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Context  (2-3 lignes)  
Indonesian Seas are characterized by an intense turbulence resulting from the presence of strong internal tides and currents 

with an impact on water mass mixing and biogeochemical processes. The project focuses on Lombok strait, a hot spot for 

turbulence where large amplitude internal solitary waves are generated as a result of the combined action of strong internal 

tides, current and bathymetric effects. 

Objectives / scientific questions (2-3 lignes)   
The project aims at characterizing the full evolution of internal solitary waves : their generation mechanism near the sill, their 

propagation and their shoaling over the slope in coastal areas. To this aim a cruise was scheduled in collaboration with two 

Indonesian teams with both classical measurements of current and hydrology combined with turbulence measurements with a 

vertical microstructure profiler (VMP). 

Main results 
The observations were carried out at a fixed position at a depth of ~300 m (Illustration 1.a and b). We confirmed the 

appearance of the non-linear internal tide with an amplitude of ~90 m at a fairly close distance (~30 km) from its generation 

site in the Nusa Penida Sills (NPS), with a dominant M2 tidal frequency. High-frequency internal waves associated with 

vertical velocities reaching 20 cm s-1 were observed almost continuously with the most impressive features observed within 

the internal tidal trough (Illustration 2.a, c and d). We estimated the turbulent kinetic energy dissipation rate using Thorpe and 

Ellison scales. These two scales are inferred from the turbulent events signature in terms of density inversion along the 

vertical for a given time (Thorpe method) and high-frequency density oscillation at a given depth (Ellison scale method). The 

dissipation rate of turbulent kinetic energy is then inferred by assuming that these two scales are proportional to the Ozmidov 

scale. Mean dissipation rates of the order of ~ [10-6-10-7] m2 s-3(Illustration 2.b) were obtained, with enhanced values in the 

thermocline layer, possibly driven by shear instabilities. We underlined that the use of the Ellison scale method, consistent 

with the Thorpe scale method, is a promising alternative for indirectly estimating the dissipation rate from high-resolution 

time-series data sets. Implications for micro-organisms is clearly an issue that could not be addressed here as well the impact 

of soliton induced small scales and turbulence on sediment resuspension in shallow areas. 

 

 
 

 

Left pannel: (a) Depth-integrated semidiurnal M2 driven turbulent kinetic energy dissipation rate (colored plot, W m-2) and 

depth-integrated M2 baroclinic energy flux (arrows, kW m-1) inferred from a 3D hydrostatic model by Nagai and Hibiya 

(2015) (personal communication). The red star is the observation site. (b) the measurements scheme, with ADCP, CTD, 

echosounder and RBR high frequency temperature sensors, (c) is the predicted tidal height on 1-20 November 2017 above the 

Nusa Penida sills. Red lines indicate the timing of field observation on 3-5 November 2017. 
Right pannel: (a) Isotherm contours inferred from RBR temperature sensors and temperature profiles from CTD casts. The 



black line is low pass filtered (>3h) for isotherms 18, 20, and 22o C; (b) mean over the depth covered by the mooring of the 

dissipation rates inferred using Thorpe scale patch (black dotted line), and using Ellison scale (dashed line for the mean and 

shaded red area for the confidence interval). Note that the shading intensity decreases with the probability. (c) Enlarged view 

of shaded areas B in (a)  with vertical current w added, (d) same as in (c) but with ecosounder image (arbitrary unit). 

Future of the project : 

Illustration 3 : scheme of the shallow mooring to be deployed 

in Manado Bay with a 1200 kHz ADCP and a thermistor 

chain with high frequency sensors. 

The next step is to characterize the turbulence induced by the 

shoaling of internal solitary waves at the coast with a 

mooring collecting current and temperature measurements at 

high frequencies and high vertical resolution (Illustration 3). 

The location chosen is Manado Bay, a well-known area for 

internal solitary waves shoaling at the coast after a long-

range propagation from their generation site near Sibutu Sill 

(Purwandana, 2019). 
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