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Vector averaging for Windcube in complex terrain

The Windcube vertical profiler achieved its 3rd classification in 2018 and is thus fully IEC compliant [1][2]. The classification output is an evaluation of the sensitivity of a wind measurement device accuracy with regards to environmental parameters such as turbulence intensity (TI), shear or rain.

The Windcube classification shed light on the link between accuracy and TI [3]. It also allowed to better understand the influence of the averaging method called "Scalar averaging" on the accuracy. The effect of using an alternative averaging method, called "Vector averaging", was investigated on Windcube data [4] and, for high TI environment, it provided wind measurements with lower uncertainty than "Scalar averaging", mainly by removing all sensitivity to TI:
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• 3 validations of Windcube FCR using "Vector" averaged dataset have shown equivalent or better performances , i.e. within 2% to 4% of the mast measurement, than when using "Scalar average".

• Achieving better performances will require an in-depth knowledge of the cup uncertainties in complex terrain.

• Using "Vector averaging" in complex terrain will not only provide better accuracy but also a lower sensitivity to turbulence intensity and enhance repeatability of remote sensors measurements.
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Scalar averaging

Vector averaging The "Vector averaging" method has also been shown to perform well in simple terrain [3] but there are limited materials on its application in complex terrain.

The following section presents comparative results of FCR measurements, i.e. the solution for correcting raw Windcube data for complex terrain [5], using "Vector" or "Scalar" averaging as input.

Three Windcube datasets using FCR correction were re-processed with the "Vector averaging" method applied on the raw 1 HZ data. For each campaign, the Windcube was located on a complex terrain and close to a mast allowing a precise comparison between their measurements.

We then studied and compared the deviation between the mast and the Windcube measurements using FCR with "Vector" and "Scalar" averaged data as an input. The Windcube measurements with 10 minutes availability lower than 80% were discarded, the cup measurements filtered from mast wake, icing and wind speed below 4 m/s.

The sites are presented below:

1 st site: topography moderately complex, scattered forest with trees up to 10 meters, warm climate. Maximum slope: ~36%. Average slope: ~18%.

2 nd site: mountainous terrain, no trees, high altitude (~1000 meters). Maximum slope: ~37%. Average slope: ~15%.

3 rd site: complex terrain, scattered forest with trees up to 10 meters, warm climate. Maximum slope: ~50%. Average slope: ~19%. Using FCR with "Vector" averaged data produced wind measurements with lower or equivalent uncertainties than when using it with "Scalar" averaged data. This observation was anticipated as "Vector averaging" produces slightly lower wind speeds compared to "Scalar averaging" [2]. As the Windcube FCR is generally observed to be overestimating the cup measurement in complex terrain, the "Vector averaging" was expected to have a closer match with the mast. Besides, TI is generally higher in complex terrain due to topography and the "Scalar averaging" will then be subject to over-estimation.

Results are here presented for wind speed bins of 0.5 m/s as recommended [1].

1 st site: FCR with "Vector averaging" method produces wind measurements within 2% of the cup measurement. The mean deviation is 0.08 m/s. 2 nd site: FCR with "Vector averaging" method produces wind measurements within 2% of the cup measurement at high wind speed. There is no significant difference with "Scalar averaging". This could be due to a low TI onsite. The mean deviation is 0.15 m/s.

3 rd site: FCR with "Vector averaging" method produces wind measurements within 4% of the cup measurement. Deviations observed are equivalent, the "Vector averaging" underestimates the cup measurements while "Scalar averaging" overestimates, likely due to the very high complexity of the terrain (see Figure 2-c) to high TI conditions onsite. The mean deviation is -0.3 m/s. 
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Figure

  Figure 1a-b : Windcube deviation to cup for vector and scalar averaging in simple terrain (red line) compared to the calibration uncertainty (black line). From [1].

  Figure 2a-b-c: Elevation profiles in the mean wind direction. Graphs from Google Earth®.
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  Figure 3a-b-c: Deviation between cup and Windcube FCR using either « Vector» or « Scalar » averaging