A Means to Slow Arctic Warming and Melting?

Short-lived Arctic Climate Forcers

Background:


The Arctic is warming at twice the rate of the Earth as a whole.  Since 1979, enhanced Arctic warming has reduced summer sea ice by more than 40%, with many climate models predicting its disappearance by 2030; and Greenland ice sheet discharge is steadily increasing.  This rapid warming already has placed a large burden on the Arctic’s human settlements and ecosystem.  That burden will grow in coming years, yet the effects of Arctic warming may well be felt far beyond the Arctic as well.  Rising seas may inundate low-lying coastal areas, and open water contribute to rising temperatures in Eurasia and North America by reducing the southern flow of cold Arctic air.
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The recent Arctic warming and melting poses another, potentially more serious risk:  Arctic sea ice and even the Greenland ice sheets may eventually reach a “tipping point,” with disintegration nearly impossible to reverse, even if we do not see the full effects for centuries.  Accelerated warming in the region would especially occur with a total loss of summer sea ice, which many scientists now believe may occur before 2030, with open water around Greenland likely to cause accelerated sheet melting.  In addition to Greenland ice loss, increased Arctic warming may lead to extensive melting of permafrost, further damaging Arctic infrastructure and releasing stored methane.  Twenty-three times more potent than CO2, methane thereby released would accelerate the warming of the rest of the planet, and the sharp rise in global methane in 2007 unfortunately may presage this trend.


Arctic stabilization, especially of the sea ice over the coming two decades, thus has global as well as regional urgency.  Most discussions on steps to slow this warming have focused on reducing carbon dioxide emissions, and strong, rapid reductions in CO2 emissions remain the only means to ensure the long-term survival of the Arctic.  Unfortunately however, controlling CO2 will not by itself stabilize the Arctic in this potentially-critical near term period, since CO2 once emitted remains in the atmosphere for centuries.  Even if all such CO2 emissions ceased today, the reduction in global warming could not occur quickly enough to slow the processes driving the unexpectedly rapid changes we have seen recently in the Arctic. 

Yet CO2 is not the only contributor to Arctic warming.  Scientists now estimate that several other pollutants -- notably black carbon; tropospheric ozone; and the relatively short-lived GHG methane -- collectively have roughly the same temperature impact on the Arctic as CO2.  Because of the short lifetimes of these pollutants (days, months or a decade, respectively), near-term reduction efforts could slow warming especially by delaying the onset of spring melt, when the Arctic is most sensitive.  This could “buy time” by slowing Arctic warming; giving the ice more time for the benefits of CO2 reductions to take effect.  Indeed, curbing short-lived climate forcing agents, through rapid international action and Arctic nation leadership, may prove the best and perhaps only viable strategy for slowing Arctic warming at this time.
Black carbon and Other Short-lived Arctic Climate Forcers:

Black carbon or “soot” consists of small dark particles arising from incomplete or inefficient burning, for example from diesel engines or wood burning stoves.  These small particles can travel large distances from their source, including to the Arctic.  Black carbon (BC) warms the Arctic in two ways.  First, it absorbs heat in the atmosphere, contributing to overall global warming that also warms the Arctic.  Black carbon that reaches the Arctic however has a much more potent effect.  While still air-borne in the region, it absorbs heat that warms the region overall.  Once deposited, it makes snow and ice darker and more heat absorbent, not only directly but by changing the crystalline structure of surrounding snow to make it more absorbent as well.  Black carbon deposited earlier and buried by subsequent snows may even heat ice and snow from below during the summer melt, concentrating towards the surface until carried off with melt water.


Although a large fraction of global black carbon comes from developing country sources, much of the black carbon actually deposited in the Arctic – and with this unusually potent effect – appears to come from the region above the approximate latitude of 40 degrees North.  (That somewhat arbitrary line encompasses Canada and the northern half of the U.S., most of the EU, Russia, Ukraine, Kazakhstan, Mongolia and China north of Beijing.)  As a result, control of BC sources in the Arctic Council member states and perhaps these near-Arctic nations could have a large and potentially rapid impact in slowing Arctic warming, with reductions that target winter and early spring emissions likely to prove especially effective by reducing spring melting.  
Because no sources emit just black carbon, but instead emit other aerosols as well – namely organic carbon, nitrogen oxides and sulfur dioxide, all of which have a cooling influence -- reduction measures would target sources that have a high percentage of black carbon.  These include on and off road diesel engines, residential burning of solid fuels and agricultural burning

Tropospheric (ground-level) ozone, better known as “smog,” arises from emissions stemming from a variety of industrial and mobile sources.  It affects Arctic climate largely as a result of heat transport from ozone that occurs elsewhere in the northern hemisphere.  However, ozone produced in the northern hemisphere mid-latitudes can move more efficiently to the Arctic during the darker months, where its longer lifetime traps heat, contributing to springtime melt.  As a result, seasonally timed “north of 40” reductions in ozone might prove a no-regrets reduction measure.


North American and European national regulations and multilateral agreements already address ozone.  However, these measures – aimed at health and crop impacts alone – only address ozone “peaks,” not the overall background levels which have risen in past years and contribute to global as well as Arctic regional warming.  Arctic stabilization may require governments to address this “background ozone” as well.   Several other pollutants also contribute to ozone formation; with methane, carbon monoxide and nitrous oxides likely having the greatest relevance to Arctic warming. 

Methane, with its relatively short atmospheric lifetime (8-10 years), great climate potency and contribution to ozone formation means that reducing worldwide methane emissions will have a magnified benefit in the Arctic.  Although reductions in the Arctic and near-Arctic will have no more impact than reductions elsewhere on the globe for this well-mixed greenhouse gas, Arctic nations may wish to encourage and spearhead greater methane reductions over the next 20 years for the specific purpose of Arctic stabilization.  Reducing methane emissions will require targeting major controllable anthropogenic sources including gas and coal production and use, landfills, wastewater treatment, rice cultivation, and enteric fermentation.  Among these sources, the waste and fossil fuel sectors show the most promise for mitigation.  Methane already resides in the “Kyoto basket” of gases, and any proposed new initiatives or measures aimed at Arctic stabilization must remain in concert with ongoing negotiations in the Kyoto and Bali context.
Many Potential Mechanisms – Urgent Research Needed
Possible “north of 40” national responses may occur both individually and jointly, tailored not only to the specific national regulatory situation but to each country’s specific profile on emissions – which to some degree require urgent further research.  Clarifying specific patterns of emissions and deposition in the Arctic is an urgent need to enable the most effective mitigation efforts; for example, halting springtime agricultural burning in Eastern Europe while perhaps targeting diesel and woodburning stoves in Northern Europe and North America.  The role of boreal forest fires as cooling or warming also remains highly unclear.
The time to effect these measure is, however, increasingly short; with a need for increasingly widespread discussion on innovative ways forward to “buy time” for the Arctic region as we know it.
