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motivation

WEC  >5MW

area = 12469 m2
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dynamics of power conversion

PWT =
1
2
cp(�) ⇢ u3

wind · A
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?
input

{forces, noise ..}
output

system }
we want to know:
• model
• characterization 
• prediction 

dx = D

(1)(x, t) dt +
q

D

(2)(x, t)dW
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stochastic processes - ideal tool for experimentalist 

time dependent complexity 

scale dependent complexity 
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Complex systems driven by noise and nonlinearity 

open question - what is the corresponding dynamics 

ẋ =??

x(t + ø) =??
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for stochastic description:

- Markow properties (process without memory - or delta correlated noise))

Langevin- and Kolmogorov (Fokker-Planck) Equation
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test of Markow property

p(x3, t3|x2t2;x1, t1; ...) = p(x3, t3|x2t2)

New Journal of Physics 16, 053037 (2014)
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A. Einstein Ann. Phys. 17, 549 (1905) 

Einstein Markow length

for sufficient large
time steps the 
process may become
Markowian

- Einstein-Markow length
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Einstein Markow length - example: earthquakes
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Einstein Markow length for Italy 

Einstein Markow length

M.R.R. Tabar, et.al. Lecture Notes in Physics , Vol. 705,  (Springer, 2006) 281-301. 
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for stochastic description:

- Markow properties (process without memory - or delta correlated noise))

- Reduction to Kol. equation (Pawula Theorem - D(4) = 0 or Gaussian noise) 

- estimation of Kramers, Moyal coefficients

Langevin- and Kolmogorov (Fokker-Planck) Equation
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example for D1 estimation D

(1)(x) = lim
ø!0

1
ø

D
X(t + ø)° x

EØØØ
X(t)=x

D

(n)(x) = lim
⌧!0

1
n! · ⌧

Z
(x̃� x)n

p(x̃, t + ⌧ |x, t)dx̃
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first paper

S. Siegert,  R. Friedrich, and J. Peinke :
Analysis of Data of Stochastic Systems
Phys. Lett. A  243, 275 (1998)

numeric model

reconstructed drift and diffusion
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further applications - chaotic dynamics

reconstructed dynamics

chaotic attractors with 
and without noise

Europhys. Lett. 61, 466 (2003)

Shinriki Oszillator
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 Balance

analysis of the dynamics of balance 

with and without task 

(cooperation with V. Lippens  

Physics Letters  A 373, 811 (2009))

�(X) = �
Z X

�1
dx

0
D

(1)(x0)

D

(2)(x)
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wind turbine

dynamic power curve

power - dynamic response

wind speed 
 u(t)

input: turbulent Wind 
conversion dynamics given by 
aerodynamics and control 
system
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stochastic motion in a potential
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summary - time dependent systems

dx = D

(1)(x, t) dt +
q

D

(2)(x, t)dW

typical problem arising for experimental data:

• noise - delta correlated?
-  Markow properties

• what are the function of D(i) ?
- Kramers-Moyal coefficient

• limit small steps 

p(x1, t1|x2, t2...;xn, tn) = p(x1, t1|x2, t2)

D

(n)(x) = lim
⌧!0

1
n! · ⌧

Z
(x̃� x)n

p(x̃, t + ⌧ |x, t)dx̃

lim
⌧!0
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2nd part

stochastic processes - ideal tool for experimentalist 

time dependent complexity 

scale dependent complexity 



Center for Wind Energy Research

ams/ems/spm  Porto  
2015

turbulence

comprehensive description by n-point statistics

@t~u + (~u ·r)~u = �rp +
1

Re
�~u + ~f

r · ~u = 0

http://dict.leo.org/ende?lp=ende&p=DOKJAA&search=comprehensive&trestr=0x8004
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turbulence

p(u(x1), ..., u(xn+1))

comprehensive description by n-point statistics

p(u(x1), . . . , u(xn+1)) = p(ur1 , . . . , urn , u(x1))

uri = u(x + ri)� u(xi)
using velocity increments: 

ri

http://dict.leo.org/ende?lp=ende&p=DOKJAA&search=comprehensive&trestr=0x8004
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n-point statistics

Bayes theorem - joint pdf by cond. pdf

p(u(x1), ..., u(xn+1)) = p(ur1 , ..., urn , u(x1))
= p(ur1 , ..., urn |u(x1)) · p(u(x1))

= p(ur1 |..., urnu(x1))p(ur2 |..., urnu(x1))... · p(u(x1))

= p(ur1 |ur2 , u(x1)) ... p(urn�1 |urn , u(x1)) · p(u(x1))

can be simplified -exp evidence
is Markow in scale r

common analysis of turbulence p(ur1) . . . p(urn)
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n-point statistics

p(u(x1), ..., u(xn+1))
= p(ur1 |ur2 , u(x1)) ... p(urn�1 |urn , u(x1)) · p(u(x1))

new view of cascade process:
three point closure
local in the cascade means no memory
or Markow process in r

L ηr
....
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p(u(x1), ..., u(xn+1))
= p(ur1 |ur2 , u(x1)) ... p(urn�1 |urn , u(x1)) · p(u(x1))

Markow prop & cascade with Fokker-Planck Equ.

L ηr
....

�rj
@

@rj
p(urj |urk , u(x1)) = {� @

@urj

D

(1)(urj , rj , u(x1)) +
@

2

@u

2
rj

D

(2)(urj , rj , u(x1))} p(urj |urk , u(x1))

n-point statistics



Center for Wind Energy Research

ams/ems/spm  Porto  
2015

application rogue wave
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measured data
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measured data
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from reconstructed stochastic cascade process

stoch process
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some literature 

• R. Friedrich, J. Peinke, M. Sahimi and M. Reza Rahimi Tabar : Approaching Complexity by 
Stochastic Processes: From Biological Systems to Turbulence, Phys. Report, 506, 87-162 
(2011) 

• researchgate Peinke 

• homepage - Twist         http://www.uni-oldenburg.de/twist/

http://www.uni-oldenburg.de/twist/

