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The impact of fire on the global carbon cycle and vegetation patterns
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Fire is the main natural disturbance agent in terrestrial ecosystems and affects all major biomes. Fire exclusion
studies have been used to quantify the effect of fire on ecosystems, but a global picture of the effect of fire can only
be achieved using fire enabled global vegetation models. Eight models participating in the Fire Model Intercom-
parison Project (FIREMIP) have run simulations for a world with and without fire, the processes that are impacted
by fire however varies between models. Only three of them included the effect on vegetation distribution. We use
these simulations to quantify the effect of fire on tree cover, vegetation productivity, vegetation biomass, carbon
stored in litter and soils globally. The models show a very different response both in terms of global impact and
latitudinal gradients. Part of this variability in response to fire exclusion can be explained by the differences in sim-
ulated carbon storage and simulated burned area between the models. Models including the nitrogen cycle show a
stronger impact of fire on the carbon cycle, while the inclusion of the impact on vegetation distribution does not
result in a systematic difference. When excluding two models as outliers the impact of fire on global soil carbon
storage for instance is between 4 and 7.5 %. Fire decreases the carbon turnover time in all models. The acceleration
of the carbon cycle is between 2.5 and 10 %. For high latitudes where productivity is lower and therefore carbon
accumulation and recovery from disturbances are slower, we find an increasing model mean of the impact of fire
on carbon storage per unit area burnt in the reference simulation.

Only three of the FireMIP models included impact on the vegetation distribution, we complement the results of
these models by estimating the impact of fire on tree cover with a data-driven statistical model for the tropical
continents. The statistical model (a generalized additive model) is trained to reproduce the observed tree cover
using several datasets including burned area as input. The effect of fire is then estimated by applying the model
with burned area set to zero. The magnitude of the impact of fire on tree cover is similar for the statistical and the
process-based FireMIP models.



