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The rapid integration of renewable energy and inverter-based resources (IBRs) is reshaping 
power systems while raising new concerns for frequency stability in low-inertia environments. 
Conventional system frequency response (SFR) models offer fast evaluation but fail to capture 
critical dynamics such as heterogeneous IBR controls, voltage-dependent load behaviors, 
and stochastic uncertainties from renewables and behind-the-meter resources. This seminar 
presents a stochastic framework for frequency stability assessment that addresses these 
limitations. The framework incorporates realistic models of grid-following and grid-forming 
inverters, introduces a synthetic voltage generation method to represent voltage-dependent 

responses, and reformulates the SFR as a stochastic differential 
equation to embed diverse sources of uncertainty. This enables 
efficient probabilistic analysis of frequency trajectories without 
relying on computationally intensive time-domain simulations. 
Validation on the IEEE 39-bus system and Korea’s Jeju Island grid 
demonstrates the framework’s capability to accurately reproduce 
system behavior under various scenarios while supporting 
probabilistic decision-making. The results highlight its potential 
as a scalable and uncertainty-aware tool for future grid planning 
and operation in the renewable era.
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