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 Preface



Planet Earth, creation, the world in which civilization developed, the world with climate patterns that we know and stable shorelines, is in imminent peril. The urgency of the situation crystallized only in the past few years. We now have clear evidence of the crisis, provided by increasingly detailed information about how Earth responded to perturbing forces during its history (very sensitively, with some lag caused by the inertia of massive oceans) and by observations of changes that are beginning to occur around the globe in response to ongoing climate change. The startling conclusion is that continued exploitation of all fossil fuels on Earth threatens not only the other millions of species on the planet but also the survival of humanity itself—and the timetable is shorter than we thought.

How can we be on the precipice of such consequences while local climate change remains small compared with day-to-day weather fluctuations? The urgency derives from the nearness of climate tipping points, beyond which climate dynamics can cause rapid changes out of humanity’s control. Tipping points occur because of amplifying feedbacks—as when a microphone is placed too close to a speaker, which amplifies any little sound picked up by the microphone, which then picks up the amplification, which is again picked up by the speaker, until very quickly the noise becomes unbearable. Climate-related feedbacks include loss of Arctic sea ice, melting ice sheets and glaciers, and release of frozen methane as tundra melts. These and other science matters will be clarified in due course.

There is a social matter that contributes equally to the crisis: government greenwash. I was startled, while plotting data, to see the vast disparity between government words and reality. Greenwashing, expressing concern about global warming and the environment while taking no actions to actually stabilize climate or preserve the environment, is prevalent in the United States and other countries, even those presumed to be the “greenest.”

The tragedy is that the actions needed to stabilize climate, which I will describe, are not only feasible but provide additional benefits as well. How can it be that necessary actions are not taken? It is easy to suggest explanations—the power of special interests on our governments, the short election cycles that diminish concern about long-term consequences—but I will leave that for the reader to assess, based on the facts that I will present.


My role is that of a witness, not a preacher. Writer Robert Pool came to that conclusion when he used those religious metaphors in an article about Steve Schneider (a preacher) and me in the May 11, 1990, issue of Science. Pool defined a witness as “someone who believes he has information so important that he cannot keep silent.”



I am aware of claims that I have become a preacher in recent years. That is not correct. Something did change, though. I realized that I am a witness not only to what is happening in our climate system, but also to greenwash. Politicians are happy if scientists provide information and then go away and shut up. But science and policy cannot be divorced. What I’ve seen is that politicians often adopt policies that are merely convenient—but that, using readily available scientific data and empirical information, can be shown to be inconsistent with long-term success.

I believe the biggest obstacle to solving global warming is the role of money in politics, the undue sway of special interests. “But the influence of special interests is impossible to stop,” you say. It had better not be. But the public, and young people in particular, will need to get involved in a major way.

“What?” you say. You already did get involved by working your tail off to help elect President Barack Obama. Sure, I (a registered Independent who has voted for both Republicans and Democrats over the years) voted for change too, and I had moist eyes during his Election Day speech in Chicago. That was and always will be a great day for America. But let me tell you: President Obama does not get it. He and his key advisers are subject to heavy pressures, and so far the approach has been, “Let’s compromise.” So you still have a hell of a lot of work ahead of you. You do not have any choice. Your attitude must be “Yes, we can.”

I am sorry to say that most of what politicians are doing on the climate front is greenwashing—their proposals sound good, but they are deceiving you and themselves at the same time. Politicians think that if matters look difficult, compromise is a good approach. Unfortunately, nature and the laws of physics cannot compromise—they are what they are.

Policy decisions on climate change are being deliberated every day by those without full knowledge of the science, and often with intentional misinformation spawned by special interests. This book was written to help rectify this situation. Citizens with a special interest—in their loved ones—need to become familiar with the science, exercise their democratic rights, and pay attention to politicians’ decisions. Otherwise, it seems, short-term special interests will hold sway in capitals around the world—and we are running out of time.

My approach in this book is to describe my experiences as a scientist interacting with policy makers over the past eight years, beginning on my sixtieth birthday in 2001, the day I spoke to Vice President Dick Cheney and the cabinet-level Climate Task Force. Each chapter discusses a facet of climate science that I hope a nonscientist will find easy to understand. Chapter 1 may be the most challenging. It discusses climate forcing agents—or simply, climate forcings—the subject of my presentation to the Task Force.

The official definition of a climate forcing may seem formidable: “an imposed perturbation of the planet’s energy balance that tends to alter global temperature.” Examples make it easier: If the sun becomes brighter, it is a climate forcing that would tend to make Earth warmer. A human-made change of atmospheric composition is also a climate forcing.

In 2001 I was more sanguine about the climate situation. It seemed that the climate impacts might be tolerable if the atmospheric carbon dioxide amount was kept at a level not exceeding 450 parts per million (ppm; thus 450 ppm is 0.045 percent of the molecules in the air). So far, humans have caused carbon dioxide to increase from 280 ppm in 1750 to 387 ppm in 2009.

During the past few years, however, it has become clear that 387 ppm is already in the dangerous range. It’s crucial that we immediately recognize the need to reduce atmospheric carbon dioxide to at most 350 ppm in order to avoid disasters for coming generations. Such a reduction is still practical, but just barely. It requires a prompt phaseout of coal emissions, plus improved forestry and agricultural practices. That part of the story will unfold in later chapters, but we need to acknowledge now that a change of direction is urgent. This is our last chance.
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My first grandchild, at almost two years old—changing my perception.



I myself changed over the past eight years, especially after my wife, Anniek, and I had our first grandchildren. At the beginning of this period, I sometimes showed a viewgraph of the photo of our first grandchild on this page during my talks on global warming. At first it was partly a joke, as newspapers were referring to me as the “grandfather of global warming,” and partly pride in a young lady who had become an angel in our lives. But gradually, my perception of being a “witness” changed, leading to a hard decision: I did not want my grandchildren, someday in the future, to look back and say, “Opa understood what was happening, but he did not make it clear.”

That resolve was needed. If it hadn’t been for my grandchildren and my knowledge of what they would face, I would have stayed focused on the pure science, and not persisted in pointing out its relevance to policy. When policy is brought into the discussion, it seems that a lot of forces begin to react. I prefer to just do science. It’s more pleasant, especially when you are having some success in your investigations. If I must serve as a witness, I intend to testify and then get back to the laboratory, where I am comfortable. That is what I intend to do when this book is finished.

BECAUSE THE BOOK opens on my sixtieth birthday, I should mention here a bit about where I came from. I was lucky to be born in a time and place—in Iowa, where I was in high school when Sputnik was launched—that I could be introduced to science in a way that seemed to be normal, yet was very special.

I grew up in western Iowa, one of seven children. My father was a tenant farmer, educated only through the eighth grade, and my parents divorced when I was young. But in those days a public college was not expensive, so it was pretty easy for me to save enough money to go to the University of Iowa.

My career in science, my first step into science research, was born one evening in December 1963. The day before, fellow student Andy Lacis and I had swept leaves, cobwebs, and mice out of a little domed building on a hill in a cornfield just outside Iowa City. The next night, within that dome, an older graduate student, John Zink, helped us use a small telescope to observe a lunar eclipse. When the moon went into eclipse, passing into Earth’s shadow, we were surprised that we saw nothing—just a black area in the sky, without stars, in the spot where we had just seen a full moon; the moon had become invisible to the naked eye. This is not usually the case with an eclipse. Normally, the moon is dimmed but still obvious, because sunlight is refracted by Earth’s atmosphere into the shadow region. However, nine months earlier, in March 1963, there had been a large volcanic eruption, of Mount Agung on the island of Bali, which injected sulfur dioxide gas and dust into Earth’s stratosphere. The sulfur dioxide gas combined with oxygen and water to form a sulfuric acid haze, and the resulting particles in the stratosphere blocked most of the sunlight that normally is refracted into Earth’s shadow.


We measured the brightness of the moon with a photometer attached to the telescope, and in the next year I was able to figure out how much material there must have been in Earth’s stratosphere to make the moon as dark as it was. Mainly that required reading some papers (in German) written by the Czechoslovakian astronomer František Link, who had worked out the equations for the eclipse geometry, and writing a computer program for the calculations. The result was my first scientific paper, published in the Journal of Geophysical Research—my first experience as a witness, at least a witness of science, if not in the biblical sense.



Our good fortune was that we had found our way into the Physics and Astronomy Department of a remarkable man, James Van Allen. An astronomy professor in Van Allen’s department, noticing that Andy and I were capable students, convinced us to take the physics graduate school qualifying examinations in our senior year. We were the first undergraduates to pass that exam, and, perhaps as a result, we both were offered NASA graduate traineeships, which fully covered our costs to attend graduate school.

I was so shy and uncertain of my abilities that I had avoided taking any of Professor Van Allen’s classes, not wanting to reveal my ignorance. But Van Allen noticed me anyhow—probably because I had not only passed the graduate exam but also received one of the higher scores. He told me about recent observational data concerning the planet Venus, which suggested that either the surface of Venus must be very hot or the planet had a highly charged ionosphere emitting microwave radiation. When I started to work on the Venus data for a Ph.D. thesis, Van Allen appointed himself as chairman of my thesis committee. If it had not been for the attentiveness and generosity of this soft-spoken, gentle man, whom no student ever should have been intimidated by, I probably would not have gotten involved in planetary studies.

More than a decade later, in 1978, I was still studying Venus. And by then I was responsible for an experiment that was on its way to that planet, aboard the Pioneer Venus mission. In the five years since I had proposed that experiment to measure the properties of the Venus clouds, I had been working about eighty hours per week. Anniek, whom I had met while I was on a postdoctoral fellowship at the University of Leiden Observatory in the Netherlands, continued to believe me, each year, when I said that the next year I would have more time. Then I had to tell her that, after all that effort, I was going to resign from the Pioneer mission before it arrived at Venus, turning the experiment over to Larry Travis, another friend and colleague from Iowa.

The reason: The composition of the atmosphere of our home planet was changing before our eyes, and it was changing more and more rapidly. Surely that would affect Earth’s climate. The most important change was the level of carbon dioxide, which was being added to the air by the burning of fossil fuels. We knew that carbon dioxide determined the climate on Mars and Venus. I decided it would be more useful and interesting to try to help understand how the climate on our own planet would change, rather than study the veil of clouds shrouding Venus. Building a computer model for Earth’s climate was also going to be a lot more work. As always, Anniek accepted, and tried to believe, my promise that it would be a temporary obsession.

Another decade later, on June 23, 1988, I was a witness, an official witness, when I testified to a Senate committee chaired by Tim Wirth of Colorado. I declared, with 99 percent confidence, that it was time to stop waffling: Earth was being affected by human-made greenhouse gases, and the planet had entered a period of long-term warming. Combined with an unusually hot and dry summer and the attention global warming was getting nationally and internationally, my announcement garnered broad notice.

It soon became apparent, though, that my testimony, combined with the weather, was creating a misimpression. Global warming does increase the intensity of droughts and heat waves, and thus the area of forest fires. However, because a warmer atmosphere holds more water vapor, global warming must also increase the intensity of the other extreme of the hydrologic cycle—meaning heavier rains, more extreme floods, and more intense storms driven by latent heat, including thunderstorms, tornadoes, and tropical storms. I realized that I should have emphasized more strongly that both extremes increase with global warming.

Therefore I sought one more opportunity to be a witness. Senator Al Gore provided that opportunity at a hearing in the spring of 1989. When I sent Senator Gore a note before the hearing, explaining that my written testimony had been altered by the White House Office of Management and Budget to make my conclusions about the dangers of global warming appear uncertain, he alerted the media, assuring that there would be widespread coverage of the testimony. Unfortunately, the message about the wet end of the hydrologic cycle was lost in the brouhaha. Mother Nature, however, responded four years later with a “hundred-year” flood, one that normally occurs only once a century, which submerged Iowa and much of the Midwest. They were hit with another “hundred-year” flood in 2008.

After my testimony at Gore’s hearing, I was firmly resolved to go back to pure science and leave media interactions to people such as Steve Schneider and Michael Oppenheimer, people who were more articulate and seemed to enjoy the process. But after another decade I made an exception and agreed to debates in 1998 with the global warming “contrarians” Dick Lindzen and Pat Michaels, because I had a clear scientific purpose: I wanted to present and publish a table of the key differences between my position regarding global warming and the position of the contrarians. My expectation was that the table’s specificity would permit future evaluation of our positions. I would use this table in my meeting with Vice President Cheney’s Climate Task Force in 2001.

So for more than a decade after the Gore hearing in 1989, I was able to stick strictly to science, turning down many opportunities to appear on documentaries and other television programs. It was that science that I would discuss with the Climate Task Force.






CHAPTER 1
The Vice President’s 
Climate Task Force



A LARGE POLICE DOG WAS LED IN to sniff around the room—we presumed that it was checking for bombs. Vice President Dick Cheney was about to arrive. This was the first meeting of the cabinet-level Climate Task Force. It fell on my sixtieth birthday, March 29, 2001.

“Climate Working Group” was the phrase I remembered from the phoned invitation, so that was the title I put on the handout I brought to the meeting. There was no letter of invitation, and I was not given any paperwork at the meeting. Later, President George W. Bush and the media referred to this group as the Climate Task Force, so I will use that title here.

The Climate Task Force consisted of six cabinet members plus the national security adviser (Condoleezza Rice), the EPA administrator (Christine Todd Whitman), and Vice President Cheney as chairman. The cabinet members were Secretary of State Colin Powell, Spencer Abraham (Energy), Paul O’Neill (Treasury), Gale Norton (Interior), Ann Veneman (Agriculture), and Donald Evans (Commerce).

We were three scientists who had been requested to explain the current understanding of climate change and the role that humans might have in causing global warming. We were a bit nervous. This was surely the most high-powered group that any of us had spoken to.

When I arrived early that morning at the Department of Commerce headquarters in Washington, D.C., the venue for the meeting, I found the other two scientists, Dan Albritton and Ron Stouffer, hunched over a table looking at the charts Ron planned to show. Dan was advising Ron to reduce the amount of complicated material.

Albritton, director of the National Oceanic and Atmospheric Administration (NOAA) Aeronomy Laboratory in Boulder, Colorado, and about my age, was an old hand at presentations. He had long been NOAA’s chief spokesman for describing research on the effect of human-made gases on the stratospheric ozone layer. Stouffer, a decade or so younger, is a climate modeler at the NOAA Geophysical Fluid Dynamics Laboratory in Princeton, New Jersey. Climate models are computer simulations of the atmosphere, ocean, land surface, and their interactions, which are used to study the dynamics of the climate system and how future climate may change.

The backdrop for this meeting was President Bush’s confirmation that the United States would not sign the Kyoto Protocol. “Kyoto” required developed countries to reduce emissions of human-made heat-absorbing greenhouse gases to several percent below 1990 emission rates. The main greenhouse gas is carbon dioxide, which is increasing because of the burning of fossil fuels: coal, oil, and gas. Deforestation contributes a smaller amount, about 20 percent, to the carbon dioxide increase.

The president’s refusal to sign on to Kyoto was expected. More important was the revelation on March 13 that the United States would not regulate carbon dioxide emissions from power plants. That decision was a heavy blow to environmentalists and scientists who realized that Earth’s climate was approaching a dangerous situation because of the buildup of atmospheric carbon dioxide.

Coal burning at power plants is the greatest source of increasing atmospheric carbon dioxide. It is also the source most susceptible to control. The decision not to restrict power plant emissions reneged on a promise Bush made repeatedly during the 2000 presidential election campaign.

Bush had pledged to include carbon dioxide in a “four pollutant strategy” to reduce the most damaging pollutants from power plants. That promise, together with the Clinton-Gore administration’s poor record in constraining carbon dioxide emissions, stymied Al Gore from raising the environment and climate change as an effective campaign issue. Given the razor-thin margin in the 2000 election, and the environmental awareness of Florida voters, it seems clear that Gore would have become president if it were not for Bush’s pollution-reduction promise.

Despite that backdrop, the fact that the Bush-Cheney administration was having these Task Force meetings suggested that it took the climate change issue seriously and wanted to learn more about it. The implication was that future policies were still open and could be influenced by scientific evidence.

The vice president abetted these impressions in his opening remarks and noted that Task Force meetings would be “principals only”—participants could not send representatives in their stead. Treasury Secretary O’Neill related that the previous afternoon he had met with President Bush, who had said that he wanted the United States to take a leadership role in addressing climate change, even though it would need to be via a route other than the Kyoto Protocol.

Colin Powell apologized that he would need to step out during this meeting for a phone discussion with Yasir Arafat. Rats, I thought—that was disappointing. I had tailored some of my planned remarks for the secretary of state.

I was hopeful that there was a good chance that the group as a whole would favor actions to stem climate change. Powell and Rice surely felt the anger of Europe, Japan, and other nations about the failure of the United States to ratify the Kyoto Protocol. They must also have realized the benefit, for national security reasons, of reducing our dependence on fossil fuels. Both the Treasury’s O’Neill and the EPA’s Whitman had made speeches about the dangers of global warming and the need for strong policies to reduce fossil fuel emissions.

On the other side, Energy Secretary Abraham had stated in a public speech on March 19 that the United States must add ninety new power plants each year, mostly coal-fired, for the next twenty years to meet the need for a 45 percent increase in electricity demand by 2020. Vice President Cheney strongly supported efforts to increase fossil fuel supplies, including the opening of public lands, continental shelves, and the Arctic for increased coal mining and oil and gas drilling.

Altogether it was unclear where the balance of opinion of the Task Force would fall. I thought it was realistic to think the scientific information we provided would aid their decision making.

Dan Albritton gave an overview called “Climate Change: What We Know and What We Don’t.” Each of his hand-drawn charts included a little “thermometer,” or confidence index, with fluid rising to a level between zero and ten. Our understanding that the natural greenhouse effect keeps Earth much warmer than it would be otherwise rated a “ten,” for example, while our ability to describe regional effects of global warming rated only a “three.”

The basis for Albritton’s presentation was a set of reports by the United Nations Intergovernmental Panel on Climate Change (IPCC), which was in the process of being published at that time. Albritton’s bottom line, consistent with the rigorous position of IPCC, was that the scientific community provided policy-relevant information but would make no statements about policy.

My presentation was titled “The Forcing Agents Underlying Climate Change.” Forcing agents are factors that affect the energy balance and temperature of Earth, such as carbon dioxide in the atmosphere. I began by noting that climate, the average weather over a finite interval, fluctuates without any forcing, because the atmosphere and ocean are chaotic fluids that are always sloshing about. There is no way to predict far ahead of time where and how big any particular slosh will be. But once we see a slosh coming, we can project how it will play out. That is what weather forecasting consists of—mapping the current sloshes and looking upstream at where the next ones are coming from. In winter in the United States, if the next slosh is coming straight down from Canada, watch out!

Yet, despite this unpredictable sloshing, if weather is averaged over a long enough time, the system is “deterministic,” that is, it responds to a forcing mechanism in a predictable way. For example, if we begin to slowly move Earth closer to the sun, we can be sure that Earth will become warmer. Not every year though, because chaos and sloshings also occur on greater time and space scales than local day-to-day weather.

One big, slow sloshing on Earth is the “Southern Oscillation,” in which surface waters of the Pacific Ocean at the equator oscillate between warm El Niño and cool La Niña phases. La Niña is caused by the upwelling of a large amount of water from the cold, deep ocean along the South American coast. The effect of El Niño or La Niña on global temperature and precipitation patterns is huge. This oscillation would make it hard to notice immediately an underlying global warming trend due to Earth moving closer to the sun, for instance. The ocean would eventually get warmer, but that would take time because the ocean is two and a half miles deep.

Of course, the subject of interest to the Task Force was not the hypothetical case of Earth being moved closer to the sun. Rather, I needed to discuss real climate forcing mechanisms, some of which were well measured and others only crudely estimated.

I defined a climate forcing as an imposed perturbation (disturbance) of the planet’s energy balance. It is measured in watts per square meter. For example, if the sun becomes 1 percent brighter, that is a forcing of about two watts (for brevity I sometimes will omit “per square meter” in discussing forcings), because Earth absorbs about 240 watts of sunlight averaged over day and night.

One large climate forcing that we know about is caused by volcanic eruptions that inject sulfur dioxide gas into Earth’s lower stratosphere (altitude ten to twenty miles). Sulfur dioxide combines with oxygen and water to form tiny sulfuric acid droplets (aerosols) that scatter sunlight back to space, reducing solar heating of Earth’s surface. Aerosols created by the 1991 eruption of Mount Pinatubo in the Philippines reduced solar heating of Earth by almost 2 percent, a negative forcing of about –4 watts. This large forcing, however, was present only briefly—after two years most of the Pinatubo aerosols had fallen out of the atmosphere. This brevity greatly reduces the effect of volcanoes on long-term climate, but an effect on the climate trend might be detectable if, say, there is an unusual concentration of volcanic eruptions in a given century.

The largest human-made climate forcing is due to greenhouse gases. These are gases that partially absorb infrared (heat) radiation, so an increased gas amount makes the atmosphere more opaque at infrared wavelengths. This increased opacity causes heat radiated to space to arise from a higher level in the atmosphere, where it is colder. Heat radiation to space is therefore reduced, resulting in a planetary energy imbalance. So Earth radiates less energy than it absorbs, causing the planet to warm up.

How much climate responds to a specified forcing—specifically, how much global temperature will change—is called “climate sensitivity.” I told the Task Force that climate sensitivity is reasonably well understood, on the basis of Earth’s history. Paleoclimate (ancient climate) records show accurately how Earth responded to climate forcings over the past several hundred thousand years.

However, because our presentations were limited to about twenty minutes each, I chose to focus on a comparison of the different climate forcing agents that drive climate change, as an effective way to show the human contribution to global warming. It is useful to simply compare the forcings, because the global temperature change is expected to depend on the size of the forcing, more or less independent of the forcing mechanism. This expectation is supported by climate model studies and empirical data (see chapter 3).


I showed the Climate Task Force a bar graph (figure 1) estimating all known climate forcings in 2000 relative to the beginning of the industrial revolution. The vertical lines (whiskers) represent the estimated uncertainties for each forcing.
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 FIGURE 1. Change of climate forcings, in watts per square meter, between 1750 and 2000. Vertical bars show estimated uncertainty. Uncertainty for “other greenhouse gases” is similar to that for carbon dioxide. (Data from Hansen et al., “Efficacy of Climate Forcings.” See sources.)



The first seven forcings in figure 1 are all human-induced. However, it’s useful to first discuss the natural forcings, changes of the sun and volcanic activity.

Changes of the sun’s irradiance (brightness seen from Earth) cause a potentially significant climate forcing on decade-to-century time scales. Unfortunately, precise measurements of solar brightness became possible only with satellite observations that began in the late 1970s. These data revealed a cyclic change of about 0.1 percent with the ten-to-twelve-year solar magnetic cycle, yielding a ten-to-twelve-year cyclic forcing of just over 0.2 watts.

The direct effect of solar brightness is amplified by at least one indirect effect. The solar variability is much larger at ultraviolet wavelengths than it is at visible wavelengths. Ultraviolet radiation breaks up oxygen molecules in Earth’s atmosphere, creating ozone, which increases the greenhouse effect. This indirect climate forcing enhances the direct solar forcing by perhaps as much as one third, making the total cyclic solar forcing about 0.3 watts.

Some who say the sun plays a larger role in climate change than carbon dioxide or other greenhouse gases hypothesize that there must be other indirect effects that magnify the small measured variations of solar brightness. The most common hypothesis is an almost Rube Goldberg concoction: the sun altering cosmic rays, which then alter cloud condensation nuclei, which alter cloud cover, which alters absorbed sunlight, which alters climate. However, there is no meaningful evidence supporting a large indirect amplification. The small cyclic component of global temperature that is extracted from statistical analyses of observed global temperature is consistent with a solar forcing of 0.2 to 0.3 watts. Possible errors in extracting the cyclic temperature response allow, at most, amplification of the solar forcing by a factor of two, which still leaves the cyclic solar forcing much smaller than the greenhouse gas forcing.

A bigger question about the sun remains: How large are solar variations on the century timescale? The 1750-2000 solar forcing estimated in figure 1 is based on research of solar experts, especially Judith Lean and Claus Fröhlich, who used indirect (“proxy”) indicators of solar activity, such as sunspots. They assume that the relation between solar activity and solar brightness observed in the past few decades is the same as it was a few hundred years ago. That leads to the conclusion that recent solar forcing is a few tenths of a watt greater than it was in the eighteenth century. The uncertainty, however, is large, as figure 1 indicates.

The other known natural climate forcing mechanism, volcanoes, probably worked in the same sense as the sun over the interval from the mid-eighteenth to the mid-twentieth centuries. That is because the available data, meager as they are, suggest that volcanic activity was greater in the eighteenth century than in the twentieth century. Actually, between 1963 and 1991 three large volcanoes (Mount Agung, El Chichón, and Mount Pinatubo) erupted, a degree of volcanic activity that would have been at least comparable to that in the eighteenth century. However, when people compare eighteenth-and twentieth-century climates to examine the effects of natural climate forcings, they usually exclude the last few decades of the twentieth century because, by that time, the human-made greenhouse gas forcing was so large that it eclipsed the effects of even three large volcanic eruptions; whereas up through the middle of the twentieth century, the net human-made climate forcing was rather small.

The increase of climate forcing in the mid-twentieth century due to the changing level of volcanic activity, relative to the eighteenth century, is estimated as 0.15 watts, with an uncertainty of about 0.1 watts. Thus the net change of natural climate forcings over the past two centuries was possibly as much as +0.5 watts. This would be at least as large as the human-made climate forcing up through the middle of the twentieth century. Therefore natural forcings are a good candidate for explaining, or helping to explain, observed climate change up to the mid-twentieth century.

Climate change between the eighteenth and twentieth centuries was noticeable. The eighteenth century fell within the Little Ice Age, which is sometimes described as taking place from 1600 to 1850 and sometimes from 1250 to 1850. Climate fluctuated from year to year and decade to decade, but changes between the eighteenth and twentieth centuries were significant. In 1780, for example, soldiers in the American Revolution could drag cannons across the frozen New York harbor from Manhattan to Staten Island. The River Thames frequently froze over in the 1700s, and people held ice fairs on it. The twentieth century was too warm for such events to be possible.

Yet how much warmer was the first half of the twentieth century relative to the Little Ice Age? The cooling during the Little Ice Age, averaged over the planet and over the seasons, was probably less than one-half degree Celsius. Our knowledge of both the climate forcing over the past millennium and the climate change are too imprecise to allow empirical evaluation of climate sensitivity.

In contrast, the climate change between modern conditions and the last Major Ice Age, twenty thousand years ago, was an order of magnitude larger. An ice sheet more than a mile thick covered present-day Canada and northern parts of the United States, including Seattle, Minneapolis, and New York City. Another ice sheet covered Europe. The global average temperature was 5 degrees Celsius (9 degrees Fahrenheit) colder than today’s. The climate forcing mechanisms that maintained the temperature change were also an order of magnitude larger than the forcings in the last two centuries caused by the sun and volcanoes. The glacial-to-interglacial climate and forcing mechanisms are known well enough to accurately define climate sensitivity (as discussed in chapter 3).

What is clear is that human-made climate forcings added in just the past several decades already dwarf the natural forcings associated with the Little Ice Age. Carbon dioxide increased from 280 parts per million (ppm; thus 0.028 percent of atmospheric molecules) in 1750 to 370 ppm in 2000 (and to 387 ppm in 2009). The impact of this CO2 change on Earth’s radiation balance can be calculated accurately, with an uncertainty of less than 15 percent. The climate forcing due to the 1750-2000 CO2 increase is about 1.5 watts. Other human-caused changes, such as adding methane, nitrous oxide, chlorofluorocarbons (CFCs), and ozone to the atmosphere, make the total greenhouse gas forcing about 3 watts.


Figure 1 also illustrates a major uncertainty about the net human-made climate forcing. The uncertainty is due to aerosols, fine particles in the air that are produced mainly in the burning of fossil fuels. Aerosols scatter and absorb sunlight, reducing the amount that gets to the ground. Sometimes this is called “global dimming.” It has a cooling effect that tends to offset greenhouse gas warming, but to an uncertain degree, given the lack of accurate aerosol data. If the estimated climate forcings in figure 1 are accepted at face value, the net climate forcing in 2000 relative to the preindustrial climate was between 1.5 and 2 watts, but with an uncertainty of at least 1 watt.



I had a small 1-watt Christmas tree bulb in my pocket at the Task Force meeting, which I pulled out during my presentation, causing some eyebrows to raise in curiosity. I explained that the net effect of human-made climate forcings was equivalent to having two of those bulbs burning night and day over every square meter of Earth’s surface.

I mentioned that in some sense the forcing by two 1-watt bulbs is small—it cannot stop the wind or alter an ongoing weather fluctuation. Yet if it is left in place for decades and centuries, long enough to allow the ocean temperature to fully respond, it is a huge forcing.

Colin Powell, who had returned from his phone call in time for my presentation, asked about the “black soot,” or black carbon aerosols—a topic I had hoped would be raised. Black soot, unlike sulfates and other reflective aerosols, absorbs sunlight and thus can cause warming. It is also among the most dangerous of aerosols to human health. Black soot is produced by diesel engines, household coal burning, and stoves that burn field residue or animal waste. It is especially abundant in India, China, and other developing countries.

The point I wanted to make was that a focus on air pollution has practical benefits that unite the interests of developed and developing countries. I had included in my handout a paper that four colleagues and I had published in 2000. We advocated an “alternative scenario” for twenty-first-century climate forcings, alternative to the business-as-usual scenarios studied by the Intergovernmental Panel on Climate Change.

Our alternative scenario emphasized the merits of reducing health-damaging air pollutants, especially black soot, low-level ozone, and methane. We argued that carbon dioxide emissions also would need to be slowly reduced, with atmospheric carbon dioxide kept to a maximum of about 450 ppm (I now realize that carbon dioxide will need to be reduced even further, to 350 ppm, at most). If both of those goals were accomplished, additional global warming, beyond that in 2000, would be less than 1 degree Celsius (1.8 degrees Fahrenheit)—much less than that in IPCC scenarios. Climate effects may still be significant, but they would be far less damaging.

We moved on to Ron’s presentation on climate modeling. As Dan had seemed to anticipate, the sledding became difficult as we got into the complexities of climate modeling, the many components that make up the models, and the uncertainties. Some eyes began to glaze over in regard to the complexities of cloud modeling. Cheney interrupted, saying that the topic was important but another session would need to be scheduled to complete it.

Our meeting ended with a curious juxtaposition of comments about the next meeting by O’Neill and Cheney. O’Neill noted that all the present speakers were convinced of the reality of concerns about human-made global warming. He suggested that the next meeting include a global warming contrarian (disbeliever). His rationale was that the Task Force should not be criticized for listening to only one perspective. The rationale might have been sound, but unless there was independent expert arbitration, such as by the National Academy of Sciences, there was a risk that the Task Force would end up simply being perplexed.

Cheney then read statements from the abstract of our alternative scenario paper about the importance of climate forcings other than carbon dioxide. He concluded that the Task Force should hear more from me. The vice president, no doubt, was attracted by our emphasis on less well-known climate forcings, because most of those forcings had sources other than fossil fuels. His specific interest made me uncomfortable, because his choice of speaker seemed to be based on who would deliver an answer that he wanted to hear. That is pretty much the opposite of the scientific method. In science, you want to examine evidence that seems to disagree with your preliminary interpretation. You must evaluate contradictory evidence to make sure that you are not fooling yourself.

If the vice president had read our entire paper carefully, he would have realized that we also called for much less fossil fuel burning than in IPCC scenarios. Nevertheless, being an eternal optimist (what else can be effective?), I welcomed the chance to appear before the Task Force again. My aim would be to clarify that reducing carbon dioxide emissions, as well as air pollutants, was needed to stabilize climate.

As fate had it, three days before the next Task Force meeting, a Chinese fighter jet bumped a U.S. Navy reconnaissance plane, forcing it and its twenty-four crew members to make an emergency landing in China. Because of diplomatic efforts to recover the crew and plane, both the vice president and secretary of state were absent from the second meeting, held at the Environmental Protection Agency headquarters.

They did not miss much.

Richard Lindzen of the Massachusetts Institute of Technology and I were the presenters at the second meeting. Lindzen is the dean of global warming contrarians, the one who is most articulate and has the most impressive scholarly credentials. He was elected to the National Academy of Sciences at a tender age, primarily as a result of brilliant mathematical analyses of atmospheric dynamics.

I knew what I would be up against. In a situation like this, presentation and style are as important as substance. Lindzen is soft-spoken but has an authoritative air; he never loses his cool and is always in complete control. He and other contrarians tend to act like lawyers defending a client, in my opinion, presenting only arguments that favor their client. This is in direct contradiction to my favorite description of the scientific method, by Richard Feynman: “The only way to have real success in science…is to describe the evidence very carefully without regard to the way you feel it should be. If you have a theory, you must try to explain what’s good about it and what’s bad about it equally. In science you learn a kind of standard integrity and honesty.”

The scientific method, in one sense, is a handicap in a debate before a nonscientist audience. It works great for advancing knowledge, but to the public it can seem wishy-washy and confounding: “on the one hand, this; on the other hand, that.” The difference between scientist-style and lawyer-style tends to favor the contrarian in a discussion before an audience that is not expert in the science.

I long ago realized that the global warming “debate,” in the public mind, would be long-running. I also noted that contrarians kept changing their arguments as the real-world evidence for global warming continued to strengthen, conveniently forgetting prior statements that were proven wrong. For that reason, when I publicly debated Lindzen in 1998, and contrarian Pat Michaels a few weeks later, I decided that the best approach was to make a table of our basic differences.


I knew that I could not “win” the debates, which inevitably appear to the public to be a technical dispute between theorists. Instead, I wanted to pin down our differences so that some years in the future a thoughtful person could make an objective assessment. That table was published in Social Epistemology in 2000 and is reproduced in appendix 1 (page 279).



My plan for the second Task Force meeting was to first summarize my conclusions from the first meeting and discuss the relevance of the information for policy. Then I would deal with the contrarian perspective with a single chart, my “table of differences.” I brought a transparency of that table (a viewgraph—I was a holdout from PowerPoint for many years).

I started by again showing the climate forcings bar graph (figure 1) and drawing big circles around the bars representing methane (CH4), ozone, and black carbon aerosols (black soot). I noted that together these health-damaging air pollutants contributed as much climate forcing as carbon dioxide.

Then I showed a chart (discussed in chapter 3) providing evidence from Earth’s history for how sensitive global climate is to a change of climate forcings. The chief implication is that additional human-made climate forcing, above that in the year 2000, should be kept to less than 1 watt. If we succeed in that, further global warming should not exceed 1 degree Celsius. However, if added climate forcings exceed 1 watt, global temperature would be pushed well above the range that has existed for the past million years. Global warming of 2 degrees Celsius or more would make Earth as warm as it had been in the Pliocene, three million years ago. Pliocene warmth caused sea levels to be about twenty-five meters (eighty feet) higher than they are today.

I concluded this discussion with a diagram that contrasted the business-as-usual scenarios that IPCC examined and my alternative scenario, which defined a course that would keep additional global warming at less than 1 degree Celsius, thus presumably allowing Earth to retain a climate resembling that in which civilization developed.

The business-as-usual scenario increased the carbon dioxide forcing 2 watts between 2000 and 2050, and increased the noncarbon dioxide forcings 1 watt, for a total of 3 watts. The alternative scenario, in contrast, required a slow reduction of carbon dioxide emissions over fifty years, keeping added carbon dioxide forcing at 1 watt. Net non-carbon dioxide forcing is kept at zero by reducing black soot, ozone, and methane enough to counter expected added climate forcing due to increasing nitrous oxide (from use of fertilizers) and decreasing sulfate aerosols (from cleaning up air pollution).

Achievement of the alternative scenario would require two major policy actions. First, a downward trend in carbon dioxide emissions requires an increase in energy efficiency and the use of renewable or other energies that do not produce carbon dioxide. Second, reduction of the non-carbon dioxide climate forcings requires global programs to reduce air pollutants that contribute to global warming (black soot, ozone, and methane). I reiterated that the combination of these two policy goals could unite the interests of developed and developing countries.

Finally, I showed the table contrasting my position and that of Richard Lindzen. The first item concerned Lindzen’s take on the magnitude of global warming when it became a public issue in the late 1980s. He had stated repeatedly, consistent with an analysis by his MIT colleague Reggie Newell that was later shown to be flawed, that global warming over the prior century was only about 0.1 degree Celsius. In contrast, I had reported in the late 1980s that global warming was about 0.6 degree Celsius. Numerous later studies had confirmed my conclusion, and subsequent additional warming had increased total global warming to almost 0.8 degree Celsius.


But Lindzen was prepared. Before I could move to the second point, he interjected in his calm, unflappable style, “The reference you have given, MIT Tech Talk, is basically a newspaper.” Turning to the cabinet members, he added, “You all know how accurate newspaper quotes are.” There were a lot of nods and chuckles. I was aware that Lindzen had made his assertion about the near absence of global warming many times in the late 1980s—it was not a misquote by a writer—yet before this audience, Lindzen had won the point.



A similar problem, to a lesser degree, occurred with regard to other items in appendix 1. Scientists who have heard Lindzen are well aware of his statements about observed global warming, climate sensitivity, water vapor feedback, and so forth. If the positions Lindzen had expressed on these matters went before, say, the National Academy of Sciences, he obviously would be on the defensive. But on what basis are cabinet members going to choose between academics with opposing views?

The capable lawyer knows that oral statements can be dismissed as hearsay. My failure to adequately appreciate this for several years caused other problems, as I relate in later chapters.

Lindzen used part of his presentation to show graphs of observed data such as temperature and precipitation, emphasizing the large fluctuations and possible measurement errors. His aim seemed to be a conclusion that global warming is a very uncertain proposition. He focused on more local observations, because he could no longer dispute the reality of global warming. But he had managed to defuse his earlier assertion about the absence of global warming, which had been proven to be wrong.


Lindzen also spent substantial time questioning the motives of scientists who, he said, made “alarmist” statements. His thesis was that most scientists concurred with the reality of global warming only because it increased their ability to obtain research funding. If I had been on my toes, I could have pointed out that in 1981 I had lost funding for research on the climate effects of carbon dioxide because the Energy Department was displeased with a paper, “Climate Impact of Increasing Atmospheric Carbon Dioxide,” I had published in Science magazine. The paper made a number of predictions for the twenty-first century, including “opening of the fabled Northwest Passage,” which the Energy Department considered to be alarmist but which have since proven to be accurate.



Unfortunately, this second meeting served to confuse Task Force members, rather than illuminate them. I heard indirectly from presenters at subsequent meetings that Task Force members had related that they could not evaluate our contrasting viewpoints. The third Task Force meeting focused on economics and included Richard Schmalensee of MIT as a presenter. The fourth meeting focused on policy, including the Kyoto Protocol, and had former EPA administrator Bill Reilly and Kevin Fay, a representative of the business community, as presenters. Additional Task Force meetings may have been held prior to the president’s June 11, 2001, Rose Garden speech summarizing the administration’s climate and energy policies (discussed in chapter 3).

After the second Task Force meeting, I shared a taxi with Richard Lindzen. We had always been cordial with each other, but not much was said during this ride. I was feeling down, realizing that my optimism at the end of the first meeting had been a mistake. A draw in a global warming “debate” is a loss, because policy inaction is the aim of those who dispute global warming. As we pulled up alongside a Chrysler PT Cruiser, I broke the silence by commenting that it seemed to be an interesting throwback. He said that it was cute but did not have enough trunk space.

I considered asking Lindzen if he still believed there was no connection between smoking and lung cancer. He had been a witness for tobacco companies decades earlier, questioning the reliability of statistical connections between smoking and health problems. But I decided that would be too confrontational. When I met him at a later conference, I did ask that question, and was surprised by his response: He began rattling off all the problems with the data relating smoking to health problems, which was closely analogous to his views of climate data.


Oof, I thought—if I had asked him about the relation between smoking and cancer during the Task Force meeting, his response might have been revealing, almost like Jack Nicholson’s “You can’t handle the truth!” in A Few Good Men. Or maybe not. It is not likely to be that easy.








CHAPTER 2
The A-Team and the Secretary’s Quandary



ON THE WAY HOME FROM THE SECOND Climate Task Force meeting, I had an idea. In my bag was a reminder about an overdue assignment: I needed to define the next project for my student-teacher research team. My idea was to have the team work on a project that would help clarify what I had failed to do a good job of explaining during the Task Force meetings—the implications of climate change for energy use.

Several years earlier, my colleague Carolyn Harris and I had initiated a research education program that we called the Institute on Climate and Planets. Each summer we would work with students, teachers, and professors from several New York City high schools, ranging from the disadvantaged to the highly competitive Bronx High School of Science, and from a few colleges in the City University of New York system, ranging from two-year community colleges to the City College of New York. The program had simultaneous objectives in science education, research experience, and minority participation.

Participants were divided into several teams. My team typically had about ten people, including two high school students, two high school teachers, two or three college students, a college professor, myself, and sometimes one or two other scientists. I would define a research problem, and we would work on it as a team over the summer, with some students continuing to work on it through the academic year. The educators used their experience with the research problem in their science classes and in special after-hours research courses at their schools.


For the first two years of this program, which started in the mid-1990s, my team was called Pinatubo. Our aim was to use the 1991 eruption of Mount Pinatubo, the largest volcanic eruption in the twentieth century, as a natural climate experiment, helping us to understand climate processes. One of our tools was a global climate model, which I had helped develop over the previous two decades. We used the model in combination with global climate observations, making climate simulations and examining how well the model could reproduce the climate variations following the volcanic eruption. At the end of our research, in 1996, we published a paper, “A Pinatubo Climate Modeling Investigation,” in the book Global Environmental Change.




My next team, with some new students, was called Forcings and Chaos, and for a few years we compared climate simulations covering two decades with observations in an attempt to disentangle climate change driven by forcings from unforced chaotic climate variability. Our work was published in the Journal of Geophysical Research in 1997.



I renamed my group the A-Team—from “alternative scenario”—for the new project. Their assignment: To imagine the secretary of state needs the A-Team’s help in devising a strategy to deal with global warming. The team must analyze climate and energy data and report back to the secretary, so he can advise the president on what actions need to be taken to save the planet. (I assumed that Colin Powell—and Paul O’Neill—must have been puzzled by Energy Secretary Abraham’s claim that the United States needed to build ninety new coal-fired power plants every year for the next twenty years.) I titled the student’s task description for this imaginary scenario “The Secretary’s Quandary.” It started like this:


THE SECRETARY’S QUANDARY



The secretary of state is caught between a rock and a hard place. As leader of the State Department, he deals with countries around the world. These countries are calling for the United States to reduce its emissions of CO2, the principal gas that stands accused of bringing on dreaded global warming.


Different perspectives. Yet the secretary knows that the Department of Energy has a different perspective. Its job is to assure that the United States has a supply of affordable energy sufficient to drive a strong economy. All parties, the president and his cabinet, agree that a strong economy is needed to produce the technology development and the resources required to eventually stabilize atmospheric composition and solve the global warming problem.



It is also realized that the long-term solution of global warming will require many decades. Fossil fuels (coal, oil, and gas) produce CO2, these fuels power our economy, and the lifetime of energy infrastructure can be many decades. A strategy to deal with global warming must be devised in concert with continuing technology development and improvements in understanding of climate science.

The big issue concerns actions that could be taken now to slow the growth of CO2. Recent research has shown that if the growth rate of CO2 emissions could be stabilized and then begin to decline, climate change would be moderate—some global warming would be expected, but the danger of disastrous climate change would be much reduced. Prompt leveling of CO2 emission rates would provide time to develop improved technologies and an economically sound strategy to reduce CO2 emissions and stabilize climate.


The official bottom line. The secretary of state is troubled because the Energy Department has advised the president that the United States cannot stabilize its CO2 emissions in the next decade. To be sure, dedicated Energy Department employees have made great strides in advancing the potential of energy efficiencies in homes and in industry. Yet the official bottom line is that, even with improved energy efficiencies, CO2 emissions will need to increase 15 percent in the next decade to provide healthy economic growth.



The secretary realizes that, as he travels around the world with this energy plan, he will be severely beaten about the head and shoulders, at least in a figurative sense, in many countries. His disquiet arises, however, because he has come to realize that the climate change issue has at least some validity, and with this energy plan the United States will aggravate future climate problems for the young and the unborn.

Besides, the secretary has a nagging feeling that something is inconsistent in the energy and CO2 projections. He knows the growth rate of energy use and CO2 emissions in the United States has been moderate in the past three decades, only about 1 percent per year, as opposed to 4 percent per year in the previous century. He also knows the president has publicly favored aggressive new actions to improve energy efficiency and develop renewable energies. Yet official projections have energy use and carbon dioxide emissions increasing at a rate at least as large as in recent decades. Something doesn’t square up.


A team player’s quandary. The secretary’s quandary arises because he knows that the president must rely on his Energy Department for projecting energy needs, and the secretary is a consummate team player. What can he do? His first thought is to fiddle with the energy and CO2 numbers himself, and to try to figure out if something is wrong. After all, like Benjamin Franklin, the secretary is a bit of an amateur scientist (well, not quite like Benjamin Franklin). But he soon realizes the futility. He is dealing every day with crises in the Middle East and around the world, including the war on terror.



Suddenly, an idea hits him—he must call on the A-Team, a group of students and teachers he knows in the New York City area. He and the president are committed to young people and their education. Who better to investigate this problem than the people who will inherit the consequences of our energy plan?


The scientific approach. The A-Team enters. They look ragtag—some bleary-eyed students, a couple of energetic teachers, a wizened professor—but the secretary doesn’t mind their appearance. He knows that they take a scientific approach; they give primacy to real data. Theories and models of the future can help organize one’s thoughts, but they are only useful if they explain the real world. A convincing analysis must start with and place most weight on data and real-world observations.



Their job, the secretary explains, is to provide a hard-nosed analysis, one that can be taken to the president to help him. The president is besieged from both sides. Environmental advocates see the world through their lenses—they are not concerned about the health of industry. And energy advocates argue that we must have more and more energy—climate change may be exaggerated, they say, and future generations can deal with it. The president’s job is tough, and he needs some objective scientific help.


One good graph. The secretary can provide the A-Team with only one graph. “One good graph is worth a million words,” the secretary says. Staring at the chart (figure 2), he says, “This graph defines the enigma. Perhaps it can also help you define your analysis of the problem.”
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 FIGURE 2. U.S. energy consumption falls well below government and industry projections, even below projections made by the Department of Energy’s Energy Information Administration (EIA) in 2000.
 However, Amory B. Lovins’s projection (in Soft Energy Paths: Toward a Durable Peace, Penguin Books, 1977) that fossil fuels, nuclear power, and large hydroelectric power would all be largely replaced by small-scale renewable energy has also proved to be inaccurate.




The scenarios. The graph contrasts two energy paths for the United States that were proposed in the mid-1970s. The Energy Department projected the need for strong energy growth rates. It said that U.S. energy consumption of 70 quadrillion BTU annually in 1975 would need to increase to 200 quadrillion BTU annually forty years later, a growth rate of about 3 percent per year.



An extreme alternative to the Energy Department scenario was provided by Amory B. Lovins, an idealist and a renowned visionary. His scenario has continual improvements in energy efficiency, so energy use grows only slightly and then begins to decline. In addition, more and more of that energy is produced by what Lovins describes as “soft technologies,” ones that do not include nuclear power or big hydroelectric plants—energy sources that are also the banes of some environmentalists.

CO2 emissions (from coal, oil, and gas) in Lovins’s scenario decline dramatically, almost disappearing by 2025. The students noted that his scenario is more extreme than the “alternative scenario.” CO2 emissions in their “A-scenario” peak early in the twenty-first century and decline enough by midcentury to prevent global warming from exceeding 1 degree Celsius. The students are puzzled because their A-scenario is already much more ambitious than those considered by the Intergovernmental Panel on Climate Change. So they are eager to see how Lovins’s even more optimistic scenario compares with the real world.


The real world. The real-world data for energy use in the United States (the EIA curve in figure 2) show that Lovins was at least half right. U.S. energy use grew only slowly, about 1 percent per year, after 1975. But the data also show that Lovins’s scenario, if taken as a prediction, was half wrong, at least so far. Use of renewable energies such as the sun and wind is still so small that it barely shows up in the graph. Yet the A-Team could not dismiss Lovins as a dreamer—perhaps energy policies ignored opportunities, and Lovins was just ahead of his time by a few decades.



The task description for the A-Team continued for several pages. I suggested that each student pair up with a teacher or scientist and that each pair choose one form of renewable energy (say, geothermal), one energy efficiency area (say, residential buildings), and one area of technology development (say, carbon capture and sequestration). Then they would estimate the potential for CO2 emission reductions for fifteen-year and thirty-year time horizons—the shorter period would need to rely on existing technology, while the longer period could include realistic projections for improved technologies. They also would estimate results with “current trends” (no policy changes), “moderate action” (actions with little or no cost), and “strong action” (government-mandated energy reforms or technology subsidies).

The A-Team was the most enthusiastic and hardworking of all my Institute on Climate and Planets teams. The pairs reported back to the full team on a weekly basis, and by the end of the summer they had made good progress on the renewable energy and energy efficiency tasks. I wrote a letter to Colin Powell inviting him to give the keynote speech at our summer institute closing ceremony; we wanted to also show him the A-Team’s results. Unfortunately, Secretary Powell could not attend, but this did not deter the A-Team from continuing their enthusiastic work for two more years.

We decided to go into greatest detail on automobile efficiencies during the next two years, for several reasons. Vehicles were the fastest-growing source of CO2 emissions, yet the government seemed to be oblivious to the matter. Also, during the course of the A-Team study, I had been invited to give a talk at Exxon/Mobil headquarters, and my discussion of this experience with the A-Team spurred our desire to focus on vehicles.

My talk at Exxon/Mobil was to executives and top engineers of the ten leading automobile manufacturers in the United States, including Japanese and European companies. Afterward, we had a friendly question-and-answer session that addressed climate model uncertainties, causes of climate change in Earth’s history, and my assertion that we must get onto a path resembling the alternative scenario in order to avoid disastrous climate change.

I stayed for the rest of the morning as engineers described their plans. Criticisms of the California Air Resources Board (CARB), which was attempting to force the car manufacturers to deliver major improvements in vehicle efficiency, grew more and more strident. Finally I raised my hand and asked, “Wouldn’t it make sense, instead of fighting CARB, to try to get ahead of the curve by focusing on vehicle efficiency?” The response was, “Dr. Hansen, we have to give the customers what they will buy, and they want higher performance and larger vehicles.”

That evening I noticed several television advertisements showing huge vehicles parked atop mountain peaks (where probably nobody would ever actually drive). This led me to question how much of the desire for size and performance really originated with the customers.


Nevertheless, the A-Team decided to look at it this way: For twenty years the automotive industry has used advances in technology only to increase vehicle size and performance, keeping average miles per gallon at about the same level. Vehicles now had size and performance. If technology gains in the next fifteen years were used to improve efficiency, retaining current performance levels, how much could miles per gallon be increased?



Relying heavily on a recent National Research Council (NRC) study of potential vehicle-efficiency improvements, the A-Team wrote a report considering different degrees of technology infusion, ranging from changes that the NRC deemed “production ready” to emerging technologies.

The A-Team also developed the Auto CO2 Tool and made it available on the Web. Users could make alternative assumptions for technology infusion and view graphs of the results, including reductions in national oil requirements. The Auto CO2 Tool showed that moderately aggressive improvements in efficiency resulted in efficiency gains ranging from 18 percent for subcompact autos to 37 percent for large pickups. Vehicle price increases, ranging from eight hundred to three thousand dollars, generally were covered by reduced fuel costs within a few years.

The Auto CO2 Tool revealed that even without further vehicle-efficiency improvements, if the existing production-ready vehicle-efficiency improvements were made, the resulting reduction in U.S. oil imports by 2050 would be 7 ANWRs, where 1 ANWR is the entire amount of oil that the United States Geological Survey estimates to be recoverable from the Arctic National Wildlife Refuge. Once the vehicles with these moderately aggressive fuel-efficiency improvements were fully phased into the vehicle fleet, which requires about fifteen years, the annual reduction in U.S. oil import costs, with oil at fifty dollars a barrel, would be a hundred billion dollars.

The A-Team was counting on me to write a publishable paper about the results of our study, which, in my opinion, were significant. Our basic conclusion was that existing technology could provide a CO2 emissions path consistent with the alternative scenario in the near term, i.e., a downturn of emissions over the next fifteen years, as opposed to the continual emissions growth that the Energy Department projected. This conclusion applied not only to the transportation sector but also to the industrial, commercial, and residential sectors.

The paper I wrote, “On the Road to Climate Stability: The Parable of the Secretary,” took a novel approach. It included twenty-two graphs and pie charts organized into eight figures, but the text of the paper was written partly as a discussion among three A-Team members: the wizened professor (some combination of York College professor Sam Borenstein and me) and two students, Jorge and Naomi (representing all the other A-Team members). I aimed to provide a more complete picture of the research process by capturing the emotions as well as scientific results.

Unfortunately, journal editors and referees did not like this approach, and my attempts to get the paper published were rebuffed. We lost funding for the education program, and efforts to get foundation funding failed. Carolyn Harris moved back to Washington, where she had once been a high school teacher, and I had a full-time regular job and was writing several other papers (especially “Can We Defuse the Global Warming Time Bomb?”), so the A-Team paper never had the audience it deserved.

Below is the final section of the paper. In the preceding section the A-Team had just completed its report, and the students were musing about whether the nation’s leaders would have the gumption to take the actions necessary to achieve the potential energy efficiencies the team had found, including battling special interests that defend the status quo.

The wizened professor said to them, “But aren’t we getting out of our area of knowledge? We did our best. Let’s give the report and the Auto CO2 Tool to the secretary. He can take it to the Task Force on Energy and Climate.”

The secretary’s debriefing, of course, came from our imagination.


DEBRIEFING BY THE SECRETARY



The A-Team waited nervously for the secretary to return from a meeting of the Task Force on Energy and Climate. What could be taking so long?

When they finally saw him coming down the corridor, their faces fell, as he bore an uncharacteristic and distant scowl. Seeing them, he brightened and said, “Why so glum? The Task Force members were enthusiastic about your report and agreed with the thrust of it. They were impressed by your work.”

“The chairman?”

“The chairman liked it too. He agreed with most things that you wrote. He will adopt much of the language in future positions and official statements. He sends his sincere thanks for your efforts.”

“You mean that actions will be taken? Does he expect to meet the CO2 emissions in the A-scenario? How will it be done?”

“I am afraid that will not be in the plans. He agrees with the need for technology development. Maybe in the future it will be possible to slow emissions.”

“But you said he agreed with our analysis and would adopt the language in official statements. We showed that it was practical and beneficial to reduce emissions with existing technology, no?”

“Well, he did not entirely agree with the report. He did not think that energy needs would be slowed or that CO2 emissions could be reduced.”

“But didn’t we show that it was possible with existing technology? What did he say about that part of the report?”

The secretary paused. “He said that part of the report was … naïve.”

“Well,” the professor interjected, “there are other important components to energy use and CO2 emissions. What about energy efficiencies in households and buildings?”

“The Task Force agrees there is great potential for savings in the United States. It is up to Congress and the states to lead. There will be an effort to cooperate with Congress, especially on gasohol.”

“Gasohol?”

“Yes. Didn’t you agree that it could be done in a way that would be marginally useful?”

“We didn’t spend much time on it,” Jorge said. “We looked into it enough to conclude that the assumptions of the Berkeley professor who had argued that gasohol took more energy to produce than it provided were not necessarily right.”

“However,” said the professor, “gasohol is surely a minor player in the overall energy and CO2 problems. Why give it priority?”

The secretary looked away and didn’t answer. He seemed to be musing about the larger picture.

A long period of silence was broken by the professor. “What are you going to do now?”

“I don’t know,” the secretary said thoughtfully. “We are all team players.”

Naomi ended another period of silence by asking, “Do you think we are naïve?”

The secretary hesitated, but he had regained his composure. “Naïve is an interesting word. It has more than one connotation. Perhaps we are all naïve.”






End of sample
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