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We develop and assess projection-based model reduction methods for high-order discon-
tinuous Galerkin (DG) discretizations of parametrized nonlinear partial differential equa-
tions with applications in aerodynamics. Our emphasis is on the choice of hyperreduction
methods. We show that the typical hyperreduction methods based on element-wise or
index-wise marking of the residual vector cannot effectively reduce higher-order DG dis-
cretizations, with a large number of degrees of freedom and quadrature points per element
and conversely a small number of elements. To overcome this challenge, we devise a hy-
perreduction method for high-order DG methods that works with individual quadrature
points, instead of elements, to provide a finer decomposition of the residual. We discuss
the formulation, implementation, and computational cost of the element- and point-wise
formulations. We assess the element- and point-wise formulations using aerodynamics
problems governed by the Euler and Reynolds-averaged Navier-Stokes equations. In each
case, we observe that the point-wise hyperreduced model reduces the computational time
by several orders of magnitude relative to the high-order DG method and a few orders of
magnitude relative to the element-wise hyperreduced model; in addition, the performance
of the point-wise formulation, unlike the element-wise formulation, does not deteriorate
with the DG polynomial degree. We demonstrate that the formulation is scalable and
can efficiently reduce large-scale DG systems involving tens of millions of unknowns.
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