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Figure 4. Exemplary velocity time series at FINO1 on May 08,
2008 for different heights. Vertical gray bars indicate exemplary 10
minute sections shown in Fig. 5 and Fig. 6.

by the square of the moving averaged wind speed. The
threshold between turbulent and non-turbulent phase is set to
0.001, which is in the order of the threshold used by de Silva
et al. (2013). Data points where this threshold is crossed will
be referred to as crossings in the following.5

The next steps are shown examplarily for a day (May 8,
2008) of the FINO1 data set (Fig. 4), as this day exhibits
many laminar periods. The investigation is done for sections
of 10 minute length. In Fig. 5 crossings of the TNTI are vi-
sualized for the different heights.10

Fig. 5 (a) shows the behavior of a rather turbulent 10
minute section. Plenty crossings can be observed at different
heights. This is not always the case as shown by the selected
section of Fig. 5 (b) and (c). In Fig. 5 (b) a laminar phase at
high altitudes (100 m) with no crossings is shown whereas at15

lower altitudes crossings can be recognized. Fig. 5 (c) shows
the behavior of a section with laminar flow at all altitudes.
Almost no crossings of the threshold occur.

To estimate the fractal dimension (Eq. 1), our box counting
approach is applied for every individual 10 minute section for20

each height. Boxes of a certain size rBox (respectively dura-
tion TBox) are used. Taylor’s assumption of frozen turbulence
rBox = ⟨u⟩TBox is used to change the time dependence into a
spatial scale dependency (Taylor, 1938).

Next, the number of boxes with at least one crossing of25

the threshold is counted. After Eq. 1 the resulting number of
counted boxes NBox over box size rBox is plotted in a double
logarithmic presentation (Fig. 6). To improve the quality of
the estimated slope, boxes are overlapping 90%.

It can be recognized, that mainly three different slopes can30

be found. A slope of −1 is found for fully turbulent behav-
ior as shown in Fig. 6 (a). A slope of −0.36 was found for
sections with turbulent and laminar phases (Fig. 6 (b)). For
sections with mostly laminar flow, the slope is close to 0
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Figure 5. Crossings indicating the transition between laminar and
turbulent phase for an exemplary turbulent (May 08, 2008 04:00)
(a), turbulent/non-turbulent (May 08, 2008 16:00) (b) and laminar
(May 08, 2008 02:45) (c) section. A Cantor set like plot as shown
in Fig.3 (b).

(Fig. 6 (c)). Note the scaling ranges for different exponents 35

not always extend over the whole range, but is often limited
only to some sub ranges of the scales as seen in Fig. 6 (a,b).

The fractal dimension is determined by the negative slope
of the just discussed presentation. The selection of the sub
range of scales is motivated by our wind energy application. 40

We take scales from roughly 3m to 250m corresponding to
the order of a wind turbine chord length and rotor diameter,
respectively.

Not for all 10 minute sections a clear slope is obtained.
Sometimes a super position of different slopes is found. For 45

our purpose here, we take such events as ranges with no self-
similarity (constant slope). To do so, 10 minute sections ex-
hibiting residual standard errors Sr of the slope larger than
0.02 are neglected (NaN). By this only sections with a con-
stant fractality over roughly two decades are considered. For 50

the exemplary day (May 08, 2008) the resulting time series
of the fractal dimension Df are shown in Fig. 7. The values
for the three exemplary times (04:00, 16:00, and 02:45) are
given in Tab. 1.

4 Results 55

The analysis of the measurement sites is done in three steps.
First a basic analysis of the turbulence intensity at the differ-
ent sites and heights is done (Sec. 4.1). In the following the
presence of a typical TNTI fractal dimension is investigated


