
H03-2: Reading: Excerpts from  
“Sink or Source: Fire and the Forest Carbon Cycle”* 

 
Forests have a life cycle: trees die after disturbance, such as a stand-replacing fire, setting the stage 
for new growth to begin. If a forest fully replaces itself, there will be no net carbon change over that 
life cycle. The fire consumes only about 10 to 20 percent of the carbon and immediately emits it 
back into the atmosphere. It kills trees but doesn’t consume them. So, new trees grow (storing 
carbon), old trees decompose (emitting carbon), and the organic layer of the soil accumulates 
(storing carbon). This balance between simultaneous production and decomposition determines 
whether the forest is a net source or sink. The net ecosystem carbon balance, also known as net 
ecosystem production (NEP), specifically quantifies the annual net change in carbon stored in the 
ecosystem. And that’s the “magic number,” so to speak, needed to gauge whether a forest is a 
carbon source (negative NEP) or sink (positive NEP) at any given point in time. NEP is often 
quantified on an annual basis and for a single forest stand. But to determine whether an entire 
landscape (which is composed of many stands of different ages) is a carbon source or sink over a 
longer time frame, annual NEP must be assessed over both space and time. 
 
Immediately after a fire, carbon is lost to the atmosphere through combustion. Stand-replacing fires 
kill living biomass in forests and reduce carbon gains to near zero. The strongest effect of fire on 
carbon cycling, however, occurs in the changing balance between carbon lost through subsequent 
decomposition and simultaneous carbon gains through growth of new vegetation. In fact, the 
decomposition of dead biomass that lasts for several decades post-fire can release up to three 
times as much carbon as that lost in the initial combustion. And during this period, carbon lost 
through decomposition exceeds the carbon accumulating in regrowth. Then, as the forest continues 
to reestablish and decomposition tapers off, carbon storage in trees eventually “catches up,” and 
the carbon balance of loss and gains approaches an NEP of zero. According to Dr. Ryan [interviewed 
for this article], “In 30 to 40 years or so of regeneration, you cross the positive line because growth 
and accumulation is outpacing the decomposition of the dead matter. And then in approximately 80 
to 100 years, the ecosystem has recovered completely to pre-fire carbon levels.” So in the short-
term, over the time frame of the first century post-fire, stand replacing fires convert the landscape 
into a carbon source and then back into a carbon sink. Long-term effects of fire (over centuries) on 
the carbon balance depend on post-fire regeneration and fire frequency. We see a large difference 
in the ability to recover pre-fire carbon storage levels between stands having low initial 
regeneration and those that replace biomass quickly. The take-home message here is that the 
replacement of biomass for a given stand over multiple fire intervals plays the critical role in the 
relationship between fire and the carbon balance. If, as a result of crown fire, a forest converts to 
grassland or meadow rather than regenerating, much carbon can be lost from the ecosystem. Dr. 
Ryan emphasizes the point: “Regeneration is absolutely critical to carbon. If you don’t get 
regeneration, the ecosystem loses about half of its carbon.” But if the forest does regenerate—and 
exists on the landscape long enough before the next stand-replacing fire—it will recover the carbon 
lost over the fire cycle. 
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