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ABSTRACT

Environmental sustainability has become a global priority due to the growing impacts of climate
change, pollution, resource depletion, rapid urbanization, and technological advancement. This thesis
presents a unified mathematical model-ing framework for investigating complex environmental and
socio-technological systems using integer-order, fractional-order, fuzzy fractional, and stochastic
differential equations to capture nonlinear dynamics, uncertainty, and mem-ory effects. Theoretical
analyses establish the boundedness, existence, unique-ness, and stability of the proposed models,
while advanced numerical methods are employed for efficient simulations. Parameter sensitivity
analysis and ma-chine learning techniques, including Random Forest, ARIMA, and Prophet, are
integrated to enhance predictive accuracy and system analysis. The find-ings demonstrate that the
proposed hybrid framework provides an effective approach for understanding and predicting the
dynamics of complex environmental systems, thereby contributing to environmental sustainability
and informed decision-making in environmental management.
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