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Risk assessments, particularly those of natural hazards, are often characterized by significant uncertainty, which challenges
robust decision-making. In many practical settings, this overall uncertainty is compounded with computational
constraints: risk assessment models are often expensive to run, which limits the number of model evaluations. In a
decision-making context, various risk mitigation strategies are compared to identify the optimal combination of
mitigation measures that minimizes an objective function involving risk. Since the risk estimates entering the objective
function are based on a limited number of samples and the inherent uncertainty and variability is large, the Monte-Carlo
mean estimates exhibit large variance. Modeling and accounting for this sampling uncertainty in the optimization process
is a central challenge that we address in our work.

We present a Bayesian optimization framework tailored to these settings. The surrogate is a heteroscedastic Gaussian
process that explicitly represents input-dependent observation variance through a separate Gaussian process. We utilize a
Monte Carlo-based Knowledge Gradient acquisition function that accounts for uncertainty in the estimated means. We
also discuss practical challenges that arise in the optimization. The method is applied to a catchment-scale flood risk
problem, where we seek to find the optimal combination of mitigation measures.
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