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If the flooding event is defined as the water level at a specific location, modelled as the result of
a function F, exceeding a threshold T, the probabilistic excursion set to be investigated can be
defined as Sα = {xc, P (Fxc

> T ) > α} = {xc, q1−α(Fxc
) > T}, where Fxc

is a random variable
giving the water level at a specific location for a combination of controlled parameters equal to
xc.

Several questions are addressed:

1. First, how to represent excursion sets when there are more than two controlled variables
and some uncertain variables do not have a known density. Parallel coordinates plots are
considered and the relationship between the probabilistic excursion set Sα and the random
excursion set S(Xu) = {xc, Fxc

(Xu) > T} (where Xu represents the uncontrolled variables)
is theoretically investigated.

2. Second, the numerical simulations of the flooding are expensive to compute (typically several
hours): metamodeling techniques (mainly kriging aka Gaussian Process) combined with
active learning [1] specifically designed to the estimate of the excursion set are used to
reduce the computational cost. The idea is to replace the numerical simulations with an
inexpensive surrogate model, that interpolates a few simulations points which are iteratively
chosen to reduce uncertainty in the identification of the excursion set.

3. Third, the inversion needs to be robust in the sense that it needs to consider the random
nature of the uncontrolled variables. We generalize previous studies that dealt with uncon-
trolled variables through a worst-case scenario [3] by considering rare events, as the threshold
α previously introduced must be very small.

4. Fourth, the drastically uncertain variables need to be integrated in the probabilistic frame-
work. Thus, the inversion will be combined with an optimisation to investigate here the
worst-case scenario, ie the scenario leading to the highest probability of flooding.
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