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Abstract

This study focuses on the risk of simultaneous flooding in river networks. The objective
is to develop a graphical model that integrates climate variables as covariates in order to esti-
mate extreme river flow values under specific climatic conditions. To capture the dependence
structure of extremes across multiple sites and basins, we employ the Hüsler–Reiss graphical
model for multivariate extremes which identifies conditional dependencies between rivers and
covariates. First, we investigate the spatial relationships between extremes of precipitation
and river flows within a watershed using the Hüsler–Reiss graphical model. This allows us
to characterize dependencies between river flow stations, between precipitation locations,
and between precipitation and river flows. Building on this framework, we propose a novel
semi-imposed approach: part of the graphical structure is pre-specified based on hydrolog-
ical knowledge, while the remaining edges and the model parameters are learned from the
data. This balance aims to achieve a model that is both interpretable and computationally
efficient.
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