
 

Computer sims: In climatic tug of war,
carbon released from thawing permafrost
wins handily

March 18 2015, by Dan Krotz

  
 

  

This animation shows the poleward retreat of permafrost (thick black line), and
the loss of soil carbon to the atmosphere (red), as the climate warms. The loss of
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soil carbon persists long after the period of rapid thaw. The animation is from an
Earth system model that includes the dynamics of carbon and nitrogen in the
soil. Credit: Berkeley Lab

There's a carbon showdown brewing in the Arctic as Earth's climate
changes. On one side, thawing permafrost could release enormous
amounts of long-frozen carbon into the atmosphere. On the opposing
side, as high-latitude regions warm, plants will grow more quickly, which
means they'll take in more carbon from the atmosphere.

Whichever side wins will have a big impact on the carbon cycle and the
planet's climate. If the balance tips in favor of permafrost-released
carbon, climate change could accelerate. If the balance tips in favor of
carbon-consuming plants, climate change could slow down.

Turns out the result will be lopsided. There will be a lot more carbon
released from thawing permafrost than the amount taken in by more
Arctic vegetation, according to new computer simulations conducted by
scientists from the U.S. Department of Energy's Lawrence Berkeley
National Laboratory (Berkeley Lab).

The findings are from an Earth system model that is the first to represent
permafrost processes as well as the dynamics of carbon and nitrogen in
the soil. Simulations using the model showed that by the year 2300, if
climate change continues unchecked, the net loss of carbon to the
atmosphere from Arctic permafrost would range from between 21
petagrams and 164 petagrams. That's equivalent to between two years
and 16 years of human-induced CO2 emissions.

The scientists included nitrogen dynamics in the model because, as
permafrost thaws, nitrogen trapped in deeper soil layers (below one
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meter underground) will decompose and become available to fertilize
plants. At the same time, organic carbon frozen in deeper soil layers will
decompose and enter the atmosphere.

"The big question has been: Which side wins? And we found the rate of
permafrost thaw and its effect on the decomposition of deep carbon will
have a much bigger impact on the carbon cycle than the availability of
deep nitrogen and its ability to spark plant growth," says Charles Koven
of Berkeley Lab's Earth Sciences Division.

Koven conducted the research with fellow Berkeley Lab scientist
William Riley and David Lawrence of the National Center for
Atmospheric Research. They recently reported their research in the 
Proceedings of the National Academy of Sciences.

The scientists believe that nitrogen's relatively small impact on the 
carbon cycle is due to the fact that deeper layers of permafrost won't
thaw until the fall or even early winter, when summer's warmth finally
reaches more than one meter below ground. At that stage in the growing
season, the deep nitrogen that decomposes and becomes available will
have few plants to fertilize.

The model's output also highlights uncertainties in the science. After all,
the simulations found that between 21 petagrams and 164 petagrams of
carbon will be released to the atmosphere, which is a big range. The
scientists say that more field and lab research is needed to determine
how carbon-decomposition dynamics work in deep layers of permafrost
versus at the surface, including the role of microbes, minerals, and plant
roots.

"These simulations allow us to identify processes that seem to have a lot
of leverage on climate change, and which we need to explore further,"
says Koven.
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https://phys.org/tags/carbon+cycle/
https://phys.org/tags/carbon/
https://phys.org/tags/permafrost/
https://phys.org/tags/climate+change/


 

  More information: Proceedings of the National Academy of Sciences, 
www.pnas.org/content/early/201 … /1415123112.abstract
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