
Fig. 7 displays very good correlation (R2>0.99) between met

mast and LiDAR data extrapolated to met mast position at 79

m agl using CFD. The regression slope indicates a negative

LiDAR bias around 1.4% attributed to complex terrain bias.
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ÌInvestigate LiDAR performance in harsh cold climate;

ÌInvestigate terrain complexity classification with regard to LiDAR bias; and

ÌGain insight into LiDAR bias in complex terrain.

A WINDCUBE® v2 LiDAR was sited within an operating wind farm in harsh cold climate

and complex terrain. Surrounding terrain complexity was classified according to IEC. Local

flow complexity was analyzed based on horizontal gradient of vertical wind speed

determined using CFD. LiDAR data recovery was very good up to 200 m. Correlation with

data from a met mast located 79 m away and 3 m lower in elevation was excellent. To

account for the differences in siting, CFD was used to transpose LiDAR time series to met

mast position. Correlation was still excellent and a negative bias of 1.4% was observed.

Even though located in complex terrain, this bias value is considered as moderate.

ÌWINDCUBE®v2 showed very good performance in harsh cold climate.

ÌDespite moderate to high topographic (IEC) complexity of the terrain, the LiDAR bias

predicted by linear theory was about 1%. Extrapolation of LiDAR data to mast position

broadly confirmed the order of magnitude of this estimate. However, confirmation is

needed through further investigation and uncertainty analysis of CFD extrapolation.

ÌFurther investigation will focus on reducing LiDAR bias using CFD simulations.

ÌOngoing data collection will provide insight into potential seasonal effects.

Data Collection:

A WINDCUBE®v2 LiDAR and an 80-m met mast were located within an operating wind farm in a densely forested area in complex terrain in the

Gaspe peninsula, Quebec, Canada. The LiDAR was commissioned on 7 Jan. 2011 in harsh winter conditions. The LiDAR was sited on a platform

approximately 79 m South-West of the met mast. The elevation difference between the LiDAR and the met mast was 3 m. Several measurement

levels were available from this ongoing campaign. For this study, only data at 79 m (met mast) and 80 m (LiDAR) above ground level (agl) were

compared between 27/01 and 16/02.
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Results 

CFD Modeling:

CFD modeling was used i) to locally analyze LiDAR bias and ii) to model flow variation between met mast and LiDAR positions. The latter was 

necessary given the significant distance between the LiDAR and the met mast in this complex terrain. 

CFD simulations were performed with Meteodyn WT version 4.1. Computational domain was centered on the LiDAR (Fig. 1) with a radius of 

approx. 5 km to reduce boundary effects. A 3-km radius mapping area with uniform meshing was used to capture important terrain features. Based 

on computation time and a convergence study, a 28-m horizontal resolution was chosen.

Data Processing and Analysis :

Horizontal wind speeds from met mast & LiDAR were quality controlled to remove suspicious data. Sectors affected by turbine wake ïas per IEC

61400-12-1 ïwere discarded. LiDAR and met mast data were compared through time series comparison and correlation analysis.

Terrain Classification :

Complexity due to orography was classified by sector as per IEC 61400-12-1 and IEC 61400-12-2 standards [3,4] where the reference length was

set to LiDARôsscanning radius value at 80 m agl. Complexity due to roughness [5] was classified by sector firstly based on an effective roughness

length (surface-weighted average of the drag coefficients) and secondly based on a roughness coefficient (roughness variations).

Fig. 1: Topographic Map.

Fig. 2: LiDAR in harsh cold climate.

LiDAR Performance :

LiDAR was sited in harsh cold climate. Minimum observed
temperature was -24oC and snow accumulation was
significant (more than 150 cm, see Fig. 2).

Data availability was good (27/01-16/02: 77%) except for
extreme snow accumulation periods (Fig. 3).

Fig. 3: LiDAR data availability vs. measurement level from 

40 m (cyan) to 200 m (red).

LiDAR Bias in Complex Terrain:

Fig. 6 displays very good correlation (R2>0.99) between met

mast (79 m agl) and LiDAR (80 m agl).

Fig. 4: Sample LiDAR-met mast time series at 80 m agl.

Fig. 5: CFD-predicted linear LiDAR bias terms.

Topographic Complexity around the LiDAR :

Orographic complexity class was between 2 and 4

(moderate to high).

Effective roughness complexity class was between 3 and 4

(moderate to high) mainly due to surrounding vegetation.

Roughness variation complexity class was between 1 and 2

(low to moderate).

Fig. 7: Met mast vs. extrapolated LiDAR.

Fig. 6: Met mast vs. LiDAR.

Flow Complexity in LiDAR Scanning Volume - 80m agl :

Local flow complexity prone to create LiDAR bias was 

examined by analyzing the horizontal gradient of the Vertical 

Wind Speed (VWS) according to the linear theory presented in 

[6]. VWS gradient was estimated using CFD simulation. Fig. 5 

displays the results for LiDAR bias expected at 80 m agl.

In Fig. 5, sectors affected by turbine wake are shaded. It is 

shown that up to 1% correction is predicted on North-South 

(N/S) or East-West (E/W) components of the HWS in LiDARôs

reference (37° offset relative to true North). 

LiDAR Horizontal Wind Speed (HWS) time series well
reproduced met mast data (sample data shown in Fig. 4).


