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1.       Introduction
For any energy system relying on wind power, 
accurate forecasts of wind fluctuations are 
essential for efficient integration into the power 
grid. Increased forecast precision allows 
end-users to plan day-ahead operation with 
reduced risk of penalties which in turn supports 
the feasibility of wind energy. 

The present study aims to quantify value 
added to wind energy forecasts in the 12-48 
hour leadtime by downscaling global numerical 
weather prediction (NWP) data from the 
National Centers for Environmental Prediction 
Global Forecast System (GFS) using the 
limited-area NWP model described in 
Skamarock et al. (2008).

2.       Performance metric
For leadtimes beyond six hours ahead NWP 
input is needed for statistical wind power 
forecasting tools, see e.g. Giebel et. al. (2011). 
Typical performance metrics are mean absolute 
error or root mean square error for predicted 
against observed wind power production, and 
these metrics are closely related to wind speed 
forecast bias and correlation with observations. 
Wind speed bias can be handled in a statistical 
wind power forecasting model, though it is 
entirely up to the NWP input to describe the 
timing of wind speed fluctuations correctly. 
Correlation between observed and forecasted 
values is one metric addressing this aspect of 
model performance.

3.       The dataset
Forecasts from global and limited-area NWP 
models, together covering five different 
horizontal computational grid spacings of 

50km down to 1km, are studied for a ∼ ∼
yearlong, continuous time period. The basis of 
comparison for forecasts is farm-averaged data 
from the 40 turbines of the Stor-Rotliden wind 
farm in central Sweden. The surrounding forest 

and uneven terrain adds to the forecasting 
challenge, thus motivating the downscaling 
experiment as potential for wind power forecast 
improvement is higher in complex terrain.

4.       Results
In Fig. 1 correlation dependence on spatial 

Figure  1.  Correlation  between  observed  and
forecasted wind speed vs.  the distance bounding
the  half-tricube  weighting  function  used  for
spatially  smoothing  wind  speed  values  at
high-resolution  NWP  model  grid  points.
Above/below datapoints are noted the number of
computational grid points with non-zero weight.



smoothing radius is shown along with the 
number of computational grid points within a 
given radius. Each of these grid points are 
assigned a weight determined by a half-tricube 
function that decreases from maximum near the 
wind farm centre to zero at the radius.

In Fig. 2 the 1.1km computational grid 
points covering the spatial extent of the 
Stor-Rotliden wind farm are sketched. 

Figure 2. High-resolution computational grid points
covering  the  Stor-Rotliden  wind  farm.  X is  the
average  of  turbine  coordinates  and  marks  the
reference point for smoothing radii.

Fig. 3 shows the correlation of each grid point 
sketched in Fig. 2, ordered according to distance
from the wind farm centre X.

5.       Conclusion
The optimal smoothing radius for the 1.1km 
computational grid decreases as a function of 
forecast leadtime, as shown in Fig. 1. This can 
be explained by increased phase errors which 
cause grid points in the vicinity of the wind 
farm to be less likely to capture in space the 
wind speed observed at turbine hub height. A 
similar effect is not observed for the 3.3km grid 
for which the curve appears to be parallel 
shifted for different horizon groups. Perhaps not
surprisingly, no performance gain is detected 
from smoothing 10km data.

Fig. 3 shows that the three 1.1km grid 
points closest to the average of the 40 turbine 
coordinates – the X in Fig. 2 – are also the ones 
best correlated with the farm-averaged wind 
speed observations for all three horizon groups. 

Also, there is a constant ~0.05 difference 
between best and worst correlation.

Figure 3. Correlation between observed wind speed
and  1.1km  grid  forecasts  for  individual  points
covering  the  spatial  extent  of  the  Stor-Rotliden
wind  farm.  Indices  are  relative  to  the  60km  by
60km horizontal 1.1km grid at turbine hub height
extracted from the raw forecast data for use in the
present analysis.
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