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Linear Shallow Water Equations for Waves with Damping
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Abstract: Wave characteristics in the presence of energy damping are investigated using the linear shallow water
equations. To get the phase and energy velocities, geometric optics approach is used and then these values are
validated through numerical experiments. Energy damping affects wave height, phase and energy velocities which
result in wave transformation. When the complex wavenumber is used by the Eulerian approach, it is found that the
phase velocity decreases as the damping increases while the energy velocity increases showing higher values than
the phase velocity. When the complex angular frequency is used by the Lagrangian approach, the energy-damping
wave group is found to propagate in the energy velocity. The energy velocity is found to affect shoaling and
refraction coefficient which is verified through numerical experiments for waves on a plane slope.
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Fig. 1. Comparison of complex wavenumber, phase and group velocities
for different energy damping coefficients (k2 =0.57, 71=4.0 m):
(a) real and imaginary wavenumbers (b) phase and energy
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Fig. 2. Comparison of @/(k;V) for different energy damping coef-
ficients (kh=0.057, h=4.0 m).
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