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Subject description (2 pages max): 

1) Study context 

Internal waves at tidal frequencies (internal tides) are generated by the interaction of barotropic 

tidal currents with the topography in a stratified ocean. These waves represent an important part 

of the high frequency variability of the ocean and contribute to mixing in the deep ocean through 

the turbulence they may induce. This turbulent mixing is a crucial energy source for the upwelling 

of the deep waters in the meridional overturning circulation, it also influences onshore/ offshore 

exchanges and biogeochemical dynamics in the euphotic zone. 

The dynamics of internal tides and the mechanisms leading to its dissipation were extensively 

addressed through the analysis of observations and numerical simulations and a more realistic 

parameterization of internal in OGCM was proposed recently (Delavergne et al, 2020). Most of these 



 

 

 

 

studies focused on the propagation and breaking processes of free modes of internal tides, namely 

waves of super-inertial frequencies that can propagate both along the horizontal and vertical 

directions. However as pointed in a recent numerical study at global scale Muller (2013), a significant 

part of internal tides (5-10%) is generated at sub-inertial frequencies which corresponds to 

generation areas poleward of 30° latitude for diurnal tides and poleward of 74.5° latitude for semi-

diurnal tides. These waves are evanescent and can not propagate as free internal waves and take 

the form of trapped waves along the bottom topography (Kelvin waves, topographic Rossby waves, 

continental shelf waves). The dynamics of subinertial internal tide and its dissipation are not well-

understood, with only a few regional studies conducted in regions of strong generation of subinertial 

diurnal tides. There local dissipation can get large above the bottom where the current is intensified 

(e.g. Tanaka et al (2010) and Fer et al (2015)). In addition, the comparison with microstructure 

turbulence measurements revealed that most of the turbulent kinetic energy dissipated in these 

regions originates from subinertial tides. 

The parameterizations of the dissipation of internal tides implemented in OGCM consider only free 

modes. The specificity of subinertial tides that remain trapped and dissipate all their energy locally 

is thus not taken into account. 

The doctoral project aims at characterizing the dynamics of subinertial tide and its dissipation in three 

contrasted regions and propose a parameterization for realistic ocean models. 

2) Details of the proposal 

Internal Tide generated at Sub Inertial frequencies (SiIT) can not propagate freely in the ocean 

interior it is trapped at the bottom topography where it will either dissipate or propagate as 

topographic waves. SiIT has been shown to represent locally an important source of mixing for 

instance in the Kuril archipelago (Tanaka, 2010) or in the Yermak plateau (Fer et al, 2016). At the 

global scale GCM have shown that as much as 30% of the diurnal tides was generated above its 

critical latitude (Muller, 2013). Yet it is not parameterized in state of the art GCM model. The thesis 

will aim at characterizing the structure of the SiIT (trapping scales, resonance, non-linearity, modal 

decomposition). To this end we will use idealized setup of the CROCO model that will allow to 

explore the response of the SiIT as a function of frequency, stratification, topographic slope. These 

analyses shall allow to build a parameterization of the SiIT dissipation for the NEMO model in 

collaboration with C. Delavergne from the NEMO team at LOCEAN. We will use and adapt the 

framework developed by C. Delavergne for the propagative internal tides dissipation to the SiIT and 

test/adapt simplified parameterization already suggested by Falahat and Nycander (2015). The 

parameterized dissipation will be tested against high resolution model outputs and data sets in in 

three contrasted regions available from previous projects: 



 

 

 

 

• An Arctic fjord in Svalbard, the storfjord, which is an active polynya where dense water form. The 

high frequency variability is dominated by the M2 semi-diurnal SIIT. We have acquired a last set of 

in-situ measurements there since 2005 and a high resolution numerical model has been developped 

(Rousset et al, 2015). Our results give evidence of significant turbulent mixing induced by SIIT 

depending on hydrodynamical conditions. The development of an idealized configuration will aim 

at characterizing the various regimes of SIIT and quantify its dissipation. The final step will consist in 

the development of a parameterization that will be tested against available observations. 

• The Sicily strait which is a turbulent hot spot in the Mediterranean sea (Ferron et al, 2016). We 

performed turbulence measurements there and collected high frequency mooring observations 

over a year. We gave evidence that a large part of the variability is associated with the K1 diurnal 

SIIT, a result also retreived in high resolution numerical simulations outputs  from eNATL60,  1/60° 

provided by the MEOM team IGE in Grenoble. The methodology will be the same with the realisation 

of idealized numerical simulations to characterize dirunal SIIT and propose a parameterization. 

• The Lucky Strike region of the Mid Atlantic ridge, which has constituted in the past years a natural 

laboratory for the observation of the internal tides dissipation (Polzin et al 1997, Pasquet et al 2016, 

Lahaye et al 2020). There we benefit from high resolution numerical simulations (CROCO 

model1/100°) performed within the LuckyScales project (Lahaye et al 2020). Preliminary analyses 

have shown that the energy trapping could be modeled by a simple exponential decrease scaling  

with the topographic horizontal scale, stratification and tidal to inertial frequency ratio. In the mean 

time it was found that simple parameterization proposed by Falahat and Nycander (2015) would 

largely underestimate the dissipation. 

In a last part of the thesis the parametrization will be implemented in NEMO global circulation runs 

and its impact on water mass transformation as well as ice dynamics in polar regions characterized. 
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