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Fire Science: Quick Takes
Wildland Fire and the Forest Carbon Cycle

Carbon sequestration occurs when carbon dioxide from the atmosphere is taken up by trees, shrubs, grasses, and other plants through photosynthesis and stored as carbon in trunks, branches, foliage, and roots, as well as soils. Interest in carbon sequestration has increased along with efforts to explore new opportunities for mitigation of greenhouse gas emissions (GHG) and climate change. Sustainable forestry management can strengthen the capacity of forests to sequester carbon while expanding other ecosystem services, such as improved soil and water quality. However, managing for long-term carbon sequestration often involves short-term reductions in carbon stocks through harvesting, thinning, and fuels reduction in order to improve forest health and reduce the risk of catastrophic fires. 

Forest carbon is an essential part of any strategy to mitigate GHG emissions.  Forests cover 65% of the total land surface, they contain 90% of the total vegetation C in terrestrial ecosystems, they contain 80% of the total soil C in terrestrial ecosystems, and they assimilate 67% of the total CO2 removed from the atmosphere by all terrestrial ecosystems (1). Subsequently, land management agencies are now beginning to seriously explore new ideas for carbon management, and detailed carbon management strategies are certain to be a large part of forest management in the coming century. This fact sheet is designed to provide an overview of the forest carbon cycle and point readers to sources for more detailed information

The Carbon Cycle

At the most basic level the carbon cycle involves the exchange of carbon through all of the earth’s components–forests, water, plants, animals, and even soil, rocks  and sediment. Most of this exchange takes place through photosynthesis and respiration. In photosynthesis, plants take in CO2 from the atmosphere along with light and create carbohydrates (sugars) and oxygen.The carbohydrates are then stored in the roots, stems, trunks, and leaves of the plant as biomass and used as energy for growth. To use the stored carbon, plants break it down and release it back to the atmosphere through respiration.

The flow of carbon between the different elements in the cycle–atmosphere, plants, soils, for example–is often referred to as ‘flux.’ Anything that absorbs and stores carbon is called a sink, and anything that releases carbon faster than it is absorbed is termed a source. Whenever a healthy plant is taking in carbon and storing it for the growth of new leaves, stems, or roots it is a sink; however, if that same plant is decomposing or is destroyed by fire, it is releasing its stored carbon and has become a source.

Scientists throughout the world are working to quantify the amounts of carbon stored in different components of earth and their interactions. Carbon can be measured using two different approaches. One approach is to use satellites and metrological instruments to measure the flux of CO2 in the air. The other is to measure the amount of carbon present in samples from plants, trees, soil, and other components and scale those up to a regional or worldwide level. Using these methods scientists have been able to determine the approximate quantities and fluxes involved in the global carbon cycle (Hall-Rivera and Loya 2008).
Forests and long-lived wood products currently offset 310 million metric tons of U.S. fossil fuel emissions of carbon—20 percent of the total (Pacala et al. 2007). This is an enormous ecosystem service. Jackson and Schlesinger (2004) estimated that offsetting another 10 percent of emissions would require the conversion of one-third of our current U.S. cropland to forest plantations. 
The persistence of the forest carbon sink is a concern, because projected increases in the rates of such disturbances as fire may mobilize current carbon stocks (Canadell et al. 2007). We understand the carbon value of keeping forests as forests, of planting forests where none existed historically (afforestation), of replanting forests where they were located historically (reforestation), of using forest biomass as fuel in place of fossil fuel, and of storing carbon in long-lived products. However, several issues remain to be solved: (1) biophysical limits on storage and a complete accounting of the global warming budget of forests, which would include their albedo or reflectance (forests are dark and absorb solar energy) and the release of other greenhouse gasses such as nitrogen oxides; (2) the lifespan of storage (including disturbances of all kinds, and market forces that will influence whether harvesting for wood products is more economical than other uses); and (3) accounting of storage in all forest carbon pools and the displacement of carbon loss to other areas (Ryan 2008).

Wildland Fire and the Carbon Cycle

During a fire, part of the forest biomass (trees, plants, grasses, etc.) are burned and converted to CO2 and other gases. Other parts are converted to charcoal, which is considered a long-term or semi-permanent storage state (About one to 10 percent of biomass killed in a fire is converted to charcoal, a uniquely stable form of carbon that can persist for thousands of years). Over the long term, fire effects on forest carbon stocks are minor because of regeneration, because regrowth recovers the carbon lost in the fire and in decomposition of the trees killed by the fire. However, if fires switch forests to meadow or shrublands, losses of carbon can be considerable. (Hall-Rivera and Loya 2008)
Only 10 to 30 percent of the biomass in a forest is actually consumed by a fire: the majority remains on-site. Live trees will continue their role in the carbon cycle. Dead trees will slowly decompose and release carbon to the atmosphere or make new soil carbon. Regrowth after a fire will recapture carbon from the atmosphere, reversing the fire’s emissions. (Hall-Rivera and Loya 2008)
In the last 10 years, forest fires annually burned 0.9 percent of forested land in the United States, with the largest fire year (2006), burning 1.3 percent of forested land. This corresponds to an overall average return interval of 100 years for U.S. forest fires (Ryan 2008). If fires become more severe, especially where ecosystems are not adapted to severe fire, the liklihood that fire will change forest to shrublands or meadows will increase. Current fire emissions of carbon are estimated at 40 million metric tons/year, compared to net forest growth of 257 million metric tons/year (US EPA 2007). Given that the increase in fires over the past few decades has not decreased forest sequestration of carbon, it would probably take a doubling or tripling of the fire frequency (30- to 50-year fire return interval) coupled with some conversion of forests to meadow or brushland, for fire to affect the carbon stored in U.S. forests as a whole (Ryan 2008). However, for an individual forest management unit, carbon sequestration can be dramatically altered by fire.
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Advances in Fire Practice is a sub-site of wildfirelessons.net and is focused on bringing efforts and ideas to the forefront that leaders in the fire management, practice, and research communities have identified as innovative and widely applicable. It provides access to critical and proven fire information and resources. Advances in Fire Practice section can be reached directly by going to http://www.wildfirelessons.net/AFP.aspx or through the main Wildland Fire Lessons Learned Center website at www.wildfirelessons.net.

The Wildland Fire Lessons Learned Center actively promotes a learning culture for the purpose of enhancing safe and effective work practices in the entire U.S. wildland Fire community.  It is located at the National Advanced Fire & Resource Institute in Tucson, Arizona.



