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Abstract:

Margalef (1986, 1997) claimed that ecosystems suffer many small and a few very big
disturbances, in such a way that, if we plot a measure of size vs frequency in a log-log
scale, we obtain a straight line.  This defines a power law distribution.  Power laws or
closely related distributions have been observed in many types of catastrophic events,
such as earthquakes, landslides, storms, hurricanes, wildland fires, epidemics, economic
crises and wars. All of these have been modeled based on a mechanism that statistical
physicists call self-organized criticality (SOC; Bak 1996, Pruessner 2012).

Most  models  displaying  SOC  give  a  universal  disturbance-size  distribution  quite
independent from model details, which, on first inspection, seems to agree with Margalef's
intuition. However, we also know that disturbances such as fire are strongly dependent on
external factors such as weather and climate. How can we combine these two insights? 

Pueyo (2007) developed a wildland fire model in which, like other SOC models, fire and
vegetation shape each other, so that the fire regime is largely an endogenous property of
the ecosystem.  However,  this model ecosystem is  continuously perturbed by weather
fluctuations, which prevent the system ever attaining the equilibrium that would give the
universal distribution of previous models. The result is still a power law, but one whose
parameters change as a function of weather. Observations in boreal forests confirmed the
response to weather that the model predicts (Pueyo 2007). While the mechanism that
this model assumes is not realistic for all types of ecosystems affected by fire (Pueyo et
al. 2010), it is plausible in some of them (Pueyo 2012).
The initial response of these model ecosystems to a change in weather is attenuated if the
change persists through time, thus becoming a new climate. This is an adaptive behavior 



mediated by the own fires. However, if the fire weather parameter (indicating how fire-
prone the weather is) remains at length below a critical threshold, fire becomes almost
absent,  at  the price of turning off the adaptive capacity.  As a consequence,  if  the fire
weather  parameter  increases,  as  soon as  it  crosses  the  critical  threshold  there  is  an
abrupt shift to a megafire regime. There are reasons to fear that such transitions could
occur in major tropical rainforest regions if global warming goes on unabated (Pueyo et al.
2010). 

Similar conclusions might apply to other types of catastrophic events displaying power
laws.
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