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Nonuniform energy transfer rate
between different eddies

[Obhukov, 1962]

Intermittency reveals a deviation
from normal distribution.

We need multifractal description

Intermittency
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Approaches to study multifractality

Scaling exponents
of structure functions

Flatness Factor
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Deterministic methods

4

22

( )
( )

( )

S
F

S

τ
τ

τ
=

, ( )qD f α

( ) ( ) ( ) qqS u t u tτ τ=< + − >

MULTIFRACTALS



5

Generalized Dimensions
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Multifractal
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Method
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Generalized Dimensions

Chhabra, Meneveau, Jensen,Sreenivasan [1989]] Halsey et al. [1986]]
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Singularity Spectrum

4 Spectrum Verification
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Solar Wind Data
Ulysses (1990-2009)

Asterisk (*) denotes the case of the slow wind.

Solar minimumPhase of solar cycle

In seven cases:
fast wind 

In one case: slow wind

Type of solar wind

Solar wind 
parameter Radial velocity

Sampling time
242 sº 4 min

Sample length 12 days
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Inertial range

Dissipation range

Energy-containing scale
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Energy Transfer Rate
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Energy transfer rate:

A probability that energy is
transfered to an eddy of size l in
the turbulence cascade
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Taylor’s hypothesis:
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Energy Transfer Rate
242 t sΔ =
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Multifractal Scaling

Figure: Plots of the generalized average probability of cascading eddies versus…………
for the following values of q: 6,,4,2,1,0,-1,-2. These results are obtained using data measured by Ulysses
during solar minimum (1995-1997) at 15° and 80° (diamonds) for the (a) slow and (b) fast solar wind, 
correspondingly.

RANGE OF SCALING: min max648 s, t 11.5 htΔ = Δ =

10log l10log ( , )q lμ
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Generalized
Dimensions

Wawrzaszek and Macek, JGR, 
A15176 (2010), in press.
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Singularity
Spectra

Wawrzaszek and Macek, JGR, 
A15176 (2010), in press.
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Generalized Dimensions and Singularity Spectra

Figure : Generalized dimensions and singularity spectra for the slow (at 15°) and fast (at 80°) solar wind 
during solar minimum (1995-1997).
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Asterisk (*) denotes the case of the slow wind.

Multifractality - Latitudinal Dependence
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Multifractality - Latitudinal Dependence

Figure: Degree of multifractality Δ (continuous line) for the slow (at 15°) and fast (above 15°) solar wind 
during solar minimum (1994-1996, 2006-2007) in dependence on heliographic latitude below (triangles) 
and above (diamonds) the ecliptic.
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Asymmetry - Latitudinal Dependence

Figure: (a) Degree of asymmetry (A) and (b) change of two-scale model parameters p (diamonds) and
(asterisk) in dependence on heliographic latitude during solar minimum (1994-1996, 2006-2007).
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Conclusions

We have studied the inhomogeneous rate of the transfer of the energy
flux indicating multifractal and intermittent behavior of solar wind 
turbulence out of the ecliptic plane. In particular:

• We have identified somewhat smaller degree of multifractality at high     
latitudes during solar minimum for the fast solar wind, where turbulence
evolves more slowly as compared with that at the ecliptic.

• We have shown that the degree of multifractality and asymmetry of the
fast solar wind exhibit latitudinal dependence with some symmetry with
respect to the ecliptic plane. 

• The multifractal singularity spectra out of ecliptic plane become roughly
symmetric. 
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Conclusions

• The minimum intermittency is observed at mid-latitudes and is possibly
related to the transition from the region where the interaction of the fast
and slow streams takes place to a more homogeneous region of the pure
fast solar wind.

Basically, the multifractal spectra for solar wind are consistent with the
two-scale model for both positive and negative q, but rather with different
scaling parameters for sizes of eddies in the ecliptic, while in most cases
the usual p model is sufficient to reproduce the spectrum of the fast solar
wind out of the ecliptic plane.
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Thank you for your attention


