Global Climate Approaches Its Tipping Point
by Gene Fry
	March 29, 2006 - The past year was not only the warmest year in human history, it was the warmest in the last 950,000 years, according to Antarctic ice cores.  The warming has been accelerating for three decades now (BATE, February 2006, page 15).  The most recent 20 years include 17 of the warmest in human history.  In fact, the most recent 8 years include the 6 warmest years in history.  Himalayan glaciers are melting away, which will damage food and power production in China and India.  Meanwhile, the United States has been raked by monster hurricanes, whose intensity has been linked to our warming world.
“The Tipping Point” Report
	In January 2006, the International Climate Change Taskforce, co-chaired by U.S. Senator Olympia Snowe and British MP Stephen Byers, reported to the British Parliament (see http://www.peopleandplanet.net/doc.php?id=2417).  The Taskforce stated that the world is close to a “tipping point,” where the rate of global warming would accelerate, as rising temperatures break down natural restraints or trigger environmental changes which release further amounts of greenhouse gases (GHGs).  Byers urged world leaders to recognize that global warming “is the single most important long term issue that the planet faces and to discharge their responsibilities to the people they represent by agreeing to concerted international action to tackle climate change.”
	The Taskforce report outlined several possible tipping points, including 1) disappearance of sea ice, leading to greater absorption of solar radiation; 2) a switch from forests being net absorbers of carbon dioxide (CO2) to net producers, combined with warming sufficient to turn the oceans into a source of two potent GHGs, water vapor and CO2; and 3) melting permafrost, releasing trapped methane.  (See http://news.bbc.co.uk/1/hi/sci/tech/4290340.stm.)
	The consequences may be both sudden and vast.  One such consequence may be the shutdown of the thermohaline circulation in the Atlantic, such as occurred 8,300 and 11,200 years ago.  Past shutdowns of this oceanic “conveyor belt”, which moves heat from the tropics to the northern seas, led to swiftly plummeting temperatures in Northern Europe and Greenland.
	Tony Juniper, director of Friends of the Earth, said “If we don't take action very soon, we could unleash runaway global warming that will be beyond our control and it will lead to social, economic and environmental devastation worldwide.  There's still time to take action, but not much.  The assumption has been that we wouldn't see these kinds of changes until the world is a little warmer, but this suggests we're running out of time."
	The “Tipping Point” report urged nations to commit to preventing average global surface temperature from rising more than 2°C above the 1750 average.  This is a daunting task, since temperatures have already risen 0.8°C and more warming is in the pipeline, even if carbon emissions ceased today.  The world is very close (380 parts per million [ppm] CO2) to the 400 ppm concentration that will make a 2°C rise inevitable, according to the report.
	With the continuing decrease in sulfate pollution that reflects incoming sunlight and seeds cloud formation, the warming effect of CO2 emissions will loom even larger.  The report urges all Group of Eight (G8) countries, working with China, India, and others, to generate at least 25% of electricity from renewable sources by 2025 and implement mandatory cap-and-trade schemes for GHG emissions.  The report calls on the G8 to pursue partnerships to achieve immediate deployment of existing low-carbon energy technologies, including agreements to shift agricultural subsidies from food crops to biofuels and promote sales of highly efficient cars.  Other recommendations include financial and technical assistance for developing countries to adapt to climate change and the creation of a leadership coalition of countries to move ahead with reforms to boost investment in climate-friendly energy technologies worldwide.
Tipping Point #1: Ice
	Sea level change is among the more distant problems posed by global warming.  If Greenland’s ice all melts, seas rise 20+ feet.  But New Orleans (Louisiana, USA) and Florida can be abandoned.  People can move to Canada and Siberia over thousands of years, even in hundreds if they must hurry.
	Most of the world’s ice (89%) is tied up in Antarctica.  Most of that is in East Antarctica (78% of the world’s ice), far above sea level and extremely dry.  Warmer temperatures would increase snowfall there, which could exceed ice losses from iceberg calving and melting around the edges.
	Looking at the little pieces of Antarctica, however, along the Antarctic Peninsula that points toward South America, 87% of glaciers are retreating and the formerly 5,500 square mile Larsen ice shelf is disintegrating, already down to 40% of its size 50 years ago.  The West Antarctic ice sheet (10% of the world’s ice) continues its slow, centuries-long attrition.
	Greenland (10% of the world’s ice) is far nearer centers of civilization.  It crucially affects the climate of Europe and also affects the eastern United States.  The story is not yet crystal-clear, but the Greenland ice cap appears to be losing mass.  According to the U.S. National Aeronautics and Space Administration’s (NASA’s) Jet Propulsion Laboratory (17 February 2006), annual net loss of ice is thought to have increased from 96 to 220 cubic kilometers over the 1996-2005 period.  (See http://www.nasa.gov/home.)  Because this is about 0.01% of Greenland’s overall ice mass, it is difficult to tell whether ice is actually being lost.  Some satellite measurements indicate that the central portions of the ice cap are rising, but others show that glaciers have accelerated their march to the sea, up from one meter per year to 113.  Nevertheless, although Greenland’s annual ice loss is still a minute fraction of the total, it actually exceeds annual water consumption for the entire United States by a fair margin.  From another angle, net mass loss appears plausible; ice surface melting and pooling in summer affected 7% of Greenland in 1992, but 26% by 2002.  (See http://cires.colorado.edu/science/groups/steffen for graphics.)
	A more obvious change is in the Arctic Ocean.  The area of summer ice is shrinking at an accelerating rate.  The area loss is already 8% per decade.  (See http://news.bbc.co.uk/1/hi/sci/tech/4315968.stm.)  By 2005, the Arctic Ocean had already lost 20% of its ice-cover area, based on the 1978-2000 mean.  Moreover, the ice depth thinned by at least 40% from the 1960s to the 1990s and by at least another 6% since then.  Thus, with the loss of area and depth, the Arctic Ocean’s summer icepack volume has shrunk by 55-60% over the last 45 years, and the shrinkage is accelerating.  When floating ice melts, it does not raise sea levels, but it exposes dark water beneath it.  Instead of sunlight largely reflecting off the ice, the light is largely absorbed by the dark water, further warming the ocean, so it nibbles more effectively at the edges of Greenland.
Tipping Point #2: Carbon Sinks Fail
	In August 2005, Inez Fung and colleagues at the University of California, Berkeley (California, USA), reported that increasing CO2 emissions will overwhelm the capacity of land and ocean to absorb carbon.  Currently, the land and oceans absorb about half of the CO2 produced by human activity.  As carbon emission rates increase, forests, grasslands, soils, and oceans will become saturated, and their ability to take up carbon will diminish.  (See http://www.berkeley.edu/news/media/releases/2005/08/02_carbon.shtml.)
	Fung's computer model indicates that the "breathing biosphere" can absorb carbon only so fast.  Beyond a certain point, the planet will not be able to keep up with CO2 emissions.  "The reason is very simple," Fung said.  "Plants are happy growing at a certain rate, and though they can accelerate to a certain extent with more CO2, the rate is limited by metabolic reactions in the plant, by water and nutrient availability."
	Using a satellite-derived index of photosynthesis, her group found a greening trend in the northern hemisphere during the 1980s.  However, there has been a browning trend since 1994.  There is still some greening in the wet springtime, but it is now offset by decreased CO2 uptake during summers, which have become increasingly hot and dry.  "This negative effect of hot, dry summers completely wiped out the benefits of warm, wet springs," Fung noted.  "A warming climate does not necessarily lead to higher CO2 growing-season uptake, even in temperate areas such as North America."
	Water stress in drier soils drives plants to close stomates to prevent water loss, also closing out CO2 needed for growth.  In addition, other nutrients can also limit plant growth.  Fung and colleagues found that water stress could slow the uptake of CO2 by terrestrial vegetation, and, at some point, the rate of fossil fuel CO2 emissions will outstrip the ability of the vegetation to keep up.  This leads to a rise in atmospheric CO2, increasing temperatures, and more frequent droughts.  This amplification loop may lead to ever higher temperatures, more droughts, and higher CO2 levels.
	The oceans exhibit a similar trend, but less pronounced.  Mixing by turbulence is essential to move CO2 down into the deep ocean, away from the top 100 meters, where carbon absorption from the atmosphere takes place.  With increased temperatures, the ocean stratifies more, mixing becomes harder, and CO2 accumulates in the surface ocean, where the overabundance slows further CO2 absorption.
	If fossil fuel CO2 emission rates flatten by the end of the century, the land and oceans could keep up with CO2 levels and continue to absorb at their current rate, Fung’s model indicates.  Even so, given the lag in the Earth’s response to the CO2 that has already been released, hot places are likely to be drier, and the land and oceans are going to take in carbon at a slower rate; therefore, we will see an amplification or acceleration of global warming.
Tipping Point #3: Melting Permafrost Emits Methane
	In August 2005, The Guardian reported that a Siberian permafrost peat bog the size of France and Germany combined has begun to melt for the first time in 11,000 years.  (See http://www.guardian.co.uk/international/story/0,,1546797,00.html.)  Scientists fear that as it thaws, it will release billions of tons of methane, a GHG 20 times as potent as CO2.  The methane release, over perhaps 100 years, will be comparable to all human emissions of CO2 over a multi-year timespan.
	In Alaska too, the permafrost is melting farther north and deeper.  Aside from damage to roads and buildings, methane released from peat bogs in Alaska will join methane released from sub-Arctic Siberia to accelerate global warming.  (See, e.g., http://news.bbc.co.uk/1/hi/sci/tech/1311007.stm.)
We Are Already Committed
	Humans are manipulating the climate in ways that dwarf humanity’s enterprises.  In 2005, James Hansen and colleagues at NASA’s Goddard Institute for Space Studies (GISS) calculated that Earth now absorbs more energy from the Sun than it emits back into space.  (See http://pubs.giss.nasa.gov/abstracts/2005/HansenNazarenkoR.html and “Earth’s Energy Imbalance,” Hansen et al., Science, Vol. 308, No. 5727, 3 June 2005, pp. 1431-1435.).  The imbalance is confirmed by precise measurements of increasing ocean heat content over the past 10 years.  The imbalance amounts to 400 million MW, about 100 times the world’s entire electric generating capacity.  As a result of the heat already stored in the oceans, we are committed to an additional global warming of about 0.6°C without further change of atmospheric composition, half of it over the next 30 years or so.  The heat stored in the oceans will accelerate ice sheet disintegration and sea level rise.
The Frozen North?
	Paleoclimate records tell us that climate change is sometimes sudden.  The global thermohaline circulation, including the Gulf Stream, warms the eastern U.S. and keeps western Europe several degrees warmer than it would otherwise be.  A key driver is when warm water from the Caribbean passes Greenland and cools enough to become dense enough to sink.  From there, the water takes a multi-year journey along the ocean floor to the Pacific Ocean and part way back before it resurfaces to take on more heat in the Tropics.
	Ocean water’s density is a function not only of temperature, but also of salt concentration.  Saltier and colder water are denser.  As more ice melts on the Arctic Ocean and from Greenland, the frigid water that for millennia has been sinking off the coast of Greenland becomes less salty, if still cold.  As it becomes less salty, it becomes less dense and does not sink as well.  The result is that the entire circulation slows and may halt, as it did twice between 8,000 and 12,000 years ago.  Disruption of the thermohaline circulation caused temperatures on nearby land masses to plunge by almost 10°C in only a few years.
	The Gulf Stream transports 27,000 times more heat to British shores than all the energy that UK power suppliers provide.  Current climate models predict that Europe outside Russia would cool by 5°C or more (relative to other regions) if the circulation stops.  Recent research, by Peter Wadhams, professor of ocean physics at Cambridge University (Cambridge, UK), has found that the number of large columns of water sinking off Greenland, which drive the thermohaline circulation, have shrunk from 11 to 2, weakening a key engine driving the Gulf Stream to a quarter of its former strength.  (See http://www.timesonline.co.uk/article/0,,2087-1602579,00.html.)
	On the other hand, researchers have not yet found appreciable weakening in the Gulf Stream off Florida (USA).  And it is not yet clear that changes in the ocean sink off Greenland exceed inter-decadal variability.
Stormy Weather Ahead
	Hurricanes are powerful heat engines.  Fortune magazine (“The High Cost of Climate Change,” 2 September 2005) explains, “Hurricanes suck energy from warm waters to drive their winds.  So as sea-surface temperatures rise, the storms absorb more energy that gets pumped out in the form of high-speed winds.”  The power of an average hurricane roughly equals the electric generating capacity of the United States.
	Hurricanes require water warmer than 80°F to form.  When such warm areas grow larger and last longer, whether from global warming or natural cycles, conditions favor hurricanes development for a greater portion of the year.  Hurricane season is no longer just June to November.  Moreover, warmer water imparts more energy to the heat machines that are hurricanes.  Increased sea surface temperatures in the North Atlantic/Gulf of Mexico hurricane basin correlate closely with increased hurricane intensity in the last 30 years.  Stronger hurricanes, coupled with more inhabitants and expensive seacoast property, lead to much greater damages from hurricanes.  See “More Hurricanes Drive Up Insurance Costs,” BATE August 2005.  Hurricane damage costs are forecast to rise by $300 billion per year if global warming worsens.
	The depth of ocean warming also plays a role.  Hurricanes produce powerful waves that churn up cooler water from below, leaving tepid water that will power only a modest hurricane, or even only a gale.  However, warm water at depth removes a brake on hurricane intensity.  Almost 40 years ago, Hurricane Camille rode the track of the Loop Current, a warm current that flows deep in the Gulf of Mexico, to become one of the most powerful storms ever to hit the U.S.  It may be that Hurricane Katrina in 2005 did the same thing, or that a warm summer made the warm water zone deeper, accounting for high Gulf hurricane intensities in 2005.
	It must be noted that hurricanes are most frequent in the northwest Pacific.  There they make landfall in the Philippines, Vietnam, China, and Japan.  The strongest hurricanes recorded are in that basin.  Thus, China has an interest in keeping hurricanes from becoming stronger due to global warming.
Dry and Drier – Food and Water Become Scarce
	Warmer air holds more moisture than cold air, at the same relative humidity.  In soils, for each 1°C increase in air temperature, a 10% increase in rain is required to maintain soil moisture.  When rainfall does not increase, but temperature does, drought ensues.  Thus, global warming imparts some tendency for dry areas to become drier, but this is exacerbated several-fold by human use.
	Droughts such as the one that has lowered the water level in Lake Powell in Utah (USA) by more than 50% are likely to become more frequent in a warmer world.  The same drought has led to grass fires that destroy homes in Oklahoma and New Mexico, mirroring the devastating forest fires that ravaged many of the western United States and plagued Indonesia in recent years.  As more vegetation burns, less carbon is stored and more enters the air, amplifying the effect of GHGs.  Colorado River water for Phoenix and Las Vegas could become increasingly scarce.
	An analysis by David Rind et al. indicated that “once a century” drought may occur every other year (half the time) by 2060 if warming continues unabated (up 3.5°C from today by 2060, a slight acceleration from the 2001-2005 pace), despite 13% more rain.  The model results from their 20 June 1990 article in the Journal of Geophysical Research, “Potential Evapotranspiration and the Likelihood of Future Drought,” indicated that the consequences of endemic extreme drought could be enormous.  In one result, overall peak streamflow would increase, but average streamflow would decrease, given unchanged rainfall.  More floods in hurricane alley, but less reliable water farther from the ocean.  In another result, forest biomass would decrease 40%, averaged over 28 sites.  More forest fires.
	Most of all, the effect on agriculture could be dramatic.  Three analyses cited by Rind, et al. showed drought-related decreases of 30% to 50% in production in wheat, corn and soybeans in the South and Midwest regions of the United States.  Future droughts affect these regions in the same way they affect most of the rest of the world.  Other hard-hit areas are India, China, southern Europe, Ukraine, and most of Latin America, Africa, Australia, and the rest of Asia.  Only Canada, Patagonia, and areas near the Arctic Ocean would gain soil moisture.  The effect on agriculture would be less problematic if plants could fully utilize the increased CO2.  However, scarce water limits the CO2 “fertilization” effect, as plants close stomates to conserve water and so take up soil nutrients more slowly, and very high leaf temperatures (no sweat) cause photosynthesis, or at least reproduction, to shut down.
Violent Weather Swings Pummel Markets
	To stabilize CO2 levels in the air at double pre-industrial levels, while continuing economic growth, carbon emissions must be reduced by seven billion tons a year. (See “Cloudy with a Chance of Chaos” by Eugene Linden, Fortune, 23 January, 2006, pp. 135-145 and http://money.cnn.com/2006/01/17/news/economy/climate_fortune/.)  Eliminating just one billion tons, argues John Browne, the CEO of oil/energy giant BP, would mean building 700 nuclear stations to replace fossil-fuel-burning power plants, or increasing the use of solar power by a factor of 700, or stopping all deforestation and doubling present efforts at reforestation.  Achieve all three of these, and pull off four more equally large-scale reallocations of capital and infrastructure, then the world would probably stabilize its carbon emissions.
	The signs of climate change are here, according to Linden.  Recently we had the strongest El Niño in 130,000 years.  Hurricanes continued to form in the Atlantic through late December 2005.  The Amazon rainforest, normally one of the wettest places on Earth, is experiencing an intense drought.  And things could get much worse.  Europe could suffer floods and heat waves vastly greater than those of 2002 and 2003.  Drought in the U.S. “breadbasket” could wipe out U.S. grain surpluses, as well as most of the world’s grain exports.  “In the world’s tightly coupled markets, financial tsunamis would surge through the system, leaving banks and corporations insolvent.  Financial panics, largely absent for more than 70 years, would return with a vengeance.  Here at home, a flickering climate would impose an enormous tax on every individual and business.  Property values in most places would plummet as buyers disappeared and costs of insurance and maintenance soared,” according to Linden.
	Linden notes that the Gulf of Mexico was warm enough in 2005 for three hurricanes to intensify from Category 1 to Category 5 in no more than two days.  Lots of money in beachfront construction meant lots of money in damages.  According to Linden, a “best-case” scenario of global warming shows a 50% reduction in available water for Los Angeles, due largely to a greatly diminished snowpack in the Sierra Nevada.  Water could be diverted from crops in California’s Central Valley, but food supplies from there would already be under pressure from drought elsewhere.
Worst-Case Scenario
	An October 2003 study (An Abrupt Climate Change Scenario and Its Implications for United States National Security) for the US Department of Defense indicated that climate change could lead to different dire consequences.  (See www.ems.org/climate/pentagon_climate_change.html and BATE’s sister publication, GECR, April 2004, pg. 3.)  The study, commissioned to explore the impacts to society of dramatic climate change, focused on an abrupt collapse of the global thermohaline circulation, in response to substantial melting in Greenland.  Over only a few years, temperatures would fall 3-4°C in the eastern United States and Europe, and increase by almost as much in Australia, South America, and southern Africa, as tropical heat failed to be transferred poleward.  Drought would persist for most of the decade in critical agricultural regions, accompanied by wind-driven soil loss.  Floods would become more frequent in some regions.  China would be hard hit by variable monsoons striking denuded land.  Winter winds would increase.
	Attendant food shortages and shortages of fresh water could destabilize the geopolitical environment.  Attempted mass emigration could ensue, as from the Caribbean and Mexico to the United States, or Bangladesh to India.  The United States and Western Europe, with access to many resources, are likely to adapt most effectively to abrupt changes in climate.  The have-not nations are likely to resent them and their high CO2 emissions.  Nuclear weapons will proliferate.
	“Less fortunate nations, especially those with ancient enmities with their neighbors, may initiate struggles for access to food, clean water, or energy.  Unlikely alliances could be formed as defense priorities shift and the goal is resources for survival rather than religion, ideology, or national honor.”  Famines and wars, some nuclear, would reduce the human population to Earth’s new and lower carrying capacity.

