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ABSTRACT

This thesis investigates the complex dynamics of climate and ecological systems through advanced
mathematical modeling, fractional calculus, numerical analysis, and real-world data integration. A
modified Cryosphere model based on surface energy and mass balance is analyzed to understand
climate change impacts on polar regions. The Lorenz-84 atmospheric model is extended to include
global warming effects, time delays, and control strategies to manage chaotic behavior and improve
predictability. A fractional-order Samardzija-Greller predator-prey model is developed to explore
synchronization, multiscale dynamics, and the influence of time-scale separation in ecological
interactions. Behavioral effects like fear response and predator-taxis sensitivity are incorporated to
study their roles in ecological stability and biodiversity conservation. The thesis also develops
stochastic and fractional models to simulate and forecast environmental indicators such as air
pollution, forest carbon uptake and river water quality. By bridging theory and application, the work
contributes to the understanding of sustainable environmental and ecological management.
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