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Preface

In the fall of 2009 climate policy seemed on track. Expectations for the coming United Nations conference in Copenhagen were measured, but generally optimistic. The optimism seemed warranted. After all, in the previous year the United States—long seen as the single obstacle to coordinated global action on climate change—saw President Barack Obama swept into office, promising in his inaugural address to make responding to climate change a priority of his administration, marking a stark contrast with his predecessor. Soon after, the substantial Democratic majority in the House of Representatives passed “cap and trade” legislation that would put a price on carbon and aimed at reducing U.S. emissions of carbon dioxide by 17 percent by 2020. In the Senate, the Democrats held a supermajority of sixty votes, making prospects for enactment of the legislation highly likely. Leaders in other countries that had been seen as laggards—including Australia, Japan, and even China and India—were saying all the right things about the need for action, joining those in Europe who had long been advocating global action on climate change. Success, it seemed, was finally at hand.

It was remarkable, then, to see the complete meltdown of global climate policy at Copenhagen and the disarray that followed. Far from reaching a truly international agreement, at Copenhagen just a few countries hastily agreed to an accord in the conference’s waning hours. Europe was not present in the final negotiations, and the accord itself was merely “taken note of”—diplomatic speak for failure to reach a more substantive agreement. In the United States some environmentalists tried to put on a brave face regarding Copenhagen, but the fact  that the agreement was almost universally panned (expect by a few countries interested in business as usual) told the real story. The departure of the UN’s chief negotiator—who soon after the conference announced his resignation and intent to work in the private sector—completed the sense of utter failure that was Copenhagen.

The United States saw the momentum for action to cap carbon emissions halt as political winds changed dramatically. The Democrats lost their supermajority in a special election to replace the late Edward Kennedy, senator from Massachusetts. President Obama’s decision to prioritize health care reform consumed much of his political capital in the first months of 2010. There seemed little appetite to replicate that effort, and, not surprisingly, ambitious plans for climate legislation were scaled back even before health care reform was enacted, with proposals focusing as much on expanding fossil fuel supply as reining it in. The prospects for major U.S. legislation seemed as far off as a comprehensive global treaty.

As if this was not bad enough, in November 2009 someone stole or released more than a thousand e-mails from a server at the University of East Anglia in the United Kingdom that showed private discussions among climate scientists going back more than a decade. Some of these discussions showed scientists in a rather poor light. Soon thereafter, the Intergovernmental Panel on Climate Change (IPCC) faced criticism after an obvious error was identified in its 2007 report. It didn’t help that its initial reaction was to stonewall and deny. A series of further revelations showed a series of errors in the report and breakdowns in its review process. Its chairman was accused of having conflicts of interest. A series of investigations and reviews was subsequently initiated to examine the IPCC and the activities of some of the scientists implicated by the released e-mails. Opinion polls in the United States and Europe showed growing doubts about the trustworthiness of climate scientists.

These failures shouldn’t have come as a surprise. The difficulties faced in the politics and science of climate change provide compelling evidence that the course that the world has been on for climate policy has created the conditions for policy failure. For some, the lesson is to reload and try again with the same strategies that have gotten us to  where we are today. To me, that seems like insanity. It is time to rethink fundamentally our approach to climate change, and this book offers such a rethinking.

But before you proceed, I offer a warning. Over the past ten years at the University of Colorado I have taught a seminar titled Policy, Science, and the Environment. It seeks to introduce first-year graduate students to the messy intersection of science and politics. On my syllabus I have included a cartoon from the series Calvin and Hobbes. Calvin, the little boy, explains to Hobbes, his tiger friend, “The more you know, the harder it is to take decisive action. Once you become informed, you start seeing complexities and shades of gray. You realize that nothing is as clear and simple as it first appears.” Calvin explains that he has decided not to risk becoming informed, and Hobbes sympathizes: “You’re ignorant, but at least you act on it.”

Ignorance, as they say, is bliss, because seeing the world in black-and-white is easy and comfortable. Reality, as Calvin tells us, is actually colored in grays. So too it is in the world of climate change. For some, the climate debate is a morality play, with good guys and bad guys, with virtue and reason on one side and evil and corruption on the other. The Climate Fix seeks to clarify the climate debate in a way that anyone who can use a bit of addition, multiplication, and common sense can make sense of. If successful, once you read this book, you’ll never see the climate debate in the same way again. And if you want to see progress, rather than gridlock and disarray, seeing the climate debate in a new light might be just the thing we need.






CHAPTER 1

Dinner Table Climate Science for Commonsense Climate Policy


IN THE SUMMER OF 1988 global warming first captured the imagination of the American public. In early June of that summer Senator Al Gore (D-TN) organized a congressional hearing to bring attention to the subject, one that he had been focusing on in Congress for more than a decade. The hearing that day was carefully stage-managed to present a bit of political theater, as was later explained by Senator Tim Wirth (D-CO), who served alongside Gore in the Senate and, like Gore, was also interested in the topic of global warming. “We called the Weather Bureau and found out what historically was the hottest day of the summer. Well, it was June 6th or June 9th or whatever it was. So we scheduled the hearing that day, and bingo, it was the hottest day on record in Washington, or close to it. What we did is that we went in the night before and opened all the windows, I will admit, right, so that the air conditioning wasn’t working inside the room.”1


The star witness that day was James Hansen, a NASA scientist who had been studying climate since the 1960s. Hansen had decided that “it was time to stop waffling so much and say that the evidence is pretty strong that the greenhouse effect is here and is affecting our climate.” Hansen emphasized three points in his testimony: First, “the earth is warmer in 1988 than at any time in the history of instrumental measurements”; second, “global warming is now large enough that we can  ascribe with a high degree of confidence a cause and effect relationship” to the emission of greenhouse gases, primarily carbon dioxide; and third, the consequences are “already large enough to begin to affect the probability of extreme events such as summer heat waves.”2 The hearing’s public impact surely must have exceeded even its organizers’ expectations, as the temperature in the room and the scorching weather outside resulted in Hansen’s testimony receiving wide coverage in the national and international media.

Not long after the hearing, S. Fred Singer, who like Hansen had spent much of his career as a government scientist and bureaucrat working on climate issues, published an op-ed in the Wall Street Journal  critical of Hansen’s testimony and the reception that it had received.  3 Singer, who had previously publicly questioned the science behind ozone depletion, acid rain, and nuclear winter (and who would later question the science associated with smoking policies), asserted that “more research is needed” before any actions are taken to reduce greenhouse gas emissions due to the very large uncertainties that accompanied the issue. The public battle lines had been drawn on a debate that had been emerging in fits and starts for several decades, if not longer.4


Looking back many years later, one observer remarked that the 1988 Gore-Hansen hearing “touched off an unprecedented public relations war and media frenzy,” marking “the official beginning of the global warming policy debate.”5 What’s more, the hearing had all of the elements that would characterize the debate in the following decades. Politicians sought to stage-manage the scientific community to support their political ambitions. Leading scientists willingly played along, enthusiastically lending the authority of science to the political campaign. Opponents of action engaged the political battle through debates over science—primarily by seeking to raise uncertainty (or, perhaps more accurately, by offering a set of competing certainties) as the basis for opposing efforts to regulate or otherwise address ever-increasing amounts of carbon dioxide and other greenhouse gases in the atmosphere—even though they were and would continue to be representing a minority position on the science. The global warming debate was  under way, and how it started set the stage for how it would be fought for the next several decades.

Because political battles over climate change have been fought through science since 1988, it is easy to lose sight of the fact that adversaries on either side of that debate have agreed about core aspects of the science since that time. As I’ll argue, that core understanding is sufficient to form the basis for a commensense approach to climate policy. Such an approach will recognize that science can alert us to a potential problem and provide some insight about the consequences of different policy choices, but science cannot decide what choices we ultimately make.

A commonsense approach to climate policy will recognize that there are many justifications for addressing the multiple human and nonhuman influences on climate, and their possible consequences, that should have our attention. For example, in the coming chapters I will introduce a technical concept—decarbonization of the global economy—that lies at the core of any effort to address increasing amounts of carbon dioxide in the atmosphere. Decarbonization refers to efforts to reduce the amount of carbon dioxide associated with economic activity, recognizing that sustaining economic growth is a priority around the world. The world has been decarbonizing for more than a century, and there are good reasons to accelerate that process that have nothing to do with climate science. But I am getting ahead of myself.




Mutual Misunderstandings in Science and Politics . . . 

When Jim Hansen was testifying before Al Gore in the summer of 1988, I had just finished my sophomore year at the University of Colorado in Boulder. I was a newly employed student assistant in the Atmospheric Chemistry Division of the National Center for Atmospheric Research. My job was fairly typical of a student assistant in a major research facility: to write simple computer programs that would transfer very large amounts of remote sensing information obtained from earth-orbiting satellites from obsolescing reel-to-reel computer tapes to (then) fancy new storage tapes using the Cray Supercomputers that NCAR (pronounced N-CAR) was world famous for running. The reason for transferring the data was to  ensure its continued availability to climate scientists so that they could conduct research using the data at some point in the future. Even in the 1980s the massive volume of data collected by remote sensing technologies such as satellites far exceeded the finite resources available to analyze that data, so archival work was an important (if mundane) part of preserving scientific information for possible future research use.

I had learned scientific FORTRAN programming during the previous two summers while working in a similar student assistant role for researchers at Colorado State University, where my father was a professor of atmospheric science. The first scientific paper that I collaborated on was a result of that summer work. That paper reported the results of an investigation of the effects of fairly regular afternoon cloudiness—such as occurs in the summer when thunderstorms build regularly along the Colorado Front Range—on the orientation of fixed solar panels.6  We asked whether the solar energy collected by the panels would be enhanced if the panels were shifted east to face more directly the morning sun and away from the cloudier afternoon skies. Before doing the research I had thought that the answer was obvious: of course the panels should be shifted toward the sunnier morning skies. However, upon actually doing the math we learned that a solar panel facing due south still collected more sunlight than one shifted to the east, even under conditions of regular afternoon cloudiness. It was a pretty simple study, yet, for me at least, it delivered unexpected results. It was a good lesson that intuition or belief is very often not a good substitute for actually doing the research, especially for seemingly simple questions with seemingly obvious answers. The lesson was to do the math yourself.

NCAR in the 1980s was a special place. It was not an ivory tower, but it was pretty close to being one. It sits on a mesa above Boulder in a spectacular setting, dwarfed by the foothills yet brilliantly designed by I. M. Pei so as to fit into its surroundings. NCAR has been home to some of the world’s greatest thinkers on environmental issues. When I was there in the late 1980s it was not uncommon for giants in the field of atmospheric sciences such as Walter Orr Roberts (NCAR’s founder), Will Kellogg, Warren Washington, and Mickey Glantz to join student assistants and other research support staff for lunch and conversation in  the cafeteria looking out over the plains at the foot of Colorado’s Front Range. Other scientists who were at NCAR at the time included Steve Schneider and Kevin Trenberth, both fixtures of the climate debate before and since that time.

Schneider, a prominent voice in debates about climate since the early 1970s, was even an extra in Woody Allen’s 1973 movie Sleeper, in which NCAR played a cameo role. The movie was set in 2173, and a few other NCAR employees were also cast as extras. Some bearded scientists didn’t make the cut as extras, as Woody Allen apparently did not see facial hair as part of his vision of the future.7 Sleeper is part of NCAR lore, which holds that the institution provides a window to the future. A colleague once remarked to me that just about every leading scholar in the atmospheric sciences had come through NCAR at some point in their career for one reason or another. In that company, I had a front-row seat to watch the atmospheric sciences emerge from being an interesting and relevant area of scientific research to occupy a center-stage position in global political debate.

The late 1980s and early 1990s were heady days for the atmospheric sciences community. The issue of ozone depletion of the stratosphere due to chlorofluorocarbons (a human-made industrial chemical used in refrigeration and air conditioners) was the focus of international attention. The Montreal Protocol governing the production of CFCs was signed in 1987 and subsequently strengthened in later years. Also during that period, policies to address “acid rain,” resulting from the emissions from power plants, were being discussed in the U.S. Congress as part of amending the Clean Air Act in 1990. Climate change was emerging as an important policy issue, but also one with the promise of considerable new funding for scientific research. The Intergovernmental Panel on Climate Change, which would share the Nobel Peace Prize with Al Gore in 2007, was begun in 1988, and the so-called Earth Summit in Rio de Janeiro took place in 1992. In 1990 the U.S. Congress passed the Global Change Research Act, which sought to create a comprehensive research program to provide useful scientific information to policy makers grappling with decisions about climate change. A few years later I would write my doctoral dissertation on the ability of  this research program to support policy making. In short, this period was one that saw the atmospheric sciences take a prominent role in a range of policy issues of national and global importance.

While I worked as a student assistant at NCAR’s Atmospheric Chemistry Division I had the opportunity to listen to the scientific staff as they discussed the relationship of science and politics, typically in the context of discussions of ozone depletion and the responses to it that were being debated at national and international levels. An overarching theme of these discussions among the scientists was that if only policy makers better understood science, then the process of policy making would be so much easier.

Armed with this insight, I decided that it would be valuable to gain some expertise in public policy before returning (I had thought) to a career in the physical sciences. I quit my NCAR student assistant job and was accepted into a graduate program of public policy at the University of Colorado. There I worked on a master’s thesis in which I evaluated the performance of the space-shuttle program as compared to the initial promises that NASA had made to secure political support for the program. I worked under the direction of Radford Byerly, a physicist who had spent much of the previous decades as a highly respected congressional staffer for the House Committee on Science and Technology. Rad had come to the University of Colorado a few years before in order to direct a center focused on space and geosciences policy. But his tenure did not last long; in 1991, thanks to his rare knowledge of both science and politics, he was called back to Washington, D.C., to serve as the chief of staff of the Science Committee, under its new chairman, Representative George E. Brown, a Democrat from southern California.

Chief of staff of the Science Committee is a pretty plum position in the world of science policy, so Rad accepted the position and moved back to Washington. I was only halfway through my master’s program, so it was potentially a great loss for me. I can only surmise that Rad must have felt guilty about leaving me middegree because he offered me a position in his office as an intern. Much like my student assistant work at NCAR, my duties as an intern for the House Science Committee  involved doing the mundane, behind-the-scenes work that makes any large institution work. But thanks to Rad it also gave me a front-row seat to watch the political process in action, especially because Rad made every effort to have me sit in his office—like a potted plant, just taking up space—for important closed-door meetings and to have me tag along with him to meetings and events involving members and senior staff that I never could have observed otherwise.

I will never forget the eye-opening, even life-changing, moment when late one afternoon in Rad’s office, the senior staff of the committee were discussing the relationship of science and politics following the visit of a highly respected member of the scientific community, who had come to advocate some political course of action. An overarching theme of this conversation among the staff was that if only scientists better understood policy and politics, then the process of policy making would be so much easier.

For me it was an “Aha!” moment. My experience at NCAR taught me that scientists thought that policy makers needed to better understand science, and my brief stint at the House Science Committee taught me that the policy makers thought the scientists needed to better understand policy and politics. This realization set me forth on a career in science and technology policy, studying (and participating in) that messy intersection of science and politics.




Carbon Dioxide Is Important, but Climate Change Involves Much More 

Perhaps it is one of the unavoidable side effects of being the son of a world-famous atmospheric scientist, but I have never questioned the climatic importance of human emissions of carbon dioxide; its importance has always been something that was accepted by my father and presented in his work. You could say I gained a pretty in-depth understanding of the atmospheric sciences at the dinner table. So the “controversy” over whether carbon dioxide emissions affect climate is not a subject that holds much interest for me, and looking back over my published writings on climate change since 1994, there is a consistent  message that carbon dioxide does indeed have significant climatic effects. Obviously, this view came straight from my father, and is widely (if not universally) shared in the atmospheric sciences community.

For instance, in the mid-1980s, when my own interests lay far from science and policy, focused instead on soccer and girls, my father wrote an annual article on the atmospheric sciences for the Encyclopaedia Britannica. In his 1985 article he explained that emissions of carbon dioxide to the atmosphere would cause a net warming of the Earth’s surface due to the fact that it and other trace gases “act to reduce the emission of long-wave radiation out into space yet still permit solar radiation to reach the Earth’s surface. This mechanism of heat increase is referred to as the greenhouse effect.”8 In 1984 he wrote that the consequences of an enhanced greenhouse effect could be profound: “Unless mitigated by other results of human activities, such as reduced sunlight at the ground due to additions of aerosols to the upper atmosphere, this warming could result in major changes in climate patterns.”  9 Mitigation policies typically focus on efforts to limit the accumulation of carbon dioxide in the atmosphere to some upper limit, a challenge described in technical terms as the “stabilization of carbon dioxide concentrations.”

Understanding the challenge of stabilizing carbon dioxide levels in the atmosphere at a constant amount is really quite simple.10 Imagine you have a bathtub that is filling with water (Figure 1.1). The rising water prompts concern that the tub will overflow, flooding your house and causing damage. Fortunately, there is a hole at the bottom of the tub that is allowing water to drain out of the tub. But unfortunately, this will only put off for a short while the overtopping of the bathtub, as the water is draining out at a rate slower than it is filling. To make matters worse, the rate at which the tub is filling is slowly increasing as each minute goes by.

The challenge that you face is to keep the bathtub from overflowing. Based on the filling rate, its rate of increase, and the open drain, the only way that you can prevent an overflow is by reducing the net rate at which water is filling the tub to zero. In other words, for the water level in the tub to become stabilized at a fixed level, the water  filling the tub must be coming in at less than or equal to the amount of water being removed.
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FIGURE 1.1 Understanding the buildup of carbon dioxide.

A simple bathtub model approximates the dynamics associated with the challenge of stabilizing carbon dioxide concentrations in the atmosphere. Human emissions of carbon dioxide (which can be thought of as the water filling the tub from the spigot) are increasing and accumulating in the atmosphere. Scientists measure the amount of carbon dioxide in the atmosphere using the terminology of “parts per million,” referring to the amount of carbon dioxide molecules in every million molecules in the atmosphere. At the start of 2010, these values were close to 388 ppm and growing at a rate of about 2 ppm per year during the past decade.

Carbon dioxide accumulates in the atmosphere due to anthropogenic (i.e., human) activities, primarily from the burning of fossil fuels and to a lesser degree from land-use practices such as clearing forests and tilling soil for farming. Several hundred years ago atmosphere concentrations of carbon dioxide were about 280 ppm, meaning that they have increased by more than 100 ppm in the time since.11 The various human activities that lead to carbon dioxide emissions can be thought of as the spigot in the bathtub analogy from which the water is filling the tub. Atmospheric concentrations have increased because carbon dioxide accumulates faster than it is removed. Emissions are conventionally described in units of billions of metric tons (Mt, about 2,200  pounds), or gigatons. The addition to the atmosphere of approximately 7.8 Gt of carbon dioxide leads to an increase in CO2concentration of 1 ppm.12 Figure 1.2 shows the increasing emissions of carbon dioxide from the burning of fossil fuels.
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FIGURE 1.2 Carbon dioxide emissions from fossil fuels, 1751-2006. Source: U.S. Department of Energy.

Some of the carbon dioxide emitted to the atmosphere through human activity is absorbed by the oceans and by various processes of the land surface.13 Because the uptake of carbon dioxide is related to processes that change in complex ways due to growing carbon dioxide concentrations, projections of how much carbon dioxide will be taken up by the oceans and land surface in the future are necessarily highly uncertain.14 The fact that the oceans absorb carbon dioxide reduces the rate at which it accumulates in the atmosphere, which might be good news from the perspective of the atmosphere were it not for the fact that carbon dioxide absorbed into the ocean introduces a different suite of challenges because it leads to changes in the ocean’s chemistry, with potentially harmful effects. With accumulating carbon dioxide emissions, unfortunately, the natural system provides no easy, short-term solution.

The ability of the land surface to take up carbon dioxide has been a central feature of international climate policies. If the land surface can store large quantities of carbon dioxide, then this would add some additional time for the global economy to decarbonize, as the amount  of carbon dioxide accumulating in the atmosphere would slow down a bit. It is as if the hole in the bottom of the bathtub might be made a bit larger. Such proposals have been particularly appealing to those interested in preserving forests, which store large quantities of carbon (particularly tropical rain forests), as well as farmers, who are able to modulate the amount of carbon stored in their lands through different agricultural practices.

While land-surface management is a potentially valuable short-term tool for sequestering carbon dioxide (as well as for achieving other goals, such as preserving forests, to achieve low atmospheric stabilization targets), it cannot alter the basic need to dramatically accelerate the decarbonization of the global economy. Put another way, whatever is done with respect to land-surface management, it won’t change the basic arithmetic of decarbonization.15 Further, efforts to tie in land-surface management with decarbonization of the economy have been fraught with political challenges. For instance, the state of California found itself under intense criticism from environmental groups when it put forward rules that would allow timber companies to clear-cut old-growth forests and receive financial benefits under a carbon trading program for reducing carbon dioxide emissions.16 Policy challenges involving land-surface management of carbon dioxide are compounded by fundamental uncertainties in carbon-cycle science, including a basic understanding of the contribution of human perturbation to forests to global emissions.17 The capture and storage of carbon dioxide will be revisited in Chapter 5. The remainder of this chapter will focus on carbon dioxide emissions that result from the combustion of coal, petroleum, and natural gas.


Figure 1.3 shows the annual increase in atmospheric concentrations of carbon dioxide from 1959 through 2008, over which reliable measurements have been taken following the International Geophysical Year in 1957. The measurements have been taken from near the summit of the Mauna Loa volcano on the Big Island of Hawaii, starting in March 1958 and continuing to the present. The increasing concentrations are analogous to the water level in the metaphorical bathtub described above.
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FIGURE 1.3 Atmospheric carbon dioxide concentrations, 1959-2008. Source: U.S. National Oceanic and Atmospheric Administration.

Policy makers have debated goals for stabilizing carbon dioxide-concentrations and for the amount of emissions reductions that policies should seek to target through climate policy.18 In other words, they are debating two quantities at once: one quantity is how high the top of the bathtub actually is, that is, when the water spills over and causes damage (called a stabilization target), and the second quantity is what level they should seek to limit the water’s increase and the milestones on the way to achieving that limit (called emissions-reduction targets). Here the bathtub analogy breaks down, because the impacts of carbon dioxide are not instantaneous, like the effects of a bathroom flood. Carbon dioxide actually affects the atmosphere, oceans, and ecosystems at all concentrations. Although some scientists believe that there may be “tipping points” or thresholds in the climate system where catastrophes occur, there inevitably remains much that is unknown. So unlike the bathtub, in the real world the impacts of increasing carbon dioxide are already occurring, and no one knows if or when there might be a threshold effect.  19 To make the bathtub analogy a bit more realistic you’d have to imagine water filling up a bathtub when you don’t know the level of the rim or even the size of the tub. As Kerry Emanuel, an MIT climate expert who focuses on tropical cyclones, explains, “I do not think there is any ‘magic number’ that denotes some kind of tipping point, but if there is, we collectively have no idea what number that is.”20


Because of the inevitable and fundamentally irreducible uncertainties about the future impacts of accumulating carbon dioxide, policy  makers have sought to define a political threshold to guide policy, informed as much as possible by information from the climate science community. Politics works well with nice, round numbers, so a number that was first discussed in early climate policy discussions was 550 parts per million, simply because this was a doubling of preindustrial concentrations, and thus easily conveyed. It was also the value most frequently used by climate scientists in their early climate-modeling work, so 550 ppm was a number for which there was actual research to discuss.21


In more recent years the target most often mentioned in climate policy is 450 ppm, which has been advocated by the European Union as being consistent with limiting global average temperature changes to 2 degrees Celsius above preindustrial values. The 2 degree target has been severely criticized by some experts. Among them is polymath Richard Tol, a Dutch economist, who has written that the target is “supported by rather thin arguments, based on inadequate methods, sloppy reasoning, and selective citation from a very narrow set of studies.”22  Tol suggests that the 450-ppm target may simply be a negotiating position in the international climate policy process, with less basis in science than in the convenience of being a round number. Regardless, the value of 450 ppm, used interchangeably with a “2 degree target,” has been at the center of international negotiations in recent years.

Others find the 450-ppm target to be far too high. For instance, author and environmental activist Bill McKibben founded an organization called 350.org to advocate for stabilizing concentrations at no higher that 350 ppm, which would imply removing carbon dioxide from the atmosphere in order to reach a level last seen in the 1980s. McKibben explains why 350 makes more sense than 450, echoing some of the same concerns raised by Tol: “Science doesn’t actually know if 450 ppm and 2 degrees are the same thing, and no one knows how much change they would produce. Again, these were guesses for the point at which catastrophic damage would begin—they were more plausible, but still not based on actual experience. They also reflected guesses of what was politically possible to achieve.” McKibben further explains that a 350-ppm target offers greater political traction in the debate than would a 450-ppm target: “It’s the difference between a doctor telling  you that you really should think about changing your diet and a doctor telling you your cholesterol is already too high and a heart attack is imminent. The second scenario is the one that gets your attention.”23 So 350 is a round number like 450, but it has the added benefit of implying urgency, as the atmospheric concentration of carbon dioxide has already exceeded that value.

Among the members of McKibben’s 350.org organization is Rajendra Pachauri, chairman of the Intergovernmental Panel on Climate Change, who has stated that “what is happening, and what is likely to happen, convinces me that the world must be really ambitious and very determined at moving toward a 350 target.” Also supporting a 350-ppm target is NASA’s James Hansen, who has written, “If humanity wishes to preserve a planet similar to that on which civilization developed and to which life on Earth is adapted, paleoclimate evidence and ongoing climate change suggest that CO2will need to be reduced from its current 385 ppm to at most 350 ppm.”24 At the UN climate meeting in Copenhagen in December 2009, McKibben announced that ninety-two small, mostly poor nations had endorsed calls for a 350-ppm target.25


Whether a 350- or 450-ppm target makes more sense is largely a distraction to the challenges of policies focused on stabilizing concentrations of carbon dioxide in the atmosphere. Ken Caldeira, a prominent climate scientist at Stanford University, explains that the focus should be on the flow of emissions, not the ultimate concentration target: “I think that arguments over temperature targets are a distraction. We should be talking about emissions targets, and the right emission target is zero. We are going to solve the carbon-climate problem when we create an understanding that it is no longer acceptable to use the atmosphere as a waste dump.”26 Caldeira is simply explaining the logic of the bathtub model: the rise in concentrations won’t stop until the amount of carbon dioxide going into the atmosphere equals the amount going out.

Reaching this goal implies virtually the same set of actions regardless of whether the target is 450 ppm, 350 ppm, or some other low level for stabilization. Myles Allen, a climate researcher at Oxford University, puts it well: “The problem is not that 350 ppm is too high or too low a threshold, but that it misses the point. The actions required over the  next couple of decades to avoid dangerous climate change are the same regardless of the long-term concentration we decide to aim for.”27 Consequently, the debate over targets is a little like arguing whether we should seek to advance the average human life span to 87.5 years or 93.5 years. Surely, improving health outcomes is an important public goal, but progress occurs when we develop solutions to disease and public health issues, not when we agree on targets for human life spans. But I am getting ahead of myself, as there is still some additional science to be discussed.

The effects of carbon dioxide on the climate system are enhanced by a process called water-vapor feedback, which describes how the atmosphere holds more water when it warms. Because water vapor is itself a powerful greenhouse gas—so named by scientists to try to convey greenhouse gases’ net warming effects—more water vapor in the atmosphere will enhance the warming effects of added carbon dioxide. In 2001 the Intergovernmental Panel on Climate Change wrote that water-vapor feedback was “the most consistently important feedback accounting for the large warming predicted by general circulation models” in response to accumulating carbon dioxide in the atmosphere.28


Water-vapor feedback only begins to hint at the enormous complexities of the global climate system. Figure 1.4 shows how some of these complexities were presented in a 1974 paper by NCAR’s Will Kellogg and Steve Schneider. As understandings have developed over the years, it has become apparent that the climate is an even more complex system than Kellogg and Schneider indicated. In 2007 the IPCC referred to a much wider range of mechanisms and pathways of feedback that did not appear in the Kellogg-Schneider figure when it wrote that “the climate system is a complex, interactive system consisting of the atmosphere, land surface, snow and ice, oceans and other bodies of water, and living things.”29 In short, just about every atmospheric, oceanic, and ecological process on planet Earth is a part of the climate system. Table 1.1 provides a list of many of the factors related to human activities that are now thought to have a discernible effect on local, regional, and global climate over time periods ranging from weeks to centuries. These factors interact with each other and lead to second-order  (and third-and so on) effects that also feed back to the system, influencing the climate system in a diverse set of ways.
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FIGURE 1.4 Climatic cause-and-effect (feedback) linkages. Source: W. Kellogg and S. Schneider, “Climate Stabilization: For Better or Worse?” Science 186 (1974): 1163-1172.

Despite the wide range of human-related climate influences, scientists and policy makers have focused their attention on the climate-altering roles of greenhouse gases, and among greenhouse gases the focus has been primarily on carbon dioxide. For instance, in 2007 the IPCC reported, “Carbon dioxide is the most important anthropogenic greenhouse gas.” John Holdren, science adviser to President Barack Obama, has written, “Carbon dioxide is the most important of civilization’s emissions and the most difficult to reduce.” Justice John Paul Stevens wrote in a 2007 U.S. Supreme Court decision in which it ruled that carbon dioxide and several other greenhouse gases can be classified as dangerous pollutants that carbon dioxide is “the most important” greenhouse gas.30


Carbon dioxide is important not just because of its influence on climate but also because it is expected to stay in the atmosphere much longer than other greenhouse gases.31 Susan Solomon, who led the science report for the IPCC in 2007, and colleagues have written that “greenhouse gases such as methane [CH4]or nitrous oxide [N2O] are significant for climate change in the next few decades or century, but these gases do not persist over time in the same way as carbon dioxide.” Stanford University’s Ken Caldeira maintains that “if you say what’s the primary gas responsible for the planetary warming, I would say it’s carbon dioxide.”32  The public discussion of climate change echoes the importance that scientists and politicians have placed upon carbon dioxide. In the public debate over climate change we speak in terms of carbon footprints; no one seems to worry much about their nitrous oxide footprint.33


 
TABLE 1.1 Human influences on the atmosphere
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Sources: http://www.ipcc.ch/pdf/assessment-report/ar4/wg1/ar4-wg1-chapter2.pdf;  http://www.nap.edu/openbook.php?record_id=11175&page=34.

Because the policy debate and scientific emphasis among virtually all leading scientific assessments have been focused on carbon dioxide, the emphasis of the analysis in subsequent chapters will also be on carbon dioxide.34 The result of this emphasis, of course, is that other important human influences on the climate system will be neglected. Some might see this as a feature: Steve Rayner, a close colleague of mine and professor at Oxford University, has suggested to me that international climate policy was off track from the moment that it centered on climate change broadly conceived rather than starting from a narrower focus on long-lived greenhouse gases or even more narrowly on carbon dioxide. His point notwithstanding, dealing only with carbon dioxide or even greenhouse gases cannot fully address the challenge of climate change, a subject that I’ll return to later. A commonsense approach to climate policy must begin with recognition that carbon policy is not the same thing as climate policy, despite the conflation of the concepts in popular, and often in technical, discussions.

Make no mistake: carbon dioxide matters a great deal. However, a key implication of recognizing the diversity of human influences on the climate system is that even if we were to meet the challenge of stabilizing concentrations of carbon dioxide (and even other greenhouse gases) in the atmosphere at a low level, we would not have solved the larger challenge of addressing human influences on the climate system, because we have so many other influences on it. Although the next several chapters focus on carbon dioxide, this will not be the last time that we discuss other greenhouse gases or even other human influences on the climate system.

Some policy instruments have been designed to address carbon dioxide in the context of addressing a larger set of climate-influencing factors. For instance, the Kyoto Protocol has sought to reduce the emissions of a “basket” of six different greenhouse gases, while legislation proposed in the United States in 2009 was designed to reduce the emissions of seventeen different greenhouse gases. Even more complex policy  proposals seek to manage emissions from forests, agriculture, and other land uses. Some have suggested bringing the regulation of aerosols (such as soot) into the climate debate. However, even as most of these policies and proposals can be mind-numbingly complex, none deal with the full complexity of the human influence of the climate system. As will be argued throughout this book, thinking that we might manage the entire human influence on climate under a single policy umbrella is fanciful at best, as the more complex a policy is, the more difficult it is to implement. A commonsense approach to climate policy will reflect a diversity of policies and instruments, reflecting the diversity of issues encompassed under the umbrella of “climate change.”

One of the most obvious challenges facing efforts to manage the earth’s climate is that as science progresses, new complexities are being discovered and proposed all the time. In the summer of 2009, for instance, two researchers from Cal Tech published a paper in the prestigious journal Nature in which they suggested that the movement of jellyfish in the oceans might exert a climatic effect comparable to winds and ocean currents.35 This prompted at least one climate scientist to wonder if climate models that seek to describe and predict the evolution of the climate system might have to be modified to include the effects of such “biogenic mixing.”36 Because humans also have a large footprint on oceans and sea life, it could very well be that if human activities influence biogenic mixing, such as through fishing or pollution, then there would be yet another human influence on the climate system. The list presented in Table 1.1 will inevitably grow longer and more detailed as scientists continue to better understand the myriad complexities of the human role in the global climate system.

The presence of multiple human influences on the climate system has proved problematic at the science-policy interface, where much of the public discussion takes place as a Manichaean debate of skeptics and deniers versus consensus defenders and alarmists (with the choice of group labels a function of where you stand on the issue). This two-sided debate has been difficult territory to navigate for those espousing a more nuanced perspective than the cartoonish caricature of debate over climate science-as-a-proxy-for-political-debate found on blogs and in the media.

For instance, some scientists, such as my father, believe that “humans have an even greater effect on climate than is suggested by the IPCC. The human influence on climate is significant and multifaceted.”  37 This view does not deny the important role of carbon dioxide in influencing climate, but it places it into a broader context in which there are multiple influences on the climate system, such as those listed in Table 1.1. My father has at times been castigated in public debate as a skeptic or even a denier, but it is hard to make sense of this label placed upon someone who has written, “It is clear, of course, that human activities have had and will continue to have a discernible influence on the climate system,” and who has called for recognition that there are numerous human influences on the climate system: “Climate change as realized at the regional scale involves more than just the radiative effect of a global change in CO2, and other greenhouse gas and aerosol concentrations.” Specifically, in his research he has pointed to several other important factors that have an important influence on climatic patterns. For example, “at least two important forcings have been excluded in the IPCC. . . . These are the effect on global climate of anthropogenic land-cover change and the biological effect of anthropogenically increased concentrations of carbon dioxide.”38


On the issue of the importance of human influences beyond carbon dioxide, my father has had some interesting fellow travelers, most notably James Hansen. In 2001 Hansen, having coauthored a paper on the effects of soot on the climate system, expressed similar concerns about the narrow focus of climate policy discussions. In a congressional hearing Hansen complained that the political emphasis on carbon dioxide was taking attention away from other important human influences on the climate system: “[The] Kyoto [Protocol] excludes consideration of air pollution”; as a result, the “IPCC basically ignores these topics and downgrades them.” Hansen went so far as to allege that scientists at the IPCC and the prestigious journal Nature made decisions about what climate science to highlight based on their political preferences: “The only IPCC ‘review’ of our paper was by the IPCC leaders (as reported in the New York Times, for example), who saw our paper as potentially harmful to Kyoto discussions. They received the backing of  organizations (such as the Union of Concerned Scientists . . . ) and publications (particularly Nature), who had previous editorial positions favoring the Kyoto Protocol.”39


Hansen became a darling of advocates seeking action on carbon dioxide when he testified in a court case in the United Kingdom in support of a group of individuals who had been arrested for causing damage to a coal plant, protesting its carbon dioxide-rich emissions. Hansen was just as quickly deemed “irrelevant” by many of those very same advocates when he came out in strong opposition to “cap and trade” policies to limit carbon dioxide emissions in the United States.40


The foregoing isn’t to say that politicians are ignoring every influence on the climate other than carbon dioxide and other greenhouse gases; black carbon (soot), for example, is on their radar screen. However, in 2009 the U.S. Environmental Protection Agency in its endangerment finding of carbon dioxide declined at the same time to classify soot as a pollutant, ironically enough citing lingering scientific uncertainties as the basis for inaction.41 Of course, once the EPA opens the door to regulation of factors other than greenhouse gases that influence the climate system, it could inevitably lead to calls for regulation of every human influence on the climate system listed in Table 1.1. That, of course, would be a regulatory nightmare, and so provides a pragmatic reason to keep the focus centered on carbon dioxide. On the international front there has been reluctance to distract attention from emphasizing carbon dioxide. In October 2009 India’s environmental minister, Jairam Ramesh, commented that black carbon had no place in international negotiations on climate change. “Black carbon is another issue,” he said. “I know there is now a desire to bring the black carbon issue into the mainstream. I am simply not in favor of it.”42 Although the climate system’s complexity is a scientific reality, dealing with it can be a political nightmare.

Despite the reluctance of some policy makers to consider the importance of human influences on climate beyond carbon dioxide, the scientific community has increasingly emphasized the greater complexities than are recognized in a carbon dioxide-only approach. For instance, Nobel Prize-winning scientist Mario Molina and colleagues  wrote in October 2009 in the journal Proceedings of the National Academy of Sciences that a complementary focus to carbon dioxide reductions is important: “There is growing demand among governments and commentators for fast-action mitigation to complement cuts in CO2  emissions, including cuts in non-CO2climate forcing agents, which together are estimated to be as much as 40 to 50 percent of positive anthropogenic radiative forcing” (a metric used by scientists to quantify human influence on climate system).43 In late 2009 my father along with eighteen other fellows of the American Geophysical Union published an article in which they argued:
In addition to greenhouse gas emissions, other first-order human climate forcings are important to understanding the future behavior of Earth’s climate. These forcings are spatially heterogeneous and include the effect of aerosols on clouds and associated precipitation . . . the influence of aerosol deposition (e.g., black carbon . . . and reactive nitrogen . . . and the role of changes in land use/land cover). . . . Among their effects is their role in altering atmospheric and ocean circulation features away from what they would be in the natural climate system. . . . As with CO2, the lengths of time that they affect the climate are estimated to be on multidecadal time scales and longer.44






It is not surprising that there has been resistance to the calls from Molina, Hansen, Pielke Sr., and their colleagues to look at the human influence on climate more comprehensively. In the hyperpoliticized world of climate politics, any emphasis on factors beyond carbon dioxide (and other greenhouse gases) is, for some people, a distraction. They argue that things are complicated enough already, and nuance only distracts from the clear focus that politics (stressing carbon) requires to succeed. Nuanced but arguably more accurate scientific perspectives are difficult to advance in the debate, a topic that I’ll revisit in Chapter 7.

Of course, some observers of the climate debate have pointed out quite correctly that for some advocates of action the issue is not really about the specific details of the human influence on the climate system,  whether due to carbon dioxide or otherwise. Rather, broader notions of sustainability and how we as many billions of people live on planet Earth are the focus. Mike Hulme has written that “the idea of climate change can touch each of us as we reflect on the goals and values that matter to us.”45 Indeed, some argue that the reality of ever-increasing carbon dioxide is a symptom of a deeper set of problems, not simply a technical condition to be managed. In the days before the December 2009 climate conference in Copenhagen, Yvo de Boer, head of the United Nations Framework Convention on Climate Change (FCCC), argued that climate policy was about more than reducing emissions: “It will provide the biggest opportunity since the industrial revolution to rebalance economic activity towards a more stable and equitable path for every nation.”  46 More broadly, climate change has been used as a fulcrum to gain leverage on issues as varied as biodiversity loss, deforestation, poverty, equity, population growth, consumption, global governance, and many others, all of which can—arguably—readily stand on their own merits independent of concerns about climate change.

Despite the significant attention paid to disputes and debates related to climate science, there are many aspects that are accepted by just about everyone in the discussion. Andy Revkin, formerly a reporter for the New York Times who has covered the climate debate for more than twenty years, explains that with respect to the climate and energy challenge there are “core ideas that are powerfully established.”  47 Revkin tops his working list of these core ideas with the observation that human activities are leading to an increase in carbon dioxide concentrations in the atmosphere, and this increase will have discernible effects on the climate and oceans of the earth; most notably, it will, all other things being equal, have the effect of warming global average temperatures.

Yet even though global average temperatures are often a focal point of the debate over climate science and politics, they are not as relevant as many think. Consider that even if global average temperatures were not increasing there would still be causes for significant concern about accumulating carbon dioxide in the atmosphere. Consider the following thought experiment. Divide the world up into 1,000 boxes of equal  area. Now imagine that the temperature in each of 500 of those boxes goes up by 20 degrees while the temperature in the other 500 goes down by 20 degrees. The net change in global average temperatures in this scenario is exactly zero. However, the global impacts of the changes described would be enormous. It is not because of human influences on climate at some global average scale that I worry about carbon dioxide emissions, but what happens at human and ecological scales. Global average temperature has become an important political symbol, captured best in the phrase global warming, but it is not the main reason carbon dioxide is of concern. Regional impacts on climate, sea level rise, and changes in ocean chemistry provide plenty of reason for me to ask whether decarbonizing the global economy makes sense.

One last point about the fixation on carbon dioxide is important to recognize: these core scientific ideas about the influence of carbon dioxide on the climate system, in addition to being almost universally accepted by partisans in the climate debate, were in fact accepted both by James Hansen in his June 1988 congressional testimony as well as by Fred Singer in his rebuttal in the Wall Street Journal. Despite any number of disagreements about the various scientific issues associated with climate change and where the balance of evidence on those issues lies, research since that time has underscored this core understanding. Fortunately, despite the points on which our general understanding of climate science could be, and ought to be, more nuanced, a commonsense approach to climate policy requires no more agreement on climate science than on such very basic ideas. Policy makers routinely make decisions on the economy, on military action, and on regulation with a similar (or even less well-developed) state of understanding. The heat of the climate debate can obscure the fact that there is a shared understanding of the role of carbon dioxide held by everyone in the debate.48  A narrow focus on carbon dioxide is double-edged: it gives a sense of priority to one very important aspect of the human influence on the climate system, but it can obscure the fact that the issue of climate change involves so much more. In the conclusion to this book I’ll present suggestions on how we might reconcile the narrow focus with a much needed broader perspective.




Learning the Right Lessons from the Cases of Ozone Depletion and Acid Rain 

Just as policy making has converged on carbon dioxide as the key scientific aspect of climate change, so too has policy debate converged on the lessons of ozone depletion and acid rain as suggesting a policy blue-print for handling climate change. As we have seen with the science, the policy context is not so simple, either.

During the summer of 1988 the scientific issue that I paid the most attention to was not climate change but ozone depletion. The scientists for whom I worked at NCAR were involved with a major research project on ozone depletion over Antarctica. Scientists involved in ozone research at the time included Ralph Cicerone, then at NCAR and today the head of the U.S. National Academy of Sciences, and Susan Solomon, who at the time was at the National Oceanic and Atmospheric Administration in Boulder and later served as the cochair of the science report of the Fourth Assessment of the Intergovernmental Panel on Climate Change (and is now a colleague of mine at a cooperative research institute at the University of Colorado and NOAA).
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