Costs of Climate Change to Exceed $70 Trillion, Threaten Civilization
Summary by Gene Fry
	Oct. 26, 2006 - In an October 2006 report, economists Frank Ackerman and Elizabeth Stanton of Tufts University (Somerville, Massachusetts, USA) catalogued the social and economic effects of unabated global climate change.
Overview
Economic models used in 2005 in Europe have estimated damages (discounted) as great as US$74 trillion.  But even these numbers fail to convey the multiple harms that lie in store for the world, say Ackerman and Stanton.  They find that the first 2°C of warming, which at this point is unavoidable, will have many harmful and costly impacts, outweighing the modest potential benefits, even for northern countries such as the United Kingdom.  Most developing countries will fare even worse, experiencing greater costs and no benefits at all.  The first stages of warming already have begun to put essential ecosystems (which provide such essential services as food, water, and oxygen) at risk.  The first stages will strain the ability of the world's economies and governments to respond.
Beyond 2°C, by 2050 and beyond, the effects of further warming – which will certainly occur absent ambitious mitigation efforts – will be much more dangerous, they state.  All potential benefits vanish and all regions suffer steadily increasing harms.  The risk of a global catastrophe increases rapidly as temperatures continue to rise.  If nothing is done to slow the warming, the grandchildren of many readers will inherit a world crippled by food and water shortages, extreme and variable weather, widespread extinctions, great ecosystem damages, and growing danger of an even more severe catastrophe.
The climate system, and our economic activities that affect it, have enormous momentum, like a supertanker that must turn off its engines 25 km before it comes to a stop.  Accordingly, they say, we must drastically reduce carbon emissions, several decades before we can bring climate change under control.  In other words, we must take action long before we experience the full severity of the problem.
The world as a whole can just barely cope with the impacts of the first 2°C of warming, but only if there are immediate, large-scale, and creative approaches to international equity and cooperation.  The challenge will be to understand the near term damages from climate change as a sign of much worse to come if nothing is done to stop it, while interpreting any limited benefits of the early stages of warming as a temporary windfall, soon to disappear, they continue.
Scientific models of climate change predict not only increases in average temperature, but also increased variability of weather conditions and more extreme events.  This includes more droughts and floods, more heat waves, more powerful storms.   They say extreme heat events will become 100 times more likely than in the late 20th century.  Already in 2005, natural catastrophes caused US$220 billion worth of damage worldwide.
Summary of the Dangers Ahead
They find that beyond the problem of extreme weather events lurks the risk of slow-moving climate catastrophes whose momentum is too great to stop.  Increasing temperatures raise the probability of collapse, followed by rapid melting, of gigantic ice sheets in Greenland and/or West Antarctica, which could cause a devastating sea-level rise.  Even more moderate melting in Greenland and the Arctic could potentially disrupt the circulation of ocean currents in the North Atlantic, which is responsible for the relatively mild temperatures of Northern Europe.  Moreover, warming could lead to abrupt or greatly accelerating releases of huge quantities of the methane – a greenhouse gas much more powerful than carbon dioxide (CO2) – currently stored in permafrost tundra that is beginning to thaw.
Higher global average temperatures, and even larger increases to temperature in certain regions, will result in more rapid evaporation and the need for more intense irrigation.  At the same time, many underground aquifers are already being exhausted.  The most vulnerable areas will be those that are already water-stressed and developing regions that lack water management systems that could act as buffers to increasing variability in water quality and quantity.  People affected by water stress will grow from 1.8 billion in 1990 to 5 billion by 2025.  Climate change will make this problem even worse, creating further stresses on water supplies, as water quality and quantity decrease.
Shifting rain patterns, early snow-melt, and vanishing mountain glaciers will mean more stream-flow in winter than in summer, while summer demand for water grows.  Since consumer demand for electricity in many regions is higher in summer (for cooling and refrigeration), the coming shift of peak stream-flow to winter will further hurt areas, including China, India, and the western U.S., that depend heavily on hydroelectric power.
On the health front, higher temperatures are associated with more frequent outbreaks of cholera and childhood diarrhea.  Warmer, wetter conditions not only increase heat stroke (as in Europe in 2003), they promote the spread of mosquitoes that transmit malaria and pathogens that cause the most serious forms of diarrhea.  With global warming, these diseases can spread farther north and to higher altitudes.
Stages of Damage as the World Warms
Drawing on reports by the Intergovernmental Panel on Climate Change and others, Ackerman and Stanton remind us that with the warming that has already occurred (0.6°C or more), already we are experiencing more frequent droughts, floods and heat waves, along with a slow pole-ward migration of plant and animal species, accompanied by accelerating extinctions.
With 2°C warming, which will be exceeded absent immediate and vigorous action to reduce emissions, there will be (1) more tropical diseases over a wider geographical area; (2) decreased crop yields in poor countries, accompanied by widespread hunger; (3) many communities facing serious water stress and widespread droughts; (4) total loss of the Arctic icepack and polar bears; (5) near total loss of coral reefs, due to bleaching; and (6) perhaps the onset of the complete melting of the Greenland ice sheet, unstoppably raising sea levels by 7 meters (21 feet) over several to many centuries.
	With 3°C warming, which is extremely likely without major action to reduce emissions, decreased crop yields will spread across the rich, formerly temperate, countries, thereby decreasing world food supplies.  They say that benefits from CO2 fertilization will be much more than offset by high temperatures, much more frequent and severe drought, and better adaptation to the new climate by weeds and pests than by food crops.   At this stage, opportunities to adapt - to introduce new crop varieties and move agriculture into formerly colder areas - become progressively exhausted.  Deaths from malnutrition increase markedly, they continue.  Desertification and species extinctions will be widespread.  The Amazon ecosystem may collapse.  All boreal (conifer tree) forests and alpine ecosystems may disappear.
With 4°C warming, which is likely with no efforts at reducing emissions, entire regions will have no agricultural production whatsoever.  Melting of the West Antarctic ice sheet will gradually increase sea levels by another 6 meters, spread across the centuries.  In addition, the global thermohaline circulation system that warms northern Europe may shut down.
Translating Damages to Money
	Two modeling efforts in 2005 examined the costs if average temperatures reach 4° above the pre-industrial level by 2100.  The heat causes great harm to agriculture, human health, and ecosystems worldwide, creating some chance of a true catastrophe.  The estimate from the German Institute for Economic Research (DIW) was that if nothing is done to restrain greenhouse gas emissions, annual economic damages could reach US$20 trillion by 2100 (expressed in U.S. dollars at 2002 prices), or 6 to 8% of global economic output at that time.  The same study found that immediate adoption of active climate protection policies could limit the temperature increase to 2°C and eliminate more than half of the damages.  By 2100 this would avoid $12 trillion in annual damages, by spending $3 trillion per year on climate protection.  If, however, climate protection efforts do not begin until 2025, the same model estimates that it will be impossible to limit warming to 2°C by 2100.  Climate protection in general will be more expensive, the later it starts.
	 The second estimate, from the PAGE model, was used in a study for the European Commission's Directorate General-Environment.  It estimates that absent new policies, the discounted present value of all cumulative climate damages from now through 2200 will amount to US$74 trillion (at 2000 prices). The average annual damages, from 2000 through 2200, will be $26 trillion, similar to the DIW model estimate for 2100.  The PAGE model finds similarly that more than half of those damages can be avoided by immediate action to protect the climate. 
	Many studies have estimated a measure of incremental damages from a tonne of carbon emissions.  A 2005 review and analysis for the Department of Environment, Food, and Rural Affairs (DEFRA), produced “central guidance” estimates of the social cost of carbon, with many caveats, rising from £68 (US$130) per tonne in 2010 to £143 (US$270) in 2050.  Of the 28 studies DEFRA reviewed, most stick to the market impacts of predictable, average changes in climate.  Ackerman and Stanton claim this produces an incomplete picture of climate risks.  Only a few studies explore valuation of non-market impacts and/or extreme events, while virtually none have considered the costs of a catastrophe, or socially contingent impacts.
Ackerman and Stanton conclude by stating “Our common future is at risk from climate change. Behind the summary numbers lies a story of multiple, interacting, and worsening harms. The first 2º of climate change will be bad enough; the changes beyond that point become increasingly perilous.  Vigorous action now, before these more severe impacts are visible, is essential in order to limit temperature increases to 2° and hold long-term damages to a survivable level….  The only way to turn the supertanker around, and to avoid the worst effects of climate change above 2º, is to act promptly and on a large scale. Waiting to see if things really turn out as badly as predicted will mean that we miss the last chance to ensure that our grandchildren, and their grandchildren, inherit a livable world.”
The study by Ackerman and Stanton can be downloaded via a link at ttp://www.treehugger.com/files/2006/10/climate_change_5.php.  Claudia Kemfert’s DIW study of the monetary damages can be downloaded for €10 at http://ideas.repec.org/a/diw/diwwrp/wr1-12.html.  For the PAGE model results, see Hope, C. (2006) "The marginal impact of CO2 from PAGE2002: an integrated assessment model incorporating the IPCC's five reasons for concern." Integrated Assessment, 6(1) and Hope, Chris (2003). The marginal impacts of CO2, CH4 and SF6 emissions. Judge Business School Working Papers. Cambridge, Cambridge University. 


