
(a) Loss occurrence approach (b) Loss exceedance approach

Figure 1. Illustration of representative scenario in the source parameter space, modified after Rosero-Velásquez and Straub (2022), in terms

of loss occurrence (a), and in terms of loss exceedance (b).

To ease the notation in the following section, we let zt(θ) denote the objective function of Eq. (5):

zt(θ) = fL|Θ(lt|θ)fΘ(θ), (7)

and zexct (θ) the objective function of Eq. (6):

zexct (θ) =
(
1−FL|Θ(lt|θ)

)
fΘ(θ). (8)

3 Method for using scenario selection based on a synthetic earthquake catalog120

We consider the case where the randomness of earthquake events is represented through a synthetic earthquake catalog. Specif-

ically, we aim at identifying the earthquake scenarios in the catalog that maximize the objective function in Eq. (5) and (6) for

different return periods t.

The objective functions of Eq. (5) and (6) consist of the PDF fΘ(θ), which is known from the earthquake source model,

and the conditional PDF or CDF of L given Θ evaluated at lt, which can be approximated with conditional samples of losses.125

To account for the aleatory uncertainty in the modeled ground motions one can draw Monte Carlo samples from the catalog

(Silva, 2016) and propagate them to the loss metrics. However, performing this amount of loss evaluations for an entire seismic

catalog (normally containing dozens of thousands of events) is computationally (too) expensive. As an alternative, one can

use Gaussian process models in combination with active learning to handle aleatory uncertainty more efficiently (Tomar and

Burton, 2021; Rosero-Velásquez and Straub, 2022). Furthermore, it has been proposed to pre-select scenarios by the use of130

extreme value theory and the generalized Pareto distribution (Borzoo et al., 2021).
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