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Water resource management and flood forecasting are crucial societal and financial stakes that require a solid
capacity of flow depth estimation. Numerical simulations are essential for obtaining precise flow depth predic-
tions, which facilitate improved planning and response strategies. High-fidelity solvers, such as TELEMAC-2D
[4] which is part of the openTELEMAC numerical platform (www.opentelemac.org), utilize a numerical ap-
proach that couples residual distributive schemes with finite element discretizations and specialized treatments
for wetting-drying phenomena. However this approach renders the extraction of operators necessary for conven-
tional projection-based reduced-order models (e.g., Galerkin or Petrov-Galerkin) extremely challenging.
To address these limitations, we propose a hybrid formulation that combines Galerkin projection with a data-
fitted closure model. Our approach is inspired by the CD-ROM method [2] and the Mori-Zwanzig formalism [3, 1],
which together demonstrate that incorporating the solution’s history can recover high-frequency dynamics lost
during truncation. In this approach, TELEMAC-2D is exclusively used to generate snapshots, while the reduced-
order model is constructed using a best-knowledge solver that solves the shallow water equations without the
diffusion term via a cell-centered finite volume scheme (in contrast to TELEMAC-2D’s node-centered approach).
A notable advantage of this strategy is its applicability when the high-fidelity solver is available only as a black
box ; provided that the governing equations are known, an alternative solver can be developed and employed
within this framework.
This solver strategy introduces multiple error sources : the truncation error from Proper Orthogonal Decom-
position (POD) [5], modeling errors arising from neglecting the diffusion term, and discretization errors due to
differences in numerical schemes between solvers. To attenuate these discrepancies, we employ a closure model
based on Neural Network. In our approach, parameter dependencies are embedded into the encoder networks
to better capture the wavefront dynamics. While these modifications are expected to improve the model’s
performance across various operating conditions, further evaluation is needed to confirm these benefits.
Furthermore, hyper-reduction techniques are employed to drastically reduce the online computational cost wi-
thout compromising the essential physical phenomena of the flow. The recent analyses presented in [4] underscore
the complexity of using the TELEMAC-2D operator for the development of projection-based reduced-order mo-
dels and thus highlight the value of our approach. Overall, this approach offers a promising pathway for rapid
flood modeling and real-time hydraulic decision-making, bridging the gap between computational efficiency and
physical fidelity.
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