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Introductory Summary (“Pseudo Abstract”)  

 
In this study we validate a model that predicts extreme wind load conditions relevant for wind turbine 
design. The input parameters for the model consist of 10-minute 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 first time this extreme model is validated and the accuracy of the model predictions is 
estimated.  
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Introduction 

The model of Larsen [1] predicts a set of extreme wind load conditions relevant for wind turbine 
design. The extreme conditions provide a calibration of four prescribed extreme conditions of the IEC 
standard for wind turbine safety [2], 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 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-specific terrain type. This model is of great 
interest to wind turbine manufacturers and others performing site assessment or turbine certification, as it 
generally predicts lower extremes than those prescribed in the IEC standard. Furthermore, the model 
parameters may be estimated solely from time series 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 [3, 4] it has not yet been validated 
against high-frequency measurements, nor has the accuracy of the predictions been estimated.  

The aim of the current study is to: 
• Validate the Larsen model, including an estimate of the accuracy of the model predictions 
• Analyse the model parameter values, including potential modifications to some parameters 
• Investigate the sensitivity of the predicted outputs to variations in the different model 

parameters 
Methods 

High-frequency wind measurements from two sites in different terrains are used to estimate extreme 
events. The measurements are de-trended and low-pass filtered with the same cut-off frequency as used 
for the spectral moments of the model. The joint description of the estimated extreme values and wind 
speed are extrapolated to 50-year return period contours, by means of inverse first-order reliability 
method (IFORM) [5].  

The parameters and constants of the model are estimated directly from the high-frequency 
measurements in order to perform sensitivity analysis and calibration. 
Conclusion 

It is expected that the results from the IFORM analysis may be used as a basis to validate the Larsen 
model and evaluate if the model is suitable for site-specific extreme estimates by use of 10-minute wind 
speed statistics only. 
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