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ABSTRACT

The problem of modeling shallow water flows arises in many physical situations, when the
horizontal (longitudinal and lateral) components of the flow field are predominant with respect
to the vertical components. This is the so called Shallow Water (SW) hypothesis.

The typical derivation of the SW equations is based on the integration of the Navier-Stokes
equations over the fluid depth in combination with an asymptotic analysis enforcing the SW
assumptions. For almost flat bottom topographies, fluid depth is evaluated along the direction
normal to the bottom surface. If we consider a general bottom topography, such as a moun-
tain landscape, the geometry introduces difficulties that need to be taken into account, since
the bottom surface can be arbitrarily non-flat, with non-negligible slopes and curvatures. An
integration path that better adapts to the shallow water hypothesis follows the “cross-flow”
direction, i.e., a path that is normal to the velocity field at any point of the domain [1]. We
approximate the “cross-flow” path by performing depth integration along a local direction nor-
mal to the terrain, and this is obtained by defining a local coordinate system anchored on the
bottom surface.

A new formulation of the two-dimensional SW equations adapted to general and complex terrains
is derived in the local coordinate system, with emphasis on the influence of the geometry of the
bottom on the solution. The equations are characterized by non-autonomous flux functions and
source terms containing surface metric coefficients and related derivatives. The formal order of
accuracy of the shallow water approximation is then studied.

The proposed model is numerically discretized with a first order upwind Godunov Finite Volume
scheme associated with an approximated Riemann solver [2]. This allows the solution of dam-
break situations for both cases of wet and dry bed. The results show that it is important to
take into full consideration the bottom geometry and slope even for relatively mild and slowly
varying curvatures.
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