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Abstract

The shallow water equations (SWE) are used to model a wide range of environmental flows from dam breaks
and riverine hydrodynamics to hurricane storm surge and atmospheric processes. One approach to alleviate the
computational burden in such applications is to consider formal model reduction techniques that maintain a
connection to the underlying, high-fidelity approximation.

Among the many available model reduction techniques, Proper Orthogonal Decomposition (POD)-based
methods [1] are widely popular, particularly when combined with the method of snapshots. In this approach, a
series of training snapshots of the system state variable(s) is used to construct an empirical modal basis and the
solution is reconstructed cheaply as a linear combination of the reduced POD basis. For nonlinear problems,
POD is often combined with an additional “hyper reduction” step namely Discrete Empirical Interpolation
(DEIM) [2] and “gappy POD” [3] approximations. In recent years, a class of alternative Non-Intrusive Reduced
Order Models (NIROMs) has also been introduced. These techniques rely on the method of snapshots and POD
for reduction of the solution space, but replace projection of the high-dimensional system onto the reduced space
with black-box interpolation [4]. As a result, they do not require modification of the original high-fidelity code,
while retaining several benefits of full POD-based reduction techniques.

Here, we consider POD-based NIROMs where a Radial Basis Function (RBF) interpolation method is
employed as the black-box interpolation scheme [4, 5]. We compare the performance of the POD-NIROM
method with traditional Galerkin projection based hyper-reduced POD methods like POD-DEIM and gappy
POD as well as with the more recent Petrov-Galerkin projection based POD [6]. We evaluate the schemes’
performance by considering their accuracy, robustness, and speed for test problems representative of dam-break
and riverine flows.
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