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Figure 9. Median of the turbulence at different heights and for the
different data sets.

In Fig. 11 different probabilities of sections with a frac-
tal dimension Df = 0.36 within a ±10% range are shown.
These probabilities are conditioned on the 10 minute section
TI (Fig. 11 (a)), the mean wind speed ⟨u⟩ (Fig. 11 (b)), and
the shear exponent α (Fig. 11 (c)).5

For periods with low TI (< 2.5%) and high TI (> 7.5%)
only few events with a typical TNTI fractal dimension can
be recognized (Fig. 11 (a)). For sections with TIs in between
(2.5%< TI < 7.5%), it is more likely to exhibit both (lami-
nar and turbulent) phases. Up to 17% of these observed 1010

minute sections showed a typical TNTI fractal dimension.
At low mean wind speeds the percentage of sections with

typical TNTI fractal dimension is rather indifferent over
height (Fig. 11 (b)). This changes with increasing mean
wind speed. A typical TNTI fractal dimension becomes more15

likely at higher altitudes and less likely a lower altitudes.
However, for high mean wind speeds (> 15m s−1) the prob-
ability for a typical TNTI fractal dimension is reduced at all
heights.

Fig. 11 (c) shows results from data set conditioned on the20

shear exponent α. α is estimated for all 10 minute sections by
fitting the power law formulation u(z) = u(zref)

(
z
zref

)α
were

zref is given by the highest altitude. Again, the probability
of a typical TNTI fractal dimension becomes more likely
with height. With increasing shear the probability of a typical25

TNTI fractal dimension has a maximum at altitudes around
60 m and decreases at higher altitudes. For extreme shear
(α > 0.3), the likelihood of a typical TNTI fractal dimension
at higher altitudes (<90 m) is reduced by half compared to
lower shear (α < 0.3).30

Overall these probability investigations show that the oc-
currence of typical TNTI fractal dimensions are not negligi-
ble, but often are higher then 10% of the data.
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Figure 10. Probability density function of the fractal dimension
Df (only cases with residual standard error Sr smaller than 0.02
shown) conditioned on the different TI ranges: TI < 2.5% (a),
2.5%< TI < 7.5% (b), and TI > 7.5% (c). The red dashed line in-
dicates the typical TNTI fractal dimension of 0.36 and the shaded
red area a range of ±0.036 around this value.

4.3 Universality

Next an overview of results from all data sets is given. For 35

the lidar measurements the estimation of the fractal dimen-
sion is adapted due to the lower sampling rate. The 10 minute
sections is extended to 90 minute sections and the fractal di-
mension is estimated for scales from 200m to 2.5 km. Thus,
the lidar measurements are used to investigate the presence 40

of the TNTI on larger scales.
Fig. 12 shows the distribution of the fractal dimension

for the individual data sets, according to Fig. 10 (b) for
2.5%< TI < 7.5%. An accumulation of the fractal dimen-
sion for all data sets can be found. However, some deviations 45

can be recognized. At lower heights a stronger deviation to-
wards larger or smaller fractal dimensions can be recognized


