec-
tric power generated from renewables. California is well on the way to
meeting its 2020 goals. Analysis shows that the state achieved its emis-
sions target in 2016, 4 years early, and generated 32% of its electricity
from renewables in 2017.

The state also established a goal of cutting emissions to 80% below
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TABLE 4.4.1 California climate targets

Targets
Year Greenhouse Emissions Electricity from Renewables
2020 Return to 1990 levels 33%
2030 40% below 1990 levels 50%
2050 80% below 1990 levels 100% (by 2045)

1990 levels. In 2015, new legislation set an intermediate target to cut
emissions to 40% below 1990 levels by 2030 and to generate 50% of
electricity from renewables. In 2018, California added a new goal, pass-
ing legislation that requires 100% of its electricity to be generated by re-
newables by 2045. These targets are ambitious but highlight California’s
strong and ongoing commitment to leadership in climate mitigation.
Fears that California’s ambitious emissions targets might inhibit eco-
nomic growth have so far proved to be unfounded. Between 2000 and
2014, California cut its emissions by 5%-10% while its gross domestic
product (GDP) grew by over 25%. This example clearly shows that we

can decouple economic growth from CO, emissions.

University of California Carbon Neutrality Initiative

Universities typically have access to a wealth of policy and technical
expertise and are well positioned to act as living laboratories. One
particularly noteworthy example is the University of California (UC)
Carbon Neutrality Initiative. Under this initiative, announced in 2013 by
UC president Janet Napolitano, the ten UC campuses have pledged to
become carbon-neutral by 2025, with net zero greenhouse emissions
from their buildings and vehicle fleets. Many UC campuses are purs-
ing innovative climate solutions. For example, UC Irvine has adopted a
Campus as a Living Laboratory for Sustainability model and is pursuing
a range of mitigation options, including energy-efficient buildings, wide-
scale adoption of solar power, buses powered by hydrogen fuel cells,
and the development of its own microgrid. In addition, UC San Diego
has created its own microgrid, which supplies more than 90% of campus

power needs.
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Learning Objectives

1.

Understand climate change as a multidimensional problem of
power. We will learn how social solutions, social movements, and

social transformation can help us confront climate change.

Examine the role that collective action plays in social
transformation. We will reflect on the theories of change that
we bring to problems of power and on why problems of power

require social solutions.

Understand the role leadership plays in social movements.
Leadership is one of those words that people use all the time, but
it is often unclear what it means. We will define leadership in the

context of social transformation and climate solutions.

Reflect on your own ability to call other people to action. In other
words, no matter where you come from, what can you do in your
own life and your own communities to engage other people in this

project of creating climate solutions?

Overview

This chapter was originally transcribed from a lecture that Hahrie Han

gave as part of the University of California’s Bending the Curve course.

In this chapter, we will explore the role that social movements can play

in tackling climate change. Why social movements? This book examines

a wide variety of climate solutions—scientific solutions, technological

solutions, and economic solutions. Where do social movements and

social solutions fit in?

This chapter argues that climate change is not only a scientific,

technical, and economic problem, but also very much a problem of

power. And problems of power require social solutions. This chapter

shows how and why climate change is a problem of power and how

social movements—along with scientific, technological, and economic

solutions—can help confront it. We will examine examples drawn from a

wide range of social movements, past and present, to understand how
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we can apply what we know about successful social movements to the
problem of climate change.

We will also focus on the role you, as students, can play as climate
champions. Some of you are computer science majors; some of you
are biology majors; some of you are English majors. You come to this
course (or perhaps subject) from a wide variety of different disciplines,
backgrounds, and places. But social movements bring people in no mat-
ter where they start. As we will see, that is one of the key features of
social movements. What can you do in your community, no matter what
your background and interests are?

In the first section of this chapter, we will focus on why climate
change is a problem of power and how to understand it as such. Why
do we need collective action to address climate change? How can bring-
ing people together in social movements help create climate solutions?

If we want to bring people together, then we have to understand
how to do that. So in Section 5.2, we will examine what a social move-
ment is. How do social movements bring people together? How do they
aggregate individual people’s actions in a way that creates social change?

In Section 5.3, we will turn to the role that leaders play in social
movements. What is leadership? How do leaders create social move-
ments and make them effective?

The last two sections focus on the nuts and bolts of leadership. In
the fourth section, we will examine the role that leaders play in building
up the power that social movements need to make the change that they
seek.

Finally, in Section 5.5, we will investigate how leaders of social
movements take the resources that they've built and use them for social

transformation.
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5.1 Theories of Change, Problems of Power,

and Collective Action

Why do we need collective action, anyway? Why don’t we let the scien-
tists, policymakers, and business leaders solve the problem of climate
change for us? There's an important reason that we need collective ac-
tion: it has to do with what some scholars call a theory of change. Our
theories of change shape how we think we can create the change we
need; as a result, they inform the actions we take.

Let's start with a story that has nothing to do with politics or social
movements, to explain what theories of change are. Imagine that you
are taking a class and the professor changes the date of the exam at
the last minute. You thought the exam was going to be 2 weeks away,
and all of a sudden the professor tells you it is going to be next Thurs-
day. Dismayed by the sudden change, maybe you and several of your
classmates stand outside talking about the dilemma after class. You are
all upset, but what can you do? People will have different ideas. “Let’s
send the professor an email asking to stick with the original date.” “Oh
no,” someone might say. “It's much better to talk about this in person.

LTS

Let's go to office hours.” “But wait,” someone else might say. “If the
professor thinks it's only four of us who are upset, nothing will change.
Should we send a note to the whole class to see how many other peo-
ple agree with us?” “Nah,” the fourth person might say. “The professor
was clear. Nothing we do can make a difference.” And so on. Each of
these students has a theory of change in mind. The first student’s theory
of change is, If | send an email, then the professor will respond. The
second student’s theory of change is, If | only email, then the professor
will not respond, but if | show up in person, then the professor cannot
ignore me. The third student believes, If we show that we have a lot of
support, then the professor will listen and things will change. The fourth
student thinks, If we take action, then we will have no impact. Each of
these students would take a different action based on a personal theory
of change.
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Of course, theories of change are not just for students trying to
influence their professors. Whenever we try to solve problems, we are
relying on some kind of theory of change. Whenever we create a solu-
tion, it's based on a theory about how our actions will change a partic-
ular situation or address a particular problem—regardless of whether
we pause to consciously reflect on that theory. Because climate change
is a complex, multifaceted problem—some scholars call it a “wicked”
problem—it is especially important to pause and examine the theories
of change that underlie the solutions we're pursuing.

What theories of change do we bring to the problem of climate
change? For example, if we consider technological innovation a solution
to climate change, then our theory of change treats it as a technical
problem that we lack the expertise to solve at present. Our theory of
change suggests that if we can only develop the right skills or technol-
ogy, we'll solve the problem.

Many problems have been solved through technology. For exam-
ple, when polio was a rampant disease and a major societal problem,
the solution was developing a new technology—a vaccine—that could
eradicate polio. Sometimes the trick is developing a new technology
that solves one problem without creating others. An example of this is
the so-called hole in the ozone layer, a much-discussed environmental
problem in the 1980s and 1990s. The “hole” was caused by chloroflu-
orocarbons (CFCs) and other chemicals used in refrigeration and air
conditioning that thin or deplete the ozone layer that protects humans
and other forms of life from harmful radiation. When scientists identi-
fied the problem, national and international leaders came together to
solve it, signing the Montreal Protocol, an international agreement that
phased out CFCs and similar chemicals, in 1987 (Chapters 10 and 15).

The Montreal Protocol is a strikingly successful example of turning
scientific knowledge into effective global environmental policy, but it
required a replacement for CFCs. The companies that dominated the re-
frigeration and air-conditioning industries insisted that hydrofluorocar-
bons (HFCs) were the only feasible option. But HFCs, while safe for the
ozone layer, are potent greenhouse gases and have made the climate
change problem worse—they solved one problem at the expense of an-

other. In response to this situation, German scientists and Greenpeace
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joined together to develop and promote new coolant technology using
ozone-safe hydrocarbons, which have much less impact on climate
change than HFCs. Their GreenFreeze refrigerators have captured a
substantial share of the market around the world, though they have not
yet succeeded in North America, where the major companies still sell
refrigerators that use HFCs.

Similarly, we've developed a whole host of technologies that re-
spond to the problem of climate change—from wind and solar power
to electric vehicles and trains, from increasing the energy efficiency of
buildings to reducing fossil fuel emissions from agriculture. In fact, we
already have a great deal of the technological innovation that we need.
Some scientists, such as Mark Jacobson and Mark Delucchi, have es-
timated that the developed world has the technology to be feasibly
carbon neutral by 2050. The developing world can leapfrog many fossil
fuel technologies by skipping over them and adopting renewable energy
technologies directly.

But even though we have the technology, we are still not solving
the problem of climate change. That suggests a flaw in our theory of
change. Though climate change does require us to make deliberate
choices about the technologies we use, maybe it is more than a technical
problem that can be solved entirely through technological innovation.

Let's explore some other theories of change. Often, people think
climate change is an information problem—that is, people do not have
the information they need to reduce their greenhouse gas emissions. In
that case, our theory of change says that if only people had the right
information, they would act to solve the problem of climate change.

Accurate information has, in fact, helped people solve a host of
problems. One example has to do with the effort to reduce SIDS, or
sudden infant death syndrome, in the mid-twentieth century. In the past,
pediatricians used to tell parents to put their babies to sleep on their
stomachs, because they thought that reduced spit up and helped the
babies (and their parents!) sleep better. They discovered, though, that
for very young babies, sleeping on their stomachs could contribute to
SIDS because young babies did not have the neck control or muscles
to be able to move their heads if their mouths and noses got buried

in blankets or the mattress. They realized that if babies slept on their
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backs, they were much less likely to suffocate and, therefore, much
more likely to survive. Pediatricians began a campaign—Back to Sleep—to
tell parents to put their babies to sleep on their backs, reversing their
previous recommendations. Once they sent this information out to the
public, parents made different choices and began to put their babies
to sleep on their backs. The data show that spreading this information
significantly reduced rates of SIDS. In other words, SIDS is an example
of a problem where people acted differently once they were given the
information they needed.

Unfortunately, however, scholars have found that there is a gap be-
tween opinion and action when it comes to climate change. Even though
more and more people understand that climate change is a problem and
think that we should do something about it, there’s a big gap between
those who believe that climate change is a problem and those who
actually take action.

Misinformation exacerbates that gap. For example, because of mis-
information about climate science, the public thinks that only about
55% of climate scientists agree that global warming is occurring, when
in fact it's 97% or more of climate scientists. AlImost all climate scientists
agree that the climate is changing because of greenhouse gas emis-
sions caused by human activities. But because of misinformation, 59%
of Americans say that they're still unsure about whether climate change
is happening and whether humans are causing it, as Anthony Leiserowitz
and colleagues at the Yale Program on Climate Change Communication
have found.

If there's so much misinformation out there, shouldn’'t we correct
that by giving people more of the accurate information? In fact, research
on misinformation in politics has shown that confronting people who
believe misinformation with more information is not always productive.
When people believe that climate change is not real and you try to
disprove their ideas with information and evidence, it usually does not
persuade them. Instead, it often entrenches them in their original beliefs
and makes it harder to change people’s minds. Sometimes, just trying to
win the argument with the best data is not the best strategy.

Though there are some problems that we can solve simply by in-

forming people, climate change does not seem to be one of those.
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People do not always perceive the information we give them in the
way that we expect. And even those who know that climate change is a
problem don't always take action on it.

What about market solutions? Isn't climate change really a problem
for businesses to solve? What if we could convince all the corporations
to reduce their greenhouse gas emissions sharply? The theory of change
underlying market solutions is that if we could only give people who run
companies the right set of incentives to behave the way that we want
them to behave, then we could solve the problem.

Indeed, many capable people have developed incentives for individ-
uals, families, and businesses to take action on climate change. But even
though incentive programs have been set up, they are not scaling up
enough to address the problem effectively. For example, carbon pricing
is an important solution that is often discussed, but as of 2015, the
World Bank reported that only 12% of global greenhouse gases are
subject to carbon pricing (Chapter 12).

When we put all of these theories of change together—science,
technology, communications, markets—we have to confront a difficult
question. Climate science, technological innovation, communicating ac-
curate information, and economic incentives are all essential to tackling
climate change, but they're not solving the problem on their own. In
particular, they are not yet transforming key behaviors by corporations,
governments, and societies at the scale required to mitigate or slow
climate change. So what else do we need?

That's where collective action comes in. Collective action, of which
social movements are one form, involves people coming together to
transform society and is most useful when we're trying to solve prob-
lems of power. More information, a better piece of technology, a catch-
ier message, or more streamlined incentives won't solve a problem of
power on their own. We can define a problem of power as one where
the people who are most directly affected don't have the authority or
ability to make the necessary change.

Ordinary people are being affected by climate change now. Those
of us who are affected by climate change urgently need to protect the
world that we and our children, grandchildren, and great-grandchildren

will live in—but we don’t have the authority or the power to make the
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changes we need on our own. It is true that individuals can reduce their
carbon footprints through everyday choices, such as eating less meat,
using less energy to heat or cool their homes, and biking, walking, or
taking public transportation instead of driving. But individual action is
not even close to enough: action on a much larger scale than anything
you or | alone can do is required to solve the problem of climate change.
Instead, those who have the power to change the structural drivers
of our dependence on fossil fuels must act. Our national governments
and international bodies must make decisions that set the world on a
different course.

If people don't have the power to make the change that they need,
then how do they acquire that power? First, they have to consider what
their resources are. A famous organizer named Saul Alinsky once said
that when you're trying to make political change, there are two sources
of power: organized money and organized people. And if you're not on
the side of organized money, what you need is organized people.

Because climate change is a problem of power, we need to adjust
our theory of change. Technological innovation, climate science, accu-
rate information, and market mechanisms are essential but will not be
enough on their own. Our theory of change also has to include some
way of moving power. In other words, we have to get those in power
to adopt all the climate change solutions that have already been devel-
oped—all the solutions outlined in this book—on a scale large enough to
make a difference. Acquiring that power is what collective action and
social movements do.

To address multidimensional societal problems like climate change
that are in some part problems of power, where the people who need
change the most don't have the power to make it, bringing people
together is necessary. Social movements are a way to do that. Social
movements are a type of collective action in which the people who want
change the most also work with others to acquire the resources they
need to make the change that they want. The rest of this chapter will
examine how leaders and ordinary people in social movements acquire
the resources and power to make the change that they want.
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5.2 Defining Social Movements

What are social movements? As you might imagine, many social sci-
entists have studied this. One scholar, Edwin Amenta, defines a social
movement in a simple, clear way: “a set of actors and organizations
that are seeking to alter power deficits and to effect social transfor-
mation through the state by mobilizing regular citizens for sustained
political action.”

As the last section showed, when it comes to problems of power,
people who want change the most cannot make the change that they
want, given the situation as it currently stands. That's a lack of power.
Sometimes people think power is a scary word. But here it only refers to
this question about whether ordinary people who want change have the
ability to make the change that they want.

Social movements are efforts to solve problems of power. To do
that, social movements have to face two challenges. First, how do you
get ordinary people involved in sustained political action? Second, how
do you translate that political action into the kind of influence or power
necessary to make the change that you want to see?

Social movements address these challenges by fundamentally trans-
forming people and their resources. Sometimes people think social
movements just bring people together to do something. But there are
many examples of bringing people together to do something that we
wouldn't call social movements. For instance, companies try to convince
you and many other people to buy ketchup. And many people do buy
ketchup of one brand or another, but we don't call that a social move-
ment, because buying ketchup is not a fundamentally transformative act.

In the 1830s, a French diplomat and historian named Alexis de
Tocqueville toured the United States. He was trying to understand how
American democracy worked. At the time, democracy was a new exper-
iment around the world. No one thought that it would really work. But
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over in North America, people were trying it out, and de Tocqueville
investigated their democracy and observed it from all angles.

One of the strange things that de Tocqueville noticed was that
Americans, weirdly, get together to do everything. They get together
to drink beer. They get together to garden. They get together to talk
about politics. At first, he just dismissed it as a funny little cultural habit
that Americans had. But over time, he realized that this habit of coming
together was fundamental to the way democracy worked. As he wrote
famously in his book Democracy in America, the process of joining with
others is fundamentally transformative.

How is it transformative? De Tocqueville argues that joining with
others is fundamentally transformative in three ways. First, when people
come together, inequality of resources becomes equality of voice. Even
though people start with different kinds of resources, they all have an
equal voice in the process if they join with others to make change.

Second, he realized, when people join with others, their individual
self-interest is transformed into collective interest. In other words, when
| first join a group, | might only be thinking about my own desires.
For example, | might want to build a garden so that | can have more
tomatoes to eat. But then | realize that the garden is not just about
my tomatoes. It's about feeding my entire community. In this way, an
individual's self-interest is transformed and she comes to understand
and care about the broader collective interest.

Third, de Tocqueville argues, the process of joining together is
transformative because it teaches people how to work with others. We
all know that working together is not easy; it requires particular skills,
capacities, and even motivations. As students, you have undoubtedly
done group projects that made you tear your hair out because it's so
hard to work with others. De Tocqueville points out that the process
of learning to work with others transforms people because it forces
them to learn how to navigate their differences, speak up for what they
believe in, and understand the power of working together.

How does this relate to social movements? Social movements make
the political change they want by transforming the individuals who are
part of them. And then social movements take those transformed indi-

viduals and translate their resources into political voice.
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From talking with people about this process of transformation, we
know that they're often skeptical. The first question they ask is, Can so-
cial movements really transform people that way? A sociologist named
Ziad Munson did a fascinating study of the “pro-life” movement against
abortion in the United States. He was trying to understand how the
people who are most active in the movement first got involved. Munson
did long, 3-to-4-hour interviews with people on the very front lines of
the pro-life movement—people who organize pro-life groups in their
communities. They not only attend the rallies and the marches, but also
spend a lot of time trying to get other people involved. Munson asked
them, among other things, what they were doing before they became
activists in the pro-life movement.

One of Munson’s most interesting findings undercuts a key assump-
tion about social movements. Usually we assume that people join a
movement because they believe strongly in the issue or cause it is cen-
tered on. According to that assumption, people would join the pro-life
movement because they believe strongly that abortion is wrong. And
people would join environmental movements because they are environ-
mentalists—they already believe that it is important to address climate
change, conserve resources, protect biodiversity, and preserve wild
lands.

However, Munson found that almost half of the people he inter-
viewed were either pro-choice or indifferent to issues of abortion when
they first joined. That's a surprising finding, because we presume that
social movements draw in people who already support the cause for
which they advocate. But in fact, Munson found that half the people on
the front lines of the pro-life movement didn't get involved because they
believed in it. They got involved for a variety of other reasons. Maybe
a working woman became a stay-at-home mom and was looking for
something to do outside the house. Maybe someone had just moved to
a new community and was trying to meet people. Maybe someone had
just joined a new church and wanted to get involved in church activities.
Or maybe a friend invited me to come to a meeting and | just felt bad
saying no.

In other words, people came into the movement for a wide variety

of reasons—often social and biographical reasons having to do with an
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FIGURE 5.2.1 This view of the crowd at the March on Washington for Jobs
and Freedom on August 28, 1963, where Dr. Martin Luther King Jr. gave his
famous “l Have a Dream” speech, embodies our usual assumptions about what
social movements look like. Photograph by US Information Agency, Press and
Publications Service. Reproduced from Wikimedia Commons.

individual’s particular situation. But then, once they came to that first
meeting, something happened that made them want to keep coming
back. That's the process of social transformation. Social movements
begin to change people’s minds—not only in terms of what they believe,
but also in terms of what they think they have to do because of what
they believe. It wasn't just that those who joined went from being pro-
choice or indifferent to abortion to being anti-abortion. It was more that
they also thought, “Wow, now that | understand these issues, I've got
to act on them. I've got to organize a group in my community. | have to
attend these rallies. | have to attend these marches.”

That is how social movements work. They start by transforming the
individual, and by transforming the individual, they begin to transform

society.
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Social movements are not all about marches and protests. Some of
you might be thinking, “I'm not really an activist. I'm just a science major.
And I'm not sure if I'm the kind of person who can stand up in front of
a group of people and attend rallies.” It is easy to assume that social
movements are nothing more than the large protests and rallies that we
see covered in the media—that only a March on Washington with hun-
dreds of thousands of people counts (Figure 5.2.1). But those of us who
study social movements understand them as complex ecosystems. They
are constellations of what some scholars would call arenas and players.

Social movements operate in many different arenas. That is, they
happen in a variety of places and through a variety of forums—orga-
nizations, companies, government bodies, neighborhood associations,
schools and universities, and so on. In those arenas, there are a variety
of people who all play their own roles. The players might be movement
insiders, like the activists whom Munson interviewed in his study, but
they can also include the heads of corporations, directors of nonprofit
foundations, professors, union leaders, intellectuals, teachers, and
journalists.

Teach-ins are an example of the role that teachers and students can
play in social movements. Organizers of the first Earth Day, including
Wisconsin Senator Gaylord Nelson, wanted to plan one day of action—
April 22, 1970—to raise awareness about environmental issues. Earth
Day has expanded in subsequent years to include marches, tree plant-
ings, and community cleanups, but in those early years, “environmental
teach-ins” all over the United States were a big part of it (Figure 5.2.2).

Nowadays, the work of building the environmental movement hap-
pens all over, in places that we may not even think about as political.
It happens in people’s living rooms as they discuss ways to take action
with their neighbors. It happens in churches where religious leaders
teach people the importance of being stewards. It happens in educa-
tional settings where children learn about the impact of human activity
on the natural world. All of these people have a role to play.

In the next three sections of this chapter, we will turn to leadership.
All of you climate champions have a role to play as leaders.
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FIGURE 5.2.2 The first Earth Day, in 1970, was a nationwide “teach-in" that
involved much more than marches, as this November 1969 issue of Senator
Gaylord Nelson’s newsletter shows. Reproduced with permission from

the Wisconsin Historical Society and the Nelson Institute for Environmental
Studies, University of Wisconsin.
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5.3 The Role of Leadership

Leadership is one of those words that people like to use all the time. In
this section, we will examine what leadership is in the context of the
kind of social movement that we need to address climate change.

Social movement leadership is a particular kind of leadership. Mar-
shall Ganz, a longtime organizer who is now a scholar, argues that
leadership is “enabling others to achieve purpose in the face of un-
certainty.” There are three parts of his definition that are important to
notice.

First, you need leadership when you face uncertainty. We don't need
leadership to do many ordinary things in our everyday lives, like getting
up each morning, having breakfast, getting the kids to school, and going
to work. At work, you might have an annual budget review, or a weekly
meeting on Fridays. You don't need leadership for those, either; you
need managers. Someone has to manage the process of the annual
budget review. But when you face a situation that is uncertain—like when
you're trying to make some kind of social change—that's when you need
leadership.

Second, leadership is not about doing something yourself. It's about
enabling others. Leaders are not people who do all the work them-
selves. Instead, they make it possible for others to do the work that
they need to do.

And third, leadership helps others achieve their purpose. Leaders
do not necessarily designate the end point or set the destination that
the movement tries to reach. Rather, leadership is about figuring out
how to enable others to achieve the purpose that they want and to
navigate the uncertainty that they face.

Let's make that broad but vague definition of leadership more
concrete. In the last section, we said that leaders of social movements
confront two main challenges: how to get people involved in sustained
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political activism and how to translate that activism into the political
influence or power that can make change.

So, first, as a leader, how do you get people involved in sustained
activism? Think of all the people out there that a social movement might
want to engage, and then picture them as a tree with some low-hanging
fruit and some high-hanging fruit. The low-hanging fruit are the people
who, for whatever reason, have some kind of latent motivation to get
involved. Maybe their parents are environmentalists, and they're already
on board with the idea that we need to create climate solutions. Or
maybe someone took a class about bending the curve and decided to
become a climate activist. These kinds of people know they want to do
something, but they need an opportunity to get involved. They're the
low-hanging fruit because they're the easiest to engage.

Other people, up near the top of the tree, are much harder to
engage, sometimes for reasons unrelated to the movement itself. For
example, at the very top of the tree, we might imagine that there are
people who, even if they were motivated, don't have the capacity to
get involved. They might not have much free time because they have
to work multiple jobs to make ends meet. Or maybe they have never
even heard of climate change. Or maybe they have heard about it, but
they don't feel like they can act on it, because that would go against the
social norms of their community.

About halfway up the tree, you might find some people who are
motivated to get involved but don't really know how. Maybe they don't
feel comfortable talking about their political views in front of other peo-
ple. Maybe they don't feel comfortable talking about science in front
of other people. They need to develop some particular capacities and
skills.

Leadership means figuring out how to engage both the low-hanging
fruit and the high-hanging fruit. The most successful social movements
in history not only grabbed that low-hanging fruit and pulled in people
who were already motivated, but also figured out how to draw in the
people who weren't motivated at first.

How do the leaders of social movements do that? Social move-
ment leaders push people up a ladder of engagement. In any kind of

movement or organization, there are different tiers of involvement. At
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the very bottom of the ladder, there are people who say, “Hey, | think
climate change is a problem, and I'm going to sign up for an email list
so you can send me information about climate issues.” At the next tier
of involvement are the people who say, “I'm not just going to sign up for
your email list, I'm also going to give you 2 hours a week of my time to
act on it. If you send me alerts, then I'll call my legislators. If you send
me petitions, I'll sign the petitions. If you want, maybe I'll even come
into your office and I'll stuff envelopes for 2 hours a week.” People at
this level of involvement are willing to do certain kinds of tasks, but they
don't want to take any responsibility for outcomes.

As we continue up the ladder, we find people who not only are
willing to give some time or be responsible for particular tasks, but
also want to take responsibility for outcomes. Taking responsibility for
an outcome might involve someone saying, “Hey, I'm not just going to
come to your meeting on Friday; I'm going to be responsible for getting
20 other people to come to that meeting too. And if it takes me 5
minutes to send an email and get those 20 people, that's great. But if
it takes me 10 hours of knocking on doors, I'll do the 10 hours.” Their
commitment no longer depends on how much time something takes;
instead, they are committed to achieving a particular outcome.

Social movements need people at all levels of that ladder of en-
gagement. They need a lot of people at the bottom, but they also need
people at the top. Scholars have found that social movement leaders
push people up that ladder of engagement by cultivating what we call
their agency. What is agency? Martin Luther King Jr. famously defined
agency as a person’s own power, or their ability to achieve purpose. If
| have the capacity to achieve the purpose that | want to achieve, then
| have agency.

Often, we assume that agency is just a belief. But social psycholo-
gists have found that agency is not just about whether people believe
they can achieve their purpose—and that it's not just about competence
either. It's also about whether someone has the autonomy or the space
to act. Agency requires both competence and autonomy.

Social movement leaders not only help activists cultivate that sense
of competence, that sense that they can do what they're trying to do,
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but also give them the autonomy and space to act on their goals. What
does that look like?

This is a question that Hahrie Han, an author of this chapter, set
out to study in her research lab. She asked: Why are some organiza-
tions and movements better than others at getting people involved, and
keeping them involved, in ways that cultivate their sense of their own
agency and push them up that ladder of engagement? After a multi-
year, multimethod comparative study, Han'’s lab found that the strongest
movements understood that it is not just about getting people involved,
but it is how you get them involved that matters. Not every form of
participation is the same.

In fact, many movements make the distinction between mobiliz-
ing and organizing. Mobilizing involves trying to get as many people
involved as possible by making it as easy as possible for them to take
action. While that can build numbers, it often does not build agency.
Organizing, on the other hand, is about constantly designing ways for
people to take action that push them up that ladder of engagement by
cultivating their sense of agency.

The difference between mobilizing and organizing is not simply
semantic. In fact, Han'’s research lab has found that organizers and mo-
bilizers have different theories about how to do the work. On the one
hand, mobilizers reach out to as many people as possible and ask them
to take a simple, quick action, so that they can convince more and more
people to do more and more things. On the other hand, organizers have
a theory of building power that involves developing leaders who will, in
turn, motivate others.

Han's lab found that mobilizers only convinced the low-hanging
fruit, the people who were already motivated, to do something quick
and easy. We call this transactional mobilizing because the actions
taken, such as sending an online petition or signing up for an email list,
are a simple exchange of resources like a transaction—like going into a
store and buying something. You give your money to the store and walk
out with your ketchup and there are no strings attached.

Organizers, in contrast, asked people to do things that were not
quick or easy but that would put them into relationships with other peo-

ple. For example, instead of asking people to write letters to the editor
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by filling out a template online and pushing a button to send it, orga-
nizers asked people to join with others in their community, compose a
letter together, and then send it off to the local newspaper. According
to the organizers’ theory, by working with others, people develop both
the motivation and the capacities that de Tocqueville identified many
years ago as fundamental to making democracy work—and that are fun-
damental to making social movements work as well.

Mobilizers and organizers differ not only in the kinds of things that
they ask people to do, but also in how they structure their organiza-
tions. Mobilizers tend to concentrate all the responsibility in the hands
of just a few people, whereas organizers distribute that responsibility
across a broad group of people. We found that by distributing that
responsibility, organizers were more likely to create social movements
that transformed people. Through this transformational organizing,
social movement leaders are able to engage people in the sustained
political activism that leads to the kind of change that they are seeking.

The challenge, of course, is that asking people to take small, trans-
actional steps is a lot easier than asking people to transform them-
selves, take responsibility for outcomes, and become leaders. Leaders
turn transaction into transformation and make it possible to build social

movements and create change.
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In this section and the next one, we will turn to a set of leadership prac-
tices that you can use to build power and engage people around you in
the kinds of social movement that we need to address climate change.
Most of the leadership practices discussed here were developed by
Marshall Ganz, who was a longtime organizer with the civil rights and
migrant farm workers’ movements and now teaches at Harvard. Ganz
has developed a set of leadership practices that takes the mystery out of
how social movements are able to engage people in sustained activism.

Leadership practices separate organizations that don’t work from
organizations that do work.

You can surely think of organizations that you've been a part of
that have worked and organizations that you've been a part of that
haven't worked. Just take a minute to reflect on the differences between
those kinds of organizations. We have all been part of teams, groups,
organizations, and clubs that don't really seem to work—and they have
some characteristics in common. Organizations that don't work tend to
be divided. People don't agree. They tend to be passive and reactive.
Instead of thinking ahead about what they want to do, they just wait
until things happen to them and then they react.

In contrast, organizations that work tend to be full of people who
are motivated and committed to the cause. Their members are unified,
all working together, and that makes it possible for them to be pur-
poseful and proactive. Individuals within the organization can work on
the agenda that they are all trying to achieve without waiting for other
people to delegate tasks to them and define their work.

Social movement organizations try to engage people in sustained
activism in order to build the power they need to make the change they
want, through creating organizations that work. According to Marshall
Ganz, there are three important leadership practices that help to build
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power: creating shared purpose, building relational commitment, and
developing a clear structure.

First, how do you create shared purpose? In social movements, it is
essential to make sure that everyone is engaged with the same agenda
and has a sense of shared purpose. Often, we tend to try to persuade
people with scientific or policy details. We try to explain exactly how
a carbon tax will work, or we tell people what we know about human-
caused climate change. That is important because it speaks to our heads
and helps us develop a strategy for how to take action.

But we've learned from decades of research in neuroscience, psy-
chology, and other fields that human action is not only about the how,
but also about the why. The why is about the heart—the values that
move us to take action. And we communicate our values not through
arguments, details, or abstract statements, but through stories.

Someone could stand up and say, “I believe in equality” or “I be-
lieve in freedom,” and that wouldn't really mean much to you on its
own. It wouldn’t move you to take action. But if someone stood up
and told you a story about a particular injustice that they witnessed
and explained how they took action to counter it, then you might have
some insight into their commitment to equality. You might have a more
concrete sense of why equality is important, and that concrete sense
could motivate you to take action as well. Through stories, we're able to
communicate what we value.

Sometimes the concept of stories can seem abstract. But, as Mar-
shall Ganz teaches, for decades, film makers in Hollywood have known
that there is a formula for telling stories, and it's not that complicated.
What you need is a character who faces a challenge that puts her in a
place of uncertainty. Then, she has to make a choice, and that choice
has an outcome. By telling a story with that clear formula—character,
challenge, choice, outcome—we can communicate what we believe in
through the choices we make. We can tell stories about ourselves, our
organizations, and our movements. That's how we use stories to help
create shared purpose.

The second leadership practice is building relational commitment—
that is, building people’s commitment to their relationships with oth-

ers in the movement. Organizers often say that it is important to have
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one-to-one meetings. That's where a casual social relationship, a per-
sonal relationship, or a new relationship turns into a public relationship.

Relationships become a source of power when two people ex-
change their interests and resources and make a commitment to acting
together. People who come into a new setting or a new relationship
bring their own set of interests. They might want to start a new club
around climate solutions or talk to their local elected officials about
climate issues. And people bring their own sets of resources as well.
Maybe one person has taken the Bending the Curve online course and
now understands climate science, while another is really good at social
media. Maybe someone else is a visual artist and a wonderful designer.
These are all resources that people bring to the table.

In a one-to-one meeting, people build relational commitment by
exchanging their interests and their resources with each other. In doing
so, they create a new set of shared interests and shared resources, and
those become a source of power for the movement.

From decades of research in social movement studies by scholars
such as Meredith Rolfe and Betsy Sinclair, we have learned that when
the going gets tough, people don't stay committed because of their
commitment to the issue. They stay committed because of their com-
mitment to each other. When it's Thursday night and | have an exam the
next day and I'm not sure if | want to go to that meeting, | don't go to
that meeting because I'm so committed to the issue. Usually | go to that
meeting because | don't want to let my friend down. In other words, it
is important to build relational commitment because that is the glue that
holds social movements together.

The third leadership practice is developing clear structures. Let's
say an organization has people who are committed and who share a
purpose and a narrative. Then how should that organization structure
its work so that the whole is greater than the sum of its parts?

We can imagine three different leadership structures. The first one
is a dependent leadership structure where you have one leader who's in
the middle and all the work has to pass through that one leader (Figure
5.4.1). The leader organizes everything. Those of you who have been
part of organizations like that know what goes wrong. The person in

the middle gets overwhelmed, stressed out, and burned out, and the
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FIGURE 5.4.1 Dependent (top), independent (left), and interdependent
(right) leadership structures. Images from Hahrie Han based on Ganz 2014.

organization is only as strong as that person. If that person gets sick or
doesn’t have enough capacity, the organization can't do any work. And
the people on the outside feel unmotivated because they don't have any
real say in how things work.

Another structure is the opposite of that: an independent leader-
ship structure. Some organizations don’t want to have a situation where
there’s only one leader, so they decide to make everyone a leader. The
problem then becomes that, even though everyone is motivated, they
are going in 24 different directions. It's difficult to build a movement that
makes sustained change if everyone is working on 15 different things.

Social movements usually work best with an interdependent lead-
ership structure where everyone is working on the same vision and
in the same direction, but the work is chunked out into pieces so that
it can be distributed. Though each person is working with others for a
shared purpose, each person is also responsible for a specific piece of
that work. Because the meaningful work is distributed, individuals have
autonomy and agency; they themselves are transformed by working

with others toward the common goal of transforming society.
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5.5 What Can | Do? Developing Creative

Strategies and Taking Effective Action

In this final section, we turn from leadership practices that you can use
to build your power to a second set of leadership practices that you can
use to deploy your power. These leadership practices continue to draw
on Marshall Ganz's work. We will focus on two different practices he
identifies: developing a creative strategy, and taking measurable, effec-
tive action.

Imagine that you're a social movement leader and you have used
the leadership practices we discussed in the previous section to create
shared purpose, build commitment, and develop a structure through
which you organize all the activists whom you have engaged. The next
question is, How do you turn that sustained activism into power? You
do that through strategy and action.

Developing strategy

Let's start with developing a creative strategy. Strategy is fundamen-
tally the process of turning what you have into what you want—in other
words, turning your resources into your goals. One thing scholars have
learned from research on social change and political change is that sim-
ply having more of something—whether it's money or people—doesn't
necessarily result in achieving a particular purpose. It doesn’t mean that
you're going to win.

Sometimes people say, Of course the fossil fuel companies win be-
cause they have more money. But researchers found that, when we look
at different kinds of political or social change efforts, the side that has
more money only wins 50% to 53% of the time. It's little better than
flipping a coin. Simply having more money doesn't mean that you're
going to achieve your goals. Instead, the extent to which a movement
or organization develops creative strategies that help them achieve their
purpose separates those who reach their goals from those who do not.

How do social movements develop strategy? Scholars have found
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that one of the key ways in which social movements develop creative
strategy is to reflect on their outcomes on multiple levels at key points
in the trajectory of their work. Most movements organize their work
into a campaign with a variety of peaks. A movement might be building
toward a peak, like a rally or a march, or maybe a media event or a
meeting with an elected official. Activists do a great deal of work leading
up to that peak. Then the work will slow down a bit afterward, and it will
go back up before the next peak.

At each peak, social movements measure their outcomes at several
levels. Leaders ask the obvious questions about immediate outcomes:
did we bring out the number of people we wanted to the march? Did
we convince the elected official to support our proposals? But leaders
also reflect on three other outcomes. They ask themselves: First, did
we make the change in the world that we want to see? Second, did we
make that change in a way that built greater capacity for the movement?
And third, did we develop individual leaders in the process?

The analogy of a company clarifies why those last two questions
matter. At the end of the year, a company sends its investors an annual
report. Their annual report says not only what their profits were for the
past year, but also what their assets are going forward. For a company
like Boeing, their assets might include their engineering crew, their pat-
ents, the quality of their airplane designs, and so forth.

What are a social movement’s assets going forward? They include
the movement’s leadership capacity and organizational capacity. So after
any campaign peak, social movements develop strategy by thinking
about how to make the change in the world in a way that also builds the
individual and organizational skills, capacity, and motivation that they
need.

Taking measurable, effective action

The second leadership practice Marshall Ganz identified to help you to
deploy your power is taking measurable, effective action. Sometimes or-
ganizations become caught in a snare of preparation. It's easy to spend
all of your time developing strategies and plans and making sure that
your plans are perfect—but never actually putting them into practice.
Scholars have found, perhaps unsurprisingly, that movements that
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win are really good at taking action. They do so at the individual and
local level, at the community level, and even at state, regional, and
global levels. To address an issue like climate change, we cannot focus
only on the local community. Movements also need to take action at
national and international levels.

Social movements link together all the work at those different lev-
els, and a story about a woman named Frances Willard shows how.
In the United States in the early twentieth century, Willard started the
temperance movement—the movement against alcohol that eventually
led to Prohibition. But she started out as an advocate against domestic
violence. When Willard realized that alcohol was causing a great deal
of domestic violence, she decided her goal was to pass a constitutional
amendment banning alcohol.

In the United States, passing a constitutional amendment is quite
difficult. That amendment has to be passed by a supermajority in both
houses of Congress, and then three-quarters of the states have to agree
to it as well. But that was Frances Willard’s goal, and she went about
it by starting a social movement. She traveled all over the US by train,
trying to identify people who wanted to join the movement. If someone
wanted to join, the first thing she asked that person to do was take
a pledge to swear off alcohol. She started with the individual's own
behavior.

Then, after a new member of the movement swore off alcohol,
Willard asked the person to join with others in the local community to
shut down a bar. She did this not because she thought that whether
Joe's Bar was open in Anytown, USA, mattered much for the movement,
but because she wanted people to have the experience of working with
others. She wanted them to realize what they could do when they came
together with others to achieve a particular purpose, so that they would
be committed to that process of collective action.

Finally, after they tried to shut down that bar—it didn't matter if
they had succeeded in doing so or not—she would invite them into
the movement. By inviting a set of people into the movement who had
developed those capacities of working with others, and who had been
personally transformed in that way, Frances Willard was eventually able

to get a constitutional amendment banning alcohol passed.
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FIGURE 5.5.1 Finding our “Joe’s Bar"—the experience that teaches us to work
with others—can be difficult, but people around the world are coming together
to call for climate action, as these fossil fuel divestment activists did at the
University of California in 2013. Photograph by Jamie Oliveira. Reproduced from
Flickr.

We tell that story not to advocate for banning alcohol, but simply
to make the point that whenever we take measurable, effective action,
we need to think about how we can link individual action to community
action to national or international action. A major question and chal-
lenge that we confront when we consider social movements to address
climate change is: What is our Joe's Bar? Where can we join with others
to realize the power that we can have together—not study it by reading
a book or taking a class, but instead believe it in our gut so that convic-
tion carries us forward into the work that we have to do? (Figure 5.5.1.)

By actually engaging in all of these leadership practices—creating
shared purpose, building relational commitment, creating interdepen-
dent structures, developing creative strategy, and taking measurable,
effective action—we come to realize that, whether we're addressing
climate change or any other kind of issue, the work begins with us,

because we are the change that we need.
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We have taken a journey together over the course of this chapter, so let
us pause here to summarize what we have learned. We started by rec-
ognizing that climate change is not a problem that can be solved by any
one fix. Solutions that involve technological innovation, economic incen-
tives, communications, and information are all important in addressing
it. But climate change is also a problem of power, so our efforts to
confront it also have to include collective action and social movements.
Sections 5.1 and 5.2 defined problems of power as those in which the
people who need change the most don't have the authority or ability to
make that change.

Social movements and collective action help us address those
power imbalances. Sections 5.2 and 5.3 discussed examples of social
movements and examined the role that leadership plays in enabling such
movements to make change. We focused on how social movements
transform individuals and then society. Social movements address power
imbalances by engaging people in political action that is fundamentally
transformative—through transformational organizing, which differs from
transactional mobilizing. In particular, Section 5.3 focused on the role
that social movement leaders play in engaging people in ways that build
their capacity for sustained activism.

Finally, in Sections 5.4 and 5.5, we ended by looking at a particular
set of leadership practices that enable transformation. Leadership prac-
tices that are focused on building power include developing relational
commitment, creating shared purpose, and building interdependent
structures. Social movement leaders then take all the power that they've
built and deploy it to create political influence by developing creative
strategy and taking measurable, effective action.

We hope that this chapter has shown how you, as climate cham-
pions, can embrace opportunities to join with others to build social

movements that can enable and demand action on climate change.
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Remember that social movements are much more than marches, and
seek out your Joe's Bar—the local place that can serve as a focus for your

actions on this global problem.
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Learning Objectives

1. Understand why integral solutions, including social and behavioral

change, are necessary for tackling climate change.

2. Understand why local solutions are often most effective in

producing social change.

3. Examine several exemplary Latin American urban case studies in

which social transformation was a key strategy.

4. Prepare to think about what universities and colleges can do to
cultivate social transformation in their own communities.

This chapter has four goals. First, it will show why integral solutions—
including changing social attitudes, norms, and behaviors—are essential
for tackling climate change. Second, you will learn why localizing and
personalizing the impacts of climate change are the most effective strate-
gies for changing social attitudes, norms, and behaviors. Third, you'll be
exposed to several exemplary case studies in which social transformation
played a key role in efforts to address climate change in Latin American
cities. And fourth, you'll be prepared to think about how universities and

colleges can cultivate social transformation in their own communities.

Overview

This chapter will explore the importance of transforming social attitudes
and behavior, locally and globally, as an essential strategy for tackling
climate change.

Clean energy technologies and climate-forward public policy are
essential tools for tackling climate change, but they are not enough. The
most exciting innovations in green technology will not matter if people
are not willing to use them and to integrate these technologies into their
lives and livelihoods. Likewise, the best policy proposals, at home and
abroad, will only take root and grow if publics are willing to support
these policies through political processes. Social attitudes, norms, and
behaviors typically determine whether a new technology will succeed
in practice, or whether a policy proposal will ever see the light of day.

The chapter will proceed in four sections. Section 6.1 explores
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climate change as a complex, integral challenge that requires equally
complex, integral solutions. Our emphasis will be on the importance of
integrating social transformation into integral solutions thinking and ac-
tion. Section 6.2 focuses on strategies of social transformation, demon-
strating that we are likelier to produce changes in social attitudes and
behavior by “going local” and making impacts “personal” in order to mo-
tivate public interest and investment in solving the problem of climate
change. Section 6.3 explores cities as living laboratories for thinking and
action based on integral solutions. We will highlight several exemplary
case studies in Latin American cities where social transformation played
a central role in creating not only more green cities, but more equita-
ble ones as well. Our discussion emphasizes the significance of local
action. Section 6.4 introduces a social transformation experiment at UC
San Diego, called the UCSD Community Stations. It is a new model
of university-community partnership for local social transformation
through climate education and participatory climate action that can be

replicated at universities and colleges everywhere.
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6.1 Integral Solutions:

Designing Cultures of Collaboration

When we speak of the “environment,” what we really mean is a
relationship existing between nature and the society which lives in it.
Nature cannot be regarded as something separate from ourselves or as
a mere setting in which we live. We are part of nature, included in it and
thus in constant interaction with it. Recognizing the reasons why a given
area is polluted requires a study of the workings of society, its economy,
its behaviour patterns, and the ways it grasps reality. Given the scale of
change, it is no longer possible to find a specific, discrete answer for
each part of the problem. It is essential to seek comprehensive solutions
which consider the interactions within natural systems themselves and
with social systems. We are faced not with two separate crises, one
environmental and the other social, but rather with one complex crisis
which is both social and environmental. Strategies for a solution demand
an integrated approach to combating poverty, restoring dignity to the
excluded, and at the same time protecting nature.

His Holiness Pope Francis, Laudato Si’, ch.4: 139

Integral ecology

In Laudato Si’, Pope Francis's 2015 encyclical on climate change, he
described the relationship between humans and the natural world as
an “integral ecology.” With the word integral, he means to emphasize
that human well-being and environmental well-being are inherently in-
tertwined. We cannot speak of one without necessarily implicating the
other. Caring about human health and prosperity entails caring about the
environment in which all human life takes place. The concept of integral
ecology has been used for decades by environmentalists to describe the
inherent interdependence of humans and nature, but it has taken on a
particular salience and urgency in our era of rapid global warming.

In Laudato Si’, Pope Francis emphasizes two dimensions of this
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interdependence between humans and nature. The first relates to the
environmental impacts of human action. There is no longer any doubt that
human activities—especially the energy consumption and production
habits of the wealthy minority across our planet—are rapidly acceler-
ating climate change. There is also no doubt that together we must
change these behaviors if warming is to be slowed down. The second
dimension relates to the human impacts of climate change. Climate change
is inflaming human suffering across the world, particularly among the
world’s poorest and most vulnerable populations, exacerbating poverty,
dislocation, disease, and mortality. What this means for Pope Francis
is that climate change and poverty must be tackled together, as an in-
tegral two-headed beast. He wrote: “Strategies for a solution demand
an integrated approach to combating poverty, restoring dignity to the
excluded, and at the same time protecting nature.”

The culpability of our planet’s wealthy minority in exacerbating cli-
mate change, and in the consequential suffering of the poor and vulnera-
ble majority, raise important issues of climate justice and the imperative
for urgent adaptation strategies across the world, which are explored
in Chapter 2. Here, we are focused on designing effective strategies to
rapidly mitigate climate change, which will alleviate longer-term impacts
on us all, rich and poor, born and not yet born.

Tackling a challenge as deep, complex, and urgent as climate change
requires new strategies of lateral collaboration across diverse knowl-
edges and capacities. Natural scientists and social sciences need to join
forces. Economists, policy experts, and public health researchers must
come together with inventors of new technologies and philanthropists
who have the capacity to invest in them. But integral thinking requires
more than getting experts and elites around a table to share their knowl-
edges and strategies.

Tackling climate change in an integral way also requires vertical
collaboration between the politicians and researchers and the grass-
roots organizations, religious leaders, educators, and cultural producers
who are closer to what is happening on the ground. These community
leaders are essential partners in designing more effective strategies to
transform social attitudes, norms, and behaviors among the young and

the old from the bottom up and in cultivating new habits of climate
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action among the general public. In other words, the “experts” need
to figure out how to mobilize and democratize scientific knowledge to
inform public opinion.

The University of California’s Bending the Curve report of 2015 was a
bold experiment in integral thinking that convened diverse knowledges
and capacities in both lateral and vertical ways. Under the leadership of
UC San Diego climatologist V. Ramanathan, the report drew upon the
scientific, technological, economic, social, and policy innovations that
have made the state of California a global environmental leader over the
past decades. Bending the Curve summoned 50 researchers from across
the University of California system—from the sciences, social sciences,
finance, public health, and the humanities—to identify ten integral and
scalable solutions to climate change drawn from the California experi-
ence (Figure 6.1.1). Bending the Curve marked a powerful moment of
unity and vision for the public university. California governor Jerry Brown
helped to launch the report, and he carried it with him to COP21—the
2015 United Nations Climate Change Conference in Paris—with the idea
that California’s successes could be a model for the world.

COP21 was a historic moment for global cooperation on climate
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change solutions. The goal of the conference was to create a universal,
binding agreement to reduce greenhouse emissions across the planet.
On December 12, 2015, the 196 participating countries arrived at a
consensus and signed the Paris Agreement, which stipulated that each
country agreed to do what was necessary to reduce carbon emissions
and keep global warming “well below 2 degrees Celsius.” The agreement
went into effect on November 4, 2016. Thirteen months later, President
Donald Trump withdrew the United States from the Paris Agreement,
claiming that it was a “bad deal” for America. But the story is not yet
over. We still have time to act together on integral solutions to climate
change.

Culture of collaboration

Climate change is too big and too complex a problem for any single
sector, discipline, or approach to solve alone. Climate change is not just
a technological problem or a scientific problem or a medical problem
or a finance problem or a policy problem. Pursuing only one dimension
of the problem, or failing to understand how multiple dimensions are
connected with each other, will not accelerate climate change solutions.
We need to work together across all these disciplinary boundaries.
The 2015 Bending the Curve report’s third proposed solution focused
on designing a new culture of collaboration around climate change:

Deepen the global culture of climate collaboration. Design venues
where stakeholders, community and religious leaders converge
around concrete problems with researchers and scholars from all
academic disciplines, with the overall goal of initiating collaborative

actions to mitigate climate disruption.

But recognizing that we should work together across disciplines
is one thing; actually learning how to do so is quite another. Working
across disciplines is not something people and institutions innately know
how to do. Such cooperation needs to be designed and facilitated. Col-
laboration is a skill-something we must learn how to do. Therefore we
must not only cultivate collaborative opportunities, but also develop the
skills and habits of collaboration.

Universities tend to be very siloed institutions, which means that the
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boundaries we have created between divisions, departments, and majors
tend to be thick, with too few opportunities or incentives for movement
and cross-disciplinary connection across them. Boundaries are effective
tools for organizing complex institutions, but they are largely artificial.
They typically don't reflect the way the real world works, or the need
to organize integral solutions to our most challenging social problems.

Universities often talk about the value of “interdisciplinarity,” and
there are certainly opportunities for undergraduates to pursue interdis-
ciplinary minors and take courses team-taught by faculty from different
areas of the campus. But these opportunities are rare. They are not
the norm on most college and university campuses. If we are serious
about fostering cultures of collaboration, we must design new spaces
for collaborative research, teaching, and learning around deep social
challenges like climate change. No one discipline or way of knowing or
doing can solve this problem alone. This means that we need to rethink
university culture itself, including the way we conduct our research and
our teaching.

University of California’s Bending the Curve course provides an ex-
cellent model of how universities can create spaces for integral research
and education. One of the major benefits of this course is that students
come from a great variety of disciplines and together learn how to view
the challenges of climate change, and to think about solutions, through
multiple lenses. Some students who take this course are required to de-
velop team-based projects on “living laboratories.” Through this exercise,
they come to recognize the value of distributing tasks to team members
who have diverse skills and varying bodies of knowledge. Additionally,
these students learn how to communicate their diverse knowledges and
skills to classmates in other fields in clear and accessible ways.

Beyond creating new spaces for collaboration across disciplines
within the university, however, researchers also need to rethink how
we engage people outside the university, in the so-called real world.
Universities too often think of themselves as bearers of knowledge and
truth, and of the world as lacking knowledge. Universities, like other
institutions of power, often see their relationship to the world in vertical
terms, with all knowledge flowing downward. When universities engage

other sectors and publics, they too often forget how much knowledge
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exists outside of formal educational institutions, and how much univer-
sity researchers can learn from that knowledge. This becomes particu-
larly true and ethically problematic when universities approach disad-
vantaged communities as empty receptacles waiting to be filled with
“our” knowledge. Academic research is often infused with assumptions
that “we” know more, that we are “trained experts,” that only we have
languages to convey complex ideas—in short, that we enter the world
to save it, not to learn from it. However, engagement with worlds of
practice reveals that these assumptions are just wrongheaded, that ac-
ademic researchers do not know everything they think they know, and
that they have as much to learn from the world as it does from them—
and possibly more.

We need a more horizontal model of collaboration between scien-
tists, designers, and the people who are the intended users of new tech-
nologies. There are both pragmatic and ethical reasons for this. Consider
the challenges of technology transfer. Technology transfer refers to
the processes by which innovative designs in science and technology are
translated from concept into practice. What might appear to be a good
solution to the scientist or designer in the lab may not actually work in
practice. We cannot simply design solutions out of whole cloth, drop
them down on the world, and expect that they will work. Technology
transfer needs the bottom-up participation of intended users, both in
the design of new technologies and in the social strategies for adopting
and integrating new technologies into existing practices.

Technology transfer has important ethical dimensions as well. From
an ethical perspective, people need to be the stewards of their own des-
tiny and to understand and embrace the technologies that will change
the way they live, the way they move from place to place, communicate,
cook, and so on. This ethical imperative is most profound when engag-
ing the bottom 3 billion—that is, the 3 billion people who are especially
vulnerable because of their reliance on natural resources and are already
disproportionately harmed by climate change.

Project Surya, led by UC San Diego professor V. Ramanathan, pro-
vides a powerful example. This project is committed to tackling both
the impact of short-lived climate pollutants on the Earth’s atmosphere

and their more immediate impact on public health, particularly among
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FIGURE 6.1.2 Project Surya: women in a rural Indian village discuss the
benefits of adopting a cleaner cookstove. Reproduced with permission from
Project Surya.

women and children. Project Surya is an integral intervention—involving
scientists, designers, economists, and social scientists—that designs and
deploys low-carbon-emission cookstoves in the villages of rural India
(Figure 6.1.2).

Project Surya is also an ethical intervention because it engages in-
tended recipients of the stoves as participants in designing, using, and
distributing the stoves. It does not drop new technology down upon
the poor as if they were passive subjects. Respecting the agency and
dignity of these women means listening to their accounts of how new
cookstove technology will affect their lives and how it might disrupt
their current cooking practices, which are typically deeply rooted in cul-
tural norms and practices. The scientist cannot assume that resistance
is a manifestation of ignorance. A woman in rural India might not want
to use a clean-burning cookstove because it doesn’t work well for her,
because it makes her chores more difficult, because her family does not
like how the food tastes when she uses it, and so forth.

Ethical technology transfer entails respecting these local responses
and integrating them into an iterative design process in which designers
take such concerns seriously and continue revising and improving their
technologies accordingly. This kind of give-and-take cultivates genuine
social receptivity to the new technologies. From the perspective of
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climate justice, the participation of vulnerable people in designing cli-
mate change solutions is essential.

But there are pragmatic considerations as well. Without social ac-
ceptance and buy-in from the bottom up, climate mitigation strategies,
like the introduction of clean cookstoves, will be less effective. Climate
action in sites of scarcity is best achieved through bottom-up climate
education and avenues for participatory climate action that stimulate in-
dividual and collective agency, capacity, and hope. If the scientist doesn't
take existing cultural practices and constraints into account when de-
signing new technologies and social adoption strategies, levels of adop-
tion may be disappointing. The technology must either accommodate
local preferences and practices, or else come with additional incentives
that make it attractive to potential users despite any trade-offs.

The conclusion is that researchers, innovators, and climate activ-
ists need to be closely attuned to the needs and preferences of in-
tended users for both ethical and pragmatic reasons. Collaborating with
intended-user communities is an integral and ethical social strategy for

designing more effective and sustainable solutions.
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6.2 Social Innovation: Get Personal, Go Local

Social transformation

The 2015 Bending the Curve report’s second solution focuses on trans-
forming social attitudes, norms, and behaviors around climate change,
and cultivating support for the policies, technologies, and actions that
are necessary to accelerate a low-carbon global economy:

Foster a global culture of climate action through coordinated public
communication and education at local to global scales. Combine
technology and policy solutions with innovative approaches to

changing social attitudes and behavior.

In other words, innovations in technology and policy are not enough
to change our world. They must be accompanied by social transforma-
tion at varying scales, from the global to the local, from the very wealthy
to the very poor. From the perspective of climate justice, the wealthy
global minority must change its energy consumption and production
habits as well as invest in sustainable development across the globe. The
vulnerable global majority must be welcomed into climate action less
as voiceless recipients of charity than as active participants in solutions.

Just as we need innovative clean energy technologies, policies, and
financial tools to bend the curve of greenhouse gas emissions down-
ward, we also need innovative and ethical social technologies to change
attitudes, norms, and behaviors regarding climate change and how to
tackle it. Just as our new technologies must draw on the best science
and our new policies must be grounded in the best economic and policy
research, our social strategies need to be grounded in the best social
science research on climate communication and climate education.

Changing hearts and minds is not easy. According to a 2017 Gal-
lup poll, only 42% of Americans believe that climate change will pose
a serious threat in their lifetimes. There is much public apathy and a
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human tendency to see other social and economic pressures, closer to
home, as more urgent. There is also significant public hostility to the
idea of climate change and the politicians and scientists who warn us
about it. Willful misinformation and distortion in public discourse—often
motivated and funded by those invested in the status quo—stoke this
hostility. The orchestrated denial of science in recent years has obscured
a clear message about the reality of climate change and its projected
harms. Additionally, the politicized clustering of contentious social issues
has undermined the formation of broader coalitions. Bundling climate
change with other policy agendas like abortion, LGBTQ rights, and gun
control has forced a wedge between otherwise potentially like-minded
publics who could unite to conserve our Earth.

How do we intervene? How do we change attitudes and behaviors
around climate change when there are so many conflicting agendas and
ideologies, so many counterpressures and disincentives? Research on
the most effective strategies of social transformation makes it clear that
providing better information alone will not work. Changing attitudes
and behaviors is not like pouring knowledge into an empty vessel. Edu-
cating people about the facts will not necessarily produce new attitudes
and behaviors, since individuals live in social and political contexts in
which their beliefs and behaviors are mediated by others. What those
around us think and do has a great influence on what we think and do.
Through his research, social psychologist Robert Cialdini shows that we
must recognize the role that social norms play in motivating our beliefs
and actions regarding many policy issues, including climate change.

Moreover, social science research demonstrates that when peo-
ple understand precisely how climate change will affect their personal
well-being, the well-being of their loved ones, and their own cities and
neighborhoods, their minds open and their attitudes begin to change.
Focus group research demonstrates that when people understand in
more particular ways what'’s at stake for them, they become more recep-
tive to climate-friendly public policy. We will explore this focus group
research further below, but for the climate communicator, it means that
presenting climate change in terms of melting ice caps and polar bears
far away will not have the same transformative impact on attitudes as

emphasizing the local urgencies for a particular audience.
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However, changing attitudes is not the same thing as changing be-
haviors. We need to distinguish them. How can people be moved from
changing what they know to changing what they do? Social science has
important things to say here. We will see in the same focus group re-
search that attitudes are likelier to inspire new behaviors when concrete
opportunities for local climate action are made apparent and available
to people. The likelihood of behavioral change increases further when
these pathways for action are collective and participatory in nature
and pursued in concert with one’s friends and neighbors rather than
individually.

In this section we will further explore the strategies of “getting per-
sonal” and “going local.” In our discussion of getting personal, we will
consider public health and well-being as a lever for social transforma-
tion. In our discussion of going local, we will focus on cities as living

laboratories for successful social transformation.

Get personal

Too many people today are insufficiently moved by climate science to
support climate change mitigation policies, technologies, and actions.
Too many people are also immune to the ethical imperatives of climate
justice: that we must mitigate warming for the unborn and for the most
vulnerable people on our planet. This book identifies what we might
think of as “levers” that can be pulled to bend the curve of global warm-
ing. Is it possible to identify a lever to move people who are largely re-
sistant to arguments based in science, ethics, or the public good? How
do we rouse people from the status quo and move them to question
political agendas and ideologies that deny the reality of climate change?
Is it possible to instigate a change in attitudes, norms, and behaviors?
The 2015 Bending the Curve report explored the disproportionate
public health impacts of climate change. But at that time, we had not yet
investigated the value of public health predictions for communicating
climate change. Public health itself can be a lever to change people’s
minds and raise awareness about the urgent problems everyone on this
planet is facing. Most individuals are typically most interested in what
affects them, their families, and their communities. Most of the time,

they are not motivated by the interests of others. One important reason
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why climate change has not gotten more social traction is because it
can seem remote, spatially and temporally, from the everyday interests
of most people. People are less likely to make personal sacrifices when
climate change is framed as a threat to polar bears or to people on the
other side of the planet.

To bring climate change home for people, we must show that its
impacts are personal and highly relevant to an individual’s understanding
of her own interests and well-being. The public health risks of a warming
planet—which can cause stroke, cardiovascular disease, and respiratory
disease, for example—make it clear that climate change will harm in-
dividuals all over the world. This knowledge will give those individuals
reason to become personally invested in solutions.

As you know from reading this book, “mitigating climate change”
should be synonymous in people’s minds with “preserving my health and
well-being.” But this is not yet the case, and communicating it entails
a strategic shift in the language we use to characterize the impacts of
climate change. We need to shift from a collective, ethical language
about the well-being of the planet and the commons to an individualist
language about the well-being of the self—from a language of dispropor-
tionate impacts on the distant and the poor to a generalized language
of public health risks for all. Even though we know that climate change
disproportionately impacts the poor and vulnerable, it will nevertheless
affect everyone. It is essential in our public communications to gen-
eralize impacts, to expand the circle of potential victimhood, and to
stimulate a broader sense of public urgency. Because we are all in peril,
regardless of our wealth and social position, public health becomes an
important social lever for social change.

The early modern idea of enlightened self-interest is instructive
here. Economist Albert Hirschman characterized this idea as a substitute
for ethics. Enlightened self-interest helps explain why individuals using
reason sometimes sacrifice immediate pleasures for social or collec-
tive ends, even though they are not motivated by social or collective
reasons to do so. There is a rational calculation behind such a trade-
off: an individual can be motivated to support climate-friendly policy,
technologies, and actions through nothing but the prudent exercise of

her own self-interest. Prudence in the pursuit of something one loves or
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FIGURE 6.2.1 This image is from a protest that occurred in New York
City while the COP21 meetings took place in Paris. The message here has
been shifted from a conventional ethical mode (protect others, protect the
environment) to a prudent mode—one should protect one’s own interests, the
things that one loves. Photograph by Joe Brusky on Flickr.

wants can restrain present gratification (in this case, unimpeded energy
consumption and carbon production) for a greater benefit in the future
(health and well-being). Enlightened self-interest serves as a proxy for
ethical motivation and demonstrates how individual and collective ends
can converge.

Trade-offs are obviously not new to discussion about climate change
solutions. The effectiveness of incentives—of using carrots rather than
sticks to stimulate climate-friendly choices—is an important public policy
lever. One of California's sometimes controversial success stories (cap
and trade) highlights the ethical compromises incentives always entail.
Along these lines of thinking about carrots, we ought to think strategically
about how to communicate the public health risks of climate change.

Faith leaders have sometimes been effective messengers about

climate change, depoliticizing the issue through scriptural inspiration,
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respect for Mother Earth, and divine compassion for our fellow crea-
tures. Religious communities can help to promote new social norms—an
important dimension of sustainable behavioral shifts. Public health may
have the capacity to transform attitudes and behaviors at even broader
scales by moving people to protect what they love—not Mother Earth
primarily, not all humanity primarily, but people’s personal well-being
and the well-being of their families, friends, and communities (Figure
6.2.1).

To communicate the public health risks associated with climate
change, perhaps doctors and health practitioners can be effective mes-
sengers. Perhaps they are less susceptible than politicians, journalists,
scientists, and intellectuals to being characterized as biased in political
rhetoric. They certainly are capable of engaging people where they are—
in the intimacy of an examination room—and personalizing the impact of
climate change. It may be that the general practitioner, the pediatrician,
the obstetrician/gynecologist, the midwife, and the nurse practitioner
are among our most important climate communicators and educators
right now. This entails, then, that we shift how we train our health
professionals today. Medical schools will need to become increasingly
more collaborative, interdisciplinary, community engaged, and better
insulated from corporate agendas. They need to commit themselves to
integrating environmental health, education, and policy agendas more

explicitly into their mission.

Go local

“Getting personal” has a lot to do with place. One way to get personal
is to help people understand the risks of climate change for their own
cities and neighborhoods. The social science research also tells us to “go
local”: people are more receptive to climate-friendly public policy when
they better understand the specific impacts of climate change on their
own communities. A study of attitudes and behaviors among residents
of low-lying coastal communities in south Florida, commissioned by
the Union of Concerned Scientists, found that climate-friendly attitudes
are likelier to take root when the impending negative effects of climate
change are made concrete and relevant for people, rather than abstract

like far-off melting ice caps and polar bears.
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FIGURE 6.2.2 Miami Beach residents crossing flooded streets, an accelerating
impact of sea level rise in south Florida. Photograph from siralbertus on Flickr.

Proximity matters! Focus group research has found, for example,
that when people understand precisely how sea level rise will affect
their own city, neighborhood, or block, their attitudes change (Figure
6.2.2). They are likelier to become receptive to the idea that global
warming is a problem and supportive of local climate-friendly public
policy. This is even true for a majority of individuals who describe them-
selves as politically conservative. This study also found that people are
likelier to change their behaviors when concrete opportunities for local
climate action are made available to them. Knowing the risks without
having opportunities to act can produce paralysis.

When people are provided with pathways for action, they are like-
lier to act and to develop new habits of climate action. The likelihood of
behavioral transformation increases when those opportunities for action
are collective, participatory actions involving neighbors, friends, fellow
congregants, and others in a person’s immediate social reference group.
This research has been reinforced by the success of neighborhood-based
participatory climate action projects across the world, documented by
organizations like Climate Action Network International and the Climate
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Justice Alliance. These observations are also consistent with network
theory in the social sciences, which claims that social behavior is infec-
tious, that people are likelier to engage in a particular behavior when
their social reference group (that is, their peers, friends, and neighbors)
engages in that behavior. This is true of harmful behaviors like smoking
and excessive drinking. But it is also true of positive, pro-social behav-
iors like seat belt usage, vaccination, and climate action.
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6.3 Cities as Living Laboratories

In this section, we further explore the value of “going local” by investi-
gating cities as living laboratories of social transformation. Political theo-
rist Ben Barber founded the Global Parliament of Mayors, which is ded-
icated to swift, coordinated global action around social challenges that
nation-states have often been too slow and clumsy to tackle effectively.
He believed this was particularly true with regard to climate change. As
Barber put it, “cities are the coolest political institutions on earth.”

In the United States, most of the action on reducing emissions and
on coping with climate change generally has not taken place at the fed-
eral level. States, localities, and corporations have done much more
than the national government. This is true across the world as well.
There has been deeper commitment to coordinated climate action at
the municipal level than at the national level. Agile, environmentally pro-
gressive mayors have coordinated integral collaborations and regional
coalitions to produce rapid change.

After the release of Laudato Si’ in spring 2015, Pope Francis called for
urgent, coordinated action, and he began by summoning mayors. The
mayors who convened at the Vatican in July 2015 urged world leaders to
pass a “bold climate agreement that confines global warming to a limit
safe for humanity, while protecting the poor and the vulnerable from
ongoing climate change that gravely endangers their lives,” according to
a New York Times story about the meeting.

The Pope is from Argentina, of course, and there is perhaps some-
thing distinctively Latin American about why the Pope began with may-
ors. Latin American cities in recent decades have been particularly suc-
cessful at transforming attitudes and behaviors around climate change
and environmental health while producing more equitable outcomes for
urban residents. Many Latin American cities have become almost myth-
ical as living laboratories of equitable green urbanization, committed to

advancing social justice and climate justice together.
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FIGURE 6.3.1 Placards used by Mayor
Antanas Mockus in 1995 to stimulate a
sense of mutual responsibility among the
citizens of Bogota. He encouraged people
to use the thumbs to express approval and
disapproval of one another’s behaviors.
Reproduced from CIVICO Bogota.
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A good place to begin is Bogota, Colombia, in the 1990s. Philoso-
pher Antanas Mockus became mayor of Bogota during its most intense
period of violence in the late 1990s and early 2000s. It was a scene of
social chaos and urban breakdown, unemployment, poverty, and chok-
ing air quality—the worst anywhere on the continent. People referred to
Bogotd as the most dangerous city on the planet; it seemed a Hobbesian
war of all against all was underway there.

Mockus declared that urban transformation begins not with “law
and order” and not with new infrastructure—that would come later—but
with civic strategies designed to transform social attitudes, norms, and
behavior, to change hearts and minds collectively and individually. He
became legendary for the distinctive ways he intervened in the behav-
ioral dysfunction of urban Bogota, using the arts, culture, and some-
times outrageous performative interventions to dramatically reduce
violence and lawlessness, reconnect citizens with their government and
with each other, increase tax collection, reduce water consumption, and
ultimately improve quality of life for the poor.

One particularly well-known example was the citizenship cards proj-
ect. Soon after taking office, Mockus distributed small cards across the
city, hundreds of thousands of them, each depicting a thumb (Figure
6.3.1). He encouraged people to use the thumb card to express ap-
proval and disapproval toward one another as they moved through the
city. So when you saw something that violated your sense of urban
dignity, you'd show the card thumbs down. At first, people thought this
was crazy. But what happened was that people began to look at each
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FIGURE 6.3.2 Bogotd’s Transmilenio bus rapid transit (BRT) system in the
early 2000s became a model for BRTs. Photograph by Felipe Restrepo Acosta on
Wikimedia Commons.

other again, and they began to recognize how their actions affect others
and how the actions of others affect them. Through this performative
gesture, people were deciding together on the kind of city they wanted
to inhabit. Social norms began to change; public trust began to emerge.

These cultural changes paved the way for Mayor Enrique Pefialosa’s
renowned green infrastructural interventions in the succeeding admin-
istration. Sometimes called the world’s most transit-friendly mayor,
Pefalosa launched a multinodal transportation network comprising bus
rapid transit, bicycle hubs, ciclovia (bikeways), and dedicated walking
paths that stitched sprawling Bogota together. This project involved
massive cross-sector collaboration and helped to revolutionize public

transportation in Latin America (Figure 6.3.2). In other words, shifting
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social norms came first, and the transit interventions followed. This is an
important insight for us today as we think about developing sustainable
solutions for cities.

Like Mockus before him, Pefialosa understood that changing so-
cial norms was essential to his egalitarian transportation agenda. He
famously said, “A developed country is not a place where the poor
have cars; it is a place where the rich ride public transportation.” Like
Mockus, Pefialosa was committed to modeling positive behavior and
rode a bicycle wherever he went. He often claimed that a citizen on a
$30 bicycle is as important as one in a $30,000 car, bringing social equity
together with environmental and climate justice.

Mockus and Pefialosa emerged from a long tradition of participa-
tory urbanization across Latin America, stewarded by climate-forward
mayors who were inspired by Brazilian educator and philosopher Paulo
Freire and his “critical pedagogy” for reclaiming the humanity of the
colonized. These mayors committed to robust agendas of civic partici-
pation in order to ignite a sense of collective agency and dignity among
the poor and, ultimately, to produce greener and more equitable cities.
For example, in the 1980s, Workers' Party mayors in Porto Alegre, Brazil,
experimented with participatory budgeting, in which communities got
to decide together how to allocate a percentage of the municipal budget
for their own neighborhoods. In the same decade, Mayor Jaime Lerner
pioneered bus rapid transit and dozens of green interventions across
Curitiba, Brazil. In the early 2000s, the “social urbanism” of Mayor Sergio
Fajardo of Medellin, Colombia, transformed public spaces and green
infrastructure into sites of education and citizenship building—and made
Medellin a global model of urban social justice. This tradition still thrives
in cities across the continent, from La Paz to Quito to Mexico City,
and carries important lessons for equitable green urbanization in cities
across the world today.

Researchers at UC San Diego have been inspired by these Latin
American models of participatory green urbanization and are working
to adapt these lessons to disadvantaged areas in the neighboring cit-
ies of San Diego, USA, and Tijuana, Mexico. In the final section of this
chapter, we will explore the UCSD Community Stations as a model of

integral, university-community partnership for local climate action.
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6.4 The UCSD Community Stations

Social science research confirms that individual and collective behavioral
change in disadvantaged communities begins with community-based
education and that successful educational initiatives localize climate
change by linking global challenges to concrete local conditions. In dis-
advantaged neighborhoods plagued by poverty, violence, failing schools,
and failing infrastructure, climate can seem remote from the acute chal-
lenges of everyday life. Disadvantaged urban populations are likelier to
change consumption and production habits when they understand the
linkages between climate and local effects in their neighborhoods and
when opportunities for participatory action with local impact are made
available to them.

Led by UC San Diego political science professor Fonna Forman (the
author of this chapter) and UC San Diego visual arts professor Teddy
Cruz, the UC San Diego Community Stations are a network of field
stations located in disadvantaged neighborhoods across the San Diego
and Tijuana region. In the stations, university researchers and students
partner with community-based nonprofits on projects involving environ-
mental literacy and climate action. We have three stations distributed
throughout the region (Figure 6.4.1).

The Community Stations are committed to three main climate
change agendas: (1) providing community-based climate education for
undergraduate and graduate students on our campus, teaching them
to become effective climate educators; (2) increasing climate literacy
among adults and especially children in the communities we partner
with; and (3) stewarding high-impact participatory climate action proj-
ects at neighborhood scales. These projects range from small-scale
activities like community workshops and demonstrations to designing
and financing net zero retrofits of homes, schools, and businesses. Each
summer, through the Blum Summer Field Internship, we fund dozens of

UCSD students from 15 majors and minors across the campus to work
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FIGURE 6.4.1 The UCSD
Community Stations Network.
Reproduced with permission from
Teddy Cruz and Fonna Forman.

on integral, team-based research projects on climate change, sustain-
ability, and environmental health in the UCSD Community Stations.*

Take, for example, UC San Diego’s EarthLab Community Station, a
partnership with the environmental nonprofit Groundwork San Diego,
which is located in Encanto, San Diego’s most challenged inner-city
neighborhood, near Chollas Creek, the city’'s most polluted waterway.
EarthLab is a 4-acre outdoor environmental classroom and climate ac-
tion park, equipped with community gardens, water-harvesting facilities,
a solar house, an energy “nanogrid,” and other green infrastructure, all
designed by university researchers as learning tools for the six public
schools in walking distance of the site. Thousands of low-income youth
and their families circulate through EarthLab each year, learning about
the impacts of climate change and environmental degradation in their
own neighborhoods and participating locally in climate action in con-
crete ways (Figure 6.4.2).

We're now in the process of designing a master plan for the Earth-
Lab to increase its capacity into the future, focusing on food, energy,
and water, the major challenges of environmental justice in underserved
communities today. And we've been recognized by the California En-

ergy Commission for our potential to change behaviors and attitudes

*The Blum Summer Field Internship was made possible by University of California
Regent Richard C. Blum and the Andrew W. Mellon Foundation.
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FIGURE 6.4.2 The UCSD EarthLab Community Station, image tiles. Reproduced
with permission from Teddy Cruz and Fonna Forman.

in this community. In 2017, we received an Electric Program Investment
Charge (EPIC) grant to design a “near-zero net energy community” for
the surrounding neighborhood. EarthLab will serve as a base for the
solar power and energy storage infrastructure that will make this possi-
ble. This project demonstrates how the university can use its leverage to
partner with local nonprofits not only to change attitudes and behaviors,
but also to facilitate high-impact climate action projects in underserved
neighborhoods.

The UCSD Community Stations also focus on climate change and
poverty in the neighborhoods that flank the US-Mexico border sepa-
rating San Diego and Tijuana. Given UC San Diego’s proximity to the
international border, we've come to understand this region as a local
site for research on the disproportionate impacts of climate change on
vulnerable people across the globe. We also believe we have an ethical
duty, given our proximity, to figure out how to mobilize our research

and capacity to assist these vulnerable communities.
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FIGURE 6.4.3 Local youth in the UCSD-Divina Community Station, learning
through doing. Reproduced with permission from Teddy Cruz and Fonna Forman.

Our UCSD-Divina Community Station is located in an informal can-
yon settlement of 85,000 people on the periphery of Tijuana that butts
up directly against the wall marking the international border. We work
in a neighborhood called Divina Providencia, in close partnership with
a nonprofit called Organizacion de Colonos de la Divina Providencia
(Figure 6.4.3). Together, we design and lead environmental literacy
programming to help children and their families understand the impact
of climate change and environmental degradation on their health and
the well-being of their communities (Figures 6.4.4 and 6.4.5). Again, it's
not just about filling empty vessels with knowledge. It's about hands-on
learning and participatory climate action. When we get people involved
at an early age, they come to value the environment and to appreciate
its direct impact on their lives and their communities.

We conclude our chapter on social transformation with the UCSD
Community Stations because we believe they provide a highly replicable

and scalable model of local climate action. Universities everywhere are
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FIGURE 6.4.4 Local youth in the UCSD EarthLab Community Station,
environmental literacy in situ. Reproduced with permission from Groundwork San
Diego, Chollas Creek.

FIGURE 6.4.5 The UCSD Blum Summer Field Internship, Summer 2015,
Tijauna, BC, Mexico. Reproduced with permission from Teddy Cruz and Fonna
Forman.

positioned to do this kind of collaborative work in their local commu-
nities, training our students across disciplines to become the climate
educators and communicators of the future and mobilizing university

resources for the public good, locally and for the planet.
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This chapter on transforming social attitudes, norms, and behaviors has
asserted four main claims. First, tackling climate change requires integral
solutions that combine innovations in technology, finance, and policy
with transforming social attitudes and behavior. Second, we're likelier
to produce changes in social attitudes and behavior by localizing and
personalizing the impacts of climate change and providing concrete
opportunities for participatory climate action. Third, many cities have
developed compelling models of participatory green urbanization that
tackle both climate change and social inequality. We explored several
Latin American urban “living laboratories.” Finally, universities and com-
munities can be meaningful partners in changing attitudes, norms, and
behaviors around climate change. We enjoin you, as climate champions,
to think about how organizations you are involved in—whether it's your
university or college, city, town, or community group—can do this too.
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Learning Objectives

By reading this chapter, you will learn
1. Why it is important to understand climate change as a moral issue.

2. How a variety of religions are addressing climate change as an

ethical dilemma.

3. How religious organizations and communities can help develop

climate change solutions.

4. How the academic field of religion and ecology brings science,
religions, and environmental ethics together to help us understand

climate change as a moral issue that requires moral responses.

Overview

Humans are currently immersed in a global environmental crisis that has
various manifestations, such as climate change, deterioration of eco-
systems, massive loss of species, and pollution of air, water, and soil.
The effects of this crisis on human health and planetary well-being are
increasingly evident, but the moral response to it has been muted.

Until recently, degrading nature for human use—clear-cutting for-
ests, strip-mining mountains, depleting fisheries—was not considered a
critical ethical issue. For many economists, for example, polluting the
atmosphere, soil, or waters was simply an external consequence of in-
dustrialization and the necessary cost of economic growth. But now our
industrializing powers and economic systems are disrupting the carbon
cycle and causing the entire planet’s climate to change.

Several questions come to mind: Is climate change not a moral chal-
lenge? Who will suffer most from the effects of climate change? Do we
have an environmental ethics that is broad enough and inclusive enough
to respond, especially to the needs of the poor? If nature is not fully
valued, how can we develop a robust environmental ethics?

It may be the case that—as with the abolitionist movement in the nine-
teenth century and the civil rights movement in the twentieth century—we
will not respond at the scale and speed required until we see climate

disruption as an ethical challenge. The integration of the moral issues
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of ecological degradation and climate justice into social consciousness,
political legislation, and international negotiations remains to be realized.

Two interrelated questions arise: Where do we begin, and what can
we build on? For each part of the world the response will be different,
as ethics will be based in different cultural, philosophical, and religious
worldviews. For the United States, the task is far from easy, and one
of the main messages regarding consumption may be dismissed or ig-
nored. For the hard truth is that our hyperinflated lifestyle—our massive
consumption of energy and goods—is having adverse effects on people
and the planet, both at home and abroad. With only 4% of the world's
population, the United States consumes 25% of the world’s resources.
Moral awakening, while still elusive, is critical.

It is clear that we in the United States are, and have been for some
time, a source of the destruction of the environment, both its intricate
ecosystems and its myriad species. Whether intentionally or uninten-
tionally, we are also increasing inequity and injustice for the poor, the
vulnerable, and climate refugees who are now suffering from the devas-
tating effects of climate change. This is true in Central America as well as
in Africa and the Middle East where refugees are fleeing drought-stricken
lands. Even insurance companies, such as Chubb, are recognizing the
existential threat of climate change. The US Department of Defense sees
it as a national security threat. We are indeed confronting the existential
threat of climate change, and what to do still eludes us as the demands
of intergenerational justice loom on the horizon.

In Section 7.1, this chapter will indicate the possibilities for and bar-
riers to a new alliance between science and religions to address climate
change. In Section 7.2, | will outline the academic field of religion and
ecology as well as the moral force of grassroots religious environmental-
ism. Section 7.3 acknowledges the problems and promise of religions for
tackling environmental issues. In Section 7.4, | will outline how religions
contribute to a broad moral sensibility for the flourishing of life. Section
7.5 discusses Journey of the Universe, a multimedia project, including a
book and a film, that aims to develop a comprehensive cosmological
story for a vibrant Earth community. Finally, Section 7.6 will highlight
key principles, strategies, and tactics for an ethical response to climate

change.
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7.1 Science and Religion: A New Alliance Needed

While climate action on a significant scale is still lacking, one way for-
ward is to see climate change as an issue that brings science and reli-
gion together as never before. We need both scientific knowledge and
environmental ethics to confront this massive problem. The challenge
is, How can we break through scientific complexity to the moral insight
that gives rise to social and political change?

But first there are problems with science and with religion that we
need to identify. Clearly a tension between science and religion exists
in universities and schools and in churches, synagogues, and mosques
across the United States. This is one reason that the moral dimensions
of climate change are still invisible, both in academia and in society at
large. There are many reasons for this: namely, that religion and ethics
are marginalized in secular academia, that schools of theology have not
made ecological issues and environmental ethics central to their cur-
ricula, and that religion and ecology is still a new field in academia. Yet
it is fair to say that this field has significant potential for encouraging a
moral environmental force in society. Indeed, grassroots religious envi-
ronmentalism is growing significantly. The Pope’s 2015 encyclical on the
environment, Laudato Si’, has done much to encourage this by making
action on climate change a moral imperative. The Ecumenical Patriarch
Bartholomew of the Eastern Orthodox Christian Church has also led the
way in highlighting the sacredness of creation and in hosting religion,
science, and environment symposia focused on water. He speaks of the
degradation of nature as “crimes against creation” and “ecological sin.”

Linking spirituality and ecology is not wholly new, of course. In-
digenous people’s worldviews have been based on this understanding
for millennia. Moreover, in the nineteenth century, John Muir fought to
preserve the Sierra Nevada in California by representing the wilderness
as a temple in his writings. He helped to establish Yosemite and fought

to preserve Glen Canyon for its aesthetic and spiritual merit. His feeling
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FIGURE 7.1.1 John Muir advocated environmental preservation, in part
because he saw nature as sacred. This portrait of him was taken in about 1902.
Reproduced from Wikipedia.

for the spiritual dimensions of nature makes him one of the most widely
read and admired environmentalists of all time (Figure 7.1.1). This sense
of spiritual ecology was an inspiration for him in forming the Sierra Club,

which has become the largest environmental group in the United States.
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7.2 Religion and Ecology:

Academic Field and Moral Force

Our attitudes toward nature have been consciously and unconsciously
conditioned by our religious worldviews. Over 50 years ago the UCLA
historian Lynn White Jr. observed this when he noted: “What people do
about their ecology depends on what they think about themselves in
relation to things around them. Human ecology is deeply conditioned by
beliefs about our nature and destiny—that is, by religion.” White's 1967
article in Science marked a watershed in contemporary reflection on how
environmental attitudes are shaped by religious worldviews. He critiques
Christianity for losing a sense of the sacredness of nature by banishing
animism and elevating humans above nonhumans. He cites the Genesis
passage (1:26) in which God gives humans dominion over nature and
other species. Such dominion, he observes, led to overexploitation of
the natural world and to anthropocentrism, or human-centered ap-
proaches to ethics and daily life. White calls for making St. Francis a
patron saint of ecology for his love of nature and his kinship with all
species, such as birds and wolves.

Christian theologians pushed back against White's argument and
began to develop forms of eco-theology, which emphasizes environ-
mental ethics, stewardship, and creation care. Claremont theologian
John Cobb helped to lead the way, publishing a book titled Is It Too Late?
A Theology of Ecology in 1972. Among his many writings is a book with
economist Herman Daly, For the Common Good: Redirecting the Economy
Toward Community, the Environment, and a Sustainable Future. Theologians
such as Rosemary Ruether, Sallie McFague, and Catherine Keller took up
ecofeminism, which links the exploitation of the Earth to the degrading
treatment of women. These ecofeminist theologians called for a new
understanding of the Earth as sacred, indeed as God'’s body.

In the last two decades, other religious traditions were drawn into
the search for a broader environmental ethics. Indeed, through the

work of hundreds of scholars and theologians, a new field of religion
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and ecology has emerged within academia. Its rapid growth has been
nothing less than remarkable, and its potential to affect change is sig-
nificant because of the institutional dimensions of the world’s religions,
which engage 85% of the world’s people. This field has undertaken se-
rious reflection on views of nature from the different world religions.
For example, John Grim and | organized a 3-year research project of
ten conferences at the Harvard Center for the Study of World Religions
(1996-1998), resulting in ten edited volumes. The project culminated
in two conferences in 1998 in New York at the United Nations and the
American Museum of Natural History, attended by over 1,000 people.
The Forum on Religion and Ecology was born from these conferences,
and we now direct it at Yale University.

The assumption of the Harvard research project was that environ-
mental attitudes and ethics are predominantly shaped by religious and
cultural contexts. These are vastly different in China and India than in
the West. Indeed, our initial impetus was in large measure to highlight
the traditions of China and India, knowing that their rapid development
and industrialization would change the face of the planet—as it is already
doing. It was also important that we raise up the voices of Indigenous
peoples in a conference and a volume. Our conviction was that under-
standing these varied cultural values and religious ethics will contribute
to environmental solutions that include both humans and nature.

That is what the Forum on Religion and Ecology set out to do, begin-
ning with a group of some 800 scholars and environmentalists. We now
have a network and email list of some 12,000 people. We have also cre-
ated a comprehensive website where we have collected the statements
of many of the world’s religions and annotated the literature published in
English on this topic: http://fore.yale.edu. One of our early projects was
an issue of the academic journal Daedalus, titled “Religion and Ecology:
Can the Climate Change?” (2001), which arose out of two conferences
at Harvard. Our Forum website highlights various statements on climate
change and grassroots projects to address it by the world’s religions.

The academic field of religion and ecology makes a number of as-
sumptions, including these:

» Religion and ecology is a newly emerging academic field not more

than 20 years old; environmental ethics, on the other hand, coming
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out of Western philosophy, is 40 years old. Scholars of religion and

theologians have a great deal of work still to do.

Religious and ethical perspectives have only recently been invited
into the arena of “sustainability sciences” and sustainability forums,
which are arenas within academia and, beyond that, are trying to

respond to climate change and other environmental problems.

While academia is somewhat comfortable with environmental ethics
arising out of Western philosophy, it is perplexed by, or adverse
to, the study of religion in universities. This is because it confuses
religious studies and history of religions with theology that has been
largely carried out within a framework of Christian confessional as-

sumptions, beliefs, and practices.

Religious studies and the history of religions are not theology. They
are the study of the unfolding of various religious traditions, in-
cluding changes and continuities over time. These studies are more
indebted to history and the social sciences (especially the study
of culture and anthropology) than theology, which has developed
primarily at Christian seminaries. The history of religions identifies
ethics within the context of world religions and cultures, not simply
within a Western Christian framework. Until recently, Christian eth-
ics has focused primarily on social ethics, not environmental ethics.

But important contributions are now being made in this arena.

As scholars, we do not assume that religions are unproblematic
entities. We recognize the havoc they have caused, historically and
at present. However, we are suggesting that they are necessary,
although not sufficient, partners in seeking environmental solutions.
Religions need to be in dialogue with science, policy, and econom-
ics. We hope this interdisciplinary dialogue gains further traction
through efforts such as this book and course.
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The problems and promise of religions should be clearly identified (Table
7.3.1). Those in the field of religious studies, in positions of religious
leadership, in religious communities, or in divinity schools also need
humility to enter the environment and climate field. Important work in
these areas has been going on for decades without us.

Religions are indeed late, but their contributions may be indispens-
able for realizing a sustainable future for the planet. That is our challenge
in the years ahead: to contribute to a moral awakening regarding the
planetary emergency that faces us. Religions must develop an ethics that
not only deals with moral issues among humans, such as homicide or
suicide, but also imagines ethical relations with nonhumans and moral

responses to biocide or ecocide.

TABLE 7.3.1 A summary of some of the key problems with and promises of

religions

Problems

Promises

1. Rigid, dogmatic
Bound by tradition
Afraid of modernity
2. Exclusive claims to truth
Looking inward to orthodoxy
3. Otherworldly concerns
Salvation in heaven
4. Hierarchical, patriarchal
Present sectarian concerns
Preserving church membership
6. Human rights

Anthropocentric

Flexible

Changing over time
Embracing modernity

Broad moral reach

Looking outward to practice
Valuing this world
Creation-centered spirituality
Equity, fairness, justice
Future generational concerns
Supporting the full community of life
Rights of nature or creation

Anthropocosmic

Chapter 7: Religion, Ethics, and Climate Change



7.4 Engaging Religions:

Toward Economic and Ecological Flourishing

Despite the problems with religion, there is great promise in a partner-
ship between religion and science around climate change. This is vital
because we need to encourage a new sense of progress, one that is
concerned not just with economic growth, but with the genuine flour-
ishing of the Earth community. The world’s religions may offer some
ethical norms for enhancing this larger flourishing of life. For example,
this is the work of the Interfaith Center on Corporate Responsibility,
which urges businesses toward social and environmentally responsible
investment and models this in the investment portfolios of religious
congregations. To approach investing this way, shareholders have to
consider the long term and future generations—that is, broader interests
beyond weekly stock market indices and quarterly financial reports.

Such ways of thinking involve enhancing the quality of life, not the
quantity of material possessions. In this framework, economic progress
should be measured not by a nation’s gross national product (GNP), but
rather by gross national happiness (GNH) indicators such as those the
government of Bhutan has developed. Based on Buddhist principles of
right livelihood and well-being, GNH is part of the Bhutanese constitu-
tion and is implemented by a GNH Commission (Figure 7.4.1). Religions
can assist in such endeavors, as they are well equipped to point toward
more lasting values and sources of deeper happiness. They understand
the efficacy of long-term thinking and have been attending to this for
centuries. Religious communities are active in the fossil fuel divestment
movement, and some, such as the United Church of Christ, have led
the way. Union Theological Seminary in New York, the Pacific School
of Religion in Berkeley, and the Jesuit-based Seattle University have all
divested from fossil fuels.

Many religious communities are concerned about the long-term com-
mon good and the ecological flourishing of the Earth community—land,
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FIGURE 7.4.1 The Paro Taktsang, or Tiger's Nest, a Buddhist monastery built
in 1692 on a sheer cliff at an elevation of 10,000 feet, expresses the spiritual
values to which Bhutan’s gross national happiness (GNH) measures also attest.
Photograph by Baron Reznik via Flickr.
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FIGURE 7.4.2 Hassan Il Mosque, Casablanca, Morocco, is part of the country’s
effort to green its mosques. Reproduced from Milamber via Flickr.

water, air, soil, and all species, human and more-than-human. They aim
to uphold the wonder, beauty, and complexity of nature for present
and future generations. This sense of wonder is shared by religion and
science and can help reorient our lives by grounding us in gratitude.
Life is an extraordinary unfolding process of which we are a small but
indispensable part.

Our essential ethical question, then, is What does the ecological
flourishing of the Earth community require in the face of climate change?
World religions need to develop a moral framework for responding
to climate change that allows for common but differentiated respon-
sibilities. The developed world has different responsibilities from the
developing world, and yet we must all work together to create the basis
for a shared and vibrant future.

| am suggesting that ethical responses to environmental issues such

as climate change involve reimagining human-Earth relations on a scale
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that is locally differentiated, culturally sensitive, ethically grounded, and
globally attuned. An awareness of place-based local concerns is indis-
pensable, as is sensitivity to particular cultures and religions. From this
basis an ethics can emerge that is grounded in place and culture, but

also globally aware.

Box 7.4.1 Greening Mosques

Morocco has undertaken a project to green its 15,000 mosques,
starting with 600 by 2019 (Figure 7.4.2). Through a partnership with
Germany’s international development agency, GlZ, the Moroccan
government aims to make mosques and other buildings more energy
efficient and increase their use of renewable energy, particularly solar
power. The project’s other key goals include raising public awareness
about renewable energy, creating new jobs, and training people to
fill such jobs.
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7.5 Journey of the Universe:

A Shared Evolutionary Story

Our biggest challenge to realizing this broader perspective in the United
States and some other Western-influenced societies is hyper-individualism
and an elevation of personal liberties over a sense of the common good.
The unanswered question is how to move from a narrow devotion to
individual rights toward embracing a larger sense of responsibility for
the flourishing of life. We need to articulate and imagine a common
well-being that is not hegemonic or totalizing, but inviting, energizing,
inclusive, and participatory.

Journey of the Universe has this possibility of bringing humans together

FIGURE 7.5.1 An anthropocosmic worldview puts humans within a broader
cosmos, not at its center. Still from the film Journey of the Universe.
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Box 7.5.1 Journey of the Universe

Journey of the Universe narrates the 14-billion-year story of the universe’s de-
velopment, from the great flaring forth at the universe's inception to the
emergence of simple molecules and atoms to the evolution of galaxies, stars,
solar systems, and planetary life of greater complexity and consciousness.
This is a story that inspires wonder as we begin to understand such complex-
ity through science and appreciate such beauty through poetry, art, history,
philosophy, and religion.

Journey of the Universe is a cosmology, although not just in the scientific
sense of the study of the early universe. Rather, it is a cosmology in the sense
of being an integrated story that explains where both humans and other life-
forms have come from. All cultures have had such stories. We now have the
capacity to tell a comprehensive story drawing on astronomy and physics to
explain the emergence of galaxies and stars, geology and chemistry to under-
stand the formation of Earth, biology and botany to envision life's evolution,
and anthropology and the humanities to trace the rise of humans.

Journey draws on all these disciplines to narrate a story of universe, Earth,
and human evolution that is widely accessible and allows for a comprehen-
sive sense of mystery and awe to arise. This is in alignment with the call of
the environmental ethicist J. Baird Callicott to “reintegrate science and its
epistemology into the wider culture by expressing the new nature of Nature
as revealed by the sciences, in the grammar of the humanities.” Such an ap-
proach expands the human perspective beyond an anthropocentric world-
view to one that values life’s complexity and sees the role of humans as critical
to the further flourishing of the Earth community. While humans are gifted
with the creativity of symbolic consciousness, we know that different kinds
of self-organizing creativity abound in the universe and Earth—the formation
of galaxies and stars, the movement of tectonic plates, the chemistry of cells,
the biological complexity of photosynthesis, the migrating patterns of birds,
fishes, turtles, and caribou. Creativity is also closely aligned with chaos and
destruction as the universe unfolds on the edge of a knife.

Such a cosmological perspective is both ancient and modern—embedded
in certain aspects of world philosophies and religions and revealed anew in
the scientific story of the universe. Thus science along with philosophy and
religion help us to recognize ourselves as participating in a larger integrated
whole. In this spirit, images and metaphors from the wisdom traditions of the
world religions and philosophies are woven into Journey of the Universe.
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in a shared evolutionary story that respects differences. Journey is a mul-
timedia project created over 10 years by Brian Thomas Swimme, John
Grim, and me; it consists of an Emmy award-winning film, a book from
Yale, a series of 20 conversations with scientists and environmentalists,
and online courses. This project acknowledges that we humans are part
of a vast unfolding universe, dwelling in a living Earth community, and
ideally contributing to its continuity. Journey embraces an anthropocos-
mic worldview in which humans are seen as belonging to and dwelling
within the cosmos and the Earth (Figure 7.5.1). It begins with the “great
flaring forth” 14 billion years ago and traces the emergence of Earth, of
life, and of humans. It concludes with our current ecological challenges.

Journey of the Universe thus weaves together scientific discoveries
in astronomy, geology, and biology with humanistic insights concerning
the nature of the universe. It is in the lineage of Thomas Berry's call for
a “New Story.” Berry felt we needed to bring science and the humanities
together in an integrated cosmology that would guide humans into the
next period of the flourishing of human-Earth relations. This perspective
affirms that “the universe is a communion of subjects, not a collection

of objects,” as Thomas Berry often observed.

Chapter 7: Religion, Ethics, and Climate Change

7-17



7.6 Principles, Strategies, and Tactics
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Here are some suggestions, then, of principles, strategies, and tactics
that the world’s religions and environmental ethicists could promote
toward the flourishing of people and planet in the face of rapid and re-
lentless climate change. This section is adapted from an article | wrote in
Zygon in 2015. First | explain two foundational principles—valuing nature
and honoring humans. Then | explore two key strategies—thinking con-
sequentially and integrating solutions. Finally | examine two interrelated
tactics—restraint and law.

First foundational principle:
valuing nature as source, not resource

Intrinsic value of nature We are moving from viewing nature simply
as a resource for our own use to seeing it as the source of life and
creativity. Instead of valuing nature from a utilitarian perspective, we
are learning to appreciate it for its intrinsic beauty and complexity.
As Journey of the Universe makes evident, Earth is a source of dynamic
change and transformation, bringing forth life over billions of years of
evolution. Participating in the flourishing of life’s creativity is a major
fulfillment of human destiny. Destroying that creativity is diminishing the
possibility for life’s continuity, as Thomas Berry noted in The Dream of
the Earth.

Environmental degradation as an ethical issue  Until recently environ-
mental degradation was seen as an inevitable consequence of economic
growth and industrial progress. This view is being called into question in
many circles, especially those of ecological economists. To stem the tide
of destruction will require a new economics and the extension of ethical
concerns to nature as a whole and to individual species in particular.

The role of humans in causing climate change through greenhouse gases
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FIGURE 7.6.1 This photo shows the extraction of oil from the tar sands in
Alberta, Canada, in 2008. Reproduced from Howl Arts Collective via Flickr.

is finally being acknowledged as ethically problematic. Our emissions
(especially in developed countries) have adversely affected ecosystems,
caused biodiversity loss, contributed to species extinction, and affected
millions of people around the globe. There have been moral responses
to this by the US Catholic Bishops in 2001 and the Canadian Conference
of Catholic Bishops in 2006. Canadian Bishop Luc Bouchard'’s pastoral
letter in 2009 is a unique example of a powerful critique of the problems
caused by the extraction of oil in the tar sands in Alberta (Figure 7.6.1).

Many other bishops’ conferences around the world have issued
statements on the environment and climate change, calling for care for
the poor and vulnerable, noting the need for a change in lifestyle among
the wealthy, and holding corporations responsible for despoiling the
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Earth. Pope Francis refers to several of these documents in his landmark

encyclical on the environment, Laudato Si’, issued in 2015.

Second foundational principle:
honoring humans—our rights and responsibilities

Environmental rights: present and future generations It is neces-
sary to expand the notion of human rights to include environmental
rights to a healthy atmosphere and biosphere for present and future
generations. To do this, we need to consider the rights to information,

public participation, and justice regarding environmental issues. This

Box 7.6.1 From a Pastoral Letter on Fossil Fuel Extraction as
a Moral Problem

In 2009, Bishop Luc Bouchard of Alberta, Canada, issued a pastoral let-
ter, The Integrity of Creation & the Athabasca Oilsands. Here is an
excerpt from his letter:

The moral problem does not lie in government and industry’s lack of
a sincere desire to find a solution; the moral problem lies in their rac-
ing ahead and aggressively expanding the oilsands industry despite
the fact that serious environmental problems remain unsolved after
more than forty years of on-going research. The moral question has
been left to market forces and self-regulation to resolve when what
is urgently required is moral vision and leadership.

| am forced to conclude that the integrity of creation in the
Athabasca oilsands is clearly being sacrificed for economic gain. The
proposed future development of the oilsands constitutes a serious
moral problem.

Environmentalists and members of First Nations and Metis com-
munities who are challenging government and industry to adequately
safeguard the air, water and boreal forest eco-systems of the Atha-
basca oilsands region present a very strong moral argument, which
| support.

The present pace and scale of development in the Athabasca
oilsands cannot be morally justified. Active steps to alleviate this en-
vironmental damage must be undertaken.
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FIGURE 7.6.2 (above left) In India, the Yamuna River
is considered sacred. Reproduced from Melenama via

Flickr.

FIGURE 7.6.3 (above right) But the Yamuna River

is also polluted with sewage and trash. This view of
the Yamuna River at Agra was taken in 2008 during
a trash cleanup event. Reproduced from India Water

Portal via Flickr.

FIGURE 7.6.4 (right) The Ganges is also both
sacred and polluted. In this 2013 photo, pilgrims’
offerings of flowers and coconuts float together with
plastic trash on the surface of the river. Photograph
by Massimiliano Sticca via Flickr.

was set forth in the Aarhaus Convention in 1994, which called for access
to information, participation in decision-making, and access to justice
in environmental issues. But clearly those families and individuals who
are exposed to pollution from petrochemical and coal power plants
and those who are affected by mountaintop removal mining were never
given information to ensure their health and safety or to guarantee their
environmental rights. Faith-based religious initiatives in Appalachia, in
Flint, Michigan, in Baltimore, and in Mississippi are trying to help such
communities by calling for creation care and for environmental justice.
Moreover, a landmark climate lawsuit, Juliana v. United States, brought
by 21 young people from across the United States, is making its way
through federal court. The suit alleges that the US government, through
actions that cause climate change, has violated young people’s constitu-

tional rights to life, liberty, and property.
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Box 7.6.2 Legal Personhood for Sacred Rivers

In India, a legal case on the rights of rivers suggests that new forms of
Earth jurisprudence are emerging that are expanding the moral compass
of the law to include nature and a sense of the sacred. Legal rights are
often granted to entities and organizations that are not human individu-
als; in the United States, for example, corporations are considered legal
persons. But recently, some nations, such as Bolivia, Ecuador, Australia,
and New Zealand, have begun granting nature in general or specific nat-
ural entities legal personhood.

The state of Uttarakhand, India, contains part of the Himalayas and
the headwaters of the Ganges River. In 2017, a high court there ruled
that “the Rivers Ganga and Yamuna, all their tributaries, streams, every
natural water flowing with flow continuously or intermittently of these
rivers, are declared as juristic/legal persons/living entities having the sta-
tus of a legal person with all corresponding rights, duties and liabilities
of a living person.” The court based its decision in part on the fact that
these rivers are “sacred and revered...central to the existence of half
the Indian population.” Because environmental damage threatens “their
very existence...[this] requires extraordinary measures to be taken to
preserve and conserve Rivers Ganga and Yamuna” (Figures 7.6.2, 7.6.3,
and 7.6.4).

The court’s decision established the rivers as legal persons but as
minors under the law, thereby recognizing that the rivers cannot speak
for themselves. The court also designated specific positions in the Ut-
tarakhand state government to act for the rivers. Though the ruling has
been appealed and is still working its way through the courts, it shows
not only how legal thought about the rights of nature is beginning to
change, but also that religion and the sacredness of particular natural
entities are central to that shift.

In 2011 the Forum on Religion and Ecology along with TERI Univer-
sity in Delhi and the Radha Raman temple in Vrindavan sponsored a con-
ference in India titled Yamuna River: A Confluence of Waters, A Crisis of
Need. It brought together scientists, hydrologists, political scientists, re-
ligious leaders, and scholars to find ways to meet the difficult challenges
of pollution of this sacred river: fore.yale.edu/yamuna-river-conference/.
The conference highlighted how climate change affects rivers in a variety
of ways, including higher temperatures causing algae blooms and fish
kills as well as unpredictable patterns of drought and flooding.
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Environmental responsibilities: distributive justice With environ-
mental rights come moral responsibilities toward those most vulnerable
to the effects of climate change, such as the millions of impoverished
people in the coastal region of Bangladesh, the thousands of African
Americans in New Orleans after Hurricane Katrina, and those in Darfur
and Syria suffering from climate-related drought and subsequent famine.
The concept of distributive justice clearly requires further reflection re-
garding our moral obligation to people at a distance in space (in other
countries) and time (in future generations).

As the oceans rise and their countries become endangered, the Al-
liance of Small Island States in the United Nations is considering suing
developed countries for causing this catastrophe. Their citizens are be-
coming climate refugees; the population of Tuvalu is being relocated to
New Zealand. Indigenous peoples in the Torres Strait of Australia have
sued the government on the basis that climate change is threatening
their traditional culture and religion. How many hundreds of thousands
of people will have to be relocated from islands and coastal regions
where most of the world’s largest cities are located and a quarter of
the world’s population lives? Jakarta, a sinking city of over 10 million
people on the world’s most populous island, is already making plans to
evacuate and move.

Many religious leaders are now speaking out on the need for climate
justice, especially for the poor and vulnerable most affected by climate
change. Rabbi Arthur Waskow of the Shalom Center in Philadelphia and
Reverend Dr. Gerald Durley of Providence Missionary Baptist Church
are leaders here, while United Church of Christ minister Jim Antal and
Episcopal priest Margaret Bullitt-Jonas have written books on the topic
(Figure 7.6.5). The Evangelical Environmental Network is also working
on climate justice. A leading evangelical scientist, Katherine Hayhoe, has
been speaking out on the importance of understanding the science and
responding to our growing climate crisis.

First key strategy:
thinking consequentially, short term and long term

Precautionary principle In his 1971 book The Closing Circle, biologist

Barry Commoner made the commonsensical point that we ought to

Chapter 7: Religion, Ethics, and Climate Change

7-23



7-24

FIGURE 7.6.5 Rev. Dr. Gerald L. Durley, Rev. Margaret Bullitt-Jonas, and Rev.
Dr. Jim Antal. Photograph by Robert A. Jonas. Reproduced with permission.

stop pollution at its source. This can be seen as an early iteration of the
precautionary principle or principle of prudence. We should invoke this
principle as a means of stemming climate change. We need to suggest
that rather than argue about some of the details of the science or ask
for further studies, the precautionary principle requires us to act now.
Future generations and the future of life depend on various kinds of
preventive action. Cap-and-trade or a carbon tax are no doubt neces-
sary economic incentives for change, but we need to develop a deeper
sensibility regarding cutting back emissions at the source and seeing
this as a moral responsibility. The Keep it in the Ground movement, for
example, maintains that a viable ethical position is restraint in extracting

fossil fuels in the first place.

Unintended consequences We must not only reduce emissions now,
but also consider the long-term effects of our decisions. We know we
are already compromising the quality of life for many people—including
our children and grandchildren. The consequences of our actions, inten-

tional and unintentional, need to become more visible. This is especially
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Box 7.6.3 Responding to Climate Change Locally

Religious communities in many parts of the world are responding to the par-

ticular challenges climate change is bringing to their area. For example, the

Higher Ground Initiative of Temple Solel, a Jewish synagogue in Hollywood,

Florida, is confronting the problem of rising seas. Members of the synagogue

educated themselves on sea level rise, investigated local areas that flood

during very high spring tides called king tides, took action to bring attention
to the issue, made efforts to reduce their synagogue’s carbon footprint, and
expanded their initiative to other Reform Jewish congregations.

There are many ways to take action on climate change. If you're involved
in a religious community, find out if it has a climate change committee; if
not, see if you can start one. Here are some resources to draw on:

* Interfaith Power and Light (IPL) leads religious communities’ efforts to
improve energy efficiency and conservation in the United States. IPL has
worked for two decades to establish branches in over 40 states and fo-
cuses on several areas, including the reduction of carbon footprint in
places of worship, educating congregants, environmental justice for the
poor, liturgical renewal to include the environment, and work for policy
changes in national and local governments: https://www.interfaithpower
andlight.org.

e The Shalom Center, based in Philadelphia, leads many Jewish environmen-
tal efforts: https://theshalomcenter.org.

* Eco-Justice Ministries works with a range of Christian denominations in
the United States on greening churches, taking action on climate change,
and transformational ministry: www.eco-justice.org.

e Earth Ministry undertakes “faithful advocacy” on environmental issues in
Washington state, where the organization is based, as well as on climate
change: https://earthministry.org.

* Green the Church leads African American Christian churches to become
more sustainable, develop green theology, and advocate for political
change: greenthechurch.org/.

* GreenFaith is an interfaith coalition for the environment that works with
houses of worship, religious schools, and people of all faiths to help them
become better environmental stewards: https://greenfaith.org.

* Interreligious Eco-Justice Network has been working on the intersection
of ecological understanding and social justice for many years, focusing on
key issues such as climate change and pollution: irejn.org.
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true as the unintended outcomes of various proposed solutions to
climate change are becoming evident. For example, geoengineering
schemes, such as seeding the oceans with iron to increase phytoplank-
ton and draw down carbon, may inadvertently disrupt the food web. A
2019 white paper by Gary Gardner and Forrest Clingerman highlights
religious responses from Judaism, Christianity, Islam, Hinduism, and
Buddhism to geoengineering. This report recognizes that many peo-
ple feel geoengineering may be necessary to halt climate change, but
they call for precaution in light of the unknown consequences of these
procedures. This is an example of religions contributing an ethics of
long-term thinking about the health and well-being of future generations
beyond uncertain “technological fixes.”

Second key strategy:
integrating solutions—energy and technology

Renewable energy The development of safe renewable energies is
of utmost importance as we shift from fossil fuels to energy from the
sun, wind, water, and geothermal power. Indeed, many are suggesting
we are in the midst of an energy revolution. While we have much of
the technology to make this change, this shift needs to be scaled up so
that it can be done without adversely affecting those most vulnerable.
This will require making renewable energy economically viable and thus
providing economic incentives and investing in more research and de-
velopment. The shift from nonrenewable and polluting energy sources,
such as coal and oil, to renewables is one of the largest transformations
in human history, and is now a moral imperative. Fracking for natural
gas is harming our ecosystems, polluting our waters, and causing social
disruptions in the United States and around the world. Several European
countries have outlawed fracking on environmental grounds.

Many religious communities, especially Native Americans in the
United States and First Nations peoples in Canada, have rallied to stop
pipelines, often joined by other religious communities. The most prom-
inent example is the Lakota Sioux at Standing Rock in North Dakota and
their many allies who tried to prevent a pipeline from passing under the
Missouri River next to their reservation. This is an example of a precau-

tionary principle being invoked to prevent pollution before it happens.
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FIGURE 7.6.6 Stand with Standing Rock, November 14, 2016. Photograph by
Leslie Peterson via Flickr.

The Lakota drew on their traditional belief that “water is life” and must
not be put at risk of pollution. Native Americans and other Indigenous
peoples embrace a cosmovision that considers all of life sacred, includ-
ing the elements of earth, air, fire, and water (Figure 7.6.6). Humans are

seen as kin to all other species who dwell in the living Earth community.

Technology transfer and efficiency Along with the large-scale move
to renewable energy is an obligation to transfer appropriate technology
to developing countries to assist with climate change mitigation and
adaptation. As we improve alternative energy and green technology in
the United States and the developed world, how can we find the eco-
nomic means and political will to transfer this knowledge to developing
countries? This is a justice issue, not simply an economic issue, as the
developing world by and large does not have the capital to create or
invest in these technologies without assistance. Large-scale funds need
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FIGURE 7.6.7 Raising livestock on a large scale in factory farms like this one
contributes to climate change—both because pigs and cows emit methane
and because rain forests are destroyed to grow crops to feed these animals.
Reproduced from Wikimedia Commons.

to be set aside to allow this to happen. Such help has been promised in
the past but not delivered.

First tactic:
ensuring restraint—curbing consumption and population

Consumption and affluence A key justice issue is that of overcon-
sumption and the high levels of affluence in the developed world as
factors that contribute to climate disruption. How can lifestyle change
(using and consuming less) be seen as a moral issue? This will involve
reexamining our carbon footprint, our building patterns, our transpor-
tation systems, our development plans, our clothing manufacturing, and
most especially our agricultural processes, which depend on fossil fuels.
The factory farming of animals and the destruction of rain forests to
raise crops to feed animals is contributing to climate change (Figure
7.6.7). Many religious communities are suggesting that eating less meat
will help reduce greenhouse gases. See, for example, CreatureKind:

www.becreaturekind.org.

Population growth How can the difficult topic of population growth
be raised as a moral issue in relation to global warming? The planet
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clearly has limits to what it can support. By exploding from 2 billion to
7 billion people in one century, we have caused massive disruptions to
Earth’s ecosystems and natural cycles. While China adopted a national
policy to control population, this still remains controversial in some
quarters. However, as UN agencies have observed, educating women
for jobs and empowering women by providing birth control and repro-
ductive health care are assured means of population reduction. These
need to be seen as moral rights that will ensure that children are wanted,
nourished, educated, and cared for. We cannot avoid focusing on this
issue in conjunction with consumption, for a person in the developed
world will consume considerably more than a person in the developing

world. Again, invoking the principles of justice and equity is critical.

Second tactic:
creating law—global governance and global ethics

Global governance To be able to draft and enforce binding treaties
on climate change, we need to ensure democratic participation, ac-
countability, and transparency. This requires the development of a new
stage of global governance that will be bound by international law and
enforced by institutions such as the World Court and the United Na-
tions. While we are a long way from such global governance, the foun-
dations of such a system are being established. This is sorely needed
as environmental problems such as climate change transcend national
boundaries and thus call for international cooperation that is binding,

both legally and ethically.

Global ethics The Earth Charter, a comprehensive global ethics doc-
ument, was initiated by Mikhail Gorbachev and Maurice Strong, who
chaired the UN Conference on Environment and Development (UNCED)
held in Rio de Janeiro in 1992. They felt that an ethical document of prin-
ciples was needed to adjudicate the contentious issues of environmen-
tal protection and economic development. An Earth Charter drafting
committee was established with a broad spectrum of representatives;
Earth Charter commissioners, prominent global citizens, were named
from every continent; and an Earth Charter Initiative Secretariat was

established at the University for Peace in Costa Rica. The Charter was
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Box 7.6.4 From the Earth Charter

We stand at a critical moment in Earth’s history, a time when human-
ity must choose its future. As the world becomes increasingly inter-
dependent and fragile, the future at once holds great peril and great
promise. To move forward we must recognize that in the midst of
a magnificent diversity of cultures and life forms we are one human
family and one Earth community with a common destiny. We must
join together to bring forth a sustainable global society founded on
respect for nature, universal human rights, economic justice, and
a culture of peace. Towards this end, it is imperative that we, the
peoples of Earth, declare our responsibility to one another, to the
greater community of life, and to future generations.

drafted in the decade following the Earth Summit in 1992 and released
at the Hague in 2000 with the assistance of the Dutch government. |
was a member of the drafting committee of 25 people from around the
world, representing key sectors such as politics, economics, education,
and religion. The committee included a wide range of nationalities, of
women, and of nongovernmental organizations.

Our question here is, How can the Earth Charter contribute to a
more comprehensive ethical framework for envisioning solutions to
climate change? The three sections of the Charter can be used as a
context for refining moral responses to climate change. These sections
include valuing (1) ecological integrity, (2) social and economic justice,
and (3) democracy, nonviolence, and peace. This integrated framework
of principles is critical to encouraging moral responses that are com-
prehensive enough to address the global nature of climate change and
also to establish the conditions for the flourishing of local communities.

In addition, the 2010 Universal Declaration of the Rights of Mother
Earth was drafted by Indigenous peoples at a gathering in Cochabamba,
Bolivia. They contend that their rights and nature’s rights have been vi-
olated in many parts of the world. The rights-based approach to nature
may gain some traction in circles that hope to force action on climate
change and other environmental issues. It may also be resisted by those

who are hesitant to grant nature rights but nonetheless wish to address
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climate disruption and the degradation of nature. It is increasingly clear,
however, that a new Earth jurisprudence is needed. This is what Thomas
Berry called for in a statement drafted as early as 2001 that was pub-
lished in Evening Thoughts.

In this moment of great transition, science and religion need to work
together as never before for the flourishing of the Earth community.
Moral voices must respond to the “Cry of the Earth, the Cry of the Poor,”
as does the Papal Encyclical Laudato Si’. While the challenges are great,
the call to create the foundations for an integral ecology, including re-
spect for both people and the planet, is growing. As Pope Francis writes:

The urgent challenge to protect our common home includes
a concern to bring the whole human family together to seek a
sustainable and integral development, for we know that things can
change. ... Humanity still has the ability to work together in building

our common home. (Laudato Si’, Introduction, 13)

Supplementary Readings

Books and Articles on Climate Change, Religion,
and Ecology

Articles on climate change and religion compiled by the Forum on Religion
and Ecology: http://fore.yale.edu/climate-change/articles-on-religion
-and-climate-change/.

Berry, T. 1999. The Great Work. Bell Tower, New York, NY.

Berry, T. 2009. The Sacred Universe: Earth, Spirituality, and Religion in the Twenty-
First Century, Tucker, M. E. (ed.). Columbia University Press, New York,
NY.

Douglas, P., and Hecox, M. 2016. Caring for Creation: The Evangelical’s Guide to
Climate Change and a Healthy Environment. Bethany House, Bloomington,
MN.

Grim, J., and Tucker, M. E. 2014. Ecology and Religion. Island Press,
Washington, DC.

Jenkins, W., Tucker, M. E., and Grim, . (eds.). 2016. Routledge Handbook of
Religion and Ecology. Routledge, New York, NY.
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Northcott, M. 2013. A Political Theology of Climate Change. Eerdmans, Grand
Rapids, MI.

Pew Research Center. 2015, October 22. Religion and Views on Climate
and Energy Issues. https://www.pewresearch.org/science/2015/10/22/
religion-and-views-on-climate-and-energy-issues/.

Tucker, M. E. 2004. Worldly Wonder: Religions Enter Their Ecological Phase. Open
Court, Chicago, IL.

Tucker, M. E. 2015. Can science and religion respond to climate change? Zygon
50(4).
Statements on Climate Change from the World’s Religions

http://fore.yale.edu/climate-change/statements-from-world-religions/

Ecology and Justice Series from Orbis Books

https://www.orbisbooks.com/category-202/

Indigenous Environmental Network

http://www.ienearth.org

Journey of the Universe

Film, book, conversations: https://www.journeyoftheuniverse.org.

Massive Open Online Classes (MOOCs): https://www.coursera.org/
specializations/journey-of-the-universe.

United Nations Environment Programme

Earth and Faith: A Book of Reflection for Action: https://wedocs.unep.org/
bitstream/handle/20.500.11822/25988/Earth%20and%20Faith.pdf
?sequence=1&isAllowed=y

Faith for Earth Initiative: https://www.unenvironment.org/about-un-environ
ment/faith-earth-initiative.

Interfaith Rainforest Initiative: https://www.interfaithrainforest.org.

Interreligious Programs and Websites on Religion and
Ecology

Blessed Tomorrow: https://blessedtomorrow.org.

Earth Ministry in Seattle: https://earthministry.org.
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Faith in Place in Chicago: https://www.faithinplace.org.

Forum on Religion and Ecology at Yale: http://fore.yale.edu.
GreenFaith: https://greenfaith.org.

Interfaith Center on Corporate Responsibility: https://www.iccr.org.
Interfaith Power and Light: https://www.interfaithpowerandlight.org.
Interreligious Eco-Justice Network: https://irejn.org.

Parliament of the World's Religions Climate Commitments Project: https://
parliamentofreligions.org/project-home/climate-commitments-project.

Denominational Websites on Climate Change

Catholic Climate Covenant: https://catholicclimatecovenant.org.

Evangelical Environmental Network: https://www.creationcare.org.
Franciscan Action Network: https://franciscanaction.org.

Global Catholic Climate Movement: https://catholicclimatemovement.global.

The Shalom Center: https://theshalomcenter.org.

Educational Programs in Religion and Ecology

Center for Earth Ethics at Union Theological Seminary: https://centerforearth
ethics.org.

Green Seminary Initiative: https://www.greenseminaries.org.

Yale Climate Connections: Faith & Ethics: http://www.yaleclimateconnections
.org/topic/faith-ethics/.

Yale Divinity School MAR in Religion and Ecology: https://divinity.yale.edu/
academics/degree-and-certificate-requirements/concentrated-master-arts
-religion-mar/religion-and-ecology.

Yale School of Forestry and Environmental Studies and Yale Divinity School
Joint MA in Religion and Ecology: http://fore.yale.edu/yale-ma/.

Climate Change Communications

Center for Climate Change Communications at George Mason University:
http://www.climatechangecommunication.org.

Yale Center for Climate Change Communication: http://climatecommunication
yale.edu.
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Sources for the Figures

Figure 7.1.1: John Muir. Reproduced from Wikipedia. https://en.wikipedia.org/
wiki/John_Muir. In the public domain.

Figure 7.4.1: The Incredible Paro Taktsang. Photograph by Baron Reznik
reproduced via Flickr. https://www.flickr.com/photos/baronreznik/
21845713859. CC BY-NC-SA 2.0.

Figure 7.4.2: Mosque Hassan Il, Casablanca, Morocco. Reproduced from
Milamber via Flickr. https://www.flickr.com/photos/milamber/379154769/.
CC BY-NC-ND 2.0.

Figure 7.5.1: Still from the film Journey of the Universe.

Figure 7.6.1: The tar sands in Alberta, Canada, in 2008. Reproduced
from Howl Arts Collective via Flickr. https://www.flickr.com/photos/
howlcollective/6544064931. CC BY 2.0.

Figure 7.6.2: The Yamuna River in India. Reproduced from Melenama via Flickr.
https://www.flickr.com/photos/21856521@N07/4824216240. CC BY-SA 2.0.

Figure 7.6.3 Pollution in the Yamuna River at Agra. Reproduced from India
Water Portal via Flickr. https://www.flickr.com/photos/indiawaterportal/
2449965048/. CC BY-NC-SA 2.0.

Figure 7.6.4: Pilgrims’ offerings and garbage in River Ganges. Reproduced
from Massimiliano Sticca via Flickr. https://www.flickr.com/photos/
maxfear/9966149614. CC BY-NC-ND 2.0.

Figure 7.6.5: Rev. Dr. Gerald L. Durley, Rev. Margaret Bullitt-Jonas, and Rev. Dr.
Jim Antal. Photograph by Robert A. Jonas. Reproduced with permission.

Figure 7.6.6: Stand with Standing Rock November 14, 2016. Photograph by
Leslie Peterson via Flickr. https://www.flickr.com/photos/99603156@
N03/30396604493. CC BY-NC 2.0.

Figure 7.6.7: Hog confinement barn interior, slatted floor. Reproduced from
Wikimedia Commons. https://commons.wikimedia.org/wiki/File:Hog_con
finement_barn_interior.jpg. Photograph by the EPA; in the public domain.

Sources for the Text

Overview

Chiglinsky, K. 2019, April 4. Insurer warns of existential threat of climate policy.
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Learning Objectives

1. Be able to list at least four terms that have different meanings for
scientists and the public and provide a better choice for each of

them.

2. Be able to explain at least four important scientific findings that
illustrate our understanding of recently observed and predicted
climate change.

3. Be able to describe for nonscientists at least four kinds of
observational evidence that show that the global climate has

recently experienced warming.

4. Be able to use stories, metaphors, and vivid language effectively to
help explain the importance of addressing climate change.

5. Be able to have constructive and civil conversations about climate
change with people who do not accept the fundamental findings

of climate change science.

Overview

This chapter is divided into five sections, which can be thought of as
five important steps on the path to becoming a skillful and effective

communicator of climate change science:

8.1. Preparation—Preparing well is the first step to communicating
well. Preparation includes knowing general principles of
communication and having access to valuable resources. It also
includes acquiring an adequate knowledge of the science of climate

change.

8.2. Stories—Stories are a wonderful way to engage an audience. In
this section, you will meet “Uncle Pete,” a fictional character closely
based on fact. Uncle Pete does not accept climate change science.
Many people know a real person who strongly resembles Uncle Pete.

8.3. Metaphors—Metaphors and comparisons can be superb

communication tools. In communicating the science of climate change,
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powerful metaphors compare climate science with medical science

and call carbon dioxide the steroids of our climate.

8.4. Language—Language is a critical aspect of communication. It is
very important to match the language that you use to the audience you
want to reach. Try to avoid depressing language and scientific jargon,

and know the tricky words that have more than one meaning.

8.5. Solutions—Nobody wants to feel helpless. People should know
the reasons for optimism. We have the tools to prevent the worst
kinds of climate change. We urgently need to act.
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8.1 Preparation

Preparing well is the first step to communicating well. Preparation in-
cludes knowing general principles of communication and having access
to valuable resources. It also includes acquiring an adequate knowledge
of the science of climate change.

Susan Joy Hassol is a communication expert who for more than 25
years has been my partner in communicating climate change science.
The website https://www.climatecommunication.org contains detailed
information about the key lessons we have learned. This is a website
| strongly recommend to you. It is a rich resource for information on
communicating climate change science. Here in 12 words is the guiding
philosophy that underlies our approach to climate science communi-
cation: Use simple clear messages, repeated often, by a variety of trusted
messengers.

Many people, when attempting to communicate complex subjects,
typically fail to craft simple, clear messages and repeat them often. In-
stead, they overdo the level of detail, so people have difficulty sorting
out what is most important. In short, the more you say, the less they
hear. Climate scientists often fall into this trap when trying to explain
what they have learned to the broad public. They know a lot, so they
want to say a lot. That's a mistake. Think about the experts in various
fields whom you may know, such as your doctor. He or she has spent
many years learning a great deal about medical science, but only a very
foolish doctor would try to tell you everything relevant to your health
that medical science has discovered. Instead, a wise doctor speaks to
you in simple clear terms.

| think that those who have studied this subject most seriously and
carefully have now awakened to the complex challenges of communi-
cating about climate change, when much more than the science is at

issue. Our awareness now includes cultural and psychological issues.
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FIGURE 8.1.1 Richard C. ).
Somerville and the Dalai Lama
speaking about climate change to

a large audience on April 18, 2012,
at UC San Diego. Reproduced with
permission from Sylvia Bal Somerville.

Still, most people say they need more information about the science,
so scientists and others are challenged to deliver scientific information
in more accessible and effective ways. Much of what | summarize in
this short chapter is based on the resources available on the website
https://www.climatecommunication.org. This chapter reflects the ideas
and recommendations on that website for combining accurate science
with effective techniques for communicating with the public.

Trusted messengers can have an enormous impact and can motivate
people to bring about change. Think of Mahatma Gandhi, or Nelson
Mandela, or Martin Luther King Jr. Sharing a stage with colleagues at
my university, UC San Diego, a few years ago in front of thousands of
students, discussing climate change with the Dalai Lama, was a privilege
for me and a memorable day in my life. You don't have to be a Tibetan
Buddhist to understand that the Dalai Lama is respected and revered
worldwide. When he speaks, millions listen. The Dalai Lama is an excel-
lent example of a trusted messenger whose statements about climate
change can profoundly affect public opinion worldwide. He and | are
shown in Figure 8.1.1.

Some messengers have strong credibility with specific groups of
people. For example, professor Katherine Hayhoe is a climate scientist
who is also an evangelical Christian, and she is an especially effective
communicator to her co-religionists because they share her convictions
and values. The idea that humans should be faithful stewards of God'’s

gift of a beautiful and valuable planet Earth to humankind—which is at
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heart a moral and ethical concept—resonates with many evangelical
Christians.

Climate change is much more than a scientific topic. | am convinced
that confronting climate change is fundamentally a moral and ethical
issue. It involves considerations of intergenerational equity. What do
we owe to people who will come after us? Speaking as just one citizen
of the Earth, | suggest that, at a minimum, we owe our descendants a
planet that is as undamaged as the one we inherited from previous gen-
erations. It's also a matter of North-South equity. What do we in the rich
nations owe to the billions of people now alive who do not yet enjoy
what we would consider a bare minimum of rights and privileges? These
include adequate food, access to clean water, decent health care, edu-
cation, security, and, not least, the material comforts that come from a
certain level of affordable energy. Our own prosperity has been built on
having such energy, but we have used the atmosphere as a free dump
for the waste products from our energy system, such as carbon dioxide
(CO,). We now realize these waste products can produce horrific side
effects. And finally, what do we human beings owe to the natural world,
now threatened with unprecedented levels of species extinctions?

Scientists and everybody else can improve their communication skills
by considering their audience, knowing who the audience members
are, and learning what they care most about. Why is climate change
important to them? This approach to communication often means em-
phasizing impacts of climate change happening now, here in our own
backyards, rather than impacts far away and in a distant future. It can
also mean making connections between climate change and what peo-
ple are experiencing in their daily lives, such as increases in extreme
weather.

In addition to knowing your audience, it is important to know your-
self. Analyze your own strengths and weaknesses as a climate change
communicator, both in general terms and for each audience you face.
Showing that you are interested in what your audience cares about, and
showing that you are a warm, likable, knowledgeable, and trustworthy
person, can make you a much more effective communicator. Seek feed-
back from your audience. Learn what others think of your abilities as a

communicator of climate change science.
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FIGURE 8.1.2 Ten different types of observations that contribute to the
scientific evidence that the global climate is warming. White upward arrows
indicate increasing quantities. Black downward arrows indicate decreasing
quantities. From US Global Change Research Program. 2014.

Knowing your subject matter is crucial. Being well informed about
the science of climate change is an obvious step in preparing to com-
municate it. For example, you can and should learn the most common
myths and falsehoods about the science, and you can be prepared to
refute them convincingly. Become something of an expert yourself first,
at least in certain areas of climate change science, and only then try to
communicate what you have learned. When answering a question, if
you don't know the answer, say so. Don't guess. You're not expected to
know everything.

Facts matter. Here are some facts: The world is warming. It's not a
hoax. We measure it. The warming has not stopped. All the warmest
years are recent years. The evidence for warming is not a weak thread.
It's a strong rope. The atmosphere is warming. So is the ocean. Sea
level is rising. Ice sheets and glaciers are shrinking. Rainfall patterns and
severe weather events are changing. Climate change is real and serious.
It's not a remote threat for the distant future. It's here and now. Figure
8.1.2 depicts the observational evidence that our climate is warming.
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All ten of the illustrated changes are consistent with a warming climate.
Climate science communicators should be familiar with these aspects of
the findings of climate research, and they should know important details
about how these observations are made and why they are trustworthy.

The best summary of climate change science is the assessment re-
ports of the Intergovernmental Panel on Climate Change, or IPCC. Five
such reports have been published between 1990 and 2013. They are
published in hard copy by Cambridge University Press, and the more
recent ones are also available free online at the IPCC website, https://
www.ipcc.ch. These assessment reports are written by climate scientists
and extensively reviewed. I'm an IPCC author. The most recent IPCC
assessment report is the fifth. It was published in 2013. At this writing
(2018), the sixth is in progress. We will consider the report of Working
Group | of the IPCC, which covers the physical science of climate change.
There are two additional working groups, devoted to topics such as
climate change impacts, vulnerabilities, adaptation, and mitigation. The
latest Working Group | IPCC assessment report is scientifically definitive,
but it is long, about 1,500 pages, full of charts and graphs, and not easy
reading. For this chapter, I've composed brief statements in plain English
to summarize this IPCC report in only 12 points. These are scientific
findings, well supported by extensive research and endorsed by every
relevant major scientific organization in the world. The 12 points are

shown in Figure 8.1.3 and listed here:

1. It's warming. We've just seen a summary of the many kinds of

evidence for that.

2. It's us. We've done the detective work. It's not natural like ice

ages. It's human-caused.

3. It hasn’t stopped. The warming is continuing. The warmest years

on record are recent years.

4. The heat is mainly in the sea. Over 90% of the heat added to the

climate is in the oceans.

5. Sea level is rising globally. The rate of this rise is increasing. The

rise is not uniform globally.

6. Ice is melting. Ice sheets on Greenland and Antarctica, as well as

glaciers, are all shrinking.
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7. CO, absorbed by the oceans makes them more acidic. That can
affect the marine food chain.

8. CO, amounts in the atmosphere are about 45% higher than in

the 1800s, due to human actions.

9. The amount of CO, in the atmosphere now is the highest it has
been in millions of years.

10. Cumulative emissions of CO, and other heat-trapping
substances set the amount of warming.

11. Reducing emissions of CO, and other heat-trapping substances
will limit the warming.

12. Climate change, because it takes so long for CO, amounts to
decrease, will last for centuries.

It’s warming.

[t’s us.

It hasn’t stopped.

The heat 1s mainly in the sea.
Sea level is rising.

Ice 1s shrinking.

CO, makes oceans more acidic.

CO, 1n the air 1s up 45% since the 1800s.
It’s now the highest in millions of years.

Cumulative emissions set the warming.

Reducing emissions limits the warming.
Climate change will last for centuries.

FIGURE 8.1.3 My summary of the key results of the Working Group | (physical
science) portion of the IPCC’s Fifth Assessment Report, published in 2013.
Climate science communicators should be able to explain these key points and
the scientific evidence for them. Image: R. C. J. Somerville.
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8.2 Stories

Stories are a wonderful way to engage an audience. Scientists are
widely admired, scientific research has clearly brought many benefits
to humanity, and you might naively think that most people would be
inclined to accept the main findings of climate science. Yet many peo-
ple, including “Uncle Pete,” a fictional character closely based on fact,
strongly disagree with climate scientists. When Uncle Pete comes to
dinner, he ruins the meal for everyone else by loudly proclaiming that
climate scientists are dishonest or incompetent, and climate science
is fraudulent or a hoax or simply incorrect. Pete insists on frequently
repeating several climate myths and falsehoods, which he believes are
true. He may have heard them on a talk radio show or seen them in
some dark corner of the internet. Many people know a real person,
perhaps a friend or colleague or family member, who closely resembles
Uncle Pete.

Uncle Pete’'s myths and falsehoods include claims such as the world
isn't warming; or the warming is natural and not human-caused; or vol-
canoes produce more carbon dioxide than people do. In a moment,
I will explain why Uncle Pete’s favorite and most frequently repeated
claims are simply wrong. | don’t have enough space to cover all of them,
and | recommend the website https://skepticalscience.com for the rest
of the story. That website is a collection of the most commonly heard
climate myths, and why they are all dead wrong. Skepticalscience.com
is a useful resource in refuting your own Uncle Pete. For up-to-date
scientific information on climate change, | also highly recommend the
website www.realclimate.org, which is run by excellent climate scien-
tists. The main postings by these scientists on realclimate.org are usually
outstanding, but the comments on the site by bloggers and other view-
ers vary greatly in quality.

Start with the myth that the warming we have observed in recent

decades is natural and not human-caused. First, let's be clear that the
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climate has indeed changed naturally in the past, with ice ages being an
obvious example. But natural causes simply cannot explain the recent
warming. How do we know that? It's much like the story of wildfires,
which can be caused naturally, by lightning. But they can also be caused
by people, either by carelessness or by arson. As you know, wildfire
experts can investigate after a wildfire and can frequently determine
exactly what caused it. They know how to do the detective work.

We climate scientists are good detectives too. We have discovered
what paces the ice ages. It is the slow changes in the Earth’s orbit
around the sun, which affect how sunlight is distributed over the Earth’s
surface in the different seasons. Over many thousands of years, these
effects are strong enough to trigger the transitions between ice ages
and the warmer periods between them. However, over short time peri-
ods, such as decades, the orbital changes have much too small an effect
to produce the observed large warming that has occurred in recent
decades.

Through this kind of research, we scientists have also quantitatively
ruled out all the other natural processes known to affect climate. For
example, the sun powers the entire climate system, and the amount of
energy given off by the sun does vary. The biggest variation that has been
measured on decadal time scales is only about 0.1%, and that variation
is due to the 11-year solar cycle, often called the sunspot cycle. We can
measure this decadal-scale energy variability very accurately, and we
can demonstrate convincingly that the measured changes are much too
small to have caused the observed warming. As for the claim that the
extra carbon dioxide added to the atmosphere by human activities is
tiny compared with the amounts produced by volcanoes, that too fails
quantitatively. Measurements show that human activities, mainly burning
coal and oil and natural gas, produce about 100 times more carbon
dioxide than volcanoes do.

Thus, we humans have taken over the dominant role of deciding
what the climate in coming decades will be. We are no longer passive
spectators in the global climate change pageant. We have become the
primary actors. To climate scientists, whose goal is to discover the truth
about climate change, it really doesn't matter whether or not some

people find this discovery believable. Science is based on facts and
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evidence, not on beliefs. Most people have a very vague conception
of what science is and what scientists do. People often recall their high
school chemistry course, for example, as a boring exercise in memoriz-
ing useless things, like the periodic table of chemical elements, and then
forgetting them as soon as possible after the exam. Most people have
never met a scientist. It's not just that people don't know elementary
facts, such as that the Earth goes around the sun once a year. It is that
they have no idea how such facts were discovered. There is nothing
wrong with belief; indeed, it's important for people to believe that it is
good to treat other people well. But in some domains, there is another
way to find out what is true. That is to compare one’s beliefs with facts
and evidence. Science is the name we give to doing that.

Science provides extremely persuasive evidence that the heat-
trapping atmospheric gases and particles produced by human activities
such as fossil fuel burning are the main cause of the warming observed
in recent decades. This aspect of climate science is very firmly estab-
lished, going back to definitive laboratory experiments in the 1850s.
Those scientific experiments showed clearly that carbon dioxide and
other gases, present in small quantities in the atmosphere, have pow-
erful heat-trapping properties. In recent decades, the fingerprint of the
observed warming, such as how it varies with altitude and geography
and season, matches the pattern that we expect from human activi-
ties adding heat-trapping gases to the atmosphere. We have found the
enemy. He is us. Figure 8.2.1 symbolizes the profound and disturbing
truth that we people are now the main actors in climate change. Our
choices will determine the future climate. The destiny of the planet is
indeed in our hands.

Here are some of Uncle Pete’s favorite myths and falsehoods.

Uncle Pete asks, How can you forecast climate for a century if you
can't even forecast the weather for next week? Answer: Climate is sta-
tistics, and that is much more predictable than daily weather, just as we
can skillfully forecast mortality statistics for large populations, but not
the lifetime of a specific person.

Pete claims that in the 1970s, climate scientists predicted global
cooling. That's simply not true. We've checked. Global cooling was

prominent in some media articles and popular books, but not in the

Chapter 8: Communicating Climate Change Science

8-13



8-14

FIGURE 8.2.1 The warming
climate observed in recent
decades is not natural. Human
activities, such as extensive use

of fossil fuels, are causing it. We
people are now the main actors

in climate change. The destiny

of the planet is in our hands.
Reproduced from clipartimage.com.

scientific research publications of the 1970s. The great majority of cli-
mate scientists in the 1970s were already focused on warming.

Pete has heard about certain satellite data that seemed to show a
lack of warming. We have known for many years now that those data
were simply wrong. Measuring atmospheric temperatures from satel-
lites is technically very difficult. It took time to learn how to do it right.

Pete says changes in the sun cause climate change. That is true for
some past climate changes but not for the warming observed in recent
decades. We measure the sun and its variability. The effects of the sun’s
changes in recent decades are tiny compared with effects caused by
humans.

Pete claims that the atmospheric CO, amount increased from nat-
ural causes, like volcanoes. That's just plain wrong. It did not. We can
measure volcanic emissions. We also measure human-caused emissions.
Human activities produce about 100 times more CO, than volcanoes do.

Pete says errors in the Intergovernmental Panel on Climate Change
(IPCC) reports show that the science is wrong. Not true. A few small
mistakes did get into the reports, but none of them is important.

All of Uncle Pete’s claims are simply not true. They are falsehoods,
not facts.

There are similar convincing refutations of all the other common cli-
mate myths. That's why many studies have shown that about 97% of the
climate scientists who are most active in publishing research on climate
change agree that the observed recent warming is real and serious and
overwhelmingly human-caused. Nevertheless, Uncle Pete remains un-
convinced. He continues to repeat the myths. You might well ask, Why
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is Uncle Pete so stubborn and so resistant to overwhelming scientific
evidence? That's a very good question, and here is my answer.

For many skeptics or contrarians, like Pete, the climate change issue
is not a science topic at all. For Pete, climate change is simply an op-
portunity for the government, and for liberals and environmentalists, to
make rules and regulations, to interfere with markets, and to diminish
the personal freedom of individuals. For Pete, climate change is just one
more excuse for the authority of the state to control the lives of citizens.
This view of Pete’s has nothing to do with science, and no argument
based only on science can change it. Uncle Pete, like some actual people
| know, may seriously fear that the government will not only claim the
right to decide what kind of car he will be allowed to drive, but will
ultimately want to force him to limit his individual carbon footprint, that
is, to ration his personal emissions of heat-trapping gases.

Uncle Pete invariably has a high opinion of the free market. He is
confident that government actions, such as taxes and regulations, tend
to hinder free markets and thus have the effect of limiting economic
progress. He is also suspicious of subsidies for renewable energy. He is
sure that renewables will never be feasible without big subsidies. Uncle
Pete couches his opposition to carbon taxes or fees in statements such
as “If you let people keep more of their money, they will invest it in the
future.” Once again, science is irrelevant here, and no claim that science
has discovered or proven this or that fact will change Uncle Pete’s mind.

Research showing that some 97% of active climate experts agree
with the mainstream scientific consensus does not impress Uncle Pete.
Instead, he is convinced that many climate falsehoods and climate myths
are true. Uncle Pete may be a fictional character, but almost everybody
seems to know people who closely resemble him. Some well-known
public figures and some high officials in the government of the United
States apparently agree with Uncle Pete. If you want to have any hope of
changing the opinion of your own Uncle Pete, you need to understand
why he rejects the science of climate change.

It's sad but true that most Americans have never met a scientist.
Uncle Pete may have his own somewhat strange ideas about how sci-
ence works and what scientists do. Peer review, the elaborate and

thorough formal process by which other scientists carefully evaluate
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new scientific research before it can be published in technical journals,
carries no weight at all with Pete. In fact, he can easily imagine a corrupt
and powerful scientific establishment, conspiring to deny research fund-
ing to scientists who disagree with prevailing opinions, and to prevent
them from publishing. Pete likes to mention Galileo as an example of an
outlier in science who turns out to have been correct. He forgets that
real geniuses like Galileo are extremely rare and that almost everybody
who considers himself a Galileo is very badly mistaken. Pete may cite
past errors made by scientists as evidence that the scientific mainstream
is indeed sometimes badly mistaken. Pete is very suspicious of us scien-
tists, and he may think that government support of research in climate
science is a waste of taxpayers’ money.

Social science tells us that people tend to trust those who share
their values and to distrust those who do not. We know that contro-
versial issues, such as abortion and evolution and gun control, bitterly
divide the United States, and we ought to realize that climate change is a
very big issue for Uncle Pete. His natural distrust of academics and elites
generally is increased if he thinks climate scientists are arrogant people
who are scornful of his opinions, who mock his values, and who dismiss
his most firmly held convictions.

| urge each of you to engage with the Uncle Pete whom you may
know. Have a civil conversation. In his heart, Uncle Pete would probably
admit that everybody is entitled to his own opinions, but not to his own
facts. When it comes to facts, we scientists have the high ground. The
world is warming. It's not a hoax. We measure it. The warming did not
stop in 1998 or any other recent year. All the warmest years are recent
years. The atmosphere is warming, and so is the ocean. Sea level is
rising. Ice sheets and glaciers are shrinking. Rainfall patterns and severe
weather events are changing. Climate change is real and serious, and it
is happening here and now. It is definitely not caused by natural pro-
cesses. Human activities are clearly the dominant cause of the climate
changes we have observed in recent decades.

None of these facts tells us exactly what we should do about climate
change. Science can inform wise policy, but it cannot decree or prescribe
what the best policies will be. There is no silver bullet, but there is lots

of silver buckshot. The main barrier to action is a lack of political will. In
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deciding climate policy, science matters, but so do values, priorities, and
political convictions. Given the same facts, different reasonable people
can easily prefer different policies. For Uncle Pete, attacking climate
science and scientists is simply a disguise for what really concerns him
most, which is the prospect of liberals and environmentalists dominating
policy, and of a government spinning out of control, a government that
in Pete’s view seizes power, limits freedoms, increases taxes, regulates
markets, and diminishes prosperity.

We do not yet have national agreement on climate change. Despite
the strong scientific consensus, climate change policy is contentious
politically.

One option is to do nothing. Uncle Pete may well favor that option,
because it appears to fit well with his sincere conviction that “if you let
people keep more of their money, they will invest it in the future.” On
the option of doing nothing, | may be able to help Uncle Pete think a bit
more clearly. | do not claim to be an expert on energy policy or taxes,
but as a climate scientist, | can say something with very high confidence
about what will happen if we do nothing. Deciding to do nothing about
climate change is like deciding not to have serious elective surgery, such
as declining a coronary artery bypass operation that your cardiologist
recommends. The operation will involve risks and costs. But declining it
will also involve risks and costs, including the risk of a fatal heart attack.

Sadly, most of us do not have enough conversations about climate
change. The mainstream news media largely avoid the subject, and so
do many politicians. Today the fact is that we—you and | and the other
7.7 billion living people (as of November 2018)—now have our hands on
the thermostat that controls the climate of our children and grandchil-
dren. A considerable portion of the carbon dioxide we emit will remain
in the atmosphere for centuries and longer. Thus, it accumulates. There
is a given allowed amount of CO, in the atmosphere that we must not
exceed if we want to limit warming to any target we pick. Science can
now provide fairly accurate estimates of that allowed amount. For the
warming target of the Paris Agreement, signed by almost every country
in the world in late 2015, we're already about halfway to that allowed
amount of atmospheric CO,, and we do not have much time left to

bring global emissions to nearly zero. That's why it's urgent to drastically
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FIGURE 8.2.2 The

Earth is warming, just

as surely as if it were
immersed in a warm bath.
Reproduced from Pixabay.

reduce global CO, emissions and to do it quickly before we exceed the
allowed amount.

It's important to realize that once a political process such as the
one at Paris in 2015 has occurred, and the world has agreed on a target
of how much warming is to be allowed, science can then say approx-
imately how much more CO, can be emitted to allow a reasonable
probability of meeting the warming target. Given the warming target,
the urgency of reducing emissions is thus based directly on the physics
and chemistry of the climate system. It has nothing to do with politics
or ideology, once the warming target has been agreed to.

Mother Nature, which we may use as one name for the physical
climate system, reacts to the total amount of CO,. The more carbon
dioxide there is in the atmosphere, the greater the climate change will
be. If we who are alive today do nothing about climate change, and if
the world continues to use the atmosphere as a free dump for carbon
dioxide and other waste products of an energy system based on fossil
fuels, then we are effectively sentencing future generations to the con-
sequences of a severely disrupted climate. Also, the disruption will not
be brief. It will take many thousands of years for the climate to recover
after we stop emitting CO,. Thus, it's a long sentence. This is not a par-
tisan opinion or a political statement. It is well-supported solid science.

Figure 8.2.2 illustrates the uncomfortable fact that the Earth is now
warming, just as surely as if it were immersed in a warm bath. In fact,

the Earth is surrounded by an atmosphere, which acts much like a warm
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bath, and the atmosphere has been altered by human activities. As a
result, the atmosphere now traps significantly more heat than it did in,
say, 1800, before human activities adding heat-trapping substances to
the atmosphere began to increase dramatically.

Military experts take this issue very seriously, and they have repeat-
edly characterized climate change as a threat multiplier. In the decades
and centuries ahead, doing nothing would ensure that the world will
inevitably see devastating climate change, including agricultural disasters
on an immense scale and coastal cities abandoned worldwide because
of sea level increases of many feet. If we do nothing, then because of
devastating climate change, vast numbers of people will become envi-
ronmental refugees, and we will see the destabilization of governments,
especially in failed and failing states. In wealthy and powerful countries,
like the United States, governments coping with severe climate change
would surely have to act forcefully, including using emergency powers as
in wartime, to preserve order and to minimize chaos and damage. Iron-
ically, doing nothing at all about climate change, Uncle Pete’s preferred
policy, is thus likely to force governments to do exactly what Uncle Pete
fears most: seize power and limit freedoms. Doing nothing, whether
intentionally or by neglect, is a truly disastrous policy option.

In your civil and mutually respectful conversation with your own
Uncle Pete, | hope you can help him think seriously about the prospect
of such a horrible, but very preventable, future. We are at a critical
crossroads. If the world decides very soon to act decisively, we still have
time to reduce emissions rapidly and drastically. We still have a chance
of limiting climate change to a tolerable level, a level that offers some
realistic chances of successful adaptation. Our window of opportunity is
still open. But it won't stay open much longer.

In my view, and that of many other climate scientists, we must act.
We can't dither any longer. If Uncle Pete wants to avoid the government
controlling his life and diminishing his freedom, as all of us do, then we
all need to learn about and accept the science. We all need to take the
threat of climate change seriously. We all must act wisely, and urgently, to
minimize it. For me, the best reason for communicating climate change
science widely and accurately is that doing so can inform people and in-

crease the likelihood that the world will act promptly, wisely, and forcefully.
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Metaphors can be superb communication tools. A metaphor compares
one thing to another thing, often in a way that brings out hidden similar-
ities or reveals unexpected resemblances that can aid our understand-
ing. “We have our hands on the thermostat that controls future climate”
is an effective metaphor because we are not used to thinking about
thermostats and global climate together.

Here's another useful metaphor. Imagine you are watching a major-
league professional baseball game. The slugger who is thought to be
on performance-enhancing drugs hits a home run. Did the steroids
cause it? Wrong question. You can’t be sure they caused it, because he
was already a big-league slugger when he was clean. And even with the
drugs, he can still strike out now and then. But at the end of the season,
you see in his statistics that he hit more homers than he used to. The
drugs increase the odds of home runs. If baseball does not interest
you, other sports can be equally effective vehicles for this metaphor. A
bicycle racer on illegal drugs does not win every race, but his chances
of winning are increased.

Climate is the statistics of weather, and CO, is the steroids of cli-
mate. The odds are higher now for all sorts of extreme weather because
climate change has altered the environment in which all weather occurs.
The entire hydrological cycle has sped up, there is more water vapor in
the atmosphere, and so on. That's why observations show that more
precipitation now falls in heavy precipitation events than was the case
a few decades ago. That'’s also the reason for more high-temperature
records being broken now than low-temperature records. After all, if
the climate were not changing, neither warming nor cooling, but just
randomly varying around a constant state, we would expect equal num-
bers of new high and low records to be set.

Figure 8.3.1 illustrates the catchy metaphor that carbon dioxide is
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Carbon dioxide
is the steroids
of our climate

FIGURE 8.3.1 The catchy
metaphor that carbon dioxide

is the steroids of our climate is
“sticky,” meaning that it is effective
and easy to remember. Adapted
from Shutterstock.

the steroids of our climate. This metaphor is “sticky,” meaning that it is
effective and easy to remember. Climate is a subject in which statistics
and probability play a key role. Climate change involves changes in the
odds of many weather phenomena, such as heat waves and heavy pre-
cipitation events. Communicating the science of climate change is aided
by using metaphors that are widely understood and easily remembered.
Baseball fans understand that a player using performance-enhancing
drugs such as steroids doesn't always hit home runs, but the drugs
increase the odds of the player hitting home runs. A bicycle racer on
illegal drugs does not win every race, but the drugs increase his chance
of winning. In a similar way, adding heat-trapping substances such as
carbon dioxide (CO,) to the atmosphere increases the odds of heat
waves and heavy precipitation events.

We climate scientists sometimes think of ourselves as planetary phy-
sicians. | had a fascinating experience not long ago. My regular doctor
retired. | had to choose a new doctor. When we met for the first time,
my new doctor said, “Sit down. Let me tell you how | practice medi-
cine. First, I'm competent. | know what I'm doing. Second, I'm honest. If
there’s something | don't understand, I'll tell you. Third, I'm here only to
advise you. You will make all the decisions.”

| was impressed. No doctor had ever talked to me like that. We
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climate scientists are planetary physicians. We are also competent and
honest and here only to advise. We have learned many things about
climate, but we still have a lot to learn. Like the findings of medical sci-
ence, our understanding of climate, incomplete though it is, is already
highly useful.

For example, the fundamental question—whether all of us, some 7.7
billion humans as of late 2018, have caused the world to warm up in
recent decades—has already been answered. The answer is yes. We've
settled that issue. At least, an overwhelming majority of the most active
climate scientists involved in research consider it settled. Some other
people may choose not to believe it. There are people, like Uncle Pete,
who are unwilling to believe things that they wish were not true, or who
just don't trust experts.

The public has come to respect medical science, however. Although
there will always be gullible people, most of us know there’s a difference
between real experts and charlatans. Most people won't listen to, or act
on, medical advice from a quack who can talk about medicine but who
isn't really a physician. Everybody accepts this situation. Even the least
enlightened members of Congress don't hold hearings to denounce
modern medical science as a hoax. Yet, a few politicians and others do
denounce climate science in exactly this way.

Medicine is different. At your annual checkup, if you're sensible,
when the doctor tells you to lose weight and exercise more, you don't
argue. You don't complain that medical science is imperfect and can't
yet prevent cancer or cure AIDS. You don't label your doctor a radical
alarmist. You know, and your doctor knows, that medical science, while
imperfect and incomplete, is still good enough to provide advice well
worth following.

Of course, some people just don't do what experts tell them. Not
everybody takes the medications their doctor prescribes. “Noncompli-
ance” by some patients can be a big problem for physicians. We should
keep all this in perspective. Lest we fall into the trap of thinking that
medical science is a perfect role model for us climate scientists who
crave more public esteem, it is also good to remember that it took a
long time for many medical results to acquire widespread acceptance.

Some scientists in the 1930s already suspected that tobacco caused
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cancer. The evidence was widely known to be strong by the 1960s. Yet
the high-profile anti-tobacco lawsuits in the United States began only in
the 1980s. Even today, many people still smoke.

The biggest single problem in human-caused climate change is car-
bon dioxide. We produce it when we burn oil and coal and natural
gas to generate energy. It traps heat in the atmosphere, adding to the
natural greenhouse effect and causing climate change. A few farseeing
scientists realized more than a century ago that this might happen. Yet
accurate measurements of carbon dioxide in the atmosphere began
only in the late 1950s. Thus, we have known for only about half a cen-
tury that the amount of atmospheric carbon dioxide is increasing. We
ought to remember this half-century time scale when we get impatient
about the slow pace of progress in action against human-caused climate
change.

| would say that we scientists have known about the urgency of
climate change for about 40 years. | have one especially important sci-
entific research paper in mind, among many others. That paper, which
is not very famous, is by Ulrich Siegenthaler and Hans Oeschger and was
published in 1978 in the journal Science, which is often said to be the
most prominent scientific journal.

The paper concluded that carbon dioxide emissions would have to
peak and then quickly decline early in the current (twenty-first) century
in order to limit global warming to moderate or tolerable levels. This
1978 result came from the simple models and the limited data available
in the 1970s. We know much more today about the quantitative as-
pects of this prediction and many other details. However, the essential
scientific foundation was already clear 40 years ago—or at least it was
clear to two insightful Swiss scientists, Siegenthaler and Oeschger. That
is the message | try to emphasize: the need to drastically reduce global
heat-trapping gas and particle emissions is urgent, and the urgency is
scientific, not political.

Incidentally, like many climate scientists, | don't fully approve of the
catchy term “global warming,” although | realize it's in the language to
stay. It's an oversimplification. Climate isn't just temperature. Climate is
a rich tapestry of interlinked phenomena, multifaceted and inherently

complex. The important aspects of climate change are local, not global,
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FIGURE 8.3.2 We climate scientists
are planetary physicians. The decisions
about caring for our patient, the
Earth, will be made by its people and
their governments. Climate science
communicators must inform people
and motivate them to act promptly,
wisely, and forcefully. Reproduced
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from NASA.

and are not confined to warming. Global warming is just a symptom of
planetary ill health, like a fever.

You and your physician both know that fever is important but not
the whole story. At your annual checkup, you don't confine yourself to
body temperature when discussing your health. Even the most ignorant
patient realizes that measuring temperature alone doesn't enable the
physician to diagnose an illness and prescribe treatment.

Instead, everybody knows that a body temperature only a few de-
grees above normal is a symptom that can indicate health problems that
may have serious consequences, including death. Yet we still haven't
educated most Americans to understand that a planetary fever of a few
degrees can mean melting ice sheets, rising sea level, massive disrup-
tions in water supply in the arid American west, increased risk of wild-
fires, killer heat waves, and stronger hurricanes on the Atlantic and Gulf
coasts of the United States.

Figure 8.3.2 shows the Earth in space, beautiful and fragile and vul-
nerable. Climate change threatens the well-being of all its plants and
animals, as well as that of its 7.7 billion human passengers. The most
important function of climate scientists and climate science communi-
cation is to inform people and to motivate them to act promptly, wisely,
and forcefully.

What can we say about hurricanes and their possible connection
to an altered climate? The short answer is that you have to think about
probabilities when you think about this connection. A warmer climate

means that the strongest hurricanes may become even stronger, on
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average. It does not mean we can definitely prove that any particular
hurricane owes its strength to climate change, only that the odds of very
strong hurricanes have gone up.

A hurricane is essentially just a heat engine with sea surface tem-
perature as an approximate indicator of the fuel supply. The higher the
temperature of the ocean surface, the more energy is available to power
the hurricane. There is a critical sea surface temperature of about 80°F,
below which hurricanes generally do not form. Because their destructive
power increases as the sea surface temperature does, and especially
because of the big recent increase in population and development in
hurricane-prone areas in the United States, our vulnerability to hurri-
canes has increased strongly.

Scientists are cautious people, skeptical to a fault, fond of caveats,
and not given to sweeping statements. We prefer to make claims only
when we can back them up with solid data. We know that hurricanes
are highly variable, no two are alike, and next year's hurricane season
might be very different from this year’s. It's our natural inclination to
wait a few more years, observe more hurricanes, improve our theories
and models, until we have an airtight case to present.

Nevertheless, the best current research tells us that the oceans
have recently warmed substantially, that human activities are the pri-
mary cause of that warming, that an increase in the intensity of strong
hurricanes is the expected result, and that we have indeed observed an
increase in the numbers of the strongest hurricanes. No amount of waf-
fling over probabilities and statistics can obscure these sobering results.

Many intelligent people still laugh at the small numbers we use and
think a global warming of a few degrees is trivial. They may say that mov-
ing from a colder city to a warmer one involves a much greater warming
and is actually quite pleasant. These people just don't grasp the crucial
difference between local changes and global ones. They don't realize
that when the climate of the entire planet changes by a few degrees,
enormous changes happen. Going into an ice age, to pick one example,
involves a global cooling of only a few degrees.

Some people really think that a rapidly warming climate is just a
minor inconvenience that can be handled by air conditioning and other

minor technological fixes. This massive degree of misunderstanding may
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be due in part to a failure to educate people about science. It may
also be the case that people have become confused by the widespread
misperception that the science of climate change is immature, uncer-
tain, characterized by raging controversy, and not to be trusted. An
effective campaign of deliberate disinformation about climate science
has helped spread this false impression.

Medical science has achieved a measure of pervasive respect that
climate science can only envy. Journalists covering a medical discovery
don't mistrust researchers and don't inevitably insist on hearing from
“the opposing view.” When reporting on research showing the need
for Americans to eat more sensibly and be physically active, the media
doesn’t treat these advances in medical science in terms of a dispute.
Journalists don't feel obliged to seek out medical contrarians “for
balance.”

There are many parallels between the climate change issue and
medical topics. Maybe some can be useful in educating people and
politicians. It has turned out to be frustratingly difficult to get people
and their governments motivated to act to avert climate change. Yet
people are intensely interested in threats to their own health. Many
Americans have improved their health by making major changes in their
personal lives, changes that are directly attributable to the results of
medical science. Real progress has been made in making Americans,
and their government, more aware of unhealthy behavior. The media,
including public service advertising, together with organizations such
as the American Medical Association and the American Cancer Society,
have succeeded in raising many people’s consciousness about health.

In climate change, the comparable scientific organizations have
made very little progress in persuading people. In fact, most of the pro-
fessional societies that scientists like me belong to exist mainly to serve
the scientific community. They organize conferences of researchers.
They publish highly technical journals that only scientists can read. These
societies have low profiles and are essentially invisible to the public.
Most of these societies have tiny budgets and devote very little effort
to outreach of any kind. Many appear to be politically inactive or naive.

It is also true that some powerful segments of industry vigorously

oppose efforts to act and to publicize the scientific facts about climate
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change. However, business and industry are not monolithic in this re-
spect. There are outstanding corporate champions of sound climate
science, and we know that even the most retrograde segments of indus-
try can change and become forces for progress, as notably happened
in the ozone issue, for example. There, after it was scientifically proven
that human-made chemicals were the culprit that caused the ozone
hole, the industry that manufactured these chemicals changed its tune
and developed safe substitutes for them. Governments and science and
businesses cooperated, and humanity benefited.

In other cases, science and public concern have eventually triumphed
over misguided opposition and propaganda. Numbers of smokers and
deaths from smoking have been significantly reduced. Most Americans
realize that smoking is dangerous and kills many thousands of people
every year. They have learned this despite a highly professional and well-
funded disinformation campaign mounted by portions of the tobacco
industry.

Quitting smoking, like quitting using fossil fuels, is not easy to do,
and in both cases the difficulty in quitting is immediate, while the most
important benefits are all long-term.

The widespread public concern about the health consequences of
smoking tobacco has led to political action, including warning labels on
cigarettes, restrictions on advertising, and bans on sales to minors. The
tobacco industry has repeatedly been defeated in court cases and has
already paid large amounts of money as a result.

We see too the results of governments responding to public con-
cern in the arena of promoting healthier food choices, including laws
mandating truth in labeling and other actions to increase public aware-
ness. These examples, and many more that could be cited, are direct
results of medical science affecting public policy. People are persuaded
that the science is right, and governments react to concern and pres-
sure from citizens.

Science seems mysterious to many people, and it is not easy to pen-
etrate the barriers of jargon and mathematics to explain the intricacies
of computerized climate models or satellite climate measurements to a
lay audience. Although very few people have a deep understanding of

science or indeed any detailed familiarity with what researchers actually
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do, the public generally respects scientists and has confidence in the
validity of their results. In fact, polls consistently show that scientists are
among the most widely admired people in our society.

Risk is an inevitable aspect of life. Medicine involves risk. People tend
to be realistic about the consequences of serious medical problems.
They know that a bypass operation is major surgery. They accept the
cost and the risk, understanding clearly that doing nothing also entails
real costs and dangerous risks. They don't expect that a simple bandage
will cure a potentially fatal disease. As a climate scientist, | sometimes
fear that we are wasting time arguing about which type of bandage is
most attractive as a climate remedy, instead of facing the hard decisions,
and the risks, that climate change demands of us.

You can't fool Mother Nature. The climate system responds to
changes in the levels of heat-trapping gases. The climate system is indif-
ferent to economic concerns, political considerations, or societal impli-
cations. The climate system does not care about the details of cap-and-
trade agreements, and it knows nothing about diplomatic niceties like
protocols and framework conventions. The amount of carbon dioxide in
the atmosphere is what matters to climate.

The laws of atmospheric physics, unlike government reports, are
absolutely immune from political tampering. If humanity insists on add-
ing heat-trapping gases to the atmosphere, there will be consequences.
That's just a fact. We scientists are busy researching the quantitative
details, but we already know the big picture pretty well. If you see that
a glib climate contrarian isn't at all worried about doubling the amount
of carbon dioxide in the Earth's atmosphere, then start to think about
tripling, quadrupling, and beyond. That is where we are headed, and
our speed on this wrong road is actually still increasing. To have an
effect, we simply must do more than make small token reductions in
greenhouse gas emissions.

One of the towering heroes of climate science, my colleague at
Scripps Institution of Oceanography and my friend, was Charles David
Keeling, who died in June 2005 after nearly half a century of precisely
measuring the amount of carbon dioxide in the global atmosphere.
He was one of the greatest of planetary physicians. His legacy is sum-

marized in a famous graph, the Keeling Curve, showing atmospheric
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carbon dioxide inexorably increasing, decade after decade. Those data
are rock solid, real science, unassailable.

In the 1950s, at about the same time that Keeling's measurements
began, another renowned Scripps scientist, Roger Revelle, famously
wrote that humanity is doing an inadvertent and unrepeatable geophysi-
cal experiment in moving so much carbon to the atmosphere so quickly.
That perception, visionary at the time, seems obvious now.

What is still not obvious to many is that all of us are now engaged
in a second global experiment, this time an educational and geopolitical
one. We are going to find out whether humanity is going to take climate
science seriously enough to act meaningfully, rather than just waiting
around until nature ultimately proves that our climate model predictions
were right.

In the end, our success or lack of it will be measured by whether we
as a global society can change the Keeling Curve, bending it downwards,
and whether we can stabilize the amount of carbon dioxide in our at-
mosphere in time to avoid the most dangerous climatic consequences.
Whether that will turn out to be possible is not yet known. | hope so. |
think it is the single most important question in planetary public health:
armed with impeccable science, can humankind muster the wisdom and
the will to make difficult changes? With many other medical decisions,
the outcome is ultimately in the hands of the patient. In this case, it
depends on all of humanity.

The biggest unknown about future climate is human behavior. Every-
thing depends on what people and their governments do. For centuries,
we humans were passive spectators at the global climate change pag-
eant. Not any longer! We have become the dominant actors. You and
I, and all 7.7 billion people who are alive today (late 2018), do indeed
have our hands on the thermostat that will control the climate of our
children and grandchildren. “The thermostat” is a powerful metaphor,
illustrated in Figure 8.3.3. It is very useful in climate change science
communication. People know that a household thermostat enables a
person to control the temperature of the interior of a building. Yet many
people do not realize that human activities are now a dominant factor in
controlling climate change. We humans have caused the world to warm

in recent decades. We human beings now have the power to limit the
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FIGURE 8.3.3 We have our hands
on the thermostat that will control
the climate of our children and
grandchildren. Reproduced from
Fotosearch.

warming, to turn down the thermostat, and to avoid some of the most
disruptive consequences of severe climate change. The big question is
whether we together can muster the will to act promptly, wisely, and

forcefully.
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8.4 Language

Language is a critical aspect of all communication, written or oral, on
every topic. When the topic is science, especially climate change sci-
ence, some aspects of language become especially important. My first
bit of language advice to anyone communicating about climate change
science is to avoid the mistakes that climate scientists themselves often
make. If you read enough research articles written by scientists, you
are certain to discover that they tend to follow a peculiar format, one
that is quasi-chronological. They typically start with background infor-
mation, such as summarizing what previous research has been done on
the particular topic being investigated. After that, the usual research
paper moves on to an account of all the preparations that were made to
start the research project being reported. Perhaps scientific instruments
were procured or constructed, and then tested. Perhaps an expedition
to a remote location had to be arranged. Perhaps computer programs
had to be written and revised. Measurements or observations may have
been taken, then processed and analyzed. At the end of this very long
story, the authors present their results and conclusions.

Having read thousands of scientific research articles myself, | some-
times think that scientists force themselves to follow this structure, even
though the way the research was actually carried out may have been
very different. It has been said that making a scientific discovery and
finding new knowledge is like climbing a treacherous mountain trail on
a pitch-dark night. The climber stumbles and falls often, suffers many
severe bruises from rocks and many sharp cuts from thorny plants, then
is forced to turn back several times and try alternative routes, and finally
reaches the top of the mountain, exhausted and in pain. Only then, as
the sun comes up, is the climber able to see a smooth and gently sloping
path, the route to success that should have been taken, a path that leads
easily and painlessly from the bottom of the mountain to the top. When
writing the article reporting the research, it is that smooth path that the
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Turn your world upside down...

Background Bottom line

Supporting
details

Results/ Supporting
conclusions details

Richard Somerville and Susan Hassol, Physics Today, Oct. 2011

FIGURE 8.4.1 From Somerville and Hassol 2011.

scientist describes, starting with a calm and thorough search of previous
work, then the making of orderly preparations for the research, and
finally the logical carrying out of a swift and successful project, leading
triumphantly to important new results. There is not a word about the
long nightmare on the mountain and the many cuts and bruises endured
on the route actually taken.

Don't follow the example of the scientist who communicates all the
details and background first and then announces the results and con-
clusions at the end. In journalism, this sin is called “burying the lead.”
Reporters learn to compose a lead, the first sentence of a news story,
in a way that conveys the main point of the story and also captures the
reader’s attention and motivates the reader to continue reading. We
are speaking here of written stories and articles, but the point applies
to oral presentations of all kinds too, including informal conversations.
Figure 8.4.1 is taken from an article that my climate communication
partner, Susan Joy Hassol, and | published, in which we urged climate
change science communicators to start with the important result, not

with background information. If a communicator has the scientist’s habit
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of giving a lot of unimportant details first, and the important main result
last, we say, “Turn your world upside down.” Everyone should remem-
ber, “Don't bury the lead.”

Scientists in any specialty tend to speak to one another in a strange
and private language that seems bizarre to nonscientists or even to
scientists in other specialties. Jargon and mathematical terms are part
of normal conversational usage for scientists. Words that are unfamil-
iar to the wider world should be avoided. They always have clear and
simple substitutes. Rather than “anthropogenic,” scientists could say
“human-caused.”

Be sure to use units that are familiar to your audience. Scientists
everywhere use metric units in their work, and they often publish arti-
cles using these units. When speaking to or writing for a nonscientific
audience in the United States, remember that metric uni