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Abstract: Aiming at the problem of ecosystem imbalance caused by the transformation from natural forest to
intensive agriculture, this paper constructs a multi—-dimensional mathematical analysis framework coupling micro
population ecology, macro production economics and spatial econometrics. Firstly, the extended Lotka Volterra
nonlinear differential equations with chemical forcing term are established to describe the species succession
trajectory and demonstrate the destruction mechanism of chemical intervention on the stability of Jacobian matrix;
Secondly, secondary consumers such as bats and ladybugs are introduced to reconstruct the food web topology, and
the global asymptotic stability of the system is analyzed by Lyapunov method; Thirdly, the improved Cobb Douglas

function of endogenous ecological capital is embedded into Bellman stochastic dynamic programming framework
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to derive the optimal control law of organic transformation; Finally, geographic weighted regression ( GWR ) was

introduced to quantify the spatial heterogeneity of agricultural yield and ecological factors. The results showed that

there was a positive synergistic relationship between Biodiversity Restoration and long—term economic benefits, which

provided a mathematical basis for the sustainable transformation of modern agriculture.

Key words: Agricultural ecosystem; Lotka Volterra dynamics; Stochastic dynamic programming; Cobb Douglas

production function; Geographically weighted regression; Spatial heterogeneity; Multi objective optimization
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Data-driven sensitivity analysis
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Spatial distribution of rice planting
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