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Measuring (small-scale) Turbulence in the Ocean
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Length Scales of Turbulence
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Theoretical Spectra of Turbulence

Tennekes & Lumley (1972)
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Ocean Microstructure

Nash & Moum (2002)
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First Confirmation of the Kolmogorov Theory

Grant et al. (1962)
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Measuring Turbulence in the Ocean
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Measuring Turbulence in the Ocean

McMillan et al. (2016)

(with local isotropy assumption)
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Measuring Turbulence in the Ocean

Lian & Liu (2015)

An example in the “tidal channel”
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Wave-Turbulence Decomposition & Reynolds Stress Estimation 
in Wavy Aquatic Environment

Bian, Liu, et al. (2018)
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Reynolds (Shear) Stress 
(consequence of anisotropy)

Kundu & Cohen (2002)
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Turbulence in wavy aquatic environment

Bian, Liu, et al. (2018)
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Reynolds Stress Estimation: Cohenrence Method
(Benilov & Filyushkin, 1970)



(Kaimal et al., 1972)
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Reynolds Stress Estimation: Cospectra Method

Gerbi et al. (2008)



(Bricker & Monismith, 2007)
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Reynolds Stress Estimation: “Phase” Method
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Reynolds Stress Estimation: “Phase” Method
(Bricker & Monismith, 2007)

Wave-dominated
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Reynolds Stress Estimation: EMD Method

Qiao et al. (2016)

EMD = Empirical Mode Decomposition          IMF = Intrinsic Mode Function 

(Huang et al., 1998)
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Reynolds Stress Estimation: SWT Method

Bian, Liu, et al. (2018)

SWT = Synchrosqueezed Wavelet Transform 
(Daubechies et al., 2011)



The raw velocity fluctuations and the first ten IMF modes (224 IMF 
modes in all) derived from the raw velocity fluctuations using the 
SWT method: (a) u, (b) v and (c) w.  

u v w
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Reynolds Stress Estimation: SWT Method

Bian, Liu, et al. (2018)
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Reynolds Stress Estimation: SWT Method

Bian, Liu, et al. (2018)
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Applications/Assessments

Bian, Liu, et al. (2018)



Segment-­‐009 Segment-­‐120
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Assessment of method performance: power spectra

Bian, Liu, et al. (2018)



Segment-­‐009 Segment-­‐120
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Assessment of method performance: cospectra

Bian, Liu, et al. (2018)
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Courtesy of Lian Shen

Wave-Turbulence Interaction
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Courtesy of Lian Shen

Wave-Turbulence Interaction
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Thank You!


