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One year of WindcubeTM

Validation campaigns

October 2006 – October 2007

�

A diversity of
sites and conditions…

…2 prototypes
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WindCubeTM: One year of validation campaigns

Compared with high precision calibrated cup 
anemometers at RISØ (Denmark) and KNMI (The 
Netherlands) 

From North of Denmark to Spain …

From sea level to >1000m…

From -5°C to +38°C …

From flat to complex terrain …

From 40m to 200m !

… heavy rain, snow, storms, blue sky….
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1st comparison at CEA (France)

CEA Saclay, France, METEK USA-1 @ 60m, 100m

� 30°and 15°scanning cone angle
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Measurement performed on 
CEA / Saclay site with 
meteorological tower :

60m / 100m USA-1

VhLEO= 0.98 VhCEA - 0.08

Std deviation = 0.31 m/s

ssssW
LEO= 0.73 ssssW

CEA - 0.02

Std deviation = 0.13 m/s

ssssW
LEO= 0.50 ssssW

CEA + 0.08

Std deviation = 0.13 m/s

WindCubeTM Validation @ 100m 

15°cone angle

4 days of Data,
early Feb. 07

All weather data
35 % rain
99.4% data avail.
All directions

Dry weather data
All directions

30°cone angle

4 days of Data Jan. 07

39 % rain
98.2% data avail.
All directions

VhLEO= 0.99 VhCEA – 0.08

Std deviation = 0.3 m/s
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• RISØ Høvsøre test site, North-West coast of Denmark

- cup anemometer @ 40, 60, 80, 100, 116m 
+ distant met mast with cup anememometer
@ 160m (indicative)

- 3D sonic anemometers @ 40, 60, 80, 100m

� 30°scanning cone angle over March – mid April
2007

� 15°mid April to mid May:  currently under analysis

Lidar measurement accuracy 
compatible with user’s expectations

WindCubeTM 1st external validation - RISØ
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RISØ data @ 116m 

990 data points
acquired over March 2007

at Høvsøre test site (Denmark)
dry weather data, wind direction

between 240°-300°
wind speeds above 4m/s

2384 data points acquired 2nd half of March 2007 (17 days)
All weather data, all wind directions

All weather 0.5Hz data availability @ 116m :
98% over 1 Month

Lidar_HWS (m/s) = 0.999 x Cup_HWS - 0.0434 (m/s)

�

Horizontal Wind Speed results
summary



	

Complementary results – Wind 
Direction

990 data points acquired over March 2007 at Høvsøre test site (Denmark) dry weather 
data, wind direction between 240°-300°(Mast free se ctor), wind speeds above 4m/s
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Complementary results – Vertical Wind 
Speed

990 data points acquired over March 2007 at Høvsøre test site (Denmark) dry weather 
data, wind direction between 240°-300°(Mast free se ctor), wind speeds above 4m/s

Comparison of 10 minutes avera ge vertic al wind spee d at 100m

y = 0.9005x + 0.5815
R2 = 0. 5943
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Compar ison of vertical wind speed standard deviatio n at 100m

y = 0 .4586x + 0 .0477
R2 = 0 .7999
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1st results in Complex Terrain

• 1st measurement with shorter
probed length (15m)

• slighlty overestimated wind speed
• under investigation

��

• Cabauw, The Netherlands.
• 1 week – 24 to 30 August 2007.
• Reference heights for comparison: 40m, 80m, 140m, 200m.
• WindcubeTM scanning cone angle: 30°.
• 10 different heights in the range 40 – 220m.
• Lidar data output frequency: 0.5 Hz.

WindCubeTM validation campaign at KNMI

Note that KNMI is only the provider of
the tower data, and is not involved in 

the assessment of the performances of
the Windcube TM.
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Horizontal Wind Speed correlation

• All weather
• All wind speeds and directions

40 m

200 m

��

STD & Maximum Wind Speed correlations

Cup data averaged over 3 seconds
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Results summary

��

Focus on…

…strong wind shear and wind veer combined with low level clouds and rain

� Benefit from pulse technology !



��

Focus on 10 minutes averaged horizontal wind
speed

��

Focus on 10 minutes averaged wind direction
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Why do we need accurate remote sensors?

Horizontal wind speed ranging from
6 to 11m/s accross rotor diameter

10min Horizontal wind speed profile
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10min wind direction  profile
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25°wind direction change accross
rotor diameter

Example of severe wind shear Example of severe wind veer

These are real-life data and it lasted more than 5 hours…
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Conclusion

• The 2 systems account for more than 1 year of operation !

• Simple In-house calibration needed during assembly. No other calibration on 
wind speed measurement needed.

• Performances evaluated in flat terrain from 40m to 200m with ~0.15m/s error 
standard deviation and non significant bias � in agreement with user�s 
expectations.

• Very good data availability up to more than 150m

• Ongoing campaigns for complex terrain. Impact of shorter pulse length, narrower 
scanning cone angle�

• Ongoing analysis of vertical wind speed, standard deviation, turbulence 
intensity� correlations
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Comments ? Questions ?

Thank you !


