
Measurement of oceanic microstructure: 
 
Most often, the dissipation rates of turbulence and thermal variance 
are measured with a dropsonde, either large and free-falling like 
the High Resolution Profiler (below), or small and tethered for 
upper ocean work.  Typical instrument fall rates are ~ 0.5 m/s.  

 
Figure 1.  The High Resolution Profiler of Schmitt et al, 1988.  This free-fall 
device drops weights at a pre-programmed depth or range above the bottom 
to return to the surface for retrieval and data download. 
 



Temperature microstructure:  
 
In order to estimate the dissipation rate of thermal variance (χ), it 
is necessary to measure the gradients of temperature to scales less 

than that of the Batchelor scale, (
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generally a centimeter or less.   With the fall rate at 0.5m/s, 
temporal resolutions to 30-50 Hz are required.   Such fast response 
can only be achieved by very small sensors, such as thermocouples 
or thermistors.  By far the most popular ocean micro-temperature 
sensor is the FP07 glass coated thermistor of Thermometrics. 
 

                      
Figure 2,  The FP07 by Thermometrics.  The small thermistor bead is 
encapsulated in a fragile glass tip. 
 
Thermistors have a large resistance change with temperature, and are much 
more sensitive than platinum resistance thermometers (PRTs) or 
thermocouples, though are not as stable as PRTs.  This is fine for 
microstructure work, as there is generally a stable thermometer on the 
instrument for a running calibration.  The FP07 is also prone to development 
of microcracks in the glass coating when subjected to the high pressures of 
the deep sea.   
 
Since ocean temperature gradients are weak in the mixed layer and in the 
abyss, it is also necessary to “pre-emphasize” the electronic signal from the 
sensor, so that the output is proportional to the rate of change of temperature 
(and thus temperature gradient at constant fall rate).   This gives a better 
signal to noise ratio for digitization. 
 



 
 
 
Figure 3.  Temperature and temperature gradient data from a dropsonde 
deployed in a Mediterranean salt lens (Oakey, 1988).  The intermittency 
is typical.  Hydrodynamic regimes change quickly in the stratified 
ocean, and much of the signal observed here may be due to double 
diffusion. 
 



 
 
 

 
 
Figure 4.  Spectra of the vertical temperature gradient from the 
High Resolution Profiler at different values of χ, with fits of the 
Batchelor spectrum shown as the smooth curves.  The dashed line 
represents the noise level of the electronics.  



 
 
Figure 5.  From Gregg (1999, Journal of Atmospheric and Oceanic 
Technology: Vol. 16, No. 11, pp. 1483–1490), showing  
one-dimensional temperature gradient spectrum, in arbitrary units, 
and its normalized cumulative integral. The spectrum is obtained 
by integrating the three-dimensional form derived by Batchelor 
(1959). 



Use of temperature microstructure data. 
 
From thermal variance equation, we assume a production –
dissipation balance after Osborn & Cox (1972).  That is, with 
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Define the dissipation rate as: 

 

2
22 6 Z

i

dxdydz
xθ θ θ
θχ κ κ θ

 ′∂ ′≡ ≅ ∂ 
∫∫∫  (isotropy) 

 
Then the “down gradient heat flux” is equal to ½ the dissipation 
rate: 
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This allows definition of an eddy diffusivity for heat: 
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Where C is the “Cox number”. 
  



Velocity microstructure: 
 
In order to measure the small-scale shear in the ocean, very 
sensitive piezoelectric probes are used.   These are designed to 
detect the sideways hydrodynamic lift forces acting on a small 
parabolic probe with a large translation velocity.   
 

                         
Figure 6.  Piezoceramic beam (yellow), with one end anchored and 
the other encased in a flexible silicone rubber shroud.  Electrodes 
on either side of the beam pick up changes in charge as the beam 
experiences sideways forces due to turbulence in the water.  The 
sensitivity of the probe is dependent of the speed of the oncoming 
flow.  Because of its symmetric shape, no side forces are 
experienced if the flow is free of turbulence.  However, variations 
in the horizontal component of velocity change the angle of attack 
and generate lift that is readily detected by the sensitive 
piezoelectric beam. 
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With a constant fall rate W, the output of the beam is amplified and 
differentiated to give a signal E proportional to the time rate of 
change of u, which, by Taylor’s frozen field assumption, is 
proportional to the vertical shear, uZ. 
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Figure 7.    For a piezoceramic lift 
probe falling at large rate W, any 
small horizontal velocity (u) 
induces a slight change in the 
angle of attack on the tip of the 
probe, generating a lift force.  
Calibration involves measuring 
this lift force as a function of 
angle of attack in a known steady 
flow. 
 
 



 
Figure 8.  Spectra of vertical shear from a shear probe at different 
(low) dissipation levels.  Dark solid lines are “Nasmyth” universal 
curves (Nasmyth, P. W., 1970: Oceanic turbulence. Ph.D. thesis, 
University of British Columbia, 69 pp ) and the dashed line is the 
electronic noise of the amplifier.  There are vibrational peaks at 10 
Hz and above, so the variance in the spectra is integrated only out 
to the minimum in order to estimate ε. 
 



Use of velocity microstructure:  in the turbulent kinetic energy 
equation, assume production-dissipation balance as in Osborn 
(1980).  For U U u′= + etc: 
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We estimate ε using isotropy assumption and measurements of 

Zu′ : 
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Using the “flux” Richardson Number: 
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the buoyancy flux is related to the dissipation by: 
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Define an eddy diffusivity by Zw Kρρ ρ′ ′< > = ,  then: 
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If we compare Kθ and Kρ we find they are equivalent when: 
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Oceanic data from non-double-diffusive stratifications generally 
agree with laboratory and numerical simulations that 0.2Γ ≈ for 
internal wave breaking in the stratified interior (Oakey, 1988).   
However,  it can be much lower in strongly sheared and weakly 
stratified boundary layers. 



 Some observational results from microstructure and tracer release 
experiments: 
 

1. The main thermocline has generally weak turbulence, such 
that Kρ is ~ 1 x 10-5 m2/s. 

 
 
2. The levels of turbulence can be related to the intensity of 

finescale (10m) shear due to internal waves. 
 

 
Figure 9.  Plot of diffusivity estimated from measurements of ε  
compared against a parameterization based on internal waves 
shears at 10 m scales (From Polzin et al, 1995; see also Gregg, 
1989). 
 
 
 



 
3. The abyss can have strong turbulence, if the bottom is 

“rough” and bottom velocities significant.  Mechanism seems    
to be internal wave generation by the tides, and propagation 
into the stratified water above. 

 
 
Figure 10. Composite section of diffusivity (based on observed ε 
and Osborn (1980) relation) across the Brazil Basin (Polzin et al, 
1997).  Turbulence is much enhanced over the irregular 
topography near the Mid Atlantic Ridge, and very weak over the 
abyssal plains to the west.  A tracer release experiment has 
confirmed the high diffusivities near the ridge (Ledwell et al, 
2000). 



       
 
Figure 11. Vertically integrated dissipation rate compared with the 
estimated tidal speeds for the sampling period of a Brazil Basin 
cruise.  Modulation with the strength of the fortnightly tide 
(beating of lunar and solar semidiurnal tides) is suggested.   
 



4. Spatially variable mixing rates have consequences for the 
interior baroclinic circulation of the ocean. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12.  The interior circulation streamfunction suggested by 
the variation of turbulent mixing rate near the Mid-Atlantic Ridge.  
This represents the circulation over a latitude band in which the 
deepest canyon depths are represented by the black bottom, and the 
shallowest peaks represented by the grey line.  The increase of 
mixing rate approaching the ridge requires up-canyon flows across 
the density lines shown.  (St Laurent et al, 2001). 
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