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Simplified structure of the ocean

Grant & Madsen, 1986



What is a BBL?
• Is the part of the ocean directly affected by the drag of the 

currents on the sea bottom (Trowbridge & Lentz, 2018).

• Several processes influence the flow on the BBL:
• Currents (low frequency)
• Surface gravity waves (high frequency, shallow waters)
• Wind-driven circulation
• Internal waves
• Stratification
• Planetary rotation
• Others

Trowbridge, 2018



Typical BBL structure

Soulsby, 1996 Trowbridge, 2018



Relevance of the BBL

• Mixing

Bottom boundary layers are characterized by a conversion of 
horizontal to vertical momentum due to drag effects, therefore it’s 
a strong source of vertical mixing near the bed.

• Cross-isobath transport



Relevance of the BBL

• Sediment and material transport

Bottom shear causes movement of material on the bottom, in
processes like bedload transport or complete resuspension.

• Bedform generation
• Morphological changes
• Material re-entrainment in bulk flow



Relevance of the BBL

• Biological primary productivity

• Transport of nutrients from sediment reservoirs
• Influences oxygen levels
• Shear can transport larvae and influence recruiting of several species



Where does turbulence comes into play?

• BBL extracts energy and momentum from the overlaying flow in 
form of turbulent eddies until the viscous sub-layer, where 
viscosity dissipates them in form of heat.

• The principles and concepts introduced by Kolmogorov (1941) 
still form the basis of the analysis of BBL and generation of 
bottom shear stresses (t)



In a mathematical way…

• Starting from the Reynolds-averaged version of the momentum 
equations (valid also for heat and material transport) and using 
Boussinesq approximation we end up with unresolved fluxes in 
the form of the turbulent components. 

• These unresolved fluxes are the Reynold shear stresses:

• They indicate a vertical transport of horizontal momentum 
(downwards)



How do we measure it
Classic: ADCP and profiles 
(indirect) Recent: ADV and landers (direct)

Arhan, et al. 2011 SAMS, 2012



Indirect method
Uses the assumption of unstratified 
flow and that the measurements are 
taken in the logarithmic part of the BBL:



e.g. Direct method: Flume tests for 
organic pellets
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Field measurement challenges

• Reynold-averages are usually defined over 30-60 min, while 
BBL turbulence O(1-102 sec) – Complete decoupling in power 
spectrum

• Surface wave spectra shares the same spectral band as BBL 
turbulence, corrupting it.

• Internal waves can occupy the gap between Reynold-averages 
and turbulence, making the spectra difficult to interpret.



Wave-current BBL

• Waves add extra sources of shear stress to the existing 
equations. 

• For example in the quadratic drag approximation:

• Tildes represent the orbital velocity contibution



Effects of stratification

• Strong stratification hampers turbulent mixing in the vertical
• Monin-Obukhov similarity theory becomes an asymptotic 

function with Ozmidov scale (dependent of N) as the upper 
limit to turbulent eddies in the BBL 



The outer boundary

• Upper parts of the BBL have more evident effects of large-scale 
processes such as planetary rotation and Ekman veering.

• The upper flow gets feedback from the BBL in terms of:

• Vorticity generation by spatial gradients in shear (e.g. bottom types)
• Upwelling downwelling
• Front generation
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