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Abstract Fig 3: Probability density function (PDF) of the time difference of the maximumAbstract Fig.3: Probability density function (PDF) of the time difference of the maximum 
wind speed between cups and lidars

Site assessment often requires knowledge of the complete wind conditions
wind speed between cups and lidars

Site assessment often requires knowledge of the complete wind conditions,
including some information regarding extreme events such as gusts wind speedincluding some information regarding extreme events such as gusts, wind speed
i t d h d di ti h M i d f tiincrements, speed shear and direction shear. Moreover, wind farm operations canp p
benefit from pre-detection of possibly damaging extreme events This articlebenefit from pre-detection of possibly damaging extreme events. This article
describes some preliminary efforts within the SafeWind project, aimed to identifydescribes some preliminary efforts within the SafeWind project, aimed to identify
the possible added value of using wind lidars to detect extreme wind eventsthe possible added value of using wind lidars to detect extreme wind events.
Exceptionally good performance is now regularly reported in the measurement ofExceptionally good performance is now regularly reported in the measurement of
th i d d ith i d lid i fl t t i F t b lthe mean wind speed with some wind lidars in flat terrain. For turbulencep
measurements recent theoretical work has revealed that the components of themeasurements, recent theoretical work has revealed that the components of the
Reynolds stress tensor are subjected to significant spatial attenuation andReynolds stress tensor are subjected to significant spatial attenuation and
contamination by the cross components of the horizontal and vertical wind speedcontamination by the cross-components of the horizontal and vertical wind speed.
Thus with the conical scanning of the lidar and velocity azimuth display techniqueThus, with the conical scanning of the lidar and velocity azimuth display technique
f i d t i i t b l t t ibl B t hof processing data, precision turbulence measurements are not possible. But howp g p p

faithfully do wind lidars measure extreme wind events? Our study uses mast andfaithfully do wind lidars measure extreme wind events? Our study uses mast and
wind lidar data from a flat terrain site. The ZephIR is used as a continuous wave ZephIR WindCubewind lidar data from a flat terrain site. The ZephIR is used as a continuous wave
lidar and the WindCube as a pulsed lidar The data analysis consists of cup lidar

ZephIR WindCube
lidar and the WindCube as a pulsed lidar. The data analysis consists of cup-lidar
comparisons of Fig 4: Comparison of the gust factorscomparisons of Fig. 4: Comparison of the gust factors
1 the mean wind speed1. the mean wind speed,
2 the maximum wind speed2. the maximum wind speed,
3 probability distributions of the time difference of the maximum wind speed and3. probability distributions of the time difference of the maximum wind speed, and
4 variation of the gust factors with mean wind speed and atmospheric stability4. variation of the gust factors with mean wind speed and atmospheric stability.

W i h d h f h diff d i bl dWe examine to what degree each of the different devices are able to detectg
extreme events compare the distributions to those obtained using cups andextreme events, compare the distributions to those obtained using cups and
attempt to identify the differences in the measurements of the extreme eventsattempt to identify the differences in the measurements of the extreme events
b t d lidbetween cups and lidars.p

ObjectivesObjectives
To answer the research question, “Can wind lidars measure extreme winds?”To answer the research question, Can wind lidars measure extreme winds?

R ltResultsResults
GF vs mean wind speed GF vs Atmospheric stabilityGF vs mean wind speed GF vs Atmospheric stability

W h b i f fl i i H D k O l hWe use the observations from a flat terrain test site at Høvsøre, Denmark. Only the
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easterly (50⁰ 150⁰) and westerly (230⁰ 300⁰) winds are considered to avoid The gust factor is defined as,
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=easterly (50⁰ – 150⁰) and westerly (230⁰ – 300⁰) winds are considered to avoid g
)(Tuσmast and wind turbine wakesmast and wind turbine wakes.

Fig. 1: Comparison of the mean wind speeds between cups and lidars
Conclusions

Fig. 1: Comparison of the mean wind speeds between cups and lidars
Conclusions

1 Th l ti f th i i d d f b th lid i it hi h (>1. The correlation of the maximum wind speeds for both lidars is quite high (>p q g (
90%); for the WindCube the correlation is larger than that of the ZephIR90%); for the WindCube the correlation is larger than that of the ZephIR.

2 The PDF of the time difference of the maximum wind speed suggests that most2. The PDF of the time difference of the maximum wind speed suggests that most
of the time both lidars (particularly ZephIR) do not see the same maximumof the time both lidars (particularly ZephIR) do not see the same maximum
event This may suggest that the surprisingly high correlation of the maximumevent. This may suggest that the surprisingly high correlation of the maximum
wind speeds may be due to the influence of different components of thed speeds ay be due o e ue ce o d e e co po e s o e
Reynolds stress tensorReynolds stress tensor.

3 F [1] h th l ti3. From [1], we have the relation,[ ], ,
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From [2] we understand that both lidars are subjected to significant spatial
Z hIR Wi dC b

From [2], we understand that both lidars are subjected to significant spatial
i ff d h f h R ld dZephIR WindCube averaging effects and the components of the Reynolds stress tensor measuredp g g p y

by lidars contain contributions from all other components of the Reynolds stressIn order to obtain a reasonable dataset for comparison of the e treme inds it is by lidars contain contributions from all other components of the Reynolds stress
t E t 80 f th Wi dC b / 1 h f th

In order to obtain a reasonable dataset for comparison of the extreme winds, it is
tensor. E.g. at 80 m, for the WindCube σuwc / σusonic ≈ 1, whereas for thenecessary to have a good correlation of the mean wind speeds between lidars and g wc sonic
ZephIR σuQQ / σu i ≈ 0 7 This influences the gust factor More theoretical work

necessary to have a good correlation of the mean wind speeds between lidars and
B th lid filt d ith t t th i t t d lid ZephIR σuQQ / σusonic ≈ 0.7. This influences the gust factor. More theoretical work

is req ired to ded ce firm concl sionscups. Both lidars are filtered with respect to the air temperature, and lidar is required to deduce firm conclusions.p p p ,
availability For the ZephIR extra filtering is carried out for the low cloud heightsavailability. For the ZephIR, extra filtering is carried out for the low cloud heights

Note: The above results apply only to a flat terrain site For complex terrain we expect the results to beusing the ceilometer observations at Høvsøre. The data availability for the ZephIR Note: The above results apply only to a flat terrain site. For complex terrain, we expect the results to be
different

using the ceilometer observations at Høvsøre. The data availability for the ZephIR
is abo t 44% hereas for the WindC be it is abo t 60% different.is about 44%, whereas for the WindCube it is about 60%.
Fi 2 C i f th i i d d i 10 i i d Further workFig. 2: Comparison of the maximum wind speed in a 10-min period Further workg p p p

1 A theoretical analysis of the wind velocity gust factors measured by lidars and1. A theoretical analysis of the wind velocity gust factors measured by lidars and 
cups/sonics within the framework of [1] and [2].cups/sonics within the framework of [1] and [2].

2 More data analysis of extreme wind speed and wind direction shear2. More data analysis of extreme wind speed and wind direction shear.
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