Aspenia Questions to Stephen H. Schneider, 2007 (Draft Responses): 

1. Is our planet warming? What does it mean, for the planet, to be warming?

Multiple lines of scientific evidence show unequivocally that the Earth’s global average surface temperature has risen some 0.75 degrees Centigrade since the second half of the 19th century. Not every part of the planet’s surface is warming at the same rate, some parts are warming more rapidly and some are cooling.  On average, however, vastly more areas are warming than cooling, yielding the average surface warming mentioned above. Through 2006, 11 of the last 12 years rank among the 12 warmest years on record. Warming temperatures have been linked to a number of other changes that already can be seen around the world, including melting mountain glaciers and polar ice, rising and increasingly acidic seas, increasing extreme weather events including an increase in intensity of droughts, heat waves, fires, and hurricanes, and changes in the lifecycles and ranges of plants and animals.

2. When did the process begin?

Climate has varied substantially on geological time-scales. Changes of about 5-7°C occurring over many thousands of years have recurred over the past half-million years, triggering ecological responses including large shifts in vegetation and animal ranges and some extinctions. More recently, since the beginning of the Industrial Revolution, human activities that clear land or burn fossil fuels have been injecting greenhouse gases such as carbon dioxide (CO2) and methane (CH4) into the atmosphere: CO2 has increased by ~35%  and  CH4  has increased by ~150% since the beginning of the Industrial Revolution. The net effect of these perturbations has been to warm the global climate by ~0.75ºC since 1850. 
The 2007 IPCC Fourth Assessment Report (AR4) states that this warming is “unequivocal” and that it is very likely (greater than a 90% chance) that most of this observed increase in globally averaged temperature over the past 4 decades is due to the observed increases in anthropogenic greenhouse gas concentrations rather than known natural causes (IPCC 2007a). Human activities are the main driving force of the recent warming trend. In addition, climatic theory—supported  by  climate  models—suggests  that  several  more  degrees Celsius of global  warming will likely occur during  this  century. The IPCC AR4 (IPCC, 2007a) projects a “likely” range of warming between 1.1 and 6.4°C by 2090, dependent on future emissions and uncertainty in the response of the climate system to emissions [compared with a range between 1.4° and 5.8°C by 2100 projected six years ago by IPCC in its Third Assessment Report (IPCC 2001a)]. 
For a scenario in which reliance on fossil fuels drives emissions to continue to increase significantly during the century, scientists project further global average surface warming of 2.4-6.4ºC by the year 2100. For a scenario in which emissions grow more slowly, peak around the year 2050, and then fall, scientists project further warming of 1.1-2.9ºC by the year 2100.  The difference between these ranges is an indication of the influence of different trajectories for future greenhouse gas emissions on projected climate change.  The ranges themselves represent uncertainties associated with the response of the climate system—how much temperatures will increase for a given level of greenhouse gas emissions (the so-called climate sensitivity), and how the carbon cycle and the uptake of carbon dioxide by the ocean and by terrestrial ecosystems will be altered by changing temperature and atmospheric greenhouse gas concentrations. Although warming of, say, 1.5°C would have many associated “key impacts” (Schneider et al., 2007), changes of this magnitude would very likely create much less damage than warming at the higher end of the range. Even another 1oC warming above current levels would still be significant for some “unique and valuable systems” (IPCC 2001b; IPCC 2007b). Mastrandrea and Schneider (2004) noted that the high end of the projection in the Third Assessment Report—based on the IPCC’s figure, “Reasons for Concern”—is very likely to exceed many “dangerous” climate thresholds. Warming of nearly 6°C (or more at the upper end of the 2007 IPCC “likely” projections) would be very likely to have catastrophic consequences, since the differences between ice ages and interglacial periods involve a change of 5° to 7°C in the global average temperature (Azar and Rodhe 1997), The IPCC projections would also entail a global average rate of temperature change that, for the next century or two, would dramatically exceed the rates sustained over the last 10,000 years, with potential for very serious ecological impacts such as plant and animal extinctions (Schneider and Root 2001).

3. a. Is the observed warming unusual or unprecedented by climate standards? 

The earth’s climate is vastly different now from what it was 100 million years ago when dinosaurs roamed the planet and tropical plants thrived closer to the poles. It is different from what it was 20,000 years ago when ice sheets covered much of the Northern Hemisphere. Although the Earth’s climate will surely continue to change, climatic changes in the distant past were driven by natural causes, such as variations in the Earth’s tilt or the feedback effects of carbon dioxide (CO2) content of the atmosphere, whereas now climatic changes have another cause—human activities. In 2007, the IPCC reported, "The observed wide-spread warming of the atmosphere and ocean…with ice-mass loss, support the conclusion that it is extremely unlikely that global climate change of the past 50 years can be explained without external forcing, and very likely that is not due to known natural causes alone" (IPCC, 2007a). 
Palaeoclimatic information from studies that use changes in climatically sensitive indicators such as tree ring width to infer past changes in global climate on time scales ranging from decades to millions of years supports the interpretation that the warmth of the last half century is unusual in at least the previous 1,300 years.
b. What are the main causes behind observed and forecasted warming?

Both natural variability and human activities are contributing to observed warming and will contribute to future warming.

There is now overwhelming scientific evidence that the primary driver of this observed warming, particularly the unprecedented rapid warming of the last 40 forty years, is emissions of infrared-trapping or heat-trapping “greenhouse gases” such as carbon dioxide, due to human activities.
Many activities associated with human economic development have changed our physical and chemical environment in ways that modify natural resources. These include activities that burn fossil fuels that release CO2 or use land for agriculture or urbanization that causes deforestation. We are already feeling the climatic effects of having polluted the atmosphere with GHGs such as CO2. Human activities cannot directly rival the power of natural forces driving the climate—for example, the immense energy input to the earth from the sun. Long-term variations in solar output, either from variability in the Sun itself or from changes in the Earth’s orbit and tilt (known as Milankovitch cycles), have substantially affected Earth’s climate on the timeframe of tens of thousands of years. The sunspot cycle also has a small effect on solar output (~0.1%). There are many hypotheses suggesting that various solar effects have generated climate change, but none are considered plausible explanations of the recent climate warming. 
We are able to indirectly alter the natural flows of energy enough to create significant climatic changes. The atmosphere has a natural capacity to trap radiant heat near the earth’s surface—the so-called greenhouse effect. This natural phenomenon acts as an atmospheric blanket, allowing solar energy to warm the surface layers by trapping long wavelength radiant energy called terrestrial infrared radiation near the earth’s surface. The natural greenhouse effect is responsible for approximately 33°C (60°F) of surface warming. But, human-induced emissions of GHGs are inadvertently modifying the climate by enhancing the natural greenhouse effect, and are projected to result in a “likely” global warming of 1.1–6.4°C in the 21st century (IPCC 2007a). Such an increase in global mean temperature, even at the lower end of the range, will likely result in significant changes.

The 4th IPCC Assessment Report states that ”global atmospheric concentrations of carbon dioxide, methane and nitrous oxide have increased markedly as a result of human activities since 1750 and now far exceed pre-industrial values determined from ice cores spanning many thousands of years. The global increases in carbon dioxide concentration are due primarily to fossil fuel use and land use change, while those of methane and nitrous oxide are primarily due to agriculture” (IPCC 2007a).

4. a. What consequences might ensue from global warming in the foreseeable future? 

The term “key vulnerability” is used to denote potentially severe impacts of climate change.  These merit particular attention by policy-makers because they endanger the lives or well-being of people or other valued attributes (e.g., biodiversity preservation) of climate-sensitive systems. Key vulnerabilities are found in many social, economic, biological, and geophysical systems. The identification of such key vulnerabilities is intended to provide guidance for assessing levels and rates of climate change that the 1992 United Nations Framework Convention on Climate Change (UNFCCC), in its Article 2, calls “dangerous.”  The definition of dangerous anthropogenic interference (DAI) with the climate system must incorporate value judgments of what are “acceptable” risks and what are not,  while simultaneously being informed about the evolving state of scientific knowledge—which can help to place policy making on a firmer empirical and theoretical basis.
Key vulnerabilities include the exposure of systems and populations to climate change, the sensitivity of those systems and populations to such climatic influences, and the capacity of those systems and populations to adapt to climate change. Populations can refer to populations of humans or to populations of plants and animals. The degree of vulnerability is affected by human development, which can produce emissions, potentially increasing climate impacts and vulnerability, but which also can lead to adaptive capacity building, potentially reducing vulnerability to any given level of climate change. Assessing key vulnerabilities involves analysis of a complex, coupled, social-natural system.
Seven criteria from the literature have been identified by IPCC Working Group 2 (Schneider et al, 2007) that may be used to identify key vulnerabilities: 

-
magnitude of impacts

-
timing of impacts

-
persistence and reversibility of impacts

-
potential for adaptation

-
distributional aspects of impacts and vulnerabilities

-
likelihood (estimates of uncertainty) of impacts and vulnerabilities and confidence in those estimates 

-
importance of the system(s) at risk

Key vulnerabilities are associated with many climate-sensitive systems, including food supply, infrastructure, health, water resources, coastal systems, ecosystems, global biogeochemical cycles, ice sheets, and modes of oceanic and atmospheric circulation.

Over the last century, numerous long-term changes in climate have been observed at continental, regional and ocean basin scales. These include changes in arctic temperatures and ice, widespread changes in precipitation amounts, ocean salinity, wind patterns and aspects of extreme weather including droughts, heavy precipitation, heat waves and the intensity of tropical cyclones (IPCC 2007a).
A growing body of scientific evidence links global average temperature increases of greater than 2ºC above pre-industrial levels (i.e., prior to 1860) with a number of potentially severe climate impacts on social and natural systems (IPCC 2007a)

For example, if the Greenland and West Antarctica are subjected to sustained warming between 1.6ºC and 5.2ºC widespread destabilization could be initiated which could result in global seas rising by  up to 10 meters (Meehl et al. 2007; Alley et al. 2006; Gregory and Huybrechts 2006; Overpeck et al. 2006). Even if the bulk of the rise in sea level takes millennia to occur, just one meter (three feet) of sea level rise would significantly change global coastlines, threatening major cities including Mumbai, New York, and Tokyo, and inundating some small islands, contaminating water supplies from ground water aquifers and engulfing costal ecosytems with salt water intrusion. A few meters of sea level rise could occur in centuries if there is continued rapid melting of polar ice sheets.

If a 2ºC to 3ºC level of warming occurs, the IPCC has estimated that there is about a 50/50 chance that approximately 20 to 30 percent of studied species could risk extinction (Fischlin et al. 2007). Ecosytems and the important services that they provide humankind are already being significantly modified with the relatively modest increase in temperature over the last 150 years. This process will be accelerated with higher temperatures.

b. Can global warming be linked to an increase in extreme weather events?

Extreme weather is part of natural variations, but can be affected by human activities as well. Increasing extreme weather events including an increase in severity of droughts, heat waves, fires, and hurricanes have been linked to global warming. The IPCC (2007a) has reported that increased drying linked with higher temperatures and decreased precipitation has contributed to changes in drought. More intense and longer droughts have been observed over wider areas since the 1970s, particularly in the tropics and subtropics. Changes in sea surface temperatures, wind patterns and decreased snowpack and snow cover have also been linked to droughts. The frequency of heavy precipitation events has increased over most land areas, as would be expected with warming and observed increases of atmospheric water vapor. 
Widespread changes in extreme temperatures have been observed over the last 50 years. Cold days, cold nights and frost have become less frequent, while hot days, hot nights and heat waves have become more frequent.

An increase in intense tropical cyclone activity with increasing sea surfaced temperatures had been a conclusion of theoretical analyses for several decades. However, this prediction of increasing of hurricane intensity is supported by recent data in the North Atlantic since about 1970, where hurricane intensity has been observed, correlated with increases of tropical sea surface temperatures. There is also substantial evidence of increased intense tropical cyclone activity in some other regions, but the quality of the data is a concern. Multi-decadal variability and the quality of the tropical cyclone records prior to routine satellite observations in about 1970 make the detection of long-term trends in tropical cyclone activity more complicated. There is no clear trend in the annual numbers of tropical cyclones. 
5. a. Is it true that there is scientific consensus around the theory of anthropogenic, catastrophic warming? 

There are two primary sources of uncertainty in projecting future climate change: the future trajectory of human-induced greenhouse gas emissions and how the natural climate system will respond to those emissions. About half the uncertainty 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—choices which can make a major difference in climate change risk. The other half of the uncertainty is due to geophysical issues like how clouds will govern climate sensitivity. Policy decisions can strongly influence the first source of uncertainty (future emissions), but will have little influence on the second source (climate response to emissions). 

The likely ranges 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 shows ranges of temperature increase associated with different scenarios of human GHG emissions.

For a scenario in which emissions continue to increase significantly during the century, scientists project further global average surface warming of 2.4-6.4ºC by the year 2100. For a scenario in which emissions grow slowly, peak around the year 2050, and then fall, scientists project further warming of 1.1-2.9ºC by the year 2100.  The difference in these ranges is an indication of the important influence of different trajectories for future greenhouse gas emissions on projected climate change.  The ranges themselves represent uncertainties associated with the response of the climate system—how much temperatures will increase for a given level of greenhouse gas emissions (the so-called climate sensitivity), and how the carbon cycle and the uptake of carbon dioxide by the ocean and by terrestrial ecosystems will be altered by changing temperature and atmospheric greenhouse gas concentrations. 

These different ranges and rates of warming imply very different risks of climate change, affecting both the projected intensity and likelihood of occurrence of a variety of climate impacts.  While warming at the low end would be relatively less stressful, it would likely still be significant for some communities, sectors, and natural ecosystems, as some of these systems have already shown concerning responses to the ~ 0.75oC warming over the past century. Warming at the high end of the range could have widespread catastrophic consequences. A temperature change of 5 to 7°C on a globally averaged basis is about the difference between an ice age and an inter-glacial period occurring in merely a century, not millennia like ice age-interglacial transitions. 

If by “consensus” it is meant that all climate scientists agree, then such a definition is never likely to be achieved as a few dissenters always inhabit every field. However, if by “consensus” a much more sensible criterion is used: what does the vast bulk of knowledgeable climate scientists believe the preponderance of evidence suggests, then IPCC is clearly representative of a strong consensus that anthropogenic warming is very likely and its consequences include some dangerous outcomes that become much more serious with each additional increment of warming.

b. Can all or a large part of the observed warming be attributed to anthropogenic greenhouse gas emissions?

Is it possible that natural fluctuations of the Earth’s climate could produce the temperature record since 1850? Scientists are finding overwhelming evidence that the answer to this question is “no,” using a variety of methods to detect the human “fingerprint” on observed warming trends. For example, one piece of evidence is that the Earth's stratosphere (~10-50 km above the surface) has cooled while the surface warmed—a fingerprint of changes due to increased atmospheric greenhouse gases and ozone depleting substances rather than, for example, a fingerprint of an increase in the heat output of the Sun which should warm all levels of the atmosphere. 
 The IPCC Fourth Assessment Report states the following: “Most of the observed increase in global average temperatures since the mid-20th century is very likely (a greater than 90% chance) due to the observed increase in anthropogenic greenhouse gas concentrations. This is an advance since the TAR’s conclusion that “most of the observed warming over the last 50 years is likely to have been due to the increase in greenhouse gas concentrations. Discernible human influences now extend to other aspects of climate, including ocean warming, continental-average temperatures, temperature extremes and wind patterns.”

In addition, the IPCC reports that it is likely that increases in greenhouse gas concentrations alone would have caused more warming than observed because volcanic and anthropogenic aerosols have offset some warming that would otherwise have taken place. The observed widespread warming of the atmosphere and ocean, together with ice mass loss, support the conclusion that it is extremely unlikely that global climate change of the past 50 years can be explained without external forcing, and very likely that it is not due to known natural causes alone.”
6. a. Should we try to control the climate? 

Global climate change raises serious risk-management concerns. 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.

b. How can such target be achieved? 

Due to the buildup of greenhouse gases from past and current emissions, we are already committed to some level of further climate change regardless of our actions to mitigate emissions, so it makes sense to invest in adaptation strategies to reduce the negative effects–such as developing more climatically tolerant crops and coastal protection measures, and ensuring viable migration pathways for affected species. Also, as the world’s largest economy and CO2 emitter historically, the United States needs to partner in helping developing countries improve their adaptive capacity. 

However, adaptation is most effective only up to a few degrees of warming. To avoiding warming beyond a few degrees associated with wide-spread negative impacts and unacceptable risks, major mitigation policies that reduce emissions are necessary. The first mitigation steps should be mandatory performance standards for energy efficiency of buildings, automobiles, air conditioners, refrigerators, energy supply systems and other technologies (actions already being taken by many counties, states and federal agencies worldwide). Technologies that capture greenhouse gases and sequester them underground have potential, but their cost and efficacy at the gigantic scale needed is not assured. We need public/private partnerships to foster learning-by-doing projects to make low carbon and renewable energy systems cheaper, safer and more available, and to explore new alternatives. What’s required is investment in Research, Development and Demonstration—developing and deploying prototype systems to compete for future market share based on their performance. There is little learning-by-doing without the “doing,” and little return on investment without investment. Policies need to focus on incentives to promote such investments.

In order to have a fighting chance to stay below a few degrees more warming globally, we must reduce greenhouse gas emissions by 60-80% by mid-century and to near zero by century’s end. To achieve such sustainability goals for climate protection, policies must include both “carrots and sticks”— public support of private ventures in cleaner technologies and penalties for dumping tailpipe and smokestack wastes into the atmosphere as if it were a free sewer.  ”Dumping fees” are an essential incentive to reduce emissions and to stimulate private investment in greener alternatives. 

Governments must act to protect our shared atmospheric commons via policies that impose fees on polluters covering the full cost of emissions. For such a “shadow price on carbon” to be an effective motivator to reduce pollution and to invest in cleaner technologies, it must be perceived as inexorable. Fees can be ramped up over time at a rate that gives particularly affected sectors time to adjust—but not to escape or be grandfathered out of responsibility. However, the rate at which such fees are implemented can be adjusted to deal with special circumstances—a smoother transition for the coal industry, for example—and side payments to those particularly hard hit by either climate impacts they had little hand in creating or by climate policies that differentially disadvantage certain groups. So, good policy both protects common assets like the earth’s climate and its biodiversity and is fair in the burden sharing aspects so no unfortunate groups are much more negatively affected by either impacts or policies without some transitional policies to help them cope.
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