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Praise for Driving the Future

“Margo Oge inspires us with a vision that ties together the enormous challenges and opportunities of climate change with the reality of policymaking…. We’re in the race of our lives, but thanks to savvy public servants like Margo who know how to unleash private sector innovation, I couldn’t be more hopeful.”

—From the foreword by Fred Krupp, president, Environmental Defense Fund

“The author has a vision for the future of the automobile. It’s not exactly the flying car of the future, but almost, as it comes with smartphone-synced scheduling, zero-emissions technology, and the ability to park itself…. Astute … Oge knows her stuff.”

—Kirkus Reviews

“Enlightening … With her firsthand knowledge of the designs and methods the auto industry is using to achieve this milestone, Oge is the perfect person to preview the type of vehicles we will likely be driving over the next several decades…. Readers tired of traffic gridlock and expensive gas bills will enjoy this vision of hack-proof, computer-driven, self-parking cars, along with Oge’s optimism about halting global warming.”

—Booklist

“Let’s get straight to the dirt: Margo Oge knows where the bodies are buried … [and makes] astonishing revelations about exactly how good policy based on science in thwarted by political hacks.”

—Electric Car Online

“Under your tireless leadership we have realized significant environmental achievements in the transportation sector…. finalizing the most aggressive efficiency standards for our cars and truck out to model year 2025…. You have inspired and challenged with equal measure.”

—President Barack Obama

“Margo tells the incredible story of how California and then Washington were able to mandate much cleaner cars and light trucks. This is the story of how hard it is to combat climate change—and also how imaginative and determined leaders can get it done.”

—Governor Jerry Brown

“Margo Oge describes the astounding transformation of cars and trucks in America—cutting pollution by more than 97 percent, and greenhouse gases by more than half—and shows the way to complete this job. It is a compelling story and a great read.”

—Hal Harvey, CEO of Energy Innovation

“Driving the Future is a testament to the progress that is possible when committed public servants are allowed to follow the scientific evidence where it leads and to envision and then execute ambitious plans for a better technological and environmental future.”

—Lisa Heinzerling, Justice William J. Brennan, Jr. Professor of Law, Georgetown University Law Center

“Margo Oge provides a riveting insider’s account of the people, science, politics, and technologies behind an improbable victory in the battle against global warming. Based on her understanding of how regulation can drive innovation, she depicts a future in which cleaner, lighter, smarter cars will become tools in the fight against climate change rather than contribute to it. Every citizen should read her book and feel proud of what we can accomplish together.”

—Lisa Jackson, EPA administrator under President Barack Obama

“Drawing upon her experience as an architect of game-changing fuel economy standards, Margo Oge gives us a roadmap to a future world of better and cleaner cars, healthier air, reduced geopolitical conflict, and stronger communities. If we get there, it will be because of visionaries such as Oge.”

—Ken Kimmell, president, Union of Concerned Scientists

“Margo and her team at the EPA helped craft far-reaching GHG and fuel economy standards for the US that are accelerating the adoption of future automotive technologies like plug-in electric vehicles and fuel cell vehicles. Margo has the credibility and the record for convincingly discussing a carbon free future in her book, a vision we share.”

—Ulrich Kranz, BMW, senior vice president, Product Line i

“Margo has given us a fascinating insider’s view of regulatory development and a framework for collaborative rulemaking that literally changed the face—and tailpipes—of an industry, and a thoughtful look forward to future opportunities.”

—Tom Linebarger, chairman and CEO of Cummins Inc.

“Driving the Future is the story of a dramatic success in a key battle in the fight against global warming—improving the environmental performance of vehicle fleets—with a lucid explanation of how to bridge science and public policy. Reading the book is as pleasant as having a talk with a good friend, and as informative as a full course in public policy.”

—Mario J. Molina, PhD, professor at the University of California, San Diego, and winner of the 1995 Nobel Prize in Chemistry for his role in elucidating the threat to the earth’s ozone layer from chlorofluorocarbon gases

“It’s a great story: an insider’s account of the unprecedented collaboration of politicians, regulators, and industry that created the world’s first standards for low-carbon vehicles and a practical guide to steps that all of us—including consumers—must take to create a global market for vehicles that can take us where we want to go while dodging the worst effects of climate change.”

—Mary Nichols, chairman of the California Air Resources Board

“Five stars to Margo Oge! She may be a veteran regulator, but she also has the vision thing, the broad historical and conceptual perspective that made her one of EPA’s stars in the historic achievement of cleaner cars and in the cause of averting climate change. Not to mention that her writing is fluid, engaging, and makes a complex story hard to put down.”

—William Reilly, EPA administrator under President George H. W. Bush

“This book should be a must-read for anyone who wants to know how the regulatory process actually works. Margo Oge provides a compelling insider’s account about the making of President Obama’s landmark vehicle emission rules. She describes how she and her dedicated team at EPA fought political interference under the Bush Administration, formed a crucial partnership with innovative California regulators, and found key allies within the new Obama team.”

—Congressman Henry Waxman

“Driving the Future describes a success story in bridging science and regulation and provides a creative road map for future cleaner cars. It offers very valuable lessons for building a future blue sky and low carbon society in China and other developing countries. Thanks, Margo Oge!”

—Kebin He, dean, School of Environment, Tsinghua University, China
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FOREWORD

by Fred Krupp

In 2002, I sent one of Environmental Defense Fund’s best political strategists, a Texas lawyer named Jim Marston, to work with our California team on a high-stakes environmental battle. Freshman state senator Fran Pavley had advanced a bill limiting tailpipe emissions of greenhouse gases from passenger vehicles. If it became law, it would be the world’s first legislation to regulate greenhouse gas emissions from vehicles. The bill was such a long shot that the automotive industry had virtually ignored it when it was first introduced months earlier. Now it was picking up steam, and the lobbyists were hitting it with everything they had, because the industry knew that California’s auto emission standards had a long history of catalyzing national and global standards.

Jim worked tirelessly over the next few months. He studied the legislators whose votes were make-or-break for the bill and figured out who could be moved, and how. He worked with faith leaders to meet with those lawmakers about the moral imperative to combat climate change. Paul Newman and countless other EDF supporters and members made calls to them. And the months of battling the auto industry paid off: the landmark bill passed by just one vote.

These standards were a huge success in California. They also forged a strong foundation for progress in other states—and nationally. That’s where Margo Oge came into the picture.

I already knew Margo from decades of working together on public health and environmental issues. She’s smart, tenacious, creative, and tough. As director of EPA’s Office of Transportation and Air Quality, she was the perfect person to establish our nation’s first greenhouse gas standards by regulating vehicles.

It wouldn’t be easy. She had to navigate all the hazards and special interests that have killed decades of federal efforts to combat climate change. Margo and her EPA team led a coalition of states, environmental groups, and government agencies that reached agreement with the auto companies to put in place game-changing regulations. Those smart rules have made every car built in America today better—and they continue to drive innovation.

These vehicle emission standards are a very big deal, and not only because they were the first. They will double fuel efficiency and cut greenhouse emissions from cars in half by 2025. This is the equivalent of taking approximately forty-one million cars off the road. Lots of people talk about what we need to do to fight climate change. Margo actually gets it done.

The regulations were successful because they didn’t force industry to use any one solution. Instead, they set goals that jump-started an innovation revolution in the industry. Ford introduced the high-strength and efficient aluminum body F-150 pickup truck. GM developed and unveiled its affordable Bolt, an electric vehicle that gets a two-hundred-mile range on a single charge. From just a few options a decade ago, American drivers can now choose from dozens of plug-in electric models.

The pace of innovation in clean transportation technology is so rapid that what seemed like futuristic technologies a few years ago are becoming viable products now. A race to innovation fostered by Elon Musk, Bill Gates, and many others has achieved major breakthroughs in the cost of energy storage—critical to the expansion of the electric car market. National rules for driverless cars are developing, and eventually every major car manufacturer will offer autonomous models. In Europe, a “connected highway” will enable caravans of partially driverless eighteen-wheelers to use major transit routes.

Margo is always looking ahead. In the second half of this book, she proposes systemic changes that, if adopted before 2050, can help us reach our goal of a safe and stable climate system. For example, the world’s emerging megacities must implement urban planning that encourages electric vehicles, public transit, and walkable neighborhoods. Young people in North America and Europe need to continue the trend toward innovative and cost-effective on-demand transportation services over traditional car ownership without limiting mobility and convenience. We need to see efficiency gains that raise passenger vehicles’ fleet-wide average miles per gallon to above two hundred by mid-century.

Throughout Driving the Future, Margo inspires us with a vision that ties together the enormous challenges and opportunities of climate change with the reality of policymaking. Her basic point is this: In the past fifty years, we came together to clean up enormous public health and environmental devastation from industrial factories, freight trucks, cars, and household products. Now we must focus that same energy and innovation on climate change. We’re in the race of our lives, but thanks to savvy public servants like Margo who know how to unleash private sector innovation, I couldn’t be more hopeful.


INTRODUCTION

8:00 p.m., Beijing, China

On September 30, 2040, a slight woman in jeans and a T-shirt swipes off her e-book and steps out of a silently idling car on a busy street.

“Park Mode,” she says and then watches as the empty, single-occupant car pulls down to the entrance of the parking garage underneath her apartment building. The woman doesn’t have a license—she normally takes the train and shared taxis around the city—but decided to pay for a car on demand to drive her out of town to a friend’s house for the weekend. After pausing for an exiting electric scooter, the driverless vehicle disappears into the lot.

The car’s surface still glows in the woman’s favorite shade of purple. The color-changing exterior also acts as a solar panel that powers the air conditioning and accessories when the vehicle is idling in traffic. The car’s body contains no steel, but is constructed primarily out of aluminum and plastics, weighing in at about 1,650 pounds. The electric engine gets about 100 miles per gallon (mpg), close to the global average, and puts out zero emissions. In 2030, the Chinese capital passed laws that allow only zero emissions vehicles within city limits.

The car’s navigation system has helped it travel 120,000 miles without so much as a scratch, but the technology also helps the car quickly find a parking space in the darkened garage. Four low-light cameras integrated into the frame guide it into a cramped space between two other vehicles. The car’s exterior fades back to its default blue shade, and it begins wirelessly powering up for the next customer.

1:00 p.m., Berlin, Germany

A seasoned German truck driver stops for a lunch break on the outskirts of town. He is almost done with his day’s work, transporting motorcycle parts from Frankfurt in his two-trailer, autonomous truck. The truck is the latest generation truck from Daimler and sports a cellulosic, biodiesel hybrid system and is capable of driverless operation. It has been averaging a relatively constant 85 miles per hour (mph), making the 344-mile trip just over four hours, always connected to the “Connected Cloud Drive” system. The driver had been listening a lot of Karl May audiobooks on his trips recently and briefly fell asleep somewhere near Leipzig. But on the dedicated highway for autonomous trucks, his short nap wasn’t any more dangerous than a passenger falling asleep on a plane. About fifteen minutes from the shared traffic routes, he had to punch in his driver code and grab the wheel. But he only had to intervene once when heavy rain set off a warning that the visibility of the truck’s control cameras might be impaired. Even in that extreme weather, the truck was in continual communication with the vehicles around it as well as receiving information from the road’s own traffic warning nodes to keep it on track.

12:00 p.m., London, United Kingdom

A young London City trader walks out of his office on the way to meet his girlfriend for lunch. He pauses to pick out a flower at a stand before pushing the valet app on his smartwatch. He typically does not drive in the city—central London has had a daytime congestion fee for vehicles since before he was born—but he can’t resist a quick spin in his company’s new executive share car, a shiny black 2040 model fuel cell 911 Targa. As it turns the corner, the car’s almost entirely carbon fiber body gleams, but the super-strong and lightweight material encases a vehicle that weighs less than the tiny 1954 Austin Healey coupe his dad used to drive on the weekends.

The Targa glides up, and the man slides underneath a roof made of new generation solar panels with a nanotechnology coating that produces even more electricity from the wind friction generated at higher speeds, refilling the battery packs as he drives. The car can travel a more than 400-mile range on a five-minute quick-fill charge of the solid-state battery pack and hydrogen tank. The fuel cell engine is virtually silent, but with the optional flywheel technology the car can accelerate from zero to 60 mph in around 3.5 seconds.

He forwards his girlfriend’s text with the restaurant location to the car’s navigation system. The Porsche transmits its presence on the road to the City, which transfers £30 from his company’s account to the public transportation network. Then the vehicle pulls out behind a bus on the otherwise quiet street.

7:00 a.m., Atlanta, United States

The Atlanta suburbs are already a humid 90 degrees. As a middle-aged man stands in the shower, his car charges wirelessly in the garage while the air conditioner precools the interior. The vehicle is small, about the size of the Honda Fit he and his wife used to own, and can travel about 100 miles on a full charge of the advanced battery pack, which is the size of a large briefcase. At 7:15, he hops into his car and sees a few crumbs on the passenger seat. The whole windshield is capable of turning into a high-resolution screen; his daughters had snuck out there last night to play video games.

Just for the fun of it, he backs the car out of the driveway himself before allowing the steering wheel to retract. While the car takes him the five minutes to the train station, he has a quick video conference with the sales staff at his low-carbon fuel company. The car drops him off and drives itself home.

At 7:30 the two kids jump into their car, which takes them to school. Their mom is telecommuting today but has an appointment with her personal trainer at 12:30. The gym has a drop-off zone but no parking lot, so, after the woman hops out, the car waits in a designated space two blocks away.

Then, at about 1:00 p.m., the eighth grader calls in. She feels sick and wants to go home. The car texts the mom, asking for permission to pick her daughter up, and then texts the girl. The car knows that the fitness appointment will run another 30 minutes, so it picks up the daughter before returning to the gym. Later in the day, the car also picks up the other child from school, along with her friend who is coming over to study. After charging for fifteen minutes, the car picks up the dad from the train station. Even though the family has three people of driving age, the autonomous car allows them to get around with just a small urban commuter car. That weekend the whole family is taking a trip to the beach, so they’ll use some of their lease’s contractual “shared vehicle days” for a larger plug-in vehicle.

6:00 a.m., Mexico City, Mexico

A couple that has just moved into a new apartment complex is fast asleep. In the past, their car purchases had been dictated by where they lived. They didn’t need one in the crowded center city but decided they wanted a vehicle to get around once they moved to the outskirts. They still use public transport to get to work—the car is mostly for personal use. In this case, however, they chose their apartment because of their car. They save money on their home’s power bill by plugging their electric vehicle into their apartment’s “green circuit.” Right now, during lower use hours, the battery pack is storing the cheaper wind-generated electricity that the local microgrid supplies. During the day, the microgrid switches to solar. Later, when it is sitting unused in the garage during the daytime peak load hours, the battery pack provides lower cost, clean electricity for their apartment.

*  *  *

How close will these imaginary scenarios of the future be to reality? For half a century, the promise of futuristic technologies—high-tech computer cars, electric and driverless cars—has been dangled in front of us in magazines and television shows. But a yearly trip to the dealership would show only modest technological improvements in new models.

Today, those promises are finally being realized. In 1970, for example, there were zero mass-produced hybrid electric vehicles. The same number of hybrids was available to drivers in 1980 and the early 1990s. By 2000, there were two hybrid models. Today there are over fifty.

Even more amazing are the growing number of pure electric cars and hydrogen fuel-cell vehicles that use no gas at all. Several of these vehicles already get as much as 100 mpg today, a number that, until recently, would have seemed ripped from the pages of science fiction. Increasingly smart and interactive vehicles with functions like lane change assist are already available in multiple production models. Several prototypes for driverless cars are being road tested. The automobile market has changed dramatically and irrevocably. The future is now.

This transformation is far from over, though. Over the next decades, the proliferation of alternative fuels and powertrains will make cars many times quieter, cleaner, more efficient, and smarter than they have ever been. In the near future, we will see automobiles that not only are high efficiency or emissions free but also completely reimagine personal transportation. More and more people will get around via automobiles that have more in common with cell phones or airplanes that our traditional concept of a steel box with a gas-burning engine. In short, we are in the early stages of a transportation revolution bigger than any since Henry Ford began mass production of his Model-T. But just as remarkable is why this sea change in automobile design is taking place now.

The conventional automobile is one of the twentieth century’s great success stories. But this same petroleum-burning technology that radically increased personal mobility came with a huge cost. By the 1940s and 1950s the automotive exhaust in American cities was sickening citizens and darkening skies. By the 1960s, the smog in Los Angeles had become a poster child of rampant pollution for the nascent environmental movement. By the early 1970s, this environmental consciousness pushed the federal government to begin cleaning up conventional pollutants in automobile emissions with new technologies and improved fuels. By 2010, new technology and fuels had resulted in cars that emitted 99 percent fewer conventional pollutants. But today’s revolution in automobiles is designed to face down our biggest environmental challenge yet, climate change.

In addition to foul-smelling exhaust, cars—along with trucks, boats, planes, and trains—have been releasing a threat that is undetectable to our senses. The powertrains of the transportation sector run almost exclusively on petroleum. And every gallon of gas or diesel that they burn emits carbon dioxide, the greenhouse gas that accelerates climate change. As a result, about a third of the total greenhouse gas emissions in the United States are from the transportation sector. Globally, the sector accounts for about a quarter of greenhouse gases, but transportation is also the fastest growing contributor to overall greenhouse gas emissions.

This growth has many factors, but among the most important is the purchasing power of an Asian middle-class swelling from about 500 million in 2012 to around 1.75 billion people by 2020, a 3.5 times increase in only eight years. In 2013 the Chinese consumer alone bought more than 22 million vehicles, and in 2020 they are expected to buy more than 30 million vehicles. That is 10 percent more than the 2013 combined sales in North America and Western Europe. To avoid a climatic catastrophe, the enormous number of new cars on Chinese roads alone must be significantly cleaner. The good news is that China, like other major economies, is moving aggressively to reduce transportation emissions. The global efforts to rein in greenhouse gas emissions in the transportation sector have been much more successful than most other international treaties targeting the existential threat of climate change.

*  *  *

Over the past three decades, the dangers related to climate change have become increasingly clear and immediate. Ocean levels and surface temperatures have been rising, and each of the last three decades has been successively warmer at the earth’s surface than any preceding decade since 1850. In the form of devastating droughts, extreme flooding, heat waves, and fires, the earth got a taste of the destructive changes that would become increasingly common as climate change accelerated in the near future. While climate scientists don’t like to connect any one event to global warming, their modeling conclusively shows that humans can expect more of the same weather as an unprecedented growth of greenhouse gases in the atmosphere continues to drive global warming.

Unfortunately, the world’s demand for action on climate has been met with ineffective treaties and half-measures by the global community. Worse, the United States refused to support international treaties and has been unable to pass any federal domestic legislation targeting climate change. For decades, the oil, automobile, coal, and power generation industries took a page from the tactics used by the tobacco industry in the 1980s to cast doubt on the climate science and to scare the public about the economic costs of action. The cost of this intransigence is estimated by the Center for American Progress at US $188 billion in climate-related damage in 2011 and 2012,1 and it increases by the day. A 2014 White House report suggests that every decade of inaction actually increases the cost of mitigation by 40 percent.

Then, in the first year of the Obama administration, an opening presented itself, and the United States enacted the first greenhouse gas reduction regulations in its history. The 2012–2016 and the 2017–2025 Light Duty Vehicle greenhouse gas and CAFE rules will halve the nation’s carbon emissions from cars and double their average fuel economy to 54.5 mpg by 2025. When the Economist examined twenty global greenhouse gas reduction actions to combat global warming in the article “The Deepest Cuts” (September 20, 2014), comparing their respective contributions to greenhouse reductions, the United States vehicle rules ranked as the most significant action in the transportation sector to date, worldwide. These same historic regulations are also driving the design of a new generation of cleaner, smarter cars.

A number of factors aligned to create this groundbreaking regulation including a Supreme Court decision, a California state law, a suddenly bankrupted auto industry, and an administration determined to do something about climate change. It was this perfect alignment of events that gave my office at the EPA a real chance to finally rein in the greenhouse gas emissions that gas-powered cars have been emitting into the atmosphere ever since they first hit the road. Just as important, a converging set of emissions and greenhouse gas regulations being implemented across the world’s major economies—including Europe, Japan, and China—promises similar reductions by 2025. These global regulations are among the key drivers required to combat climate change by changing the cars we drive.

*  *  *

The first part of this book tells the story of humans’ growing understanding of science behind climate change and how, starting in the 1980s, a collection of corporate interests ferociously beat back national efforts to address the problem. It traces the history of the environmental policymaking in the United States along with automakers’ foot-dragging and downright refusal to bring their most innovative new technologies to the marketplace.

Then we follow the efforts of a wide-ranging group of people—from a staunchly Republican Texas hedge fund millionaire to a former California public school teacher to the Georgetown lawyer who prepared the winning argument for a Supreme Court decision on greenhouse gases, to dedicated EPA engineers in Ann Arbor—as they play critical roles in finally breaking through this corporate and political stranglehold. It also describes how government, despite the barrage of negative reporting, can work to save and improve the lives of its citizens.

Next, we examine the primary drivers that are shaping, and will continue to shape, the car of the future while fighting climate change. Many of tomorrow’s technologies, from alternative powertrains to lightweight materials to low carbon fuels and driverless car technologies are already in development. We’ll explore their possibilities as well as innovative possibilities that sit on a more distant horizon.

In the final section I assess the scale of the challenge ahead for 2050, putting hard numbers on how much greenhouse gas emissions from cars and light trucks must be reduced to avoid the truly catastrophic consequences of climate change. I will lay out the additional policies and innovations in automotive technology that will be required, while sharing some of the lessons I’ve taken away during my experience with environmental policy over the last three decades.

I consider this book a continuation of my public service, for it brings together the science, policy, and technologies that combat climate change with the cleaner, smarter, safer, and more exciting vehicles that our world needs. For the past forty years, the United States has led the world in innovative clean air technology. I remain optimistic that we will once again successfully confront the major environmental threat of our times—and do it while advancing Americans’ health and our national economy. As a mother, I believe we have a moral responsibility to act urgently to protect our children’s future.


PART ONE

THE CLIMATE JOURNEY


  1  

THE DAWN OF AUTOMOBILITY

In August of 1888, a thirty-nine-year-old woman named Bertha rolled to a stop in the center of Wieslen, a small town that sat in the rolling green countryside of southwestern Germany. She and her two teenage sons climbed out of their three-wheeled vehicle, made their way into the local apothecary, and purchased all the ligroin he had, about three liters. Ligroin is a petroleum ether commonly used for painting and decorating, but Bertha had neither of these uses in mind. Instead, she walked over to the carriage and poured the liquid into an engine sitting on the front. She then hoisted herself back into a wooden driver’s seat and, to the surprised looks of pedestrians, chugged out of town with her family at the leisurely pace of six miles an hour.

The trip on the curious carriage was hardly trouble free. Along the way Bertha pulled over at a blacksmith’s to fix a chain and a cobbler’s to have him attach some makeshift leather brake pads. She’d had to solve other issues herself, using a hatpin to clean a clogged fuel pipe and a garter to insulate a wire. But, just before dusk, she pulled up outside of her mother’s house in Pforzheim and, after unloading her sons, sent a telegram back to her husband in Mannheim. The message told him that she had stolen his prototype vehicle, had safely completed the sixty-six-mile journey, and would return home the next day.

The trip back was relatively uneventful, but the sight of the engine-powered vehicle still surprised and alarmed observers—exactly the reaction Bertha wanted. The trip’s main purpose was to promote the automobile into which she and her husband, Karl Benz, had invested enormous amounts of money and time.

Or so the story goes. Over time, the legend of Bertha Benz’s inaugural trip has been told and retold, embellished and celebrated by German drivers who retrace her journey every year. What is certain is that Karl Benz invented the first practical gas-powered vehicle, that Bertha’s trip was arguably the most successful automobile promotional campaign to date, and that the Benz’s internal combustion vehicle still faced stiff competition from other propulsion techniques.

At the turn of the twentieth century, popular automobiles were also powered by electricity and steam. Each technology had its own upsides as well as major shortcomings. Electric cars were quiet and easy to operate, but they were heavy, their distance was limited, and their recharge time was unbearably long. One of the most popular vehicles at that time was the Columbia Runabout, which could go forty miles on a single charge and run at speeds of up to 12 mph. Steam-powered cars accelerated fine once you got them going, but they took a long time to harness enough power to start. They also had limited capacity to store energy on long trips and were prone to explosions. Gas-powered vehicles were relatively quick starting and could run for long distances without refueling. But they were noisy, complicated to operate, and often broke down. By the early 1900s, there were nearly four thousand steam, electric, and gas-powered cars traversing America’s roads. Which machinery would win out in the end was still anyone’s guess.

Then, twenty-six years after Bertha’s journey, Henry Ford’s factory took automobile production to the next level. By 1914, his factories were churning out a boxy, black, gas-powered Model T every ninety-three minutes, completing six vehicles in roughly the time it had taken Bertha to go sixty-six miles. By 1918, the assembly-line manufacturing had also brought the car’s cost down to $450, a price even within the reach of Ford’s factory workers—and well below the $2,000 for electric vehicles. The Model T was so popular that Ford didn’t buy any advertising for years. By the 1920s, electric and steam vehicles were left in the petroleum-reeking exhaust of the now-dominant internal combustion engine.

*  *  *

Of course, the popular availability of cars did much more than make Henry Ford rich. The automobile pushed horse-drawn carriages to the wayside and forced cities to pave roads—if not completely redesign them. It created the sprawling suburbs of 1950s America. It rapidly changed social mores and became one of the most desired consumer goods in the world. It also pushed a century-old revolution in personal mobility to a new zenith.

Over the past two centuries, while the earth’s population has increased seven times and global GDP has increased a hundred times, personal mobility has increased a thousand times.1 In 1800, people primarily got around by walking, riding horses, or using boats. The vast majority never ventured far from their homes or did so rarely. By 1950, millions of people could almost effortlessly travel hundreds of miles in a day. The internal combustion engine was the most important technology in this transformational increase in personal mobility.

Unfortunately, this agent of personal freedom was also a source of an enormous amount of air pollution. Beginning in the 1940s, people in urban areas throughout the United States experienced waves of then-unexplained pollution that caused teary eyes, headaches, nausea, asthma attacks, and other reactions. School children in Los Angeles were kept indoors during high-risk days. The filthy air that factories and power plants emitted was well known, but the smog that enveloped America’s cities was not a sooty black; it had a brownish, yellowish tinge, which was due to the nitrogen oxide in auto emissions. The problem worsened until the popular disgust over pollution rattled American politics and eventually spilled over into one of the nation’s largest grassroots demonstrations.

*  *  *

In 1959, a newly elected Democratic senator began his journey toward becoming the national political face of the new environmental movement. The former governor of Maine, Edmund Muskie, had grown up the working class son of Polish immigrants in the small town of Rumford. At six feet four inches, with a powerful voice, Muskie was soon known in the Senate for both his flashes of temper and his ability to find consensus.

When Muskie arrived in Washington, DC, what we call environmentalism today didn’t exist. Hunters and fishermen like Muskie promoted conservationism by protecting their recreational areas. Forestry officials managed logging and mining interests in national parks. But there was very little concern over the effects pollution might be having on public health and the environment. Muskie had experienced the ill effects of pollution firsthand. His hometown was dominated by a paper mill that had been spitting enormous amounts of chlorine, nitrogen, phosphorus, and other pollutants into the water, while spewing sulfur dioxide and other toxins into the sky. Dead fish floated in the water, and the air pollution was so bad that it prevented new businesses from opening in Rumford. The new senator recognized the urgent necessity of protecting birds, frogs, humans, and other living things from pollution.

Throughout the 1960s, Muskie’s modern-day environmentalism developed a broad base of support, from scraggly college students to middle-class moms worried about their children’s health. Mainstream media’s coverage of environmental disasters, like Time magazine’s 1969 story of a fire on the surface of Cleveland’s polluted Cuyahoga River, further galvanized concern. As a result, the first nationwide Earth Day events in 1970 attracted attention from across the political spectrum. Senators and congressman from both parties flew back to their districts to speak at local events in city parks and on university campuses. Meanwhile, Muskie was pushing through a bill designed to satisfy the new environmental concerns.

During the 1960s, a series of laws established increased federal monitoring of pollutants, but none had the authority necessary to begin the real work of cleaning up the country. By 1970, Muskie had created legislation designed to transform America’s relationship with its increasingly polluted landscape. His bill also satisfied and incorporated various important political interests. From Tennessee Republican senator Howard Baker he included a commitment to technology-forcing regulations—rules that don’t prescribe specific solutions for industry to follow but stimulate the marketplace by creating a demand for new technologies. Muskie also respected Missouri Democratic senator Tom Eagleton’s demand for solid deadlines. Finally, Muskie wanted certain health standards to be met. These elements all fused in the creation of the most effective environmental law to date, the Clean Air Act of 1970. The bill locked in the regulatory technique of using technologies to achieve a healthier environment by a certain date. No other federal law combined all these elements—most had none.

A well-known example of the Clean Air Act’s application quickly followed its passage. By 1975, new cars were required to meet certain standards for emissions. The regulation would dramatically clean up the air, reducing cases of bronchitis, asthma and more serious health effects including premature death. The requirements had to be met by 1975 model year cars. And it was up to the car companies to figure out what technology would get the job done, prompting a race between multiple companies to supply a device that would win the millions of dollars in contracts from auto companies. That solution, the catalytic converter, is now found in virtually every new car manufactured in the world.

But Muskie wasn’t the only one responding to the new environmentalism. Soon after the Clean Air Act became law, President Richard Nixon created the Environmental Protection Agency. A Republican and no devout environmentalist, Nixon had essentially sat out Earth Day in the 1970s. But he did respect the political importance of the widespread public demand for cleaner land, water, and air. In fact, the EPA may have been strategically created in part to take the environmental card away from Muskie, Nixon’s presumed Democratic challenger in the 1972 presidential election. A few months after the creation of the EPA, the Nixon campaign forged and leaked a letter to the press that called Muskie’s credibility into doubt, essentially ending the environmentalist senator’s presidential ambitions. But whatever Nixon’s motivation was, the new agency he created was too powerful to be considered one more political trick. The EPA soon exercised its authority under the Clean Air Act to begin a massive cleanup of the mess that internal combustion–powered automobiles had created over the past half-century.

The EPA’s success in this effort is clear when comparing modern cars with those from 1970. Just forty years after the EPA went to work, cars produce over 99 percent fewer emissions than they did in 1970. Between 1970 and 2010, the reductions in levels of soot, smog, and other pollutants from cars, trucks, factories, and power plants have prevented hundreds of thousands of premature deaths, nearly a million cases of chronic bronchitis, and over 18 million child respiratory diseases. Lead reductions have prevented the loss of over 10 million IQ points in children.2 Americans breathe much cleaner, healthier air than they did in 1970. While our cities’ skies may not be pristine, they are remarkably cleaner.

*  *  *

When I joined the EPA in 1980, it was my first professional experience with environmentalism. I had arrived in the United States from Athens, Greece, twelve years earlier, as the environmental movement was becoming a powerful political force. When I got to America my English was limited, but, after a summer-long crash course, I started an engineering program at the University of Massachusetts in Lowell.

At that point my knowledge of environmental issues was also pretty limited. Growing up in Athens, a crowded and polluted city that is home to a third of the entire country’s population, I was constantly surrounded by atmospheric pollution from carbon monoxide, sulfur oxides, nitrous oxides, and dust. I watched Athens’ air pollution coat the 2,500-year-old marble pillars and statues of the Parthenon in soot. I had seen and read about how the beautiful marble underneath the soot was being eroded by pollution, which made the future of the monument questionable.

After receiving my MS degree, I went on to a job at a Connecticut-based consulting firm for the chemical industry. It wasn’t until I started at the EPA’s Office of Toxic Substances that my work as a chemical engineer became exciting. I joined the EPA team evaluating the toxicity level of new chemicals before they entered the marketplace. Now my engineering skills weren’t just academic; they were preventing toxins from harming people and the environment.

In 1985, I secured a one-year detail to work for Senator John Chaffee, a Republican representing Rhode Island. Chaffee, the powerful chairman of the Senate Environment and Public Works Committee, helped me to author a bill that made plastic rings for six-pack beverages biodegradable. At the time, every six-pack of soda or beer was held together by plastic-ring packaging. A lot of these rings found their way into the ocean, where they trapped and killed marine life. The bill I worked on became part of a Superfund amendment in 1986. It was my first experience with the process of lawmaking.

From the Senate, I returned to the Office of Toxic Substances as a deputy director. As a manager, my first project was the toxic release inventory initiative, which became better known as the “Community Right-to-Know Program.” For the first time, the program ensured that public could learn about the type and amount of toxic substance releases from facilities in their community. Several years later, I took on the job of directing the Office of Radiation and Indoor Air. Among my responsibilities was helping to establish the first repository for nuclear waste in Carlsbad, New Mexico. I also worked to make radon gas and other indoor pollutants’ health impacts known to the public. With my team, I also managed the publication of the first scientific study about the health impacts of secondhand smoke, which completely changed the policies for smoking in public places.

Then, after moving from various positions over my first fourteen years at EPA, I found a home leading the Office of Transportation and Air Quality. It was here that I directly confronted the legacy of innovators like Henry Ford and Karl Benz. Starting in 1994, I spent the next eighteen years working with my team to reduce the air pollutants that caused premature death and respiratory illness from cars, commercial trucks, and buses. We reduced cancer-causing substances like benzene in gasoline and sulfur in diesel and gasoline fuels. We also developed rules compelling locomotives and boats to reduce their soot- and smog-forming pollutants that impacted the health of millions of Americans.

But while my team successfully pushed forward our agenda to clean up and reduce conventional air pollutants up to 99 percent since the seventies, a mostly odorless, invisible threat was rapidly building up all around us, greenhouse gases. Throughout the 1980s and ’90s, as Americans became more familiar with this threat, several things became clear. First, human-produced greenhouse gases were causing the planet to heat up rapidly. Second, along with other greenhouse gases, one of the major culprits in this process was carbon dioxide, a byproduct of burning fossil fuels like diesel, gasoline, and coal. Third, greenhouse gases were streaming out of the tailpipe of just about every car and truck in America. In fact, the transportation sector—the sector my office was responsible for cleaning up—was producing almost a third of the greenhouse gas emissions in the United States, second only to the power generation sector.

Despite all of our efforts at EPA, an unregulated, life-threatening gas was still streaming out of vehicles across the country. Over its first forty years, the EPA accomplished much of its original purpose. But it turned out that our greatest challenge still lay ahead: the global threat of greenhouse gas–driven climate change. This phenomenon was a complex beast with a global reach—and a problem so politicized that it had been dangerously ignored by our government for decades.
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THE DISCOVERY OF EARTH’S CLIMATE

Kiribati, a line of South Pacific islands strung out in turquoise water, has long been a poor nation, subsisting on international aid and the sale of its fishing rights to wealthier countries. But over the past decade, the country has begun to face a more existential threat. Rising sea levels are causing the tropical waters to flood churches and gobble up homes near the coast. Further inland, briny liquid pours out of the ground, collecting in fetid pools. Stands of palm trees are dying from exposure to salt water. The citizens of Kiribati navigate these new challenges on a day-to-day basis, haunted by the realization that their whole world is collapsing. The gorgeous archipelago has become a stark image of climate change’s nightmare scenario.

The nearly complete disappearance of the nation by the end of the century has become so certain that the president, Anote Tong, spent nearly $10 million to purchase 6,000 acres in Fiji. His people don’t want to move, but they will need somewhere to live and, within a generation or so, thirty-two of the thirty-three islands will be uninhabitable.1 The message to the rest of the world is clear: global warming is no longer limited to a series of dire predictions about what might happen decades in the future. It is happening now.

For Americans, it may be easy to overlook the fate of a hundred thousand people trapped on a series of sinking ships in the South Pacific. But what about South Beach? Today, this fashionable, wealthy strip of Miami is under siege. Rising waters cause slimy green liquid to bubble up from gutters even when it is sunny out. Shopkeepers have plastic bags and rubber bands on hand for people to cover their shoes. First floor garages flood with seawater, corroding the cars inside. The city is spending $1.5 billion to try and hold back the water, but the odds of any lasting success are slim.

The mayor of South Miami, Philip Stoddard, says that just a one-foot rise in sea level wouldn’t actually wash away houses but would still destroy the city’s infrastructure. Residents would no longer be able to flush their toilets or get fresh water from the sinks. At that point, anyone who can afford to will move out and property values will crash. “It makes one thing clear, though,” the mayor says. “Mayhem is coming.”2

A University of Miami geology professor named Harold Wanless agrees that, in a place where 2.4 million people live at a maximum of four feet above sea level, it’s no longer a question of if but when. “It is over for south Florida. It is as simple as that.”3

Miami is far from alone. Seven hundred miles across the Gulf of Mexico is New Orleans, half of which sits under sea level. After the storm surge from Hurricane Katrina breached the scores of levees that surround the city in 2005, flood waters covered almost the entire city, killed upwards of eighteen hundred residents and so crippled the infrastructure that corpses lay in the streets for days. Up the Eastern Seaboard, New York City has flooded repeatedly from hurricane storm surges. Most recently, 2012’s deadly Hurricane Sandy closed the subway, school system, and the New York Stock Exchange for days. As a result, the city has already developed a comprehensive plan to combat future flooding, including a series of up to twenty-foot levees.4 In fact, the whole United States itself is literally smaller than it was fifty years ago, as beaches and barrier islands are slowly gobbled up by rising water.

In 2003, Europe faced another type of extreme weather, a catastrophe that, strangely enough, remains relatively unknown in the United States. That summer was the hottest recorded in centuries across the continent. The United Kingdom, Scotland, and Switzerland recorded their nation’s highest ever temperatures, causing thousands of deaths as well as avalanches and flash floods that tore through the Alps. Fires ravaged Portugal, burning up 10 percent of the country’s forests, while ships in drought-stricken Germany could not navigate the Elbe or Danube Rivers. All told, roughly 70,000 people died as a result of heat stroke, dehydration, organ failure, and other causes related to high temperatures. Along with flooding, heat and extreme drought are the weather phenomena most closely associated with climate change. As climate change accelerates, these types of extreme weather events will become more common.

In fact, every year there are new indications we are moving through the early stages of a climatic crisis. The prolonged droughts, extreme heat, and severe floods experienced by the country and the rest of the world over the past few decades are all hallmarks of global warming-induced catastrophes. Of course, extreme weather events have always come and gone, but longer-range indicators also point in the same direction. The eight-inch rise in global sea levels over the past century is a broader gauge of where we’re headed. The fact that each of the previous three decades has successively been warmer than any previous decade since 1850 is another.5

The increased acceptance that global warming is severely impacting the world has also created new heralds of the oncoming crisis. The US military, for example, looks at climate change-induced crises as “threat multipliers” that are likely to bring down governments, destabilize entire regions and encourage terrorism. After being hammered by hurricanes and other huge climate change-related storms, insurance companies have dramatically raised rates on coastal property. Even Exxon, the long-time funder of climate change deniers, has issued a generic acceptance that climate change poses risks. More important, the company’s own scientists are studying the commercial ramifications of the weather phenomenon on their business, such as increased opportunities for deep sea drilling operations as larger swaths of the Arctic Ocean become ice-free.

In June 2014, a high-profile trio drawn from the upper reaches of politics and finance, former US treasury secretary Henry Paulson, former New York mayor Michael Bloomberg and billionaire investor Tom Steyer, released Risky Business, a report laying out the potential economic losses to the United States from global warming.6 Risky Business was not another of the increasingly dire scientific announcements about climate change. In fact, there was no new science at all. Instead, page after page laid out the billions of dollars the United States economy stood to lose unless businesses reduced their greenhouse gas emissions. By 2050, the report suggested, up to $106 billion of the nation’s coastal property will likely be below sea level. By the beginning of the next century, that loss could be half a trillion dollars.

Though the issue still marks a fierce partisan divide, both the Bush and Obama administrations have issued reports evaluating the specific national risks of climate change’s impact on the nation’s economy, health, and national security. The most recent, the 2014 National Climate Assessment, provides a clearly written overview of how America’s dynamic climate has and will drive radical changes to all aspects of its citizens’ lives.

In the future, the report states, the ground in some regions will be parched from drought more often. In coastal Alaska it is washing away. Flooding rivers will overwhelm water control systems more often. The oceans are not only warmer but too acidic for oyster farmers from the Pacific coast to New England to raise healthy stock. The winters will be shorter. The air is filled with more allergens. The summers will be unusually hot for extended periods of time lasting longer than any living American has ever experienced. Since 1895, temperatures have risen around .85 degrees Celsius (1.5 degrees Fahrenheit), with most of the change happening since 1970. Over the next few decades, that temperature change is likely to increase another two to four degrees Celsius (three and a half to seven degrees Fahrenheit).7

*  *  *

Just as climate scientists’ predictions of global warming are now a living reality, the cause of these earth-changing deviations should also no longer be subject to debate. Over the past two centuries, humans have pumped huge amounts of additional greenhouse gases into the atmosphere, causing the earth’s atmosphere to retain more of the sun’s heat and rapidly warm the planet in the process. There are a number of heat-trapping greenhouse gases, including methane and nitrous oxide, but the single biggest contributor to global warming is carbon dioxide.

Electricity production, which most frequently involves burning coal, oil, and other fossil fuels, is the single largest contributor of additional carbon dioxide. Transportation, the industry that I regulated for nearly two decades, ranks second. But transportation is also the fastest growing carbon-producing sector. While we certainly need to rein in the carbon emissions of electricity, dramatically reducing the carbon dioxide emitted by cars, trucks, trains, planes, and ocean-going vessels will be enormously important in putting the brakes on global warming.

Despite the lack of action that has marked the United States’ response to global warming, the facts are simple: the world is heating up because of human activity. Without humans on the planet, the earth would currently be in a slight cooling trend instead of a period of significant warming.8 Climate scientists are constantly updating their precise forecasts of the future, predicting how many more islands and coastlines the sea will invade or what the total cost of agricultural damage caused by severe droughts will be. But, though it has been debated and obfuscated by climate change deniers for decades, the big idea that we are radically and dangerously changing our planet’s weather is not new. In fact, the modern understanding of global warming only emerged after a century and a half of globe-spanning scientific investigation.

*  *  *

Questions about how human activity might affect the weather actually go back millennia. Several thousand years ago, my Greek ancestors debated issues such as how cutting down forests might change rainfall in a certain region. Of course, the ancients Greeks didn’t have enough data to prove anything definitive, even locally. The real beginning of what became modern climate change theory dates back only a few hundred years when some nineteenth-century visionaries began the hard task of convincing the scientific establishment that the earth’s climate went through dramatic changes at all.

At the time, the generally accepted assumption was that the earth had been locked in a process of continual cooling ever since its fiery birth billions of years previously. Ice ages were unknown. The periodic heating and cooling of the earth was not even a serious theory. So, before considering the possibility that mere human action could change the earth’s temperature, someone had to prove that anything did.

In 1835, while studying the moss growing on boulders in a mountainous region of Bavaria, the thirty-two-year-old German poet and botanist Karl Friedrich Schimper became perplexed as to how these enormous rocks had ended up sitting in the green foothills of the Alps.9 They seemed erratically placed, weren’t likely to have rolled from somewhere, and certainly couldn’t have been moved there by people. These slabs, weighing many tons, rested in the mountains as massive mysteries of nature.

Schimper wasn’t the first to run into this puzzle. For decades, close observers of nature—including the famous German author and botanist Johann Wolfgang von Goethe—had asked the same question. Neither was Schimper the first to conclude that the huge rocks must have been deposited on the vibrant landscape by huge sheets of ice. Glaciers were certainly strong enough to move the slabs. But since there was no such ice nearby, Schimper decided the frozen mass must have retreated up the hills ages ago. This assumption presented another problem. Such a theory could only be explained by an icier, much colder period in the earth’s past. Schimper’s novel accomplishment was synthesizing naturalists’ previous work with his own fieldwork, formalizing solid theories, and then gaining support among other scientists.

Over the next year, he gave several lectures in Munich suggesting that, rather than undergoing a constant cooling off, the earth’s climate was more dynamic. In 1837, working with other scientists, including the Swiss geologist Louis Agassiz, Schimper developed a theory of sequential glaciations and coined the phrase “Eiszeit”—“ice age” in English. But when Agassiz presented this groundbreaking work at a conference of the scientific establishment, he met with staunch resistance. Few scientists were willing to break from the accepted “volcanist” theory of continual climatic cooling. Ironically, this conference was held at a university on the shores of Lake Neuchâtel, a body of water that had been created tens of thousands of years earlier by the very process of glaciation that the bulk of scientists present denied.

Despite this setback, proponents of the ice age theory embarked on geologic fieldwork to bolster their arguments. After another four decades of establishment resistance, James Croll’s Climate and Time, in Their Geological Relations, published in 1875, marked the general acceptance of ice ages as a feature of earth’s dynamic climate. Of course, now that most scientists believed that the earth occasionally experienced much colder eras, they needed to explain how this temperature phenomenon reversed itself. After going into a deep freeze, what was the earth’s mechanism for heating itself back up? The explanation for this phenomenon required another nineteenth-century scientific breakthrough, this one in chemistry.

*  *  *

By the mid-1800s, scientists had calculated that the sun’s radiated energy was insufficient to heat the earth to its average surface temperature. To explain this discrepancy, several advanced the idea that the planet didn’t just act like a huge piece of rock sitting about 92 million miles away from its heat source. Instead, the earth’s atmosphere must trap some of the sun’s energy. They were headed in the right direction, but it wasn’t until the Irish scientist John Tyndall was able to separate individual atmospheric gases that the theory had any empirical proof.

In the late 1850s, Tyndall created a spectrometer that allowed him to run various gases through a series of heated tubes and then record their temperatures. As it turned out, the odorless, colorless gases Tyndall tested reacted very differently with the radiated heat. Water vapor and carbon dioxide, for example, retained much more heat than oxygen, nitrogen, and hydrogen. Tyndall’s experiments confirmed that the atmosphere sponged up some of the sun’s heat. They also highlighted those gases that were much more important than others in keeping that radiative heat near earth. Without water vapor in the earth’s atmosphere, Tyndall wrote, the earth would be “held fast in the iron grip of frost.”10

By the end of the 1800s, scientists had determined that the earth underwent enormous swings in temperatures and that gases like carbon dioxide and water vapor kept the planet warmer than it otherwise would be. In the first decade of the twentieth century, a scientist would put these pieces together to create an early version of global warming theory.

*  *  *

Svante Arrhenius, a Swedish physicist with a walrus mustache and the 1903 Nobel Prize in Chemistry, built on Tyndall’s work by assigning mathematical values to the warming effect of these heat-retaining gases.
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