Modeling the effects of mitigation options to control methane emissions from rice paddies and livestock populations to reduce global warming
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Abstract: The rice paddies and livestock populations are the largest anthropogenic sources of methane emissions in the atmosphere causing global warming. In this paper, a nonlinear mathematical model is proposed to study the effect of methane emissions on global warming by considering four dependent variables, namely, the cumulative biomass density of rice paddies, the cumulative density of livestock populations, the atmospheric concentration of methane and the atmospheric average temperature. In the modeling process, it is assumed that both the cumulative biomass density of rice paddies and the cumulative density of livestock populations follow logistic models with respective growth rates and carrying capacities. The livestock populations are assumed to be partially dependent on rice paddies for food. Further, as a mitigation option, the livestock populations are assumed to be harvested for meat and leather. The growth rate concentration of methane in the atmosphere is assumed to be proportional to the cumulative density of rice paddies as well as of livestock populations. It also increases with a constant rate from natural sources but it decreases with a rate proportional to its concentration in the atmosphere due to various factors. The growth rate of global warming temperature is assumed to be proportional to the increased level of methane concentration in the atmosphere from its equilibrium value.
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