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Detecting stationarity in time series data
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Energy spectral density
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Low-pass filter: Energy spectrum density 
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Scaling of structure functions: 

How to describe the stochastic evolution of      from scale to scale?
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Estimation of fundamental length scales
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Fokker-Planck description
• Markov picture of turbulence
• Multi-point statistics

Friedrich

Peinke

SeifertEngel, 

Nickelsen
stochastic thermodynamics 
of cascade process 
• fluctuation theorem
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Trajectories of velocity increments
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one realization of the 
cascade process 
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longitudinal velocity increments
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r = L

r = l
Markov picture of turbulence
Fokker-Planck description: 

R. Friedrich and J. Peinke, 
Phys. Rev. Lett. 78, 863 (1997)

How to describe the stochastic evolution of      from scale to scale?
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Markov picture of turbulence
Fokker-Planck description: 

How to describe the stochastic evolution of      from scale to scale?



Einstein-Markov length: wilcoxon test
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Einstein-Markov length: conditional PDF
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Markov picture of turbulence: Kramers-Moyal coefficients D(1;2)
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conditional moments



Markov picture of turbulence: Kramers-Moyal coefficients D(1;2)
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Fokker-Planck description
• Markov picture of turbulence
• Multi-point statistics

Friedrich

Peinke

SeifertEngel, 

Nickelsen
stochastic thermodynamics 
of cascade process 
• fluctuation theorem
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Annimation mit den 
Trajektoreien
einfügen



integral fluctuation theorem (IFT)

total entropy production for single trajectories

U. Seifert,
Phys. Rev. Lett. 95.4 (2005)

Nickelsen, Daniel,
Diss. (2014)

Fluctuation theorem for non-thermal noise in 
macroscopic system: developed turbulence
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Entropy balance of cascade process
Verification of the measured FPE: Validity of the IFT

37
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Verification of the measured FPE: Validity of the IFT
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Entropy balance of cascade process
Verification of the measured FPE: Validity of the IFT
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Entropy balance of cascade process
Verification of the measured FPE: Validity of the IFT
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Fokker-Planck description
• Markov picture of turbulence
• Multi-point statistics

Friedrich

Peinke

SeifertEngel, 

Nickelsen
stochastic thermodynamics 
of cascade process 
• fluctuation theorem
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Open source MATLAB package 



200 realization of turbulent cascade process
Entropy producing trajectories
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200 realization of turbulent cascade process
Entropy producing / consuming trajectories
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small-scale
intermittency

200 realization of turbulent cascade process
Entropy producing / consuming trajectories
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200 realization of turbulent cascade process
“trivial” extreme trajectories at
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