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Critical research  and exploration supported 
by innovative ship-based research. 

“From little things, big things grow” 
 - The role of localised turbulence and mixing in 

the Global Ocean 
  -  Sub-mesoscale processes and shelf ecosystem 

response. 
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Turbulence and mixing in the Global Ocean 

• Mixing is required to 
maintain observed basin-
scale T and S structures   

 

• support the pathways  
    for dense abyssal water  
    back to the surface  
 

• Critical role in climate 
 

• Controls rate that heat, 
CO2, and other tracers are 
absorbed and stored in 
the ocean 

Carbon sink 

Carbon sink 
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It’s a problem of scales 

• Ocean is primarily circulation forced at the large 
(basin) scales 
 

• Circulation is damped and dissipated at much smaller 
scales down to those of centimetre-sized turbulence.  

 
Challenge to understand how ocean dynamics connect 
these very different scales of forcing and dissipation. 
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Turbulent mixing 
• Dissipation processes are too small to be resolved in present and 

future climate models and must be parameterised – currently by 
constant coefficients tuned to present climate.  

Enhancement of turbulence at rough seafloor topography in the 
deep ocean from a high-resolution numerical simulation 

Nikurashin, Phillips, Sloyan 
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Turbulent mixing 

Dissipation (red) of surface tide collocated with regions of steep topography,  
typically associated with the generation of large amplitude internal waves. 

Egbert and Ray, 2001 
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• internal tides lose about 60% of their energy upon impacting 
the continental margins → drives elevated turbulent mixing. 
 
 
 
 
 
 
 
 
 

Turbulent mixing 

Kelly et al 2013 

• uncertainties associated with interior mixing parametrisations 
• small for projections over a few decades  
• considerable over longer time scales 
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…and from yesterday’s discussion 

Malcolm 
– “need to better understand mixing of surface and deep waters. 

…and shoaling of aragonite and calcite saturation horizons.” 
 
Breakout sessions summary – Climate Change 

– “Cheaper sensors (swarms) - Higher resolution data feeds 
higher resolution models for societal needs” 

– “Find the cause of the heating hiatus ‘the missing heat’ – 
mechanisms for trapping/releasing heat from deep ocean”. 
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NRL gliders 

ADCP mooring 

ADCP & line  
mooring 

National mooring 

microstructure 

CTD 

March/April, 2012 

Observations and Modeling of the North West 
Shelf of Australia  

 Book , Brinkman, Burrage, Ivey, Jones, 
Kelly, Lowe, Pattiaratchi, Rayson, Rice, 
Richman, Rowley, Steinberg, Strutton  
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Evaluating Glider 
data impact on 

NCOM solutions 

Glider 82 

NCOM Temperature  
and Velocity at 50 m depth 
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Observed N2C temperature Modeled N2C temperature 

Evaluating Glider data impact on NCOM solutions 

Comparing NCOM results after assimilation with withheld 
mooring observations 
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Sub-mesoscale processes  
and shelf ecosystem response 
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Sub-mesoscale processes  
and shelf ecosystem response 

20km 

Eddies visible  in SST, but not Altimetry 
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Sub-mesoscale processes  
and shelf ecosystem response 

20km 

Pelagic response visible from MODIS 
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Breakout sessions summary - Fisheries 
“Fisheries respond to physical oceanography, fronts and eddies and 
meso and sub-mesoscale processes for larval dispersal and 
recruitment” 
 
Iain: 
“Future of Fisheries is on the continental shelf – need better 
knowledge of sub-mesoscale small cyclonic eddies on both west and 
east coast transport larvae offshore.” 
 

…and from yesterday’s discussion 
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Integrating coastal ocean modeling and observations 
•  Data assimilation for reanalysis and prediction 
•  Quantitative skill assessment 
•  Observing system design and operations 

 Wilkin 
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Cross section of simulated total phytoplankton 
chlorophyll, carbon and the dynamically varying 
C:Chl ratio on the 18th October 2012. 

Simulated uncalibrated 
surface chlorophyll  

Coupling to BGC and ultimately ecosystem response 
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Wild-Allen 
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Processes and Platforms 

Dickey 2003 
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Processes and Platforms 

Dickey 2003 

HF Radar 

Gliders, Profilers 

AUV, SHIPS 
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NRL gliders 

ADCP mooring 
ADCP & line  

mooring 

National mooring 

microstructure 
CTD 

Observational needs 
• Leverage ocean observation through integration with numerical 

simulation models 
 

• Process studies anchored to  
      long term observational sites 

 
• essential in-situ observations  

– cal/val & data assimilation 
 

• Observation System Simulation  
      Experiments (OSSE) 

–  design/evaluate impact of  
   observation systems  
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