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Research on Exponential Stability of a Stochastic Vegetation — Water System
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Abstract : This paper introduces a stochastic vegetation—-water system with a reseeding control strategy and
delves into its exponential stability. By leveraging stochastic analysis theory and incorporating the
Burkholder—-Davis—Gundy inequality, the coefficient functions in the system's stochastic energy
equation are estimated, leading to the derivation of sufficient conditions for exponential stability and
almost sure exponential stability. A specific model is constructed using vegetation data from arid and
semi-arid regions in Ningxia, and numerical simulations are conducted to validate the effectiveness
of the theoretical results obtained. The study reveals that a reasonable reseeding control strategy can
significantly enhance the stability of the stochastic vegetation—water system, providing theoretical
support for ecological restoration and sustainable development in the region.

Keywords : stochastic vegetation-water system; exponential stability; almost sure exponential stability;
Burkholder-Davis-Gundy inequality; Chebyshev inequality; arid and semi-arid regions in
Ningxia
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