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Quantitative Risk Analysis (QRA) in chemical facilities is vital for process safety, as it facilitates understanding of associated
risks. However, inherent uncertainties and dependence on expert assumptions lead to significant variability of results.
While uncertainty analysis (UA) is often addressed in QRA (e.g. Ale et al., 2002), sensitivity analysis (SA) is critical to
thoroughly understand risk variability, yet it is often neglected due to the high computational cost of comprehensive
methods, such as Monte Carlo-based Global Sensitivity Analysis (GSA), particularly with increasing number of inputs
considered for complex QRA models.

This work presents a novel, structured methodology for accessible integration of UA and, most specifically, GSA into QRA
studies. The proposed workflow features a two-layered SA approach designed to efficiently distribute computational
efforts. First, resource-efficient metrics, e.g., Elementary Effects, are calculated to screen non-influential inputs. A well-
informed selection of influential factors is then used for the demanding calculation of global sensitivity indices, i.e., the
Sobol variance decomposition, achieving a drastic reduction in the required number of model evaluations. The
methodology explicitly incorporates convergence analysis to ensure reliability of the calculated sensitivity indices — step
often omitted in practice.

Developed as a computational framework for complex hazard modelling in a QRA context, this structured approach is
shown through case study on consequence modelling. The results confirm its applicability and suitability for practitioners
to perform rigorous SA with a significant reduction in required model evaluations, while maintaining the reliability of
traditional GSA methods. This development represents an advancement for risk analysis, providing a reliable and efficient
computational methodology to identify critical contributors to risk estimates in QRA models, thereby enhancing risk-
informed decision-making.
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