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            Abstract
Changes in climate, atmospheric carbon dioxide concentration and fire regimes have been occurring for decades in the global boreal forest1,2,3, with future climate change likely to increase fire frequency4â€”the primary disturbance agent in most boreal forests3,5. Previous attempts to assess quantitatively the effect of changing environmental conditions on the net boreal forest carbon balance have not taken into account the competition between different vegetation types on a large scale6,7,8,9. Here we use a process model with three competing vascular and non-vascular vegetation types to examine the effects of climate, carbon dioxide concentrations and fire disturbance on net biome production, net primary production and vegetation dominance in 100â€‰Mha of Canadian boreal forest. We find that the carbon balance of this region was driven by changes in fire disturbance from 1948 to 2005. Climate changes affected the variability, but not the mean, of the landscape carbon balance, with precipitation exerting a more significant effect than temperature. We show that more frequent and larger fires in the late twentieth century resulted in deciduous trees and mosses increasing production at the expense of coniferous trees. Our model did not however exhibit the increases in total forest net primary production that have been inferred from satellite data1,10. We find that poor soil drainage decreased the variability of the landscape carbon balance, which suggests that increased climate and hydrological changes have the potential to affect disproportionately the carbon dynamics of these areas. Overall, we conclude that direct ecophysiological changes resulting from global climate change have not yet been felt in this large boreal region. Variations in the landscape carbon balance and vegetation dominance have so far been driven largely by increases in fire frequency.
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                    Figure 1: 
                        Difference in net biome production (NBP) between simulation scenarios, over length of simulation.
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Figure 2: 
                        Temporal and spatial distribution of simulated net primary production (NPP).
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Figure 3: 
                        Comparison of model output with observed data from a variety of studies.
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Changes in climate, atmospheric carbon dioxide concentration and fire frequency have been occurring for decades in high-latitude (boreal) forests. Previous work has not linked these changes with vegetation competition on a large scale, but a new study uses a computer model to simulate competition between trees and moss across a million square kilometres of Canadian forest. The results show that the carbon balance â€” the amount of carbon gained or lost by the soil and vegetation â€” of this region was driven largely by changes in the fire regime, rather than climate or rising CO2, between 1948 and 2005. More frequent and larger fires in the late twentieth century promoted growth of deciduous trees and mosses at the expense of coniferous trees. Poor soil drainage damped the variability of the landscape carbon balance, suggesting that increased climate and hydrological changes can influence the carbon dynamics of these areas disproportionately.
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