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Introduction
Numerical Weather Prediction (NWP) models are typically run with a horizontal resolution of 1-5 km.
This means that they are unable to accurately capture small-scale effects of orography and surface
roughness variations, and can result in large errors of wind climate estimations in undulating terrain,
near coastlines and around forested sites. Stability effects can enhance these errors.

To achieve more accurate estimations of the local wind climate in these areas it is necessary to use
downscaling techniques that are able to take into account the small scale effects as well. A common
technique to achieve this is to couple a mesoscale model with a microscale model. In Badger et al.
(2014) the output from a mesoscale model is used to generate wind speed frequency distributions for
a number of wind direction sectors, and these are then used to create input for a linearized flow model
(Troen et al. (1989)). While the approach in Badger et al. (2014) is based on a statistical-dynamical
coupling technique, several attempts of dynamical coupling of meso- and microscale models have
been made (e.g. Castro et al. 2014, Zajaczkowski et al. 2011).

This study aims at using statistical-dynamical coupling of a meso- and microscale model to accurately
predict the wind climate at complicated sites.

During the first part of this study to establish the performance of state-of-the-art mesoscale models in
predicting local wind climates a benchmarking exercise is undertaken in collaboration with the
European Wind Energy Association (EWEA). In this exercise more than 20 different mesoscale
models are benchmarked in terms of their ability to accurately predict the local wind climate at six
uncomplicated sites (see the green box to the right).

The EWEA mesoscale benchmarking exercise
The EWEA mesoscale benchmarking exercise is an intercomparison of
more than 20 different mesoscale weather models run by more than 14
industrial and academic modeling groups. The motivation of the exercise
is to give insight in to the state-of-art of mesocale modeling.

The benchmarking is done at 6 locations, 3 sites with extensive mast data,
and 3 dataless sites. The mast sites are the offshore site FINO3 in the
north sea, the coastal site at Høvsøre in Denmark, and the inland site
Cabauw in The Netherlands.

Figure 1 show the bias of the average wind speed at several heights for
20 different mesoscale models are shown at the two sites Høvsøre and
Cabauw for the year 2011. While the mesoscale models generally do well
for these relatively uncomplicated sites, they still show errors of the
average wind speed of 10% in many cases.
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Method
The local wind climate at several sites will be simulated. The sites are chosen such that they –
optimally – only have one or two dominating “complexities”, be it complexity in the orography, surface
roughness, forest or atmospheric stability. This is done to easier isolate the effects of individual
complexities.

The mesoscale part of the downscaling to horizontal grid resolution of 1-3 km will be done using The
Weather Research and Forecasting (WRF) model. This will essentially be a downscaling process from
the ERA-Interim reanalysis dataset (Dee et al. (2011)).

The simulated wind conditions at the sites will be decomposed in to tabulated frequency distributions
of mean wind speed and mean wind direction, similar to the method used in Badger et al. (2014), and
used as input for the micro scale model, an example of this tabulated data is shown in Figure 2.

Several microscale models will be tested, including a simple linearized flow model and a steady
Reynolds Averaged Navier Stokes (RANS) model. The different microscale models will be used to
downscale the mesoscale output to grid resolution of around 100 m. using state-of-the art high
resolution elevation and land use maps.

Future work
In the initial study the microscale models will be using a single
idealized temperature profile. This means that effects of variations in
atmospheric stability can not be captured. But in future studies
microscale models that are able to capture these will be tested,
including an unsteady RANS solver that can capture the diurnal cycle
of temperature fluxes, see Tilman et al. (2015).

Figure 2. Example of the tabulated wind speed and direction distribution data made 
from the mesoscale model simulation, used as input for the microscale models, 
tabulated distributions of (a) wind speed and (b) wind direction.
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Figure 1. Bias of the mean windspeed for 20 different mesoscale models (red), 
the average (blue) and the best model (green) for several aheights at  the two 
sites: (a) Høvsøre, Denmark and (b) Cabauw, The Netherlands.
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