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Modern risk, resilience, and reliability analyses increasingly rely on complex computational models that capture system
dynamics, human-system interactions, and multi-factor influences. These models are often run many times to explore
uncertainty and the broader response space. Recent work by the authors has investigated using Bayesian Belief Networks
(BBNs) as surrogate models trained on these multiple runs. The causal structure and interactive nature of BBNs allow
transparent investigation of model behavior, which is particularly valuable when analyses inform decisions with societal
implications.

This study focuses on energy system models, which aim to provide a detailed representation of the energy system sectors
and are typically used to identify energy system pathways that achieve one or more objectives under different policies
and constraints. We train both the structure and parameters of a BBN using runs from a simplified version of the “Swiss
TIMES"” energy system model. Prior applications of this surrogate BBN demonstrate its usefulness for interactive
exploration (supported by visualization of key variables and dependencies), fast uncertainty propagation, and goal-driven
analysis through backward reasoning.

Several algorithms exist for BBN structure learning, each performing differently depending on on the data representation
(e.g. discretized or continuous), complexity of the model relationships (e.g. non-linearity and hierarchical structure),
number of model variables. This work compares the performance of different algorithms, with emphasis on the accuracy
of the resulting BBN surrogate and its sensitivity to the dataset size—that is, how many model runs are needed to build an
effective surrogate. The findings provide guidance for future applications involving larger and more detailed energy
system models, which require longer computation times and therefore offer fewer samples for BBN learning.
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