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We have performed numerical simulations of steep three-dimensional wave groups, formed by
dispersive focusing, using the fully-nonlinear potential flow solver OceanWave3D. We find that
third-order resonant interactions result in directional energy transfers to higher-wavenumber
components, forming steep wave groups with augmented kinematics and a prolonged lifespan. If
the wave group is initially narrow banded, quasi-degenerate interactions resembling the
instability band of a regular wave train arise, characterised by unidirectional energy transfers and
energy transfers along the resonance angle, £35.26°, of the Phillips ‘figure-of-eight’ loop. Spectral
broadening due to the quasi-degenerate interactions eventually facilitates non-degenerate
interactions, which dominate the spectral evolution of the wave group after focus. The non-
degenerate interactions manifest primarily as a high-wavenumber sidelobe, which forms at an
angle of +55° to the spectral peak. We consider finite-depth effects in the range of deep to
intermediate waters (5.592 > k,d > 1.363), based on the characteristic wavenumber (k) and the
domain depth (d), and find that all forms of spectral evolution are suppressed by depth. However,
the quasi-degenerate interactions exhibit a greater sensitivity to depth, suggesting suppression of
the modulation instability by the return current, consistent with previous studies. We also observe
sensitivity to depth for k,d values commonly considered "deep", indicating that the length scales
of the wave group and return current may be better indicators of dimensionless depth than the
length scale of any individual wave component. The non-degenerate interactions appear to be
depth resilient with persistent evidence of a £55° spectral sidelobe at a depth of k,d =1.363.
Although the quasi-degenerate interactions are significantly suppressed by depth, the interactions
do not entirely disappear for k,d =1.363 and show signs of biasing towards oblique, rather than
unidirectional, wave components at intermediate depths. The contraction of the wavenumber
spectrum in the k -direction has also proved to be resilient to depth, suggesting that lateral
expansion of the wave group and the "wall of water" effect of Gibbs & Taylor (2005) may persist at
intermediate depths.
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