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A stochastic model of seasonal savanna
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Savannas are mixed forest-grassland ecosystems that cover around 20% of
the Earth’s surface. They occur in areas with a distinct dry season and a rainy
season. In understanding the complex dynamics of savannas, a major concern
is how do trees and grasses coexist without one dominating the other? Random
fires are believed to be key. From a mathematical point of view, most savanna
modeling attempts in the literature do not consider a stochastic approach to
fire occurrence, and the occurrence of seasons in deterministic models is often
analyzed only numerically [1].

We propose a stochastic savanna model [2], which is formally a hybrid pro-
cess described by piecewise-deterministic Markov processes [3] reflecting re-
peated switching between two seasons. Such a description requires an addi-
tional time variable to track the length of stay in the current season, leading
to time-homogeneous Markov processes. We examine the time averages of their
distributions and give sufficient conditions for their convergence. Although we
focus on the savanna dynamics model as an example, we present a general the-
ory that can be used for other formally similar models or in situations where
there are more than two seasons.
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