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[1] High-frequency internal waves generated by Langmuir
motions over stratified water may be an important source of
turbulent mixing below the surface mixed layer. Large eddy
simulations of a developing mixed layer and inertial current
are employed to investigate this phenomena. Uniform
surface wind stress and parallel Stokes drift wave forcing
rapidly establishes a turbulent mixed-layer flow, which (as
the inertial motion veers off the wind) generates high-
frequency internal waves in the stratified fluid below. The
internal waves evolve such that their vector phase velocity
matches the depth-averaged mixed-layer velocity that
rotates as an inertial oscillation. The internal waves drain
energy and momentum from the mixed layer on decay time-
scales that are comparable to those of near-inertial
oscillations. The high-frequency waves, which are likely
to be trapped in the transition layer, may significantly
contribute to mixing there and thus provide a potentially
important energy sink for mixed-layer inertial motions.
Citation: Polton, J. A., J. A. Smith, J. A. MacKinnon, and A. E.

Tejada-Martı́nez (2008), Rapid generation of high-frequency

internal waves beneath a wind and wave forced oceanic surface

mixed layer, Geophys. Res. Lett., 35, L13602, doi:10.1029/

2008GL033856.

1. Introduction

[2] Langmuir processes associated with the interaction
between surface waves and wind driven currents very near
the surface of the ocean augment the mixing of the surface
layer, and can help maintain the mixed state against re-
stratification [O’Brien et al., 1991; Li and Garrett, 1997;
Gargett et al., 2004]. Observational evidence shows that
turbulent mixing extends well below what can be explained
by direct entrainment by mixed-layer currents [Rippeth et
al., 2005; T. M. S. Johnston and D. L. Rudnick, Observations
of the transition layer, submitted to Journal of Physical
Oceanography, 2008, and references therein].
[3] Traditionally a downward energy flux associated with

near-inertial oscillations has been identified as responsible
for this sub-mixed-layer mixing [Bell, 1978]. However,
analyses of the Ocean Storms experiment showed that
downward near-inertial flux was not sufficient to explain

the observed decrease in surface mixed-layer energy
[D’Asaro et al., 1995]. In this study we show that, even
under weak wind and wave forcing, high-frequency internal
waves can be generated by Langmuir circulations that form
rapidly, penetrate to the bottom of the mixed layer, and
interact with the stratification [cf. Chini and Leibovich,
2005]. Since the stratification decreases below the transition
layer, these waves are trapped and must deposit their
energy there, contributing to the mixing processes. While
the details differ, the mechanism in general resembles one
first suggested by Bell [1978], and a similar one identified
for equatorial internal wave radiation by Wijesekera and
Dillon [1991]. One key difference is that, while Bell posited
a broad range of internal waves being generated, both
Wijesekera and Dillon’s [1991] observations and our nu-
merical simulation results show a relatively narrow band of
high-frequency internal waves very close to the buoyancy
frequency, N.
[4] This letter is structured as follows. The model setup

and parameters are detailed in section 2, results and analyses
in section 3. A summary is given in section 4.

2. Model Details

[5] Three dimensional turbulent dynamics of the ocean
mixed layer over stratified regions are modeled using a large
eddy simulation (hereafter LES) technique where the model
has sufficient temporal and spatial resolution to capture the
large-scale turbulent motions. To constrain the problem we
restrict our interest to the interactions on the flow by
representing the effect of surface waves as a prescribed
Stokes drift velocity,

us ¼ Use
z=ds ð1Þ

where Us is the Stokes drift at the surface and ds = 1/2k is
the Stokes depth scale for a monochromatic surface wave
with wavenumber k [Phillips, 1977]. While this suppresses
any feedback on the waves, this is justified for the waves
and current scales of interest [Craik and Leibovich, 1976;
Phillips, 2001].
[6] Previous computational studies of turbulent boundary

layers have employed LES techniques for the atmosphere
[Mason and Thompson, 1992; Coleman, 1999] as well as in
the ocean [Zikanov et al., 2003]. Following Skyllingstad and
Denbo [1995] and McWilliams et al. [1997] we perform
LES of the wave-filtered Craik-Leibovich (C-L) equations
[Craik and Leibovich, 1976]. The C-L equations are a
version of the Navier-Stokes equations that have been
averaged over many surface wave cycles and represent the
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