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National power transmission grids are increasingly exposed to diverse hazards, challenging their reliable and secure
operation. Understanding the exposure of transmission assets to a comprehensive set of hazards is essential for assessing
their vulnerability and ensuring system resilience. Probabilistic risk assessment (PRA) tools in power transmission aim to
provide a stochastic description of asset exposure to various hazards, such as random failures, windstorms, or lightning
strikes. The current state of the art lacks approaches for comprehensive power transmission risk assessment that integrate
asset-level analyses into a full-scale system capturing an exhaustive set of hazards.

In this study, we propose a methodology to estimate asset-specific fragility curves that quantify the conditional
probability of failure of assets due to specific hazards. We compare various Bayesian approaches to estimate the
parameters of the fragility curves, using historical failures and regional weather records to perform the Bayesian update.
We compute the steady-state probability of asset failure, considering the probabilities of random failure, wind failure, and
lightning strike failure. Finally, we develop a data-driven approach to compute common-cause failure among
geographically proximate assets using past observations.

The PRA approach is applied to the extra-high voltage power grid assets in Switzerland. For this purpose, we use extensive
data sets from Switzerland and Northern Italy. Once validated, the model will enable a better understanding of the
system'’s vulnerability to asset failures, supporting the development of a comprehensive, system-level PRA that
incorporates asset-specific risks. This work lays the foundation for future assessments of multi-hazard risks in integrated
energy systems and contributes to the design of more resilient infrastructures in the face of climate change.
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