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Can we predict short term extreme conditions from
10-minute data only?

�Asta Hannesd�ottir, Gunner Chr. Larsen and Elin Svensson
Technical University of Denmark, Department of Wind Energy, Frederiksborgvej 399, 4000
Roskilde Denmark

E-mail: astah@dtu.dk

Abstract. In this study we compare 50-year return values of extreme estimates from a model
to values estimated from data analysis. The outputs present a suite of extreme wind load
conditions relevant for wind turbine design. The input parameters for the model consist of only
statistical wind data, rather than high-frequency measurements that are less available. The
model generally predicts lower extreme values than prescribed in the IEC wind turbine safety
standard and is therefore of great interest to wind turbine manufacturers. This is the �rst time
a systematic validation of the full suite of extreme models is performed in the whole wind speed
range. The accuracy of the model predictions is estimated using a comprehensive data set from
a complex terrain site. It is found that the mean absolute percentage error between the data
analysis and the model outputs lies within the range of 8.1% - 65.8%.

1. Introduction
The model of Larsen[1] predicts a set of extreme wind load conditions relevant for wind turbine
design. These extreme conditions correspond to four prescribed extreme conditions of the
IEC standard for wind turbine safety [2, 3], namely extreme operating gust (EOG), extreme
wind shear (EWS), extreme coherent gust with direction change (ECD) and extreme direction
change (EDC). Assuming the IEC prescribed Weibull or Rayleigh distribution of mean wind
speeds, the advantage of using the Larsen model is that the only required input parameters
are the reference turbulence intensity (Iref) and annual-average wind speed (Vave) combined
with knowledge of the site-speci�c terrain type. This model is of great interest to wind turbine
manufacturers and others performing site assessment or turbine certi�cation, as it generally
predicts lower extremes than those prescribed in the IEC standard. Furthermore, the model
parameters may be estimated solely from data consisting of 10-minute average wind speed and
standard deviations that often are readily available, thus limiting the need for high-frequency
measurements. While the model is based on solid theory of extreme excursions [7, 8] it has
not yet been systematically validated against high-frequency measurements, where the extreme
wind speed excursions have been estimated as function of wind speed. Only crude preliminary
validation has been made on selected parts of the model [5, 6], without wind speed dependence,
without rise time considerations, and without proper �ltering of the wind speed measurements.

The aim of the current study is to:

� Implement the Larsen model, using site-speci�c Iref and 10-minute mean wind velocity
distribution, while all other assumptions and inputs come from IEC formulations.
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� Use site-speci�c turbulence length scale and updated turbulence intensity considerations
for the Larsen model.
� Estimate extreme values corresponding to the EOG, ECD, EDC and EWS directly from

measurements.
� Compare the Larsen model predictions with the estimated extreme values.

High-frequency wind measurements from a moderately complex site is used to estimate
extreme events. The measurements are low-pass �ltered with the same cut-o� frequency as
used for the parameter estimation of the Larsen model. The joint description of the estimated
extreme values and wind speed are extrapolated to 50-year return period contours, by means
of the inverse �rst-order reliability method (IFORM) [11]. We assume the results from the
IFORM analysis may be used as a basis to compare with the Larsen model outputs and evaluate
whether the model is suitable for site-speci�c extreme estimates by use of 10-minute wind speed
statistics only. The focus of the current study is not only to validate the Larsen model, but also
to investigate how good extreme estimates can be achieved with the model based entirely on
IEC turbulence assumptions.

2. Site and measurements
The Perdig~ao 2017 �eld campaign took place in Vale do Cobr~ao in central Portugal. The area is
characterized as moderately complex and consists of a two-dimensional valley located between
two parallel ridges (Figure 1). The terrain is covered by a vegetative canopy with an average
height of around 10 m [9]. A wind turbine is located on the southeastern ridge, while the
dominant wind direction is perpendicular to the ridges [9]. In the �eld campaign, the area was
monitored by a dense network of instruments, including nine meteorological masts belonging to
DTU Wind Energy. The mast locations are shown in Figure 2, where 100 and 60 m masts are
marked with red and orange circles, respectively. In this study, wind data from Tower 29 has
been used. Tower 29 is located on the northeastern ridge (at a height of approximately 450 m)
and is equipped with a Gill WM Pro sonic at 10, 20, 30, 40, 60, 80 and 100 m a.g.l. The sonic
measures with a frequency of 18 Hz. The boom directions ranges from 130-138� [10].

Figure 1. The valley between the parallel ridges in
Perdig~ao, looking northwestward.

Figure 2. Position and tower
numbers of the meteorological
masts in Perdig~ao.

The data availability from January 2017 to June 2018 for mast 29 can be seen in Figure 3,
where the white colour indicates missing data.
































