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Approximately twice as much soil carbon is stored in the northern circumpolar permafrost zone than is currently 
contained in the atmosphere. Permafrost thaw, and the microbial decomposition of previously frozen organic 
carbon, is considered one of the most likely positive feedbacks from terrestrial ecosystems to the atmosphere in 
a warmer world. Yet, the rate and form of release is highly uncertain but crucial for predicting the strength and 
timing of this carbon cycle feedback this century and beyond. New insight brought together under a synthesis 
effort by the Permafrost Carbon Network helps constrain current understanding of the permafrost carbon 
feedback to climate, and provides a framework for newly developing research initiatives. A newly enlarged soil 
carbon database verifies the widespread pattern of large quantities of carbon accumulated deep in permafrost 
soils. The known pool of permafrost carbon is now estimated to be 1330-1580 Pg C, with the potential for ~400 Pg 
C in deep permafrost sediments that remain largely unquantified. Even though these northern regions account for 
only 15% of global soil area, the 0-3 m global soil carbon pool is increased by 50% when accounting for the soil 
carbon stored in the permafrost zone. Laboratory incubations of these permafrost soils reveal that a significant 
fraction of this material can be mineralized by microbes and converted to CO2 and CH4 on time scales of years to 
decades, with decade-long average losses from aerobic incubations ranging from 6-34% of initial carbon. Variation 
in loss rate is dependent on the soil carbon to nitrogen ratio, with higher values leading to more proportional loss. 
Environmental conditions also modify potential emission rates, sometimes with unexpected consequences for 
climate forcing. The climate impact of aerobic decomposition was two times larger than of anaerobic 
decomposition even though methane was released in the latter conditions, due to the overall higher emission 
rates in the former. Model scenarios show potential C release from the permafrost zone ranging from 37-174 Pg 
C by 2100 under the current climate warming trajectory (RCP 8.5), with an average across models of 92±17 Pg C. 
Furthermore, thawing permafrost C is forecasted to impact global climate for centuries, with models, on average, 
estimating 59% of total C emissions after 2100. A key question is the degree to which soil carbon release will be 
offset by carbon uptake by plants and storage of new carbon in surface soils. Models, expert assessment, and 
empirical field measurements differ in their predictions on this offset. Taken together, greenhouse gas emissions 
from appear likely to occur over decades to centuries as northern regions warm, at a magnitude similar to other 
historically important biospheric C sources such as land use change, but at a fraction of fossil fuel emission rates. 


