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Abstract

Large-eddy simulation was used to investigate the
influence of a forest on the neutral atmospheric bound-
ary layer. This can yield important information for
the design and placement of wind turbines in forest
regions. Two simulations were conducted: one with
and one without the forest. The simulation with forest
showed good agreement with field measurements. It
was found that the forest significantly increases both
the wind shear and the turbulence intensity at the hub-
height of an imaginary wind turbine. Both quantities
clearly exceed the recent wind turbine design criteria.

1 Introduction

Placement of wind turbines in forest regions is be-
coming increasingly interesting. As the forest can help
to mitigate visual and audible effects of wind turbines,
that often lead to rejection of wind parks by local resi-
dents, it is easier to get a permit for developing a wind
park inside a forest than for possible sites near res-
idential areas. The advent of tall wind turbine tow-
ers of above 100m makes it possible to operate wind
turbines efficiently even in the fairly low wind speeds
encountered above forests. Additionally, maintenance
and grid connection are simplified compared with off-
shore wind parks. However, it has been found that
the wind conditions above forests are characterized by
strong wind shear and increased turbulence levels. As
a consequence of the strong turbulence, wind turbines
in forest regions are exposed to strong fluctuating aero-
dynamic loads, while the increased wind shear leads to
strong cyclic loading. Forest regions therefore provide
a hostile environment even for the strongest available
wind turbines, leading to a shortened fatigue life and
increased maintenance requirements.

Large-Eddy Simulation (LES) can be used to sim-
ulate the atmospheric boundary layer (ABL) under the
influence of a canopy. This numerical analysis pro-
vides valuable insight into the characteristics of forest
turbulence and the fluctuating aerodynamic loads en-
countered by the wind turbine. Based on this knowl-
edge, design criteria for wind turbines in forest regions
can be adapted and the placement of future wind tur-

bines can be optimized.

Already since the 1970’s (Deardorff, 1972; Som-
meria, 1976), LES has successfully been employed for
the simulation of ABL flows. In the initial develop-
ment, the influence of different terrains was taken into
account in terms of wall functions based on the Monin-
Obukhov similarity theory. These wall functions pre-
scribe the wall shear stress corresponding to a certain
surface roughness length. A variety of terrains can be
simulated simply by adjusting the roughness length.
Above short vegetation and low roughness surfaces,
it might be appropriate to represent the terrain using
roughness wall functions. However, the permeability
of the roughness elements in case of more extreme ter-
rain, such as forests, should be taken into considera-
tion and the possible effects of the interaction of flow
inside and above the roughness elements should be in-
cluded in the simulations. Shaw and Schumann (1992)
conducted the first LES study in which the forest was
explicitly accounted for. In that simulation, the for-
est was represented in terms of a drag force excerted
by the trees on the flow. Since then many research
groups have used this technique to investigate different
aspects of canopy flows. Two focal points that gained
great attention are the simulation and recognition of
coherent structures (Kanda and Hino, 1994; Watanabe,
2004; Dupont and Brunet, 2009) and the simulation of
clearing-forest-clearing type of patterns for the study
of canopy-edge influences (Dupont and Brunet, 2008a;
Dupont et al., 2011).

In this paper, first the methodology of forest LES
is presented. In order to study the influence of the for-
est, two LES of the neutral ABL are conducted: One
with and one without the forest present. The simu-
lation with forest is then validated against field mea-
surements. Finally, it is pointed out how the ABL is
changed by the presence of a forest and what impli-
cations these changes may have from a wind turbine
point-of-view.

2 Simulation setup

In our LES, the incompressible, filtered Navier-
Stokes equations are solved. The effects of the Earth’s



rotation, which gives rise to the Coriolis effect, and the
forest canopy are taken into account through source
and sink terms in Eq. (1).
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where p is the fluid density, v and v4 are the molecular
and eddy viscosity, respectively, u; (u1 = u, us =
v, uz = w) are the instantaneous velocity components
and p is the pressure. Filtered quantities are denoted
by overbars.

The source/sink terms are included in F; and read:
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where the first term is the forest sink term and the
second term is the source/sink term due to the Cori-
olis effect. The forest drag term in Eq. (2) is writ-
ten in a way similar to Shaw and Schumann (1992).
It is composed of the drag coefficient, Cp = 0.15,
(Shaw et al., 1988), the forest dependent leaf-area den-
sity (LAD) profile, ay, the local velocity magnitude,
V, and the instantaneous velocity component, %;. The
Coriolis term is comprised of the Earth’s rotational ve-
locity, €2, the latitude ¢ (here taken as ¢ = 57°, cor-
responding to southern Sweden), the velocity compo-
nent, iy, and the geostrophic wind component, uy, 4.
A geostrophic wind of (ug, wg) = (10,0)m/s is cho-
sen. The geostrophic wind will cause a pressure gra-
dient in the lateral direction, which, when balanced
by the Coriolis force, drives the flow. Additionally,
it leads to height dependent turning of the wind.

Sub-grid scale (SGS) turbulence is parameterized
using a k-equation model similar to the one proposed
by Deardorff (1980). The transport equation of the tur-
bulent kinetic energy reads:
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are the production of turbulent kinetic energy, its dis-

sipation rate and a sink term to account for the forest,
respectively. The coefficient C; is set to 0.93 as in

Shaw and Patton (2003) and the filter length is taken as
the cubic root of the cell volume, I = (A, A,A )3,
Finally, the eddy viscosity is calculated according to
Eq. (5).
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In the simulations, a rectangular domain with the
dimensions (Tmazxs Ymaz, maz) = (4H,H,2H) is
used, where H = 400m is the vertical domain height.
This domain is divided into (192,96, 96) cells. The
forest canopy covers the lowest 10 cells of the domain
and has a constant height of h = 20m. The grid spac-
ing in the horizontal directions (z and z) is constant.
Inside the forest, the vertical cell size is kept constant
at Ay = 2m. Above the forest, the cells are geometri-
cally stretched by 1.7%. The forest is modeled as be-
ing horizontally homogeneous, i. e. the LAD profile
is only dependent on the y-direction. At the ground,
the wall shear stress, 7, is specified based on a sur-
face roughness length. The commonly used Monin-
Obukhov similarity theory is applied, which leads to

Eq. (6).
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where upq, = (@2 + w?)'/? is the instantaneous hor-
izontal velocity magnitude evaluated at the first grid
point, y = A,/2 and k = 0.41 is the von Karman
constant. The surface roughness length is specified
as yo/h = 0.001 according to Shaw and Schumann
(1992). With the given canopy height, this can be un-
derstood as a grass covered surface below the forest
(Wieringa, 1992). In the streamwise and lateral direc-
tion, periodic boundary conditions are employed and
the upper end of the domain is treated as a rigid, fric-
tionless lid. The time-step is chosen to be At = 0.4s,
which ensures CF'L < 0.5 in the entire domain.
Extensive measurements have been made in a for-
est near Ryningsnis in southern Sweden. Data from
these measurements are used here for validation. The
measurement campaign took place during the course
of two years using a meteorological mast of height
140m, equipped with a measurement boom each 20m.
The lowest boom was installed at a height of 40m.
Detailed information and analysis of the measure-
ments can be found in the final report of the Vindorsk
project (Bergstrom et al., 2013). The forest in Ryn-
ingsnis is comprised mainly of Scots pine trees (Pinus
sylvestris). With the help of the empirical model of
Lalic and Mihailovic (2004), the LAD profile in Fig. 1
was generated. It exhibits a dense crown and a less
obstructed trunk region. The leaf-area index (LAI)
of the profile is LAl ~ 4.3. Breuer and co-workers
show in their review paper (Breuer et al., 2003) that
the leaf-area index for a Scots pine varies between
LAI =~ 1.1 — 7.2 with the mean value at around 3.8.
The simulation without forest has been carried
out under the exact same circumstances as described
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Figure 1: Leaf-area density profile of the modeled forest.

above. The forest is then disregarded by means of de-
activating the sink term. Essentially, this means that
the simulation without the forest can be understood
as being representative of the atmospheric boundary
layer over grass-covered terrain.

Both simulations are carried out for neutral atmo-
spheric stability. That means that no heat exchange
between the forest and the air is considered and hence
buoyancy effects can be neglected.

A coordinate transformation to a local coordinate
system is applied for most of the quantities presented
in this study. This is in order to account for the wind
turning induced by the Coriolis effect. In line with
common meteorological practice, the z-axis of the lo-
cal coordinate system is aligned with the mean wind
direction at every height and the y-axis is vertically
upwards.

3 Comparison with measurements

In order to validate the LES including the forest,
first and second moment statistical quantities are com-
pared to field measurements. Figure 2 displays the
profile of horizontal wind speed, M = 12 + w2,
normalized with the friction velocity, u, = (W2 +

Wz)l/ 4 evaluated at y/h = 2. The normalization
of the quantities in this section is carried out in ac-
cordance to the measurements. The green shaded area
in this and the following figures indicates the region
of the canopy. It can be seen that the LES is in good
agreement with the measurements. The wind speed
profile exhibits the shape typical for canopy flows,
with a strong retardation within the canopy and an in-
flection point at the top of the canopy. The presence of
the inflection point in the profile has motivated the in-
terpretation of canopy flows in terms of a mixing layer
rather than a surface layer (Raupach et al., 1996, Finni-
gan, 2000).

Also the vertical shear stress, as given in Fig. 3, is
in good agreement with the measured values. It can
be seen that the shear stress is rapidly reduced to very
small values inside the canopy. The maximum shear
stress appears right at the top of the canopy. With in-
creasing height, the shear stress then decays until the
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Figure 2: Horizontal wind speed profile. O: Measurements
(Bergstrom et al., 2013), —: LES

zero value, corresponding to the slip condition at the
upper boundary.
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Figure 3: Shear stress profile. O0: Measurements (Bergstrom
etal., 2013), —: LES

Profiles of the three normal stresses are presented
in Fig. 4 along with field measurements. The stresses
in the streamwise and lateral directions are the largest.
Due to the presence of the ground, the vertical stress
is damped and shows the smallest values. It can
be noted that the vertical stress agrees well with the
field measurements. The slight over- respective under-
prediction of the stresses in the streamwise and lat-
eral directions is caused by the fact that LES predicts
lower wind turning angles than measured in the field.
Figure 5 shows the underprediction of the measured
wind turning angles by the simulations, particularly
for the region further away from the canopy. How-
ever, it has been argued that the measurements may
yield too large wind turning angles due to internal
twisting of the measurement tower (Bergstrom et al.,
2013). Note that the angles in Fig. 5 are given relative
to the wind direction at y/h = 2. The same figure also
suggests that there is a strong wind turning within the
canopy. These findings are confirmed by Dupont and
Brunet (2008a), who show angles of up to 60° inside
the forest. They also point out that the wind turning is
highly dependent on the LAD profile. Since the wind
speed is very small inside the canopy, the effect can-
not directly be related to the Coriolis force. Dupont
and Brunet (2008a) argue that the shear stress van-



ishes as a result of the canopy and that the flow aligns
with the large-scale pressure gradient induced by the
geostrophic wind. Hence, the strong wind turning in-
side the forest is only indirectly caused by the Coriolis
effect. In terms of a wind turbine, it is noteworthy that
the wind direction is changed by roughly 5° over a
typical rotor diameter in the neutral atmospheric con-
ditions considered here.
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Figure 4: Normal stress profiles. Measurements (Bergstrom
et al., 2013): O: streamwise, C: vertical, (: lateral;
LES: ——: streamwise, . vertical, —: lat-
eral
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Figure 5: Wind turning angle in degrees relative to wind di-
rection at y/h = 2. 0: Measurements (Bergstrom
et al., 2013), —: LES

4 Influence of the forest

The initial hypotheses were that the presence of the
forest would lead to both stronger wind shear and in-
creased turbulence levels above the forest. To prove
the first hypothesis, the horizontal wind speed pro-
files of two identical LES with and without the forest
are presented in Fig. 6. For clarification, a fit of the
wind profile following the power-law function given
by Eq. (7) is also included in the graph.

u(y) = tres (yyf) @

In the above equation, ¥, is a reference height (here
taken as the hub-height of an imaginary wind turbine,

y/h = 4.5) and Uref 1s the wind speed at that ref-
erence height. The exponent « is the wind shear ex-
ponent for which the IEC suggests o = 0.2 as a de-
sign criterion for modern wind turbines (IEC, 2005).
For the with- and without-canopy cases, the expo-
nents used for fitting the profiles in Fig. 6 are set to
a = 0.52 and o« = 0.19, respectively. Thus, the
with-canopy case clearly exceeds the design criterion.
Using identical boundary conditions in the with- and
without canopy cases, the wind speed profile of the
forest case does not reach as high values as the case
without forest. This is due to the additional sink term
in the momentum equations in the forest case.
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Figure 6: Horizontal wind speed profile normalized with the
geostrophic wind component, u. : with for-
est, ——: without forest, 0: o = 0.52, 0: a =
0.19

Turbulent kinetic energy (TKE) normalized with
the geostrophic wind component, ug4, is plotted in
Fig. 7. Both, the resolved (k,.s), the SGS (ksgs) and
the total (ktotar = kres + ksags) turbulent kinetic en-
ergy are included in the figure. It is shown that the total
TKE in the forest case is generally larger. Only within
the canopy the without-canopy case shows greater
TKE values, which is not surprising, since the pres-
ence of the forest strongly hampers the turbulent ki-
netic energy. For the forest case, the highest levels of
ktotar are reached right above the canopy top, while
in the without-canopy case the highest levels are ob-
served closer to the ground. As turbulence is generated
by wind shear, it is a rather expected outcome that the
highest TKE levels coincide with the regions of the
largest velocity gradients (see Fig. 6). Moreover, one
can observe that kggg is generally only a small con-
tribution to kiotq;, except for the without-canopy case
at the ground and for the with-canopy case right above
the forest.

Turbulence intensities of the streamwise and the
vertical velocity components indicate that the turbu-
lence levels are more than doubled by the presence of
the forest (not shown here). For the height y/h = 4.5,
the forest case shows turbulence intensities as large as
I, = 19.9% and I,, = 11.6%. Without the forest val-
ues of merely I, = 8.6% and I, = 4.8% are reached
at the same height. The design criterion proposed by
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Figure 7: Turbulent kinetic energy. ——: total, with forest;
-----: resolved, with forest; - - - : modeled, with
forest; : total, without forest; -----: resolved,
without forest; - - - : modeled, without forest

the TEC is I, = 16% for the strongest class of wind
turbines nowadays (IEC, 2005).

The vertical shear stress is compared for both cases
in Fig. 8. The stress in the forest case proves to be sig-
nificantly larger throughout the entire domain. At the
canopy top, the stress in the forest case is more than
double as large as for the case without forest at the
same height. This result is in line with the findings for
turbulence intensities and it implies that the forest flow
is much more efficient at momentum transport than the
case with lower roughness. Patton et al. (2003) found
an increase of merely 22% in a LES comparison of
with- and without canopy flows under unstable strat-
ification. They, however, used a coarser vertical grid
resolution than we used here, which may explain the
differences to a certain degree. Furthermore, they used
a different atmospheric stability, which might add to
the discrepancy.
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Figure 8: Vertical shear stress. ——: with forest, ——:
without forest

With the help of quadrant analysis, the four con-
tributions to shear stress can be identified. In this
technique, up- and downward momentum transfer mo-
tions are called ejections and sweeps, respectively.
Ejections are events from the second quadrant (v’ <
0, v > 0) that carry low-momentum air upwards.
Sweeps are events that relate to the fourth quadrant
(v’ > 0, v" < 0) that transport high-momentum air

downwards. The contributions from quadrants 1 and 3
are called the inward and outward interactions. Many
research groups have employed this technique to in-
vestigate the turbulence structure of numerical or field
experiments (Shaw et al., 1983; Su et al., 1998; Finni-
gan et al., 2009). The interested reader is referred to
those references for detailed information on the tech-
nique. Here, the technique is used to highlight the im-
portance of sweeps and ejections in momentum trans-
port.

Figure 9 shows the ratio of the contributions by
sweeps and ejections to the total shear stress —(u'v").
For the with-canopy case, a clear peak can be seen in
the upper layers of the canopy (y/h = 0.8). This in-
dicates that sweeps dominate over ejections in that re-
gion. Physically, this means that the upper region of
the forest is mainly penetrated by high-momentum air
coming from aloft. A possible explanation of the find-
ings may be that inside the forest the vertical veloc-
ity fluctuations are strongly damped, making ejections
unlikely. Also above the forest, sweeps play the more
important role in momentum transport. Above a height
of y/h = 4.5, ejections become more and more im-
portant. This is in line with findings of other research
groups (Shaw et al., 1983; Su et al., 1998; Yue et al.,
2007; Finnigan et al., 2009). Deep inside the forest,
both ejections and sweeps contribute equally much to
the total shear stress. In the case without the forest,
sweeps and ejections are roughly equally important for
most part of the domain. However, sweeps become the
dominant means of momentum transport as the ground
is approached. While the latter case shows behavior
typical for a rough wall boundary layer as pointed out
by Raupach (1981) and Raupach et al. (1991), the be-
havior in the forest case is a significantly different one.
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Figure 9: Ratio of the contributions of sweeps to ejections to

the total shear stress —(u’v’). ——: with forest,

——: without forest

As already mentioned, sweeps are characterized by
events carrying high-momentum air downwards (v’ >
0, v" < 0). In a sweep dominated case, the probabil-
ity density function of the time history of the velocity
fluctuations will be skewed towards these conditions.
Since both cases (with and without forest) are domi-
nated by sweeps near the ground, the skewnesses are
expected to be positive and negative for the streamwise



and vertical velocity components, respectively. The
skewness plots in Fig. 10 confirm the expectation for
the lower region of the domain. For the forest case,
it can be seen that the Sk, goes from positive val-
ues at the canopy top to negative values for heights
above y/h =~ 6. When no forest is present, Sk,
does not show negative values for the entire height of
the domain. Wind tunnel measurements by Raupach
(1981) indicate that the streamwise skewness should
go to negative values higher up in the boundary layer.
Possibly, this effect is not captured here, because of
the limited domain height of only 400m, which does
not permit the simulation of the entire ABL. The ver-
tical skewness shows the reverse behavior: near the
ground Sk, is negative increasing to positive values
above y/h ~ 6. Measurements by Raupach (1981),
Raupach et al. (1991) and large-eddy simulations by
Moeng (1984) seem to confirm that behavior. The
influence of the canopy is most clearly visible in the
plots of streamwise skewness. A sharp peak is shown
at canopy height, which must clearly be due to the in-
fluence of the forest, as it is not present in the without-
canopy case. Similar behavior of the skewness in LES
of a forest has been shown by e. g. Dupont and
Brunet (2008a). They also found that inside the forest,
Sk, quickly assumes slightly negative values, which
can also be observed in Fig. 10. Dupont and Brunet
(2008a) report that this phenomenon gets more pro-
nounced with increasing LAI. Without the forest, the
streamwise skewness assumes its highest values at the
ground.
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Figure 10: Skewness. ——: Sk, with forest, - - -: Sk,
without forest, ——: Sk, with forest, - --:

Sk, , without forest

The flatness (or kurtosis) of a signal is a measure
of how frequent extreme events occur. Computing the
flatness for the velocity fluctuations of the ABL pro-
vides then information about whether large or small
events dominate the turbulent wind. Thus, it may con-
tain important information about wind turbine loads.
For a Gaussian distribution of turbulent fluctuations,
the flatness should assume a value of F' ~ 3. Figure 11
displays the flatness distribution with height for the
streamwise and vertical velocity components. As al-
ready observed for the skewness in Fig. 10, the flatness

of the vertical fluctuations above the canopy height
does not seem to be influenced much by the presence
of the forest. Differences become more clear within
the canopy only. While the non-forest case shows a
steady decrease of flatness up to y/h = 1, the case
with forest exhibits a kink at y/h = 0.75. This kink
has not been observed in the simulations by Dupont
and Brunet (2008a) and might be related to insuffi-
cient statistical averaging. Both cases show strongly
non-Gaussian behavior for the region near the ground
and for greater heights (y/h > 10). The same behav-
ior has been observed by Raupach et al. (1986) in a
wind tunnel study on an artificial canopy, even though
higher flatness values were measured near the ground
(F, = 7).

In the streamwise direction, the without-canopy
case shows Gaussian values of F,, =~ 3 for most of
the domain, excecpt very close to the ground. When
considering the canopy in the simulation, the flatness
of the streamwise velocity assumes values of about
3.5 near the ground and above y/h =~ 8. Addition-
ally, a strong peak with values of F,, = 4.2 is shown
at y/h = 0.9. Numerical simulations by Dupont
and Brunet (2008a) and Dupont et al. (2011) report
the same behavior. Also the wind tunnel study by
Raupach et al. (1986) confirms these values. How-
ever, higher peak values are usually measured in the
field. For example, Baldocchi and Meyers (1988)
found peak values of about F}, ~ 7 for measurements
in a deciduous forest. Dupont and Patton (2012) report
peak values of I, ~ 8 for measurements in a fully
leaved walnut orchard. The presence of the canopy-
top peak in the streamwise flatness of the forest case
suggests that infrequent, but extreme events exist in
this region. Together with the knowledge gained from
the skewness plots, it can be stated that these infre-
quent, but strong events must be downward-moving
gusts (sweeps). In terms of a wind turbine the occur-
rence of intermittent extreme events may induce po-
tentially harmful loads and should therefore be taken
into account in the design process.
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Figure 11: Flatness. ——: F3,, with forest, - - - : F,, with-
out forest, —: F,, with forest, - - - : F},, with-
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To further highlight the importance of infrequent



large scale fluctuations in the forest case, the time frac-
tions of the fluctuations exceeding a certain thresh-
old are calculated for the two cases. As the threshold
value, the root-mean-square (RMS) of the forest case,
1. e. u;.mS,F or (u'v")rms,F, is used at every height.
It can be seen in Fig. 12 that events larger than the
RMS value of the streamwise velocity fluctuation are
encountered around 32% of the time in the forest case,
regardless of the height. At a height of y/h = 0.8, a
minimum of exceedences is counted. This emphasizes
that infrequent, large scale fluctuations are present at
that height. For the without-canopy case, the stream-
wise fluctuations are considerably smaller, exceeding
the RMS value of the forest simulation only in 16%
of the time up to a height of y/h = 8 from where on
the time fraction increases to about 36% at the top of
the domain. Below canopy height, however, the case
without forest shows exceedences for about 85% of
the time. This is caused by the fact, that the veloc-
ity fluctuations are considerably reduced in the with-
canopy case due to the presence of the forest. Con-
sequently, also the RMS value of fluctuations is small
inside the forest. Hence, Fig. 12 does not imply that
the velocity fluctuations in the without-canopy case in-
crease near the ground, but rather that the velocity fluc-
tuations in the canopy case are much smaller there.
The same analysis can be made for the shear stress,
as plotted in Fig. 13. The forest case shows more fre-
quently large instantaneous shear stress than the case
without forest for the entire domain above the forest.
It exceeds (u'v")rms,r for about 20% of the time. In
the upper layer of the canopy, the time fraction ex-
hibits a minimum. This result again points out the in-
termittent nature of momentum transport in the upper
canopy. In the without-canopy case, the shear stress is
mostly smaller than the RMS value of the forest shear
stress. The larger time fraction of exceedences near the
ground is now not only due to small threshold values,
but also due to larger shear stress in the non-forest case
in that region (compare the mean values in Fig. 8).
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Figure 12: Time fraction of streamwise velocity fluctuations
exceeding Up.,,, p. ——: with forest, —:

without forest

5 Conclusions
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Figure 13: Time fraction of instantaneous shear stress ex-
ceeding (u'v')rms,F. ——: with forest,
without forest

As an effort to investigate the influence of a forest
on the neutral atmospheric boundary layer, two large
eddy simulations were performed. One of the simula-
tions explicitly accounted for the forest through a drag
force representative of the effect of the trees. In the
other simulation, the forest was disregarded and a low-
roughness surface was assumed at the ground. The re-
sults from the LES with forest were in good agreement
with data from field measurements obtained in south-
ern Sweden. Comparing the cases with and without
the forest, it was found that the turbulent kinetic en-
ergy and the turbulence intensity are considerably in-
creased by the presence of the plants. Values of tur-
bulence intensity at hub-height of an imaginary wind
turbine were more than doubled from the without- to
the with-canopy case. The IEC design criterion for the
strongest class of wind turbines was exceeded in the
forest case. Furthermore, it could be shown that the
wind shear is considerably increased by the presence
of a forest, so that also the second wind turbine de-
sign criterion proposed by the IEC is greatly exceeded.
With the help of quadrant analysis, the different be-
havior of the two cases in terms of sweeps and ejec-
tions could be pointed out. The without-forest case
exhibited typical behavior for a rough wall boundary
layer with sweeps being the dominant means of mo-
mentum transport when the ground is approached. In
the with-forest case, the momentum transport in the
top of the canopy and the layers immediately above is
mainly governed by sweeps. The analysis of skewness
and flatness suggested the occurence of intermittent,
extreme events, which should be taken into considera-
tion when designing a wind turbine for the use in forest
regions.
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