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Figure 1. The wind atlas methodology of WAsP. Meteorological models are used to 
calculate the generalised wind climatology from the measured data – the analysis part. 
In the reverse process – the application of wind atlas data – the wind climate at any 
specific site may be calculated from the generalised climatology. 
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1 Introduction 

The WAsP implementation of the wind atlas methodology is shown schematically in 
Figure 1. The methodology consists of the following steps: 

WAsP analysis 

1. time-series of wind speed and direction —> observed wind climate (OWC) 

2. OWC + met. station site description —> generalised wind climate (wind atlas) 

WAsP application  

3. generalised wind climate + site description —> predicted wind climate (PWC) 

4. PWC + power curve —> annual energy production (AEP) of wind turbine 

Wind farm production 

5. PWC + wind turbine (WTG) characteristics —> gross AEP of wind farm 

6. PWC + WTG characteristics + wind farm layout —> wind farm wake losses 

7. Gross AEP + wake losses —> net annual energy production of wind farm 

1.1 Wind atlas methodologies 

WAsP is part of a much larger framework of wind atlas methodologies, which also 
encompasses mesoscale modelling and satellite imagery analysis. This framework has 
been developed at Risø (Frank et al., 2001; Badger et al., 2006; Hansen et al., 2007) over 
the last decades, in order to be able to assess the wind resources of diverse geographical 
regions – including provision of reliable data for physical planning (national, regional or 
local), wind farm siting, project development, wind farm layout design and micro-siting 
of wind turbines. Figure 2 is a schematic presentation of this framework 

 

Figure 2. Overview of state-of-the-art wind atlas methodologies (Hansen et al., 2007). 
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Figure 4. Time traces of wind direction (upper, 0-360°) and wind speed (lower, 0-30 
m/s) from Sprogø for the year 1979. The graphic in the lower left of the Climate Analyst 
window shows concurrent data in a polar representation (data courtesy of Sund & Bælt). 

The Climate Analyst checks the time stamps and observation intervals upon input of 
each data file, and also checks for missing records in the data series. However, the main 
quality assurance (QA) is done by visual inspection of the time series and polar plot, as 
well as the resulting observed wind climate. Things to look out for are e.g.: 

1. Are there any spikes or sudden drops in the data series? 

2. Are there periods of constant data values in the data series? 

3. Are there periods of missing data in the data series? 

4. Are there any unusual patterns in the data series? 

5. Are there any unusual patterns in the polar scatter plot? 

6. Do the wind speed time traces follow each other for different anemometers? 

7. Do the wind direction time traces follow each other for different vanes? 

8. Do the measured and Weibull-derived values of U and P compare well? 

9. Does the calm class (0-1 ms-1) in the histogram look realistic? 

Finally, the observed wind climate is calculated and exported to an OWC file. The OWC 
file can subsequently be inserted into the WAsP hierarchy, as a child of a meteorological 
station member. 

3.2 Observed wind climate 

The observed wind climate (OWC) should represent as closely as possible the long-term 
wind climate at anemometer height at the position of the meteorological mast. Therefore, 
an integer number of full years must be used when calculating the OWC, in order to 
avoid any seasonal bias. For the same reason, the data recovery rate must be quite high 
(> 90-95%) and any missing observations should preferably be distributed randomly 
over the entire period. 

Wind data series from prospective wind farm sites rarely cover more than one or a few 
full years, so they must be evaluated within context of the long-term wind climate, in 
order to avoid any long-term or climatological bias. Comparisons to near-by, long-term 
meteorological   stations or to long-term modelled data for the area can be made using 
simple (or complicated) measure-correlate-predict (MCP) techniques. 
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Figure 6. Land cover map for a site in Northern Portugal. The white lines show a land 
cover classification and they were derived from the Corine 25-ha vector data set. A 
transformation table is needed for translating the land cover codes to roughness lengths. 

Roughness lengths must be specified in meters and the roughness length of water 
surfaces must be set to 0.0 m! This is because WAsP uses this value as a flag value: ‘0 
m’ indicates a water surface, whereas a small roughness length means a smooth land 
surface (snow, sand, bare soil and the like). 

The final roughness map should be checked systematically for errors, since these may 
give rise to unpredictable results in the WAsP calculations. Check the range of roughness 
length values in the main window of the Map Editor, and check for dead ends and cross 
points in the map display window (View > Nodes, Dead ends and Cross points). Some 
map editing will be needed to eliminate any dead ends and cross points. 

When there are no more dead ends and cross points in the map, the consistency of the 
roughness values must be checked (View > Line Face Roughness errors) – there must be 
no line face roughness (LFR) errors! Finally, the roughness classification and values 
should be validated against a scanned paper map or by viewing the roughness change 
lines in Google Earth. The map may also be verified during a visit to the site. 

All maps and images of the terrain are snap shots of the state of the terrain surface. The 
land cover and roughness length information used should of course correspond to the 
modelling scenario: use a historic or present-day map for modelling the meteorological 
mast(s) and use a present-day (or future) map for modelling the wind farm. 

Roughness maps from gridded data 

High-resolution gridded (or raster) land cover data exist for many parts of the world. The 
current version of WAsP cannot employ such data directly, so it is necessary to construct 
a vector map from the raster data. There is currently no standard procedure for making 
vector roughness maps from raster land cover data; however, some techniques have been 
demonstrated using GIS systems. 
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