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Abstract

Internal gravity waves are ubiquitous in the ocean and are known to play an im-
portant role in the ocean’s energy budget. The pathways of energy transfer from
large scale waves to small scale waves which are vulnerable to turbulence and mix-
ing are crucial to understand their contribution to ocean mixing and internal wave
spectrum. Near-inertial waves (NIWs) are a subset of internal gravity waves with
the frequency close to the local Coriolis frequency. In this study, we investigate the
propagation and mixed layer energy decay as a result of downward propagation of
near-inertial waves through numerical simulations. First, we modeled the evolution
of large-scale near-inertial waves (NIWs) on a [-plane by imposing initial zonal ve-
locity in the mixed layer. We consider various background stratification values and
initial velocity magnitudes, to investigate their effect on the wave characteristics and
the decay rate of mixed layer kinetic energy. Increasing the background stratifica-
tion strength below the mixed layer led to increased energy content in the higher
vertical modes and also resulted in a faster decay of mixed-layer kinetic energy. Mul-
tiple superharmonics of near-inertial waves are observed in all the simulations, and
the energy content in these superharmonics was found to increase with an increase
in the interior stratification strength as well as the zonal velocity amplitude. The
mixed layer energy decay rate obtained from our simulations agrees well with the
theoretical estimate by [1] at lower velocity amplitudes, however, we found a signif-
icant disagreement at higher velocity amplitudes. The faster energy decay rate at
higher velocity amplitudes and smaller contribution from the downward energy flux
at the mixed layer base suggest larger viscous dissipation within the mixed layer. A
strong shear zone is observed at the base of the mixed layer and the spatial extent
of this zone was found to increase with an increase in the background stratification
strength below the mixed layer and initial velocity amplitude. When we consider
a non-uniform stratification below the mixed layer, we found that the intensity of
the vertical shear and the spatial extent of the strong shear zone increases with an

increase in the strength of the pycnocline.

In the second part of our study, we investigated the triadic resonance interactions
(TRI) of freely propagating near-inertial waves in a uniformly stratified medium.

We force multiple combinations of normal modes at primary frequency wy from the



left boundary of the computational domain and study the spatiotemporal evolution
of the wave field. We performed two sets of simulations, namely, resonant and off-
resonant. For the resonant simulations, the ratio of mode numbers m/n = 2/3 at
frequency wy form a resonant triad with the superharmonic mode (|m — n|) having
frequency 2wy. In the off-resonant simulations the primary wave frequency is chosen
such that the modes with ratio m/n = 2/3 do not form a resonant triad. Both
the resonant and off-resonant simulations show distinct peaks of energy at multi-
ple superharmonics (2wy, 3w, and 4wy) close to the forcing region. Away from the
forcing region, these distinct peaks in the resonant simulations weaken and redis-
tribute the energy into a broadband spectra in a length of about 3.25 times the low
mode wavelength (A;). Whereas in the off-resonant simulations, the distinct super-
harmonic peaks are sustained longer and redistribute into a continuous spectrum
after a length of about 7.5\;. The spatial evolution of modal amplitudes shows that
higher modes of primary wave decay faster and the corresponding higher modes of
superharmonic waves grow faster. The off-resonant simulations also show signif-
icant energy in sub-harmonic frequencies, and we see a buildup of energy in the
near-inertial frequency regime far from the forcing region. The frequency and the
wavenumber spectra for resonant simulations reveal a —2 power law consistent with
the Garrett-Munk spectrum (E(w,m) o< w™?m™2). Through our findings, it seems
that forcing multiple modes at the near-inertial frequency can lead to a GM-like
energy spectrum, through non-linear wave-wave interactions. This is in contrast to
the previous study [2] where they found that both inertial and M, tidal waves are
needed to generate the GM-spectrum. Another study by Chen et al. [3] showed that

M2 tides alone can generate the GM-spectrum.

In the last part of our study, we considered modal interactions in a non-uniformly
stratified medium. We found that a single mode n at frequency wy undergoes self-
interaction and can generate superharmonic modes m < n at frequency 2wy con-
sistent with the previous study by Varma and Mathur [4]. For example, in our
study, we observe that a single mode 3 at frequency wy undergoes self-interaction
and generates a combination of modes 1 and 2 at superharmonic frequency 2wy.
The frequency spectrum show that there is a strong nonlinear interaction in the
pycnocline region where there is a sharp gradient in the background density. In the
case of single-mode interaction, distinct wg and 2w, peaks are observed along the

length of the domain. The strength of 2w, frequency is observed to be strongest near



the pycnocline. When multiple modes are forced, distinct wy and 2wy peaks are ob-
served close to the forcing region. Away from the forcing region, several intermediate

frequencies between wy and 3wy appear, indicating multiple modal interactions.
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