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FOREST ECOSYSTEMS AND THE CARBON CYCLE 

This May 2017 blog is written by Marina Melanidis from the PICS Forest Carbon Management Project, a multi-

year collaborative effort created by the Pacific Institute for Climate Solutions, involving scientists from Natural 

Resources Canada (NRCan), the University of British Columbia (UBC) and other agencies.  

The continuous flow of carbon from the land and water through the atmosphere and living organisms makes 

up the global carbon cycle [1]. It contains reservoirs where carbon is stored and features dynamic flows of 

carbon between the carbon pools [2]. Forests are one of the largest reservoirs of carbon on Earth [1], and 

therefore their storage and release of carbon have a great impact on the global carbon cycle. With 10% of the 

world’s forests, Canada’s carbon balance is especially dependent on the flow of carbon into and out of forest 

ecosystems [3]. 

FOREST CARBON SEQUESTRATION AND RELEASE 

Forests absorb carbon from the atmosphere through carbon sequestration, which describes the uptake of 

carbon through photosynthesis. This carbon is then used to create new plant biomass, such as leaves, roots 

and wood [4]. Carbon makes up about half of the dry weight of wood. Young forests have high growth rates 

and therefore sequester carbon at a faster pace than older forests. While they pull carbon out of the 

atmosphere quickly, at these early stages of development they do not yet store large amounts of carbon [2]. 

Older forests can store carbon in much larger quantities as these trees have been growing for longer periods 

of time and have built up large carbon stocks. However, the rate at which forests can sequester carbon from 

the atmosphere declines with age, meaning that older forests cannot take in carbon as rapidly as forests at a 

younger developmental stage. In addition to being stored within living plant biomass, carbon is also stored in 

detritus (such as leaves, branches and downed wood) and soil [2]. 

Forests continually release carbon back into the atmosphere as trees respire and as dead plant matter decays. 

Natural disturbances such as insect outbreaks and wildfire can drastically increase tree mortality, increasing 

the amount of decaying plant matter. This can result in sudden, large releases of carbon to the atmosphere, 

especially in the case of fire which releases carbon from biomass and litter. In 2014, where total forest area 

burned was above normal averages for the province, wildfire in B.C. released 19 Mt of CO2e directly into the 

atmosphere [8]. 

Human activity can impact forest carbon levels as well. Producing products with harvested wood removes 

carbon from the forest ecosystem and stores it within the wood product, where it remains for the length of 
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the product’s life [2]. The majority of wood harvested from B.C forests is converted to building products [11, 

12]. Residues from harvest activity and wood product processing are sometimes used as fuel for bioenergy, an 

activity that can result in a net reduction in greenhouse gas emissions if the bioenergy is displacing high 

emission fossil fuels [5]. See the third blog in our series to learn more about carbon storage in harvested 

wood products. Other human activities, like deforestation and afforestation, also impact a forest’s carbon 

storage capability. Climate change impacts the forest carbon balance of forests as well by influencing forest 

productivity (both positively and negatively), decompositions rates, and natural disturbance regimes [2, 6]. 

FORESTS: A CARBON SINK OR A CARBON SOURCE? 

Forests can fluctuate between acting as a carbon sink or as a carbon source, depending on the relative balance 

between the uptake and release of forest carbon in a given year [7]. Forests act as carbon sinks when they 

absorb more carbon than they release, resulting in a net carbon removal from the atmosphere. Conversely, 

forests act as carbon sources when they release more carbon than they absorb, resulting in a net carbon 

emission. 

Historically, Canada’s managed forests have usually been carbon sinks when accounting for carbon both in the 

forest and in harvested wood products. However, in the last decade they have transferred into becoming 

carbon sources [1]. In B.C., forests shifted from being sinks to being sources in 2003, and have largely 

remained sources since [12]. These shifts are due to an increase in the frequency and severity of natural 

disturbances, especially insect outbreaks and wildfire, caused by the current warming trend in climate [6]. This 

increase in disturbances has also resulted in an increase in harvest in B.C.  

The unprecedented mountain pine beetle outbreak in B.C. was largely responsible for converting the 

province’s forests from a sink to a source, as higher tree mortality decreased photosynthesis rates and 

increased the release of carbon from decaying biomass and increased harvest. The largest annual impact the 

mountain pine beetle outbreak had in B.C. was equivalent to 73 Mt of CO2 [6], which is approximately 

equivalent to the emissions released from Canada’s entire Land Use, Land-Use Change, and Forestry Sector in 

2014 [9]. In contrast, B.C.’s harvest activities in 2014 transferred 61 Mt of CO2 out of forests, some of which 

was kept stored in wood products [9].  

FOREST CARBON BALANCE AND MITIGATION STRATEGIES 

In B.C., natural disturbances have the strongest impact on the forest carbon balance, even more so than 

harvesting. Less than 0.4% of managed forests are harvested per year in B.C. and all harvested areas must be 

regenerated, a process that absorbs carbon and allows for new carbon storage [10]. In addition, about 40-60% 

of carbon in harvested trees remains in the forest, stored in dead organic matter (such as root systems and 

leaves and branches that are not collected). About a third of the wood that is removed is used to produce 

long-lived wood products such as timber and panels for buildings, which continue to store sequestered carbon 

for the entirety of their life span and, if they are recycled at the end of use, for even longer [7]. 
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Due to the potential of forests to sequester and store a significant amount of carbon, there is a great 

opportunity for the forest sector to mitigate climate change. Therefore, the aim of all mitigation strategies for 

the forest sector is to reduce forest carbon sources and increase forest carbon sinks, a goal that is especially 

important as a warming climate continues to impact natural disturbance regimes [6]. 

REFERENCES: 

1) Natural Resources Canada. (2016). Forest Carbon. Government of Canada. 

http://www.nrcan.gc.ca/forests/climate-change/forest-carbon/13085 (accessed February 10, 2017) 

2) Dymond, C.C. and Spittlehouse, D.L. (2009). Forests in a carbon-constrained world. BC Forest Science 

Program Extension Note 92, Victoria, BC. https://www.for.gov.bc.ca/hfd/pubs/Docs/En/En92.htm  

3) Stinson, G., Kurz, W.A., Smyth, C.E., et al. (2011). An inventory-based analysis of Canada’s managed 

forest carbon dynamics, 1990 to 2008. Global Change Biology, 17, 2227-2244. 

https://cfs.nrcan.gc.ca/publications?id=32135   

4) Peterson St-Laurent, G.P. and Hoberg, G. (2016). Climate change mitigation options in British 

Columbia’s forests: A primer. Pacific Institute for Climate Solutions, UBC Faculty of Forestry, 1-26. 

http://carbon.sites.olt.ubc.ca/files/2012/01/Primer_Climate-Change-Mitigation-Options-in-BC_.pdf 

5) Smyth, C.E., Rampley, G.J., Lemprière, T.C., Schwab, O., and Kurz, W.A. (2016). Estimating product and 

energy substitution benefits in national-scale mitigation analyses for Canada. Global Change Biology 

Bioenergy, 1-14. https://cfs.nrcan.gc.ca/publications?id=37087  

6) Kurz, W.A., Dymond, C.C., Stinson, G., et al. (2008). Mountain pine beetle and forest carbon feedback 

to climate change. Nature, 452, 987-990. 

http://www.nature.com/nature/journal/v452/n7190/abs/nature06777.html  

7) BC MFLNRO. (2013). Climate mitigation potential of British Columbian forests: Growing carbon sinks. 

Government of British Columbia, 1-29. 

http://www2.gov.bc.ca/assets/gov/environment/natural-resource-stewardship/nrs-climate-

change/mitigation/climatemitigationpotentialofbritishcolumbianforests.pdf  

8) Government of British Columbia. (2016). British Columbia Greenhouse Gas Inventory. Government of 

British Columbia. http://www2.gov.bc.ca/gov/content/environment/climate-change/data/provinical-

inventory  

9) Environment and Climate Change Canada. (2016). Canada’s Greenhouse Gas Inventory. Government of 

Canada. https://www.ec.gc.ca/ges-ghg/default.asp?lang=En&n=83A34A7A-  

10) BC Ministry of Forests, Mines and Lands. (2010). The state of British Columbia’s forests, 3rd ed. Forest 

Practices and Investment Branch, Victoria, B.C. 

http://www2.gov.bc.ca/assets/gov/environment/research-monitoring-and-

reporting/reporting/envreportbc/archived-reports/sof_2010.pdf  

11) Dymond, C.C. (2012). Our logs’ story from truck to product. BC Forest Science Program Extension Note 

107, Victoria, BC. https://www.for.gov.bc.ca/hfd/pubs/Docs/En/En107.htm  

http://www.nrcan.gc.ca/forests/climate-change/forest-carbon/13085
https://www.for.gov.bc.ca/hfd/pubs/Docs/En/En92.htm
https://cfs.nrcan.gc.ca/publications?id=32135
http://carbon.sites.olt.ubc.ca/files/2012/01/Primer_Climate-Change-Mitigation-Options-in-BC_.pdf
https://cfs.nrcan.gc.ca/publications?id=37087
http://www.nature.com/nature/journal/v452/n7190/abs/nature06777.html
http://www2.gov.bc.ca/assets/gov/environment/natural-resource-stewardship/nrs-climate-change/mitigation/climatemitigationpotentialofbritishcolumbianforests.pdf
http://www2.gov.bc.ca/assets/gov/environment/natural-resource-stewardship/nrs-climate-change/mitigation/climatemitigationpotentialofbritishcolumbianforests.pdf
http://www2.gov.bc.ca/gov/content/environment/climate-change/data/provinical-inventory
http://www2.gov.bc.ca/gov/content/environment/climate-change/data/provinical-inventory
https://www.ec.gc.ca/ges-ghg/default.asp?lang=En&n=83A34A7A-
http://www2.gov.bc.ca/assets/gov/environment/research-monitoring-and-reporting/reporting/envreportbc/archived-reports/sof_2010.pdf
http://www2.gov.bc.ca/assets/gov/environment/research-monitoring-and-reporting/reporting/envreportbc/archived-reports/sof_2010.pdf
https://www.for.gov.bc.ca/hfd/pubs/Docs/En/En107.htm


   
 

4 
 

12) BC MFLNRO. (2017). The state of forest carbon in British Columbia. Government of British Columbia. 

http://www2.gov.bc.ca/assets/gov/environment/natural-resource-stewardship/nrs-climate-

change/adaptation/state_of_forest_carbon_feb_8_2017.pdf  

http://www2.gov.bc.ca/assets/gov/environment/natural-resource-stewardship/nrs-climate-change/adaptation/state_of_forest_carbon_feb_8_2017.pdf
http://www2.gov.bc.ca/assets/gov/environment/natural-resource-stewardship/nrs-climate-change/adaptation/state_of_forest_carbon_feb_8_2017.pdf

	Forest carbon SEQUESTRATION and release
	forests: a carbon sink or a carbon source?
	Forest carbon balance and mitigation strategies

