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Introduction
The Stern Review (Report) was published at the end of October 2006 by the British government.  The Report and its 27-page executive summary can be downloaded from the British Chancellor of the Exchequer at http://www.hm-treasury.gov.uk/independent_reviews/stern_review_economics_climate_change/sternreview_index.cfm.  It begins “The scientific evidence is now overwhelming: climate change presents very serious global risks, and it demands an urgent global response.”  The Report continues, “Climate change is the greatest and widest-ranging market failure ever seen.”  The effects of actions now on future climate change have long lead times.  The “economic analysis must therefore be global, deal with long time horizons, have the economics of risk and uncertainty at centre stage, and examine the possibility of major, non-marginal change.” 
The Report finds that ignoring climate change will eventually damage economic growth, seriously and irreversibly.  Inaction over the coming years creates risks of major disruptions to economic and social activity, later this century, similar to the Great Depression and World Wars I and II.  However, unlike 20th Century events, recovery from these disruptions will be difficult or impossible, until hundreds to millions of years have passed.  Based on several economic models, the Report concludes that the benefits of strong, early action considerably outweigh the costs.  It says “Tackling climate change is the pro-growth strategy for the longer term…. The earlier effective action is taken, the less costly it will be….  The less mitigation we do now, the greater the difficulty of continuing to adapt in future.”
Since climate change is global in causes and consequences, the Report states that international collective action will be critical.  It is required to create price signals and markets for carbon, to spur development and deployment of technology, and to promote adaptation, especially in poor countries.  The Report notes that we cannot predict the climate future with certainty, but we face the risks of “very severe consequences” in the future.  It maintains that mitigation actions now can be viewed as an investment to avoid the worst consequences.  If investments are made wisely, the costs will be manageable, and there will be a wide range of opportunities for growth and development along the way.
Background
In 2006, humans emitted about 46 billion tons of carbon dioxide (CO2) equivalent (CO2e) of gases that trap heat on Earth, the greenhouse gases (GHGs).  Of this, energy accounted for 65%.  This includes 24% for power, 14% each for transportation and industry, and 8% for buildings.  Among the 35% remainder, land use changes represent 18% and agriculture 14%.
When the Industrial Revolution began, the concentration of GHGs in the atmosphere was 280 parts per million (ppm) CO2e.  In 2006 it is 430 ppm, including 380 ppm of CO2.  Since 1902-1906 alone, surface air temperatures over land have risen 0.97°C.  Current CO2e concentrations will cause another 0.6°C of warming (or more) in coming decades, as heat gains stored in the oceans move into the air overlying land surfaces.
Even if emission rates rose no further, but stayed the same, the stock of CO2e in the atmosphere would keep rising, to 550 ppm by 2050, and would keep growing thereafter.  However, emissions are still accelerating, as fast-growing economies invest in high-carbon infrastructure.  If acceleration continues unabated, CO2e levels could hit 550 ppm by 2035, 15 years earlier than if they leveled off now.  In fact, world supplies of coal, oil, and oil shale are much more than sufficient to increase atmospheric CO2e concentrations to 750 ppm and beyond.
We’re Really Cooking Now
To achieve stabilization at 450 ppm of CO2e, reductions at a compound average rate of 4.7% per year from 2010 to 2030, followed by 1.0% per year thereafter, would do the trick.  This includes, for example, modest increases in the next four years, followed by modest reductions over 2007-2014, very steep reductions of 5.8% a year for 2015-2024, steep reductions of 4% a year for 2025-2034, and 1% annually thereafter.  Such large cuts in the near term, unanimously around the world, will be difficult to achieve.  Thus, stabilization at 450 ppm is already almost out of reach.
	With 450 ppm CO2e (up from 430 today), temperatures on Earth’s land surface will warm by 1.9°C, give or take 1°C (with 90% confidence) from pre-industrial levels. (Half that rise has already occurred.  Another quarter, plus, is in the ocean pipeline.)
With warming of 2°C, crop yields no longer rise in high latitude regions (Canada, Russia, Scandinavia).  Yields fall 20% in southern Europe.  In fact, crop yields fall in most low latitude regions.  Water scarcity intensifies in areas where water is already scarce.  Small mountain glaciers vanish.  Melting glaciers initially increase flooding, but diminished and vanished glaciers later dramatically curtail water supplies.  Especially hard hit will be India, much of China, and the Andes.  Damage to coral reefs is extensive.  Droughts, heat waves, forest fires, storms, and flooding near seacoasts intensify.  Hurricane damage costs double in the U.S.  Flooding costs quadruple in Britain.  Heat waves like the 2003 Europe heat wave that killed 35,000 become common.  The risk of carbon sinks turning into carbon sources becomes appreciable.  Natural methane releases become appreciable.  (Permafrost holds much more carbon than oil reserves, several times what humans have emitted to date.)  The Gulf Stream may weaken considerably.  The melting of the Greenland icecap (10% of Earth’s ice) is likely to become irreversible.
Out of the Frying Pan
On a path to stabilize at 550 ppm CO2e, emission reductions decelerate slowly, then decline beginning in 2015.  The mean decline is only 1.2% per year from 2015 to 2030, followed by 0.75% per year thereafter.  However, with 550 ppm CO2e, temperatures on Earth’s land surface will warm by 3.1°C, give or take 1.6°C.
With warming of 3°C, crop yields rise nowhere and fall substantially in many areas, especially developing nations.  The number of people afflicted with hunger rises 25-60%.  Water availability falls substantially in the Mediterranean area and southern Africa, among other places.  Droughts, heat waves, forest fires, storms, and flooding intensify further.  20-50% of all species face extinction.  The Amazon rainforest is likely to collapse, becoming a mix of grassland and desert.  Hurricane damage intensifies further in the U.S.  Carbon sinks weaken; the risk of them turning into carbon sources accelerates.  Natural methane releases increase, from thawing permafrost and possibly undersea methane hydrates.  Irreversible melting of the Greenland icecap accelerates.  The Arctic icepack disappears.  The risk of abrupt, large-scale shifts in the climate system increases.  For example, the West Antarctic ice sheet (another 10% of the world’s ice) may collapse, as may the Gulf Stream and the global thermohaline circulation.  El Niños may shift suddenly, intensifying flooding and droughts.  Monsoon rains may alternately intensify and fail altogether.  Ocean acidification from increased CO2 levels may decimate marine ecosystems, including fish stocks.
Into the Fire
Continued business as usual for another 10-15 years could easily take CO2e beyond 650 ppm or above.  At 650 ppm CO2e, temperatures on Earth’s land surface are expected to warm by 4.0°C, give or take 2°C.  It has been many millions of years since Earth was this warm.  At 750 ppm CO2e, the temperature rise would be even more.  The consequences would be grave, far outside the range of human experience.
	If global temperatures rise by 4°C or more, crop yields fall in all regions.  Entire regions experience major declines in crop yields.  Yields fall by a third in some regions, despite intensive and extensive adaptation measures, despite even strong fertilization from increased CO2 levels.  Agricultural production ceases altogether in many regions.  Water shortages multiply and affect another billion people or more.  Droughts, heat waves, forest fires, hurricanes, and flooding become intense.  Sea level rise submerges large parts of many major cities, such as London, Shanghai, and New York.  Rising seas inundate entire nations, including Bangladesh, creating tens of millions of new refugees each year.  Local wars over food, water, and climate refugees intensify.  Extinctions accelerate.  Most ecosystems are unable to maintain their current form.  The Amazon rainforest is likely gone.  The Greenland icecap is dwindling.  The West Antarctic icecap may well have begun to collapse.  The risk of dangerous, abrupt shifts in climate is great.  Carbon sinks have turned to carbon sources.  Methane releases from the thawed permafrost continue to accelerate, negating humanity’s efforts to stabilize carbon concentrations in the atmosphere.
Measuring the Cost of Inaction
	The Report observes that most previous efforts have underestimated the costs of climate change.  Most of them excluded the most uncertain but most damaging impacts.  Moreover, warming is very likely to be greater than the 2-3°C examined in previous economic studies.  Thus the impacts are much wider and deeper than previously examined.  If, as recent studies suggest, the climate system is more responsive to greenhouse emissions than previously thought, because of amplifying feedback loops involving natural methane releases or carbon sinks becoming carbon sources, the annualized damages amount to 11-14% of Gross World Product (GWP) under the Business As Usual (BAU) scenario.  Yearly, farther than the eye can see.  Recognizing that the world’s poorest bear the brunt of the damages, equity-weighted damages increase to as high as 20% of the GWP.  “Taking account of the increasing scientific evidence of greater risks [and] of aversion to the possibilities of catastrophe, … the appropriate estimate is likely to be in the upper end of this range.”
Measuring the Cost of Action
	The Stern Report sorts mitigation measures to reduce GHG emissions into four categories: (1) reducing demand for carbon-intensive goods and services; (2) increasing efficiency, which can also save money; (3) reducing non-energy emissions, such as avoiding deforestation, which has other benefits; and (4) switching to low-carbon technologies (including underground carbon sequestration) for power, heat, and transport.
To estimate costs of mitigation measures, the Stern Report used three kinds of economics models.  The bottoms-up approach looks at the technical potential for increased efficiency to reduce emissions and costs.  Over the past century, efficiency in energy supply has increased 10-fold or more in developed countries.  Possibilities of further gains are far from exhausted.  The bottoms-up approach looks at the resource costs of measures, compared to BAU.  It provides an upper bound on costs, as it does not consider reduction in demand for high-carbon goods and services.
To limit CO2e to 550 ppm, using the bottoms-up approach, the world power sector must be 60-75% decarbonized by 2050.  Even deeper carbon cuts in transport are needed.  The cost of the needed portfolio of technologies, given prompt action, is estimated at 1% of GWP, with a range of -1% (cheaper than BAU) to +3.5% of GWP.
The second approach uses macro-economic models.  They are sensitive to a variety of assumptions, chief among them policy measures.  These models also center on mitigation costs of 1% of GWP, with a range of -2% to +5%.  The authors make the point that mitigation costs rise, the later they are implemented, while the eventual damage costs of inaction or timid action now rise steeply with delay, on top of the rise due to climate momentum.
The third method compares the estimated marginal damage costs with the marginal mitigation costs.  With the approach taken in the Report, the social cost of carbon today, on the BAU trajectory, is $85 per tonne of CO2.  This is higher than many other numbers in the literature, because the Stern Report treats risk explicitly and incorporates recent evidence on risks.  $85/tonne is well above the costs of reducing carbon emissions in many sectors.  However, if we take action to limit CO2e to 450-550 ppm, the social cost of carbon would be only $25-30 per tonne of CO2.  However, the social cost of carbon is likely to increase steadily over time.  This can foster technology development.
Finally, implementing strong implementation policies immediately can yield net savings of $2.5 trillion.  Markets for low-carbon energy products are likely to be worth $500 billion a year by 2050, and perhaps much more.  The second half of the Report, not reviewed here, examines the mechanisms, most of them involving international cooperation, to mitigate global warming.

