$ Cost of Damages
     I did not find the topic discussed in the Assessment.  It should be a separate chapter.  Apparently (4/10/13 e-mail from Moms Clean Air Task Force), the 2009 National Climate Assessment said such an analysis would be included in the 2013 edition.
     As we think about the costs of mitigation, especially reducing carbon emissions via (1) a carbon tax or (2) a carbon cap and trade system, we need to balance the costs of inaction against the costs of action.  The costs of action are reasonably well defined, uncertain by less than one order of magnitude.  Many, especially in carbon-intensive industries, say they are too high, while they neglect or trivialize the cost of inaction.  They promote small (some tens of billions of $) private interests at the expense of a much larger public interest (many trillions of $).
     The $ cost of damages from climate change (i.e., inaction) feature much larger error bounds than the costs of action.  A basic problem is that uncertain costs are incurred in the future from actions taken today.  These future costs are likely to accelerate.  For example, US agriculture can cope with warming before mid-century, but will be increasingly negatively impacted after mid-century.  Another example: sea level rise will accelerate as the Greenland ice sheet melts at an increasing rate, due to warming from permafrost feedbacks and its own albedo change.  Sea level rise will inundate high value city real estate and much of the most productive farmland on Earth.
     To be more specific, we don’t know if world food production will fall 20% by 2050, 40% by 2100 and 70% by 2150; or if it will fall 10%, 25%, and 40% by those dates; or 30%, 60%, 80%.  We are pretty confident that the Sahara Desert will expand into Spain, Italy, and Greece, but whether that happens more late this century or more next century is up in the air.  Similarly, we know New Orleans, Venice, and probably Amsterdam will be flooded this century.  But we don’t know if Miami, Shanghai, Guangzhou, Calcutta, Saigon, Alexandria, and Norfolk will be mostly flooded late this century, the early part of next century, or the late part of next century.  Similarly, we don’t know how far and how fast Brazil’s Chaco and caatingas will expand into the Amazon rainforest.  The discount rate an economist chooses makes huge differences in the present values of the $ value of the damages.
    Of course, this interacts with our success at large-scale removal of carbon from the air, even as the permafrost adds very large amounts, in its positive feedback loop.  (Permafrost not under ice holds twice as much carbon as the atmosphere).  And then there are seabed methane hydrates and permafrost still under vast ice sheets.  This all adds uncertainty.  But uncertainty does not mean costs are zero, which a failure to treat the subject implies.
     However, there is a rich literature on the subject.  In addition, there is a rich set of climate-related disasters over the past decade, to which $ costs have been attached.  However, these disasters are far from the only climate change costs we have incurred to date.  Small changes that affect very large numbers of people also count.
     I have followed literature only somewhat in recent years.  Below I touch on a few studies that have come to my attention.
     Tol (2004) performed a review of 28 marginal damage cost estimates by many researchers from 1991 thru 2003.  Among those researchers were Nordhaus, Cline, Hohmayer, Fankhauser, Downing and many others.  Tol gathered103 estimates of the marginal damage costs of carbon dioxide emissions from 28 published studies.  The distribution of values is strongly right-skewed.  If all studies are combined, the median is $14/ton of carbon, the mean $93/t C, and the 95th percentile $350/t C.  Studies with a lower discount rate have higher estimates and much larger uncertainties.  Similarly, studies that use equity weighting have higher estimates and larger uncertainties.  Tol notes “using a monetary metric to express non-market impacts, such as effects on ecosystems or human health, is more difficult but not impossible.”
     Cline (1992) is typical in the types of effects valued: damages (or benefits) to (1) agriculture; (2) forests; (3) species (loss / extinction); (4) sea-level rise; (5) space heating and cooling; (6) human amenity; (7) human mortality and morbidity; (8) migration / refugees; (9) hurricanes; (10) water supply; (11) construction; (12) leisure; (13) urban infrastructure; and (14) other pollution.
     Drawing on then-recent research from the German Institute for Economic Research, and the PAGE model used for the European Commission's Directorate General-Environment, Ackerman and Stanton (2006) estimated the present value of damages from climate change at $74 trillion (Watkiss 2005).  This included an estimate that climate change would cause $20 trillion per year damages in 2100, inflation adjusted (Kemfert 2005).  Ackerman and Stanton cited near-term estimates of the cost of damages from CO2 at £70 / ton C (UK Government Economic Service) and £68 from DEFRA (2006).
     The Stern Review (2006) estimated value of damages from climate change at $85 / ton of CO2 (about $312 / ton C).  Stern thought this would fall to $25-30/ton of CO2 ($92-110 / t C) if we could keep warming to 2°C.
     Ackerman (2008) estimated that US inaction on global warming could cost 3.6% of GDP ($3.8 trillion per year by 2100).  Half of that was based on just 4 types of impacts: hurricanes, water costs, energy costs, and real estate losses to sea level rise (45 inches by 2100).
     Martin Parry et al., for the World Bank / IIED, reviewed studies that estimated climate change already cost $9-109 billion per year in the developing world.  Overall, Parry estimated the global costs of adapting to climate change to be US$49-171 billion each year, for the UN Framework Convention on Climate Change, based on agriculture, water, health, infrastructure, coastal zones, and ecosystems.
     McKinsey & Company, in a report for the Climate Adaptation Working Group in 2009, estimated that climate change could cost 19% of GDP by 2030 in some of the areas studied, especially poor nations.
     The UN in 2010 (report by Trucost’s Mark Trevitt et al.) estimated that environmental damage caused by greenhouse gases emitted by humans in 2008 was $4.5 trillion, or 11% of global GDP (report available at www.unepfi.org/publications/investment), using Stern’s $85 / ton of CO2.
     Dell in 2012 estimated in the American Economic Journal: Macroeconomics that every 1°C warming in a poor country reduces its economic growth by 1.3%.
     In 2012 DARA estimated current damages from climate change at $695 billion per year, growing to 3% of Gross World Product by 2030.  It linked climate change to 500,000 deaths per year and said that climate change has already held back development.  Besides Cline’s categories, DARA also considered (1) drought, (2) floods and landslides, (3) wildfires, (4) biodiversity, (5) labor productivity, (6) permafrost, and (7) fisheries.
     Insurance companies have compiled records of losses from weather-related disasters, which they consider to be increasingly climate-related.  Munich Re reported a record $265 billion economic losses worldwide from severe natural catastrophes in 2011, if mostly from earthquakes.  See www.bostonglobe.com/opinion/2011/11/30/bad-weather-policy-insuring-against-climate-change/knGgWx1IAxB6lp26G1sWtM/story.html.  In 2012, global losses from natural and man-made catastrophes totaled $186 billion, according to Swiss Re, including $119 billion in the US.  See www.climatecentral.org/news/us-dominated-global-disaster-losses-in-2012-insurer-reports-15814.
     Simply dividing $119 billion in US catastrophic losses by 5.3 billion tons of US CO2 emissions in 2012 yields $22.50 in damages per ton of CO2 emitted.  Some catastrophic losses would have occurred absent climate change, but not nearly as much.  On the other hand, some climate change losses are not catastrophic.  Moreover, much of the losses come in the future, from actions taken today.  So $22.50/t of CO2 is a reasonable estimate.
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