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Honorable Chairman and Members of the House Committee on Ways and Means, I respectfully submit the following testimony in response to your invitation of February 14, 2007.  

Introductory Remarks.

In 1976 I had the honor as a 31 year old of appearing before the Congress for the first time, testifying in support of the establishment of a US National Climate Program Office to coordinate activities in the government dealing with the then fledgling discussions of climate change. At that point the research community was just recognizing the greater likelihood of warming versus cooling from human activities, and the various agencies responsible for climate related research and management needed to coordinate their many independent activities. That Office was established and climate change work became a major feature of the efforts of several agencies and the Congress. Since that time, I have personally participated in some two dozen hearings in the House and Senate (as well as many Parliamentary hearings in several countries) on climate variability and change, dealing with both climate science and related policy implications (please refer to my website for more information on my work and views on the vast range of climate issues I can only touch on today: climatechange.net).

If I had to summarize in a phrase the major advance since that early interest in climate in the Congress three decades ago, it would simply be that since the mid 1970s, “Nature has cooperated with theory.” The warming typically projected then was primarily based on the theory that additional heat trapping associated with the known increases of human-produced greenhouse gasses in the atmosphere would drive warming. In fact, recent studies have shown that most of the mainstream projections since the mid-1970s in the peer reviewed literature and in National Research Council reports that projected up to one degree Celsius warming by 2000 were accurate to about a factor of two. Impacts such as increased heat waves, decreased cold snaps and increased hurricane intensities were all projected in the 1980s, and such expectations have been largely supported by subsequent data.  The many uncertainties in climate science—in particular how clouds might affect the sensitivity of the climate to heating produced by increasing greenhouse gasses—were always openly acknowledged, leading to roughly  a threefold uncertainty in estimates of how much warming there would be from a doubling of CO2 in the atmosphere above a pre-industrial benchmark concentration of 280 parts per million: roughly 1.5 to 4.5 oC warming over a few centuries if CO2 were to double. I wish I could report to the Committee that advances in climate science have substantially narrowed that range. But despite the dramatically increased scientific confidence we now express in the observed warming of the past 30 years, and the high likelihood that much, if not most, of it is a result of human activities, we are still not able to produce a substantially narrowed range of potential warming over the next hundred years. As Figure 1 shows, the likely range of warming for 2090 projected in the mainstream literature and summarized by the recently released Intergovernmental Panel on Climate Change (IPCC) Working Group 1 Report, covers a very large range: 1.1 to 6.4 degrees Celsius. About half that uncertainty is due to geophysical issues like how clouds will govern climate sensitivity, and the other half results from uncertainties in human behavior: how many people will be in the world, what standards of living they will demand and to what extent development goals will be achieved through greenhouse gas-emitting energy systems and land clearing activities. Such choices can, as the figure shows, make a major difference in climate change risk.

So What if the Climate Changes?

The bottom end of that 1.1 to 6.4 oC range on Figure 1 would still be problematic for many regions and sectors, but the top end estimate is virtually certain to be very highly impacting for nearly all sectors and regions, and particularly devastating to Nature. Note in Figure 2, that already—with about 0.6oC observed warming—that plants and animals are showing a discernible response to warming from human activities (see the lower two panels of the Figure). If that amount of warming increases by a factor of ten to the 6.4oC upper limit suggested by IPCC as possible by 2090, then most ecological estimates suggest a major extinction crisis for species—with some 50% of all existing biodiversity either going extinct or becoming endangered. These species would have to move substantial distances to find suitable new climate space, and in the process be forced to confront highly disturbed landscapes fragmented by factories, farms, freeways and urban settlements.     

Over the past two decades, research has intensified on the impacts of projected warming on coastlines, agriculture, ecosystems, human health and cultures near coastlines and in high mountains—where warming can significantly contribute to sea level rise and the melting of ice systems. Again, if forced to summarize this work in a sentence: some systems might benefit in aggregate dollar terms from up to a few degrees of warming (in particular agricultural productivity in higher latitudes), but even small amounts of warming can have detrimental effects to agriculture in warmer regions, can increase the intensity of hurricanes or wildfires, and can alter ecological balances. Scientific assessments based on the literature have shown that even small amounts of warming would negatively affect more people and systems than would be benefited. Warming beyond a few degrees is generally found in the scientific literature to have a vast preponderance of significant negative effects on food production, forests, species, coasts, human health, wildfires and the delivery of such services as water supplies and flood protection. Figure 1 suggests that this level of warming is considered likely unless major mitigation activities are undertaken.
In short, a continuation of “business as usual” raises a serious concern from the risk-management point of view, given that the likelihood of warming beyond a few degrees before the end of this century (and its associated impacts) is a better than even bet. Few security agencies, businesses or health establishments would accept such high odds of potentially dangerous outcomes without implementing hedging strategies to protect themselves, societies and Nature from the risks—of climate change in our case. This is just a planetary scale extension of the risk-averse principles that lead to investments in insurance, deterrence, precautionary health services and business strategies to minimize downside risks of uncertainty.

Portfolio of Options: Efficiency, Learning, Adaptation and Mitigation.
Fortunately, many studies over the past decade and a half have shown that there is a portfolio of options to deal with the risks of climate change. First of all, since we are already committed to some level of further climate change regardless of our actions to mitigate emissions, it makes sense to invest in adaptation strategies to reduce the negative effects. This could involve research and/or extension activities such as the development of more climatically tolerant crops, coastal protection measures, and creating interconnections and improved migration pathways for species forced to relocate in response to warming. In particular, as the world’s largest economy—and CO2 emitter—we in the US will be increasingly called upon to be a partner in helping less developed countries to improve their adaptive capacity via targeted development activities. Given that hotter and poorer regions and groups are less well able to marshal resources for adaptation, increasing global attention will be paid to those vulnerable regions as the globe sees accelerating warming (now projected with high confidence by nearly all mainstream climate scientists and reported in many National Research Council reports and by the IPCC). And not only poor countries will be vulnerable to extreme climatic events that ride on top of warming trends, demonstrated all too well by the aftermath of the 2003 European heat wave that took an estimated 50,000 lives prematurely and the still dire straits for most of the victims of Hurricane Katrina. 

But adaptation is most effective for less than a few degrees of warming, and is virtually ineffective against harm to natural systems like ice sheets, ecosystems or those social systems with little resource base to adapt.  For warming beyond a few degrees, the scientific literature suggests that adaptation becomes a very questionable prospect and the safer strategy is to avoid the risk of warming beyond a few degrees. This requires mitigation policies that reduce the emissions that cause the warming in the first place, and here is another area where a portfolio of strategies have been proposed.  The sequencing of such strategies will be a major occupation of the governance of climate change risks. I often suggest that the first element in this sequence should be actions already prevalent in many counties, states and at the federal level: mandatory performance standards for energy efficiency of buildings, automobiles, air conditioners, refrigerators, energy supply systems and other technologies. Other strategies could involve capturing greenhouse gasses from smokestacks and sequestering them underground, a potentially promising entry in the portfolio of options, but one whose cost and efficacy at the gigantic scale needed (some trillion tons of carbon to be sustainably and safely buried for centuries or more) is not yet assured at all. Therefore, what is called for, in my view, is another step in the sequencing of actions: public/private partnerships to foster learning-by-doing projects to make renewable energy systems cheaper and more available and to explore other options from both cost and safety aspects. It is not just R&D, but R, D & D—the second D being “demonstration”—as deployment of prototype systems to compete for future market share based on their improved performance gained from the demonstration investments is the key to learning-by-doing. And there can be little learning-by-doing without the “doing.” Similarly, there can be little return on investment until there is investment, and the policy debate thus will need to focus on incentives to promote such investments.
Ultimately, reduction of greenhouse gas emissions by some 60-80% by mid century and to near zero by century’s end (what is needed to have a fighting chance to stay below a few degrees more warming globally) is increasingly called for (by California, Illinois, South Australia and the UK among others). To achieve such admirable sustainability goals for climate protection, most studies suggest that we need both “carrots and sticks,” and that carrots alone (like public support of private ventures in cleaner technologies) will not suffice—and that a penalty must be implemented for dumping our tailpipe and smokestack wastes into the atmosphere as if it were a free sewer. With no clear disincentives, this dumping is likely to only continue to increase. Such a “dumping fee” is essential over time as an incentive both to reduce emissions and to stimulate private investment in greener alternatives. 

Avoiding High Emissions “Lock-in.”

The recent attempts of some power producers to try to rush into service—and thus “lock in” high emitting power plants for 50 years—seems a clear attempt to “sneak in under the wire” of climate policy, and to pre-empt the likelihood of coming controls on emissions. Emissions baselines against which reductions will be scaled need to be set in the past, not the future. This strategy may send a signal to investment bankers that the sneak-in-under-the-wire game carries the high investment risk of a substantial future carbon liability, and may thus blunt this “lock-in” concern. 
Despite some claims to the contrary, a fee for emissions is not an interference in the free market, but in fact the opposite: having a price for a commodity that does not reflect all the costs (like coastal damages from sea level rise and stronger storms) is a violation of market principles: what economists call a “market failure” or “externality.” The solution is for governments to act to protect our shared atmospheric commons via policies that impose a fee on polluters covering the full cost of emissions. For such a “shadow price on carbon” to be effective as a motivator to reduce pollution and to invest in cleaner technologies, it must be perceived by both consumers and producers as inexorable, unavoidable by hunkering down and waiting for a few years or sneaking in under the wire. However, some sectors might be especially burdened by a shadow price on carbon, and although I do not personally believe we should hold the sustainability of our life support system hostage to any special interest, at the same time we could sequence these emission fees over time—decades perhaps—and ramp them up at a rate that gives the particularly affected sectors some time to adjust—but not to escape or be grandfathered, as that would likely increase substantially the risks of warming beyond a few more degrees.

The Numbers Game. 

Finally, it is common for some opposed to climate policies to cite frightening absolute numbers: trillions of dollars of annual costs for climate mitigation policies; or a few percent of GDP lost. But let me report that there is a wide variance across economic models on how much mitigation might cost—and some estimates suggest that it could actually improve the economy at first by promoting the implementation of cost-effective efficiency actions sooner. But even if one accepts some of the seemingly staggering estimates like trillions of dollars of costs, let me add some perspective. Figure 3 shows the results that Christian Azar from Sweden and I (Azar and Schneider, 2002) produced based on conventional economic models that estimate the costs of climate policy. We found that a typical shadow price on carbon (a carbon fee or tax, for example) to prevent the concentrations of CO2 from more than doubling was around $200 per ton Carbon emitted. A fee twice that high could eventually keep concentrations near present values (though an overshoot of concentrations above present in the next half century seems unavoidable—see Schneider and Mastrandrea, 2005).  Azar and I used typical economic models estimates of the costs of such policies, although we believe them personally to be too pessimistic. These models estimate between a half a percent and several percent GDP lost annually by century’s end. 

Let us reframe this for perspective. If the annual costs in the future were indeed a few trillion dollars lost from climate policies, and one compared that to today’s level of GDP, it would indeed seem astronomically high—equivalent to a depression—some tens of percent loss of economic production. But that comparison would be totally misleading, if not pernicious. We can’t legitimately compare potential future costs of climate mitigation policies to the present size of the economy. Nearly all mainstream economic analyses typically project GDP growth rates of some 2% per year—barring pandemics, world wars or other unforeseeable catastrophes we all work so hard to prevent. A few numbers to illustrate this follow.

If the current economy of the world now were about $40 trillion and it grew at 2% per year, then in 100 years it would be about eight times bigger—about $320 trillion annually. So indeed, a 2% loss in 2100 from a century of shadow prices on carbon that reduced most of the climate change risks would be a seemingly very daunting figure: about $6.4 trillion—a major fraction of the economy today. But in 2100, that loss would be made up in only one year by economic growth! In other words, if our economy continues to grow as typically projected, that growth will swamp the costs of mitigation. In this simple demonstration, we would be about 500% per capita richer on average in 2101 with major climate policies to reduce risks versus being 500% per capita richer in 2100 having taken no climate policy action and thus faced with full risks of dangerous climate change. In the language of risk-management, such an investment in mitigation is a cheap insurance policy or hedging strategy to avoid significant threat to our planetary life support system.  It is unacceptable to compare future costs to the present scale of the economy. Framing costs in terms of the delay time to be x% richer is much more understandable than frightening, but largely out of perspective, absolute dollar costs.

But just because overall costs of climate mitigation may not be a large number relative to projected growth in the economy, there will still be, as mentioned earlier, individuals and groups with more than average difficulties. Thus, the critical challenge to governance is to both protect the planetary commons for our posterity and the conservation of Nature, while at the same time fashioning solutions to deal fairly with those particularly hard hit by both the impacts of climate change (via adaptation programs) or from climate policies (perhaps via job retraining, incentives for relocation of industries, side payments, etc.).

I am often asked if I am optimistic or pessimistic about addressing climate change. In a sentence: I am optimistic that we can affordably and effectively sequence a series of policy steps to deal with climate change via efficiency, learning, adaptation and mitigation, but I am also pessimistic that we will fail to prevent a considerable climate change risk while we debate and delay the implementation of such policies. When I testified on many occasions to this honorable body over the decades, I always was asked and offered the personal opinion that steps to anticipate and reduce risks via climate policies were already called for, as the sooner one starts, the lower the eventual risks and costs. Given that the scientific evidence now is overwhelming that global warming is a reality, that humans are responsible for a considerable chunk of it, and that in the decades ahead we will become the dominant factor in climate change and related impacts, a clear and effective portfolio of policies is now more urgently needed than ever. 

 I deeply appreciate the opportunity to address this Committee and look forward to seeing the outcome of your efforts in the form of fair and effective actions to reduce the risks of climate change that will certainly grow considerably in the decades ahead if we continue to increase, rather than reverse, our emissions of greenhouse gasses. Thank you very much.
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Figure 1. The figure shows clearly how dependent long term warming is on typically assumed emissions scenarios and that there is still a very broad range of projected risks from these standard scenarios—the lowest of which (B1) is still a doubling of atmospheric concentrations of CO2 above pre-industrial levels and the highest (A1FI) is a tripling of CO2 by 2100. Only via aggressive mitigation policies can emissions be brought to much lower levels than a doubling. The full range is 1.1 to 6.4 oC warming. (Source: Intergovernmental Panel on Climate Change, Working Group 1, Fourth Assessment Report, in press.)
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Figure 2. The study of causal connection by separation of natural and anthropogenic forcing factors compares observed temporal changes in animals and plants with changes over the same time periods in observed temperatures (dark blue bars) as well as modeled temperatures using i) only natural climate forcing; ii) only anthropogenic climate forcing and iii) both forcings combined. The locations for the modeled temperatures were individual grid boxes corresponding with given animal and plant study sites and time periods. The agreement (in overlap and shape) between, the observed and modeled plots is weakest with natural forcings, stronger with anthropogenic forcings and strongest with combined forcings. Thus, observed changes in animals and plants are likely responding to both natural and anthropogenic climate forcings, providing a direct cause and effect linkage (“joint attribution”) between observed species movements and modeled natural and anthropogenic forcing factors. (Source: Root et al 2005)
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Figure 3. Global income trajectories under Business as usual (top curve) and for the case of stabilizing the atmosphere at 350 (bottom curve), 450 and 550 ppm. Note that we have assumed rather pessimistic estimates of the cost of atmospheric stabilization (average costs to the economy assumed here are $200/tC for 550 ppm target, $300/tC for 450 ppm and $400/tC for 350 ppm) and that the environmental benefits (in terms of climate change avoidance and reduction of local air pollution) of meeting various stabilization targets have not been included. (Source: Azar and Schneider, 2002)
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