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The ability of ecologists to discern the effects of climate change on the global carbon budget is
critical for predicting future impacts upon terrestrial ecosystems.  Strong links between climate,
fire regimes, and forest structure and development have been documented for coniferous forests,
but we lack a solid adeptness in describing the interplay between these factors and carbon
storage that characterizes forest ecosystems.  Using empirical data collected from replicated
chronosequences, biogeochemical modeling, and fire modeling, we examined how changes in
fire frequency may alter the distribution of lodgepole pine forest age and structure across the
landscape of Yellowstone National Park and how these changes, in turn, may affect the carbon
balance of the landscape.  Because carbon storage at the landscape scale is shaped by the
aggregate behavior of individual stands, we note two important processes that regulate shifts in
net ecosystem productivity (NEP) at landscape scales.  First, the degree to which stand structures
persist following stand-replacing fires is a strong driver of the long-term ability of the stand to
store carbon.  If the long-term distribution of stand structures on a landscape is altered by large
fires, large disturbances – especially if they occur more frequently due to climate change - may
alter the distribution of density classes across landscapes and drastically affect landscape-scale
NEP.  Second, more frequent large disturbances may shift the distribution of stand ages on a
landscape, causing a shift in landscape NEP.  Assuming the distributions of stand density and
age classes do not change following large fires, fires like those in Yellowstone in 1988 create a
landscape that acts as a strong but short-lived (< 50 years) source of carbon followed by a longer
period as a moderate carbon sink.  Preliminary results suggest that the current Yellowstone
landscape, characterized by disturbances that occur over long intervals, has the ability to regain
pre-disturbance levels of carbon storage.  Climate change that reduces the fire interval, however,
may result in a shift of the Yellowstone landscape towards a long-term carbon source.


