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FOREWORD



STEPHEN SCHNEIDER HAS SEEN more of climate change politics and climate change science than almost anyone alive, and he’s been so effective at countering the climate skeptics and lobbyists that he’s become a special target of their campaign to discredit leading scientists. Such an experience would embitter many, but somehow Stephen Schneider has retained his good humor and balance throughout. Having been at the forefront of the push to have climate change addressed during the dark years of the Bush Administration, this itself is a singular achievement. But Steve has done far more than this, for he is a practicing climate scientist who has contributed significantly, and his passion for science has inspired many, including ourselves, to join the campaign to address climate change.

I first met Stephen Schneider in Japan nearly a decade ago, at a conference on extinction threats. His words on the danger of a changing climate to biodiversity hit like a thunderbolt, and from then on I was convinced of the truly dire nature of the threat that climate change is to our planet. His presentation was clear, packed with information, and funny. It was the last thing I expected from a great man addressing a serious topic, but I soon learned that one of Steve’s greatest assets is to bring humor to overly serious debates. Indeed, it seems likely that Steve would have had a great career in stand-up comedy if he had not devoted his life to science.

Google Stephen Schneider and you will discover why this gift for humor is so precious. Blogs still use his work from the early 1970s on a possible future ice age to discredit his later climate science. Yet at the time his musings on a possible cooling trend were entirely mainstream. The skeptics seem to believe that science cannot move on and progress. What they have found in Stephen Schneider is a scientist who can and does progress, and who is articulate in his exposure of their deceits.

Each of us tries to contribute to combatting climate change in our own way. In his latest book, Stephen Schneider offers us a history of a bruising time in the politics of climate change and uses those lessons of history to build a pathway forward. It is a time now thankfully behind us, and nobody has contributed more to that extraordinary outcome than Steve himself. He well deserves the Nobel Peace Prize shared with Al Gore and Steve’s many colleagues in the IPCC.

Tim Flannery
 Chairman, Copenhagen Climate Council








INTRODUCTION: THE GLOBAL PLAYING FIELD



THREE AND A HALF DECADES AGO, a few dozen scientists around the globe appeared in front of many of the world’s legislatures, including the U.S. Congress, warning of potential climate changes caused by humans using the atmosphere as a sewer to dump our tailpipe and smokestack wastes. Solutions like halting deforestation, protecting ecosystems, using solar power, requiring better building insulation, and developing fuel-efficient cars were widely proposed.

Sound familiar? We hear a lot of those same terms now. But a generation and a half later we still have no significant policy response at a global level to this mounting threat. How did that happen? Who blocked the efforts? Who tried to help? What can we learn from our failures? Do we still have time to avoid dangerous consequences? Those are among the principal issues that we’ll explore in these pages.

When I stepped into the science arena four decades ago, the term “global warming” was virtually unheard of. Only a handful of young people were majoring in newly created environmental studies programs. Physicists and meteorologists were running data analyses on mainframe computers using stacks of punch cards, which often took days to type out, card by card—and then hours to process at the computer center. We would drop off the boxes of cards one day and pick them up the next with the results. Color graphics were scarce. Color monitors? In your dreams. For graphics, a big microfilm reader was considered state of the art, and long lines of users waited their turn. Smart computer programmers kept a back-up deck of punch cards to hedge against the dreaded operator who, in a rush to load all the boxes of cards, dropped a box, leaving your days of work scrambled on the floor. Today, my multifunction high-tech watch can calculate as fast as some of the “mainframes” of yesteryear.

Back then each branch of the sciences inhabited its own discrete domain—the atmospheric researchers didn’t talk much to the computer program designers or the oceanographers, let alone the urban designers, ecologists, economists, or sociologists. The concept of an interconnected, interdependent whole Earth system hadn’t evolved beyond a few visionary thinkers. Despite that, even in 1970, at the height of the Cold War, atmospheric scientists, at least, communicated internationally. This came about not through some vision of globalization or glasnost decades ahead of schedule, but simply for practical self-interest. Atmospheric scientists everywhere had a common cause: We needed expensive satellites, balloons, ships, and computers from our governments to do our work. International cooperation in data sharing reduced the cost to individual nations.

In the summer of 1971, for instance, I served as the rapporteur (report writer) for an international meeting of two dozen senior scientists in Stockholm. They spent a month addressing inadvertent climate modification, for the first time at a deep level. Not only was the term “global warming” not in circulation yet, but at that time we didn’t know whether warming from carbon dioxide (CO2) or cooling—from the air pollution haze in cities or the burning of biomass (agricultural wastes or forests burned for land clearing) in rural areas—caused a bigger effect.

Because of the Vietnam War, the United States was not very popular in Sweden. Yet we and the Swedes and other Europeans had a common bond in our desire to understand the planetary threats—and to guard against the Soviets and allied states who had imprisoned most political dissidents. Despite Vietnam, the Cold War, the Stalinist hangover, and many sharp international disagreements, the scientific community was able to coalesce around a theme of common interest in our collective life support system and get on with the work of understanding and protecting it. To this day, I am proud of that early beginning in global cooperation—the most essential factor in facing the climate change threat.

Interest in global science was spurred by the space race of the 1960s. A Soviet cosmonaut had snapped the first photo of Earth from space in August 1961. The dramatic images of our blue-green planet captured by NASA’s space explorations through the decade had an enormous impact on how people—not just scientists—viewed the world. Gradually, we began to recognize the fragility of Spaceship Earth and its ecosystems, and since the early 1970s, the science community has been increasingly wrestling with issues of climate change as a global problem.

Those early photos of Earth have grown in sophistication. In July 2008 a team from NASA’s Jet Propulsion Laboratory published global satellite maps of the key greenhouse gas, carbon dioxide, in Earth’s mid-troposphere, an area about 8 kilometers (5 miles) above Earth. The map reveals how carbon dioxide is distributed in Earth’s atmosphere and moves around our world. The bright green, red, and yellow swirls create an undeniable depiction of the global effect of this greenhouse gas. The distribution of CO2 respects no international boundaries.1

Today, climate change is acknowledged by most climatological experts around the world. Some have replaced the term “global warming” with “global heating” or “the global heat trap,” or simply “climate disruption,” to indicate that humans are contributing to what is occurring. Many scientists, in their endless striving to prove dispassionate objectivity, call it “anthropogenic climate change”—an accurate phrase, but not a favorite of newspaper headline writers and TV anchors.


This acknowledgment of global concern has been achieved through surmounting numerous obstacles along the way. Policymakers, lobbyists, business leaders, and extreme skeptics have struggled mightily to steer public opinion—and the funds associated with it—in their preferred directions. Most mainstream scientists have fought back with the weapons at their disposal: methods of truth seeking such as peer review, responsible reporting of research data, best practice theory, international cooperation, and cautious calls for policy consideration. The battle is by no means won. The world needs all our combined strengths to cope with the dangerous climate impacts already under way, much less prevent far more damaging climate change 20 or more years from now.

Why haven’t we made more progress in stopping the potential disruption from greenhouse gas emissions and deforestation, which increases warming of the atmosphere and ice melting? Why do alternative sources of energy equal only a small fraction of the polluting fossil fuels and questionable oil drilling in sensitive environments? Have government policies contributed to record profits for oil companies? What has been going on for the 40 years since this problem was first demonstrated to government officials all over the world?

The answers are both simple and complicated. The simple can be summed up in five easy pieces: ignorance, greed, denial, tribalism, and short-term thinking. Let’s face it—with so many billions of people to feed, house, and help to be productive, we focus on the immediate, not what is sustainable over decades to centuries. The complicated aspects will require most of the chapters in this book to answer. But answer we must to prevent most of the looming danger. We must first see what held back beneficial changes from being implemented and then fashion strategies to overcome these constraints. As the saying goes: Those who don’t learn the lessons of history are doomed to repeat them.

My memories and convictions are those of a climatologist who has worked in the computer lab and sometimes in the field, testified before legislative committees, and worked with businesses, universities, public service clubs, and even elementary schools. Although objectivity and dispassionate presentation of empirical facts and plausible theories are required of the scientist in a professional capacity, in this book I am writing from my personal perch in the battlefields. I tell the truth as I have seen it and as I remember it. I believe most recounted stories and quotes are in context and close to the original, but I make no claim that my memory is perfect; however, I have sent early drafts of this manuscript to many others who were there and asked them to confirm my memories. In most cases we agreed, but sometimes others remembered things a bit differently. So all I can claim is that as an overall personal history, this is to the best of my ability a fair accounting of events, and I also have tried to verify it by seeking the opinions of others to a considerable extent. Nonetheless, while I believe all quotes from memory—mine or for others—should be considered seriously as part of the narrative, I do not ask that they be taken literally, as if they were recorded and transcribed.

I’ve been here on the ground, in the trenches, for my entire career. I’m still at it, and the battle, while looking more winnable these days, is still not a done deal.

THE PRESENT STATE OF CLIMATE CHANGE AWARENESS

I believe in a hopeful environmental future for the world if we proactively address the challenges of climate change and their strong connection to the sustainable development of the not yet well-developed countries. We can overcome the political inertia that has delayed our response here in the United States as well as in many other countries. Consumption and population are the main drivers of environmental stresses, and both need to be managed for sustainability. As peoples’ health and nutrition improves and as women become more educated and have the opportunity to choose their family size, population growth rates have come down considerably. While it may have its social critics, China’s one-child policy has been a major factor in reducing the country’s long-term potential emissions. The world’s population is still likely to grow from our current 6.8 billion people to 8 or 9 billion people by century’s end, but the older projections of more than 12 billion now seem less likely. However, if all these people expect to attain the consumption levels of a typical American today and at the same time derive their energy mostly from fossil fuels, then major climate change is virtually inevitable.

What are we doing? Factories that make the gas-guzzling cars and SUVs are being forced to retool—not only by environmental regulations but by market forces such as the price of oil. People’s consumption, which drives emissions, is being tempered by the realities of the economy and the environment. The coal industry has some hard thinking to do about its place in an administration that supports solar and wind power investment, sensible alternative biofuels, some well-designed nuclear expansion, smarter electrical grids, and geothermal exploration. Those ideologically opposed to having the government directly involved in technology development might want to look again at the historical record. Were jet planes, computers, electronics, autos, and coal and nuclear power invented without major investments by governments? Hardly. The private sector can mass-produce or build a product better and cheaper than governments, I agree, but rarely do they initiate new ways to thrive without substantial governmental priming of the pump. When major Fortune 500 corporations like General Electric, Wal-Mart, Duke Energy, and Pacific Gas and Electric say “we need a climate policy,” a bipartisan effort to establish that “thought leadership” becomes a real possibility. But it won’t happen fast enough or forcefully enough without more than voluntary actions by these corporate leaders.

The climatic future is already upon us, at least in violent spurts. In 2003 an unprecedented heat wave in Europe killed more than 50,000 people (mostly elderly), because no one realized how vulnerable they were and thus few plans had been formulated to help them adapt to such an unexpected, unprecedented extreme event. The heat wave solidified the movement that was already building in Europe to support climate policy. In August 2005 we lived through the disaster of Hurricane Katrina, which will remain forever a legacy of the incompetent policies of the Bush Administration’s emergency services agencies.

Climate change experts have long projected that the strongest hurricanes will intensify as they move over warmed oceans, although details remain controversial. As predicted, wildfires in the western United States have dramatically increased: Five times more area has burned in wildfires in the past 30 years than ever recorded before. The sea levels are rising, high mountain and polar glaciers are melting, and the Arctic sea ice is rapidly thinning all year long and increasingly disappearing in summer—all predicted decades ago and now playing out at rates as fast or faster than was projected. When I am asked what is the difference between our early, carefully hedged warnings 30 years ago and now, I often say, “What has changed is not the basic science so much as the fact that nature is cooperating with theory.”

How the U.S. government answers the challenges of climate change will depend in part on the leadership of the majority Democratic Party and its efforts to reach across the aisle (and across the oceans) and also on the personal commitment of individual citizens and businesses. If only President Obama and former rival Senator John McCain—an early supporter of climate action—could unite in showing leadership from one end of Pennsylvania Avenue to the other, we might at last achieve meaningful climate policy.

U.S. polls indicate that people finally recognize climate change as a pressing national issue—although even those who believe global warming is real and probably caused largely by humans still rank climate change lower in priority than the economy or national security. If we cannot change that attitude soon, calamities such as Katrina and the European heat wave will seem like mild omens in the decades ahead. Actions take consensus and commitment, and we are three decades late. Further delay may tip us into conditions that will be very difficult to reverse, including melted ice sheets, redrawn coastlines, more dangerous wildfires, increased killer air pollution episodes, and species driven to extinction.

Former Vice President Al Gore hit a grand-slam homer for climate change awareness when he produced his Academy Award–winning documentary film, An Inconvenient Truth. But it wasn’t his first time at bat. He began his environmental career more than two decades earlier.

In October 2007 several of my fellow Stanford scientists and I joined the former Vice President on the podium for a press conference, announcing the Intergovernmental Panel on Climate Change (IPCC) as a co-recipient with Gore of the Nobel Peace Prize for its work on global warming. The IPCC had just released most of its Fourth Assessment Report, which assigned “very high confidence” (at least a 9 out of 10 chance) to serious impacts due to human-caused global warming.

The IPCC report, entitled Climate Change 2007, encompassed all regions of the world, integrating data and analyses compiled from years of work by the scientific community in published peer-reviewed journals. Yet its statements differ surprisingly little from the testimony I gave at one of the first set of contentious hearings on climate change in the U.S. House of Representatives, conducted by the then junior congressman from Tennessee, Albert Gore, in 1981. The situation has only gotten worse. Not only are we experiencing much of what was predicted, but it is often happening faster and wreaking greater havoc.

In a world of rapid climate change, we all have to develop risk assessment skills in order to determine the best courses of action given the global costs and benefits. How did we get to this point of staring cataclysmic changes in the face? How can we move effectively toward the long-delayed imperatives that lie ahead? The first step is to examine the past and draw the lessons from it to guide our way to a hopeful future.








SMOKE ON THE HORIZON

1



SCIENTISTS HAVE BEEN DISCUSSING the risks of human-induced climate change for decades now. They’ve testified before Congress, presented research at scientific conventions, engaged with the media (for good or ill), debated with their peers, and alerted policymakers around the globe. Yet half a century after serious scientific concerns first surfaced, the world’s governments are still far from a meaningful accord on how to adapt to the unavoidable consequences of climate change or mitigate changes that we can’t easily adapt to.

Protection from unacceptably severe impacts is high on the list of priorities for those scientists and citizens who have been paying attention, but the honest admission of the scientific community that we can’t predict most of the details with absolute certainty leads many people to downplay the threat. Much of my work as a scientist these days focuses on getting the message out to the folks who need to act—now—to reduce harmful activities and adapt to the range of possible outcomes that can’t be avoided over the next 30 years. It’s not only the political and economic leaders that need to hear this message. It’s all of you, too, in both hemispheres and every latitude. If you live on Earth, you—and your posterity—have a stake in its future.


As my friends and foes know, I’ve never been shy about airing my views—even when my career was threatened. I’m not about to abandon that lifelong practice now. I want to recount the story of how climate scientists gradually formed a strong consensus that human activity has produced potentially dangerous changes in Earth’s climate. Along the way, I’ll unveil how ignorance and duplicity have inhibited the world community from implementing solutions sooner. I write from my own personal experience in the trenches of the climate wars since 1970.

Long before my generation arrived on the scene, scientists had begun looking into the level of carbon dioxide in Earth’s atmosphere. In 1824, the French mathematician and physicist Joseph Fourier first hypothesized that CO2 might be implicated in the state of Earth’s climate. As early as 1896, the Swedish chemist Svante Arrhenius published the first theoretical study explaining how carbon dioxide and natural water vapor trapped the sun’s heat in the atmosphere, linking CO2 even at that time to the burning of fossil fuels.

Both Arrhenius and Guy S. Callendar, an English engineer writing in 1938, believed that the warming of the planet would have a beneficial effect, increasing harvests and raising temperatures to make frigid regions more hospitable to human residents. That has been a longstanding hope for some northern countries, including the former Soviet Union, which in the 1960s commissioned a pamphlet, “Man Versus Nature,” calling for deliberate modification of the atmosphere to warm the Poles. Not surprisingly, they largely ignored potential unexpected consequences of monkeying around with the global weather machine.

The idea that the atmosphere was like a glass-paned greenhouse keeping the surface temperatures of Earth warmer was the analogy used in 1937 by Glenn Trewartha, a University of Wisconsin geographer who helped coin the term “greenhouse effect.” Oceanographer Roger Revelle and his Austrian colleague Hans Suess, a chemist and nuclear physicist, collaborated on a paper published in 1957 in which they concluded in an oft-cited statement that “human beings are now carrying out a large-scale geophysical experiment” by emitting greenhouse gases into the atmosphere, without accurate measures of the levels of carbon dioxide in the atmosphere and without knowing how much those levels were changing.1

The United States and other Western nations after World War II pursued policies of everything “bigger and better”—exponential growth of the economy driven by more cars, houses, appliances, fertilizers, pesticides, and so forth, without serious accountability of accumulating side effects. For decades technological and economic hubris had led us to believe we could master nature and get rich simultaneously.

Yet Rachel Carson’s seminal 1962 book Silent Spring was the most notable of the early genre of warnings that human technological development could disturb the functioning of nature. The eventual ban on DDT in most rich countries is credited with saving countless birds and eventually lifting such species as the bald eagle and the peregrine falcon off the endangered species list. It also serves as a positive example that when we perceive a threat to nature, even one that requires costly actions to prevent, we can mobilize public support to implement conservation policies. The ban opened up markets for substitute products and became an incentive for researchers to invent chemicals that could do the job with fewer environmental side effects.

Revelle first pointed out that the oceans were not likely to absorb all of the carbon dioxide emitted into the atmosphere by the burning of fossil fuels. He was a pioneer of interdisciplinary studies, and Revelle College at the University of California-San Diego was his honorary legacy. Once when I was driving in La Jolla with him on the way to a meeting, in his modest, aging Japanese compact sedan, my curiosity got the better of me. I asked him, “Roger, what did you do to get the Revelle College named after you—it was you, I presume?”


“Right,” he answered. After a minute, he smiled and said, “Well, I suppose they thought that talking the Navy into donating the land on the hill in La Jolla to the University of California to build UCSD was probably enough to get their attention.”

Revelle was one of the founders of the International Geophysical Year (IGY), which was designated by the scientific community for 1957–1958 as an awareness campaign to encourage research into the physical state of the planet. In 1958 he was the director of the Scripps Institution of Oceanography when he asked a young Caltech geochemist and oceanographer named Charles David Keeling to join his team in La Jolla. Dave Keeling had built the first instrument capable of accurately measuring the level of carbon dioxide in atmospheric samples, and it had already shown that the level had risen since the 19th century.

If scientists wanted to track continuing levels accurately, it was imperative to start right away, in a location where the sampling of the purest air and most stable results could be obtained. Revelle and Harry Wexler of the U.S. Weather Bureau obtained funding for Keeling to set up his new instrument at a base two miles above sea level on Mauna Loa volcano in the Big Island of Hawaii, a location in the Pacific that was freer of local influence from continental landmasses than just about anywhere else that was convenient for a laboratory.

Keeling began recording his atmospheric measurements in March 1958 and successfully graphed seasonal variations in CO2 levels in the first years. By 1961 his data clearly showed a steady annual increase in carbon dioxide levels in the atmosphere, beyond the seasonal oscillations, and he correlated the trend to humanity’s burning of fossil fuels. The graph that demonstrates this increase is called the Keeling Curve. The ongoing measurements at Mauna Loa document a rise in atmospheric CO2 from 315 parts per million (ppm) in 1958 to 385 ppm in 2009.

[image: image]

Dr. Charles David Keeling’s famous curve shows increasing levels of CO2 in the atmosphere since 1958.

When I met Dave Keeling in 1972, I expected to meet an activist, since he was by then famous for his unique curve and his warnings that climate change could be a significant issue. But instead, he was a modest scientist who was a stickler for accuracy in measurements and careful in interpretation of his data.

In November 1972, Jerome Namias, a well-known meteorologist who specialized in long-range forecasts, called a meeting on the new excitement in climatology at Scripps. I was invited, at the age of 27, to lecture on climate modeling to these famous senior scientists. Dave, a chemist, stayed through the entire three-day meeting, attending every equation-laden talk, many not in his field. He wanted to learn, and by example he was an important mentor for me. What I learned from Dave Keeling was to keep the science impeccable, work on important problems, and tell people simply what you know when they want to know it.

When the Scripps Institution, in memory of Dave Keeling, celebrated the 50th anniversary of the Keeling Curve in 2008, its website message expressed the hope that in future we may celebrate the news that the curve is heading downward at long last.

THE BEGINNINGS OF CHANGE

The first Earth Day in April 1970 was a celebration of our planet and a call for action to protect it from dangers that were being identified more clearly every year. Essentially a grassroots movement, Earth Day was organized in the United States by Wisconsin Senator Gaylord Nelson and a young activist, Denis Hayes, as a national demonstration of concern for the environment. It followed along in the spirit of the massive anti-Vietnam War demonstrations rocking the country at that time. All across America, particularly on college campuses, the events brought hundreds of thousands of people together in a public recognition of the urgent need to take steps immediately to save Mother Earth. Like groundhogs emerging from burrows, on April 22 we looked around and blinked in surprise at the number of people who came out to participate. The individuals and local groups supporting environmental advocacy realized in a single day that they were not alone. There was power in numbers. Earth Day 1970 delivered a whopper of a message.

The consequences of treating our planet as a garbage dump—greenhouse gases were not a primary focus at that time—were brought into public focus at a watershed moment in history. The cultural values of America were in the throes of a major paradigm shift that began in the mid-1960s, when the Beatles knocked Elvis off the pop charts and the U.S. military escalated its role in Vietnam. The conformity of the 1950s gave way to open, experiential challenge in all things, including scientific research. The younger generation broke free of their parents’ mantras of “America first” and knee-jerk patriotism. The military draft also motivated both the draft-age men and many of their parents to be alert to Bob Dylan’s message: “The times they are a-changin’.” Without Vietnam, I’d guess that the anti-status quo environmental movement might have lain dormant for quite a while longer.

I was a graduate student at Columbia University in the late 1960s, working under C. K. “John” Chu in mechanical engineering. John Chu, well known today as a pioneer in computational mathematics, was also interested in how science made a difference in the world, not just in science for its own sake. He once said to me, “If what you do doesn’t make a difference in the world, what good is it?” At the same time, as a Courant Institute of Mathematical Sciences–trained numerical analyst, his methods were highly rigorous.

I selected John Chu as a thesis adviser, not because I had passionate interest in partial differential equations, plasma physics, or numerical fluid mechanics, but because I liked his style. I didn’t want to discover something just for its own sake. I wanted what I did to make a difference in the world too. What I learned from John went far beyond working with ionized gases and collisions of particles in the hope of creating abundant, low pollution energy, which was the motivation for much of the plasma physics work at Columbia. His style—his belief that science should make a difference—I took as permission several years later to be open to the new world of climate science, even if I was still paid to do plasma physics. By that time I knew that you could learn a field by going to seminars. If I listened carefully to the most knowledgeable mentors at the meetings, I could assess where the cutting edge of a field was even before I had a deep understanding of it. To achieve the latter takes a lot more than attending seminars.

In early 1970, just prior to Earth Day, meteorologist Joe Smagorinsky, founder of the Geophysical Fluid Dynamics Laboratory, came up from Princeton and gave a talk about climate and weather modeling at the plasma physics colloquium at Columbia. By this time I knew something about numerical modeling of complex fluid systems, and I really enjoyed his talk. It reminded me of my fascination with hurricanes when I was a kid, when I used to go up to the attic to track the wind-speed meter on the anemometer my dad bought us. Everybody else in the neighborhood was saying, “God, the trees are going to hit the house,” but I was up there because it was exciting.

“Smag,” as everybody called him, gave this talk about geophysical fluid dynamics, yet another application of basic principles of fluid mechanics, which studies how liquids and gases move under various forces, in his case from Earth and its atmosphere. From my work on plasma shock tubes with John Chu, I knew how to calculate magneto-hydro-dynamic shocks at 20,000 times the speed of sound, but I didn’t know anything about low-speed air currents or oceanic currents moving on a rotating sphere like Earth. I was creating one-and-a-half–dimensional models of ionized gases, but for detailed weather and climate calculations, you need three-dimensional models and you have to include planetary rotation. The subject started to interest me scientifically and as a social need, to the point that I thought I should do a postdoctoral study on climate.

I searched the Columbia course catalog and found only a few classes on climate and atmospheres. I sat in on a climatology course taught by geographer John Oliver and found it fascinating. It was very qualitative, relative to what I was doing, but at the same time I learned all the basic concepts in climatology from a geographer’s perspective. The homework assignments involved plotting graphs of temperature between land and oceans, or around overheated cities. I didn’t consider this very rigorous, having come from a plasma physics and applied math background, where calculations based on complex theories were the norm. Nevertheless, the subject matter was really interesting.


Wally Broecker and Arnold Gordon, whose oceanography class I also sat in on, were more rigorous. They used so-called box modeling—breaking up the ocean into a top layer and a deep layer, for example, and having terms for the flow of chemicals and water between the boxes to simulate as simply as possible the processes in the oceans.

But what really hooked me was S. Ichtiaque Rasool’s graduate seminar on planetary atmosphere. Why was Mars cold, Venus hot? he asked. Why did Earth not become like Venus? How did a cold trap work? How does the greenhouse effect work? Rasool was the number two guy at NASA’s Goddard Institute for Space Studies (GISS) in Manhattan. Although a satellite expert, he had widespread planetary science interests, and he had a phenomenal sense of what was important. As a sign of his shrewdness, he had just hired a young postdoc to do radiative transfer calculations of planetary atmospheres, James Hansen, who has since become an authority on climate change and an international icon of the need to protect the planet.

GISS, also known as the Institute for Astrophysics, was run by Robert Jastrow. Everybody called it the “Institute for Jastrowphysics,” in part because he was a tyrant who demanded everything be done exactly the way he wanted when he wanted it. He would call subordinates on Saturday afternoon and say, “I need you down here right now because I have an idea!” and if people responded, “I’m in the middle of my kid’s birthday party,” he would snarl, “You want a job?!” He was not a popular boss. But the institute was an oasis of a NASA lab, located right over Tom’s Restaurant at Broadway and 112th Street, made famous by Jerry Seinfeld decades later.

We used to have exciting meetings there. Jim Hansen was studying planetary atmospheres. Rasool brought me in as a part-time grad student while I was finishing my thesis for Chu. But the climate modeling field was still in its infancy. When the environmental biologist Barry Commoner came to Columbia, he gave an Earth Day speech saying that CO2 is going to warm Earth, and aerosol particles are going to cool Earth, and we don’t know which is going to win. After I heard Commoner speak, I asked Rasool, “Who is studying this CO2-aerosol problem? I mean, is the Earth going to warm; are we going to cool?”
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Steve Schneider, Jim Hansen and S. Ichtiaque Rasool, circa 1971

Rasool said, “Why don’t you work for me this summer on the problem? I’ll give you some computer codes we have lying around the building, and you can modify them.” He handed me a batch of equations and computer codes, the primary one of which was an infrared radiative transfer code that calculated how greenhouse gases absorbed some of Earth’s radiant heat. So once again I used my skills in numerical methods to solve equations I didn’t understand.

The open question centered on the effect of aerosols in the atmosphere. Any particles suspended in a gas are called aerosols. An aerosol spray can draws liquid from inside the can and with compressed gas inside, propels it out through a nozzle to aerosolize it—that is, make it into droplets suspended in a gas. Being liquid, they evaporate nearly immediately. But at a much grander scale the particles that make up the hazes and smoke from industrial pollution or agricultural or desert dust can blow high into the atmosphere and last for weeks. They can spread a thousand miles downwind of the source and affect the amount of sunlight that is absorbed and reflected in the atmosphere. Since most aerosols are lighter in color than the surfaces they float over, they reflect away sunlight—thus they cool the climate.

Climatologist Reid Bryson from the University of Wisconsin had become a controversial figure by suggesting that overgrazing of vegetation cover in India resulted in blowing dust that cooled the climate and suppressed the life-giving rains of the Indian monsoons. We focused on the aerosols caused by industrial pollution and arrived at similar conclusions to Bryson. We thus became temporary allies in the warming-versus-cooling battles to come shortly after Rasool’s and my paper was published.

However, I needed a simple way to calculate the aerosol effect. Over lunch with Jim Hansen one day, I explained my predicament. He said that Carl Sagan and his former student Jim Pollack had come up with a pretty quick solution to aerosol-scattering problems. I used that idea.

The driving assumptions of our paper were that the aerosols were global and the greenhouse gases—CO2 only—were also global in extent. The model that I was given by Rasool had no stratosphere—the layer of the atmosphere above the turbulent troposphere, where all the water clouds are and the mixing takes place. The stratosphere is where high-flying jets cruise and where Earth’s life-protecting ozone layer predominately exists. At that time I had no idea that leaving the stratosphere out of our greenhouse effect computer calculations was such a large error. I didn’t learn until later that running the model without a stratosphere was going to cut in half the climate’s sensitivity to CO2 increases. As a result, we only calculated about 0.7 or 0.8 degree Celsius (about 1.4 degrees Fahrenheit) warming if the amount of CO2 doubled. In contrast, when we ran the model with aerosols as if they were everywhere, our global CO2 effect was swamped by the global aerosol effect, and we predicted cooling of 3 to 5 degrees Celsius (5.4 to 9 degrees Fahrenheit) by the year 2100. Rasool, quoting the controversial work of climate modelers Mikhail Budyko in Russia and William Sellers at the University of Arizona, even wrote at the end of our paper that 5 degrees Celsius cooling could trigger an ice age!

Rasool’s throwaway line was going to come back to haunt me. Nearly 40 years later polemicists are still trying to ridicule me for “predicting an ice age” then and global warming now. Conservative columnist George Will even referred to me in a 1996 op-ed piece in the Washington Post as “an environmentalist for all temperatures.”2

Lay commentators like Will clearly don’t understand that this is how science progresses, continuously correcting its conclusions based on new research. You build your case on existing literature, explain what original findings or ideas you are adding, state your assumptions transparently, calculate the consequences as if those assumptions were true, and then redo your calculations after debating with your colleagues, learning more, and reading the latest literature. In science, we are proud of getting the wrong answer for the right reasons, and we’re especially proud if we ourselves are the first to correct it.3

Later, with Tzvi Gal-Chen, my colleague at the National Center for Atmospheric Research (NCAR), we rebuilt those Budyko-Sellers models, did climate stability calculations with them, and showed they were less unstable than earlier believed. We ended up significantly changing the climate stability debate—but it still isn’t fully settled.

The paper Rasool and I wrote, entitled “Atmospheric Carbon Dioxide and Aerosols: Effects of Large Increases on Global Climate,” was published in July 1971 in Science magazine.4 In a way, I don’t deserve much credit for that paper even if I did all the calculations, because I did not make the key assumptions. I earned that credit later, when our paper became a cause célèbre. Rasool asked me to go out and give all the talks defending it, because people were really trying to shoot it down, a common practice for new claims, especially ones as controversial as this.

CLIMATE SCIENCE LIGHTS A FIRE

When I was working for Rasool over at Goddard Institute for Space Studies, I would run my plasma physics thesis code on the GISS computer. I’d enter the box of cards personally in the remote card reader room, and since it was a short program, I would hang around the room and watch the IBM mainframe churning on the big weather forecast model they were continuously running—a GCM, or general circulation model, that tracked atmospheric flow. I had now pretty much made up my mind that I was going to switch into climate science. I was really getting interested in it, and the work was critical for Earth’s environmental health. The inherent physics, the fact I could experience the weather every day, and the societal application of the climate problem created a perfect synergism for me in which my environmental interests meshed with my training in applied physics. I could sit down at the key punch, type up a box of cards, and hold in my hands the capacity to simulate Earth’s climate, polluted or not. Of course, little did I know how ill informed these models could be, built on the often arbitrary assumptions of four decades ago.

Nonetheless, I was drawn to the power of the idea. We could actually simulate Earth’s temperature and then pollute the model in order to figure out what might happen before we had polluted the actual planet. I might even have some positive influence on policy one day, which was something I’d always wanted to do.


I’d had a taste of policymaking after the student riots at Columbia in 1968, when, as a grad student in engineering, I was elected to negotiate with the trustees to create an academic senate. I became a key member of the student negotiating team working with the administration and trustees to add some democracy to the running of the university. What I learned through that tumultuous time has been critical to my efforts as an advocate for climate change awareness. You needed to be credible, open to coalitions of strange bedfellows, and able to negotiate very hard and persistently to have a chance to implement outside-of-the-box changes. Over many decades, I’ve tried to use this experience to forge coalitions of engineers, environmentalists, scientists, journalists, citizens’ groups, and policy wonks to coalesce around sustainability themes like energy efficiency standards and pollution abatement fees.

Climate science was in its embryonic stage in 1970, even though we were not many years away from having demonstrable human impacts on climate. Only a few dozen papers in climate theory and modeling, plus a handful of meteorology and oceanography texts, were worth reading. Significant developments in the two machines essential for studying Earth’s climate and Earth as a system, the satellite and the computer, were occurring at the time I started to pursue systematic studies. Plus, I didn’t have to read hundreds of articles, as I did in plasma physics, to get up to speed. I could absorb what was being done in climate modeling by carefully reading 20 pieces or so. Climate science was a budding field of opportunity. Nor was I alone in my excitement. Other scientists and researchers were beginning to suspect the seriousness of what today ranks as one of the most pressing global threats.5

One of the most serendipitous events in elevating the threat of adverse climate change in the scientific arena was the hubbub surrounding our paper in Science, which occurred as a result of my attending the three-week meeting on the Study of Man’s Impact on Climate (SMIC) in Stockholm in July 1971. I was invited to go along by scientists from the National Center for Atmospheric Research (NCAR) to serve as a rapporteur to record notes on the proceedings.

In April I had attended the American Geophysical Union meeting in Washington because there were two talks I really wanted to hear. Carl Sagan was giving a lecture on planetary astronomy and atmospheres, and in another talk, William Kellogg would discuss man’s impact on climate. Kellogg had been the lead in the climate chapter of the Study of Critical Environmental Problems (SCEP), which was one of the first assessments of environmental issues.

The aerosol cooling issue back then was mostly defined by Reid Bryson from the University of Wisconsin–Madison, who asserted that biomass burning and desert dust was going to lead to cooling. No one had yet calculated by how much industrial pollution could lead to planetary-scale cooling. Rasool and I did that by converting industrial pollution to sulfate aerosols. Will Kellogg largely discussed greenhouse gases, but also aerosols, mainly because of Bryson. Will was a good speaker and a very personable guy, so I walked up to him afterward and started talking to him. Eventually, I told him what Rasool and I were doing. I gave him a preprint of the Science article and showed him what calculations we had made.

Kellogg asked me a few more questions and then asked, “What are you doing in July?”

“July, this July? I don’t know.”

“We are going to have an entire meeting just on the climate change issue called SMIC, the Study of Man’s Impact on Climate, and I need a rapporteur. You seem to me to be exactly the kind of energetic young guy who I would like to have.”

He had known me for ten minutes and invited me on the spot to be his rapporteur at a meeting that was going to include such notables as Mikhail Budyko, the director of the Main Geophysical Observatory in Leningrad; Syukuro “Suki” Manabe, who pioneered using computers to model global climate change; and Hermann Flohn, the leading climatologist in Germany. Together they were going to define the field of man’s impact on climate—would I go? I would have canceled anything I had planned, including a wedding, to go to that!

“There is only one proviso, Steve,” Kellogg said. “You’re a rapporteur and therefore you have to defer to the senior guys—just write up what they say.”

“Agreed.”

Off I went to the SMIC meeting, and it was every bit as exciting as I hoped. Manabe was a dynamo, in my opinion by far the most brilliant and pioneering of the numerical modelers then working on climate change. Budyko, despite the radical simplicity of his model, was a broad climate intellectual. He wasn’t just interested in climate change per se, but in how it affected hydrology and paleoclimates. If we can’t explain historical ice ages, then how can we trust what we are predicting for the future? Budyko was interested in the human impact on climate and how climate would impact humans. Today his methods would seem trivially simple, but he had no access to state-of-the-art computers. He was doing his equations analytically, so he had to simplify them to the point that they could be solved by a hand calculator. Little did I know that this was the last time he would be let out of the Soviet Union for 15 years.

As it turned out, Giichi Yamamoto from Japan had the most exciting calculation. He had globalized sulfate aerosols in a simple climate model, and he predicted that they were going to lead to an ice age. The not-yet-published paper by Yamamoto and M. Tanaka was being featured in the SMIC report.6 Here I was at the meeting, with a manuscript submitted to Science with Rasool, but I was under gag order—defer to the seniors. The lone contribution I made was my calculation relative to what Manabe and Richard Wetherald showed in 1967—that when you increase cloud amount, you cool the planet. Yet they also showed that the rate of cooling was radically different for low clouds and high clouds, and that very thin, high clouds actually would warm, because their infrared greenhouse effects would dominate their solar reflectivity effects, which increase albedo. (Albedo is the fraction of light that is reflected by objects such as Earth as a whole, or just a part of the surface, or a cloud, or the surface plus an aerosol, and the like.)

I showed that if you didn’t change the amount of clouds, but you only increased the height of the tops of the clouds, you actually increased the amount of heating of Earth.

Manabe loved it. He said, “Wow, that’s fabulous, you’ve got to put this in the report!” I think that was the first time the term “cloud feedback” had ever been put into a paper. The book that MIT published from this conference is still, in my view, current in that it set up the basic problems, even though many more-accurate findings have been made since.7

Then there was the Australian scientist Sean Twomey, who had a radical new idea—which was featured in the SMIC report 30 years ahead of the IPCC assessment reports—that if you increase the number of cloud condensation nuclei by adding small aerosol particles from sulfate pollution, for example, you will increase the albedo of clouds. Therefore, you could not just look at the direct effect of aerosols in between clouds—there would also be an indirect effect of aerosols on cloud albedo, which Twomey thought would be a radical cooling, more dramatic than what Yamamoto and Tanaka (or Rasool and I) had calculated.

The Rasool-Schneider paper appeared in Science four days before the end of the SMIC meeting. Victor Cohn, the reporter for Science at the time, called Rasool, who told him that his co-author Steve Schneider was at the Study of Man’s Impact on Climate conference in Stockholm presenting our results, which happened to be not true. I was merely there to take notes and write up what the others had said. The day before the press conference in which the meeting would present its conclusions to the international press, I spent the whole day in Stockholm, my first day off in three weeks. When I walked in for dinner, the room started buzzing. Someone intoned, “The iceman cometh.” I didn’t know what the hell was going on.

Then Kellogg and Manabe came over and said, “Why didn’t you tell us?” Yamamoto was sitting in the corner, politely fuming. That Saturday’s International Herald Tribune had carried a story from the previous day’s Washington Post—an interview with Rasool about our paper just published in Science, saying that I was presenting the results to the Study of Man’s Impact on Climate in Stockholm. But I hadn’t told anybody about these results. To make matters worse, Yamamoto and Tanaka had just made a similar discovery that was now scooped by the rapporteur, and Yamamoto was the senior professor. After the teasing about ice ages and so forth was over, I gave a little mini-seminar on what Rasool and I were doing. My mentors were really supportive, and even though Yamamoto and Tanaka were featured in the report, Rasool and Schneider would now be included too, because how could SMIC ignore the initiating article from Science?

At the press conference the next day, I had a foretaste of the media barrage that was going to follow me through my entire career. I was sitting in the back of the room while the superstar scientists made their presentations. The first question the reporters asked afterward was “Where is Dr. Schneider?” The European press and stringers from the American press started taking notes and sticking microphones in my face. “When is the ice age coming?”

It was media baptism by fire—or rather, ice. I had had a little media experience because of the Columbia student negotiations, but that was talking to the campus paper, not the Swedish national newspaper or the Times of London. I was smart enough to be careful and say, “No, we did not predict an ice age. What we said was that five degrees cooling, according to Professor Budyko right over there, would trigger an ice age—ask him.” I was pretty proud of myself for coming up with that way to deflect the excessive attention. Before long, though, I’d be in the hot seat again.

By the time I returned to New York, Rasool had received many angry invitations, demanding that we explain our “irresponsible” paper. Rasool said, “You did the calculations—you go out and defend it.” I went to a number of institutions, terrified that I would fall flat on my face when discussing the work with real meteorologists. I also went to NCAR in Boulder to give a talk, at the invitation of Will Kellogg and Phil Thompson, who helped us write the SMIC report in Stockholm. The talk did not lead to another session of “How dare you publish, Rasool and Schneider?” Instead, they asked, “Why don’t you come to NCAR?” They wanted me to become an Advanced Study Program postdoctoral fellow.

A funny chain of events had propelled me to Boulder. Before I gave my talk at NCAR, I had read an opinion piece in the New York Times by Bob Guccione, later publisher of Penthouse and Omni magazines, at that time working for a mining magazine. He wrote a tongue-in-cheek attack on global climate change, saying in effect, “Well, it could be warming from greenhouse gases or it could be cooling from aerosols, but don’t worry, folks, if they cancel each other out it’s neither.” I wrote back a letter in which I said, in effect, “It’s real cute, but we don’t know whether the warming or the cooling is going to dominate, and the big problem is rapid change from the present, because both agricultural systems and ecological systems are adapted to the present—and we don’t want large changes, and this is not anything that should be mocked, because we’d have to be mighty lucky to have the warming and cooling exactly cancel out.”


The New York Times wrote back to me a day or two before I left, saying they wanted to use my letter—and by the way, where are you? I had sent the letter as a private citizen. I told them I was an atmospheric scientist working at the Goddard Institute for Space Studies but made it clear that I was writing just as myself. “Oh, we only need that for identification purposes,” said the New York Times.

Somewhat later, I was sitting in Will Kellogg’s office at NCAR after giving my talk when he received a call from Bob Jastrow, my boss at GISS. Will began to frown and said into the phone, “Yes, yes, he’s here,” looking straight at me. Jastrow’s next words were, “Good, keep him. I just fired him.” Jastrow was steamed because I had published a piece in the Times without first clearing it with him.

I called Rasool, who was furious that I had been fired. I found out later that he immediately phoned Morris Tepper, the director of meteorological systems at NASA headquarters, who had actually been encouraging GISS to get into climate studies. Tepper turned around and called Jastrow to congratulate him on my letter in the New York Times and to say how really good it was and how much the headquarters approved of hiring “young scientists like Schneider.” Jastrow quickly rescinded my firing, but when the opportunity at NCAR came through several months later, I didn’t waste any time accepting it.

During my NCAR years, the fundamental mission of the institution would come under radical reexamination. The emerging technology of the computer age would permit research projects on a scale never experienced. We had to ask fundamental questions. Were the results of those climate and atmospheric models “real” science? Was there value and integrity in expanding our work beyond science to societal problems? If the indications that humans were having an unforeseen and rapid effect on the environment were accurate, what was our responsibility now and in the future? What happened during the next decade profoundly changed the way climate science is conducted.
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