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Importance of Riverine Turbulence

1) Plays a role in air-sea momentum flux and heat & gas 
exchange.

2) Allows boundary layer to communicate information into the 
river interior.



Turbulent intensity proportional to surface EO radiance which is 
what Airborne Remote Optical Spotlight System (AROSS) 
captures to do current estimation.

1-D spectra for five 512 m data cubes 

exhibiting expected k-5/3 slope with energy 

containing scale of ~100 m.

(Dugan and Piotrowski, 2011)



Hudson River near State Line Lookout in
Palisades Interstate Park, NJ

20 miles north 
of Manhattan

Tarrytown



State Line Lookout Instrumentation
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• 10 min bursts at   

top of every 1/2 hr.

• samp freq = 25 Hz

ADV

Aquadopp

• 59.9 min bursts

at top of every hr.

• samp freq = 2 Hz



ADV Schematic



Question

Given an aquadopp profiler and an acoustic

doppler velocimeter, what can we say about

the structure of riverine turbulence?

Consider 2 cases:

1) 8/20/2010 – 8:51 AM EST (calm)

2)  8/22/2010 – 11:34 AM EST (overcast and 
windy)



8/20/2010
calm

8/22/2010
windy

Air side



ADV spectra
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Homogenous Isotropic 

Turbulence! 

When waves are not present!

Frozen Turbulence Hypothesis



When waves are present!

Inertial subrange often contaminated with surface wave motion.

Bryan et al. modeled the effect of wave advection of turbulence 
past a probe by invoking Taylor’s hypothesis.
Considered monochromatic waves rather than mean current. 

What does epsilon vs. tidal velocity look like?









ADV Results

1) High frequency part of spectrum (1 -> 10 Hz) 
consistent with presence of wind forcing and 
surface wave field. 

2) Epsilon is weakly correlated with peaks in ebb and 
flood tide. 

What about the aquadopp profiler data?



Evidence of wave structure at 0.4 Hz

8/20/2010, calm 8/22/2010, windy



Kolmogorov structure

No break in slope!



Aquadopp Results

1)  Spectra produced from 0.5 sec sampled data  
for (0.1 -> 1 Hz) consistent with friction 
velocity.

2) Spectra produced from 5 sec sampled data 
for (0.001-> 0.009Hz) shows Kolmogorov
shape.

3) There is no change in slope at periods ~15 
min. Suggests that large eddies are horizontal 
& do not ‘feel’ the boundary layer stress. 


