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Summary 
 
In order to explore potential to predict local wind climate ALADIN/HR mesoscale model was coupled with the local-scale 
wind resource numerical model WAsP. Time series of predicted geostrophic wind at 850 hPa were calculated by the 
mesoscale model ALADIN/HR and used to extract wind atlas files readable by WAsP. WAsP was forced to downscale 
geostrophic wind climate to near-ground. A case study was carried out for the reference meteorological station located in a 
fairly complex terrain in the Croatian hinterland. Modelling results are compared with the measured data and presented in the 
paper. 
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1. Introduction 
 
One of the most important factors in efficient use of wind energy is accurate wind resource assessment at potential wind farm 
site. A number of different approaches are applied in practice, including on-site measurements or, in the absence of 
measurements, application of different sophisticated numerical models for wind resource modelling. One of the modelling 
approaches is to combine models at different scales: to combine models describing mesoscale wind drivers with local-scale 
models that more accurately take into account local effects. By this approach, significant improvements are reported in wind 
resource assessment accuracy over large regions, compared to application of direct mesoscale model outputs, for example [1]. 
 
For everyday operational meteorological practice the Croatian Meteorological and Hydrological Service uses a Croatian 
version of the limited area numerical weather prediction model ALADIN (Aire Limitee Adaptation Dynamique 
Developement International), the so called ALADIN/HR model.  
 
In order to explore local wind climate prediction potential for the ALADIN/HR mesoscale model, coupled with the well-
known microscale numerical model WAsP, a case study was carried out for the part of the South Croatian region of 
Dalmatia. 
 
 
2. Modelling approach 
 
The prediction of geostrophic wind at 850 hPa pressure level was done using the ALADIN hydrostatic mesoscale model at 8 
km horizontal resolution. This first-order closure spectral model is initialized from the downscaled global analysis of the 
global spectral model ARPEGE/IFS (Action de Recherche Petite Echell Grande Echelle/Integrated Forecast System). 
Vertical 37-level resolution is defined by usage of the hybrid vertical coordinate, [2]. The physical parametrization package 
includes vertical diffusion, [3], shallow convection [4], and Kuo-type deep convection scheme. The model uses a radiation 
parametrization, [5] and [6], and two-layer soil parametrization, [7]. 
 
The model was initialized every day at 00 UTC, during the Dec 2004-Nov 2005 period. The 3-hourly sampling started at +6 
hour forecast range (due to model-spin up), and included the +27 hour forecast range values. In this way, a yearly time 
sequence of the model geopotential values was available for calculation of the geostrophic wind components at all model 
levels. Finally, the geostrophic wind components at 850 hPa level were calculated by using the model forecast geopotential 
fields at the same level at four model grid points nearest to the station location. In the calculation, the Coriolis term was 
calculated for the station location exactly, neglecting its variability in the vertical direction in the lower troposphere. 
 
As a final step, a well known small-scale, linearised flow model WAsP, [8], with typical domain size of 10x10 km2, was 
forced to use ALADIN predictions of geostrophic wind at 850 hPa as inputs in the application part of the WAsP method. The 
average height of ALADIN predictions at 850 hPa during the analysed period was 1451 m. Downscaling of the wind climate 
was estimated for a reference point of the met mast Pometeno brdo which is located in a rather complex terrain, at the top of 
the 610 m high hill. 
 



  
Figure 1.  Modelling domain of the ALADIN/HR model and the reference meteorological site of Pometeno brdo. 
 
 
3. Results 
 
Table 1 shows main properties of the reference measurement site and the ALADIN/HR modelling grid point. The distance 
between the two is 339 m. Time series are adjusted to UTC, and measured data averaged over 3 hour intervals. Figure 2 
shows comparison of daily and monthly wind averages at 850 hPa and measured data at 40 m a.g.l. during Dec 2004 – Nov 
2005. The correlation coefficient between the two is 0.68, with spikes that match very well in the two time-series. 74% of 
ALADIN/HR spikes correspond to surface Bora exceeding 10 m/s, and the rest to Jugo (strong SE wind sirocco), 
demonstrating the capability of ALADIN to predict windy days with high confidence. Comparison of the Weibull 
distributions of measured surface and modelled geostrophic (i.e. 850 hPa) wind are shown in the figure 3. 
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Figure 3  Weibull distributions of ALADIN predictions at 850 hPa and measured wind speed 40 m a.g.l. at Pometeno brdo.  
 
Wind direction distributions are shown on figure 4. The most frequent sector of geostrophic wind at 850 hPa is 12 (NW), 
occurring 13.5% of time. The corresponding power density is also the highest, and equals 4789 W/m2 with average wind 
speed of 11.3 m/s. Sectors 6 and 8 follow with power densities of 3685 W/m2 and 3194 W/m2 respectively. If one compares 
the scattering of geostrophic and surface data over the site of Pometeno brdo (figure 4, right), angle of approx 60° can be 
noticed between main directions of strong geostrophic and surface winds, but with a different sign: clockwise in case of 
surface Bora, anticlockwise in case of surface Jugo. Since friction with the surface rotate the wind anticlockwise when 
moving down to the Earth (north of the Equator) the shift in case of Bora can not be explained simply by the influence of the 
surface roughness. To confirm opposite trends in the rotation of geostrophic wind direction we extracted only the surface 
winds exceeding 6 m/s from the sector [0°, 60°], corresponding to the Bora (this is for the reason of simplicity, but generally 
not all winds from this sector can be regarded as Bora) and overlapped this surface data with the corresponding geostrophic 
data. The same was done also for the winds from the sector [120, 180], corresponding mainly to the Jugo wind. The results 
are shown in figure 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4  Wind direction frequency and power density distributions of the geostrophic wind over (5619350, 4830118) in the 
period 12-2004 to 11-2005 (left). Comparison of wind direction data scattering for ALADIN output and measured data at 
Pometeno brdo (right). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5  Comparison of modelled and observed wind direction data scattering for selected sectors. 
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The comparison of predicted wind data at 850 hPa and measured surface data are shown in figure 6. If whole dataset is 
plotted, the slope of nearly unity and offset of approximately 1.8 can be extracted by linear regression, although the scattering 
is pretty high. Since the essential issue here is whether geostrophic wind climate contains a full description on all forcings 
driving the surface circulation, it is reasonable to check what difference does it make if the dataset is reduced for the 
dominant thermally driven wind of the region, the Bora. Bora is a very gusty downslope wind, mainly of the N to NE 
direction, present on the Adriatic coast and between the high Dinaric mountain range in the hinterland and the see. Occurs 
during whole year, but more frequently in winter when persists longer.  
 
In order to roughly estimate its presence in the geostrophic wind climate, the Bora type winds were excluded from the initial 
surface wind dataset (i.e. the data records of wind speed exceeding 6 m/s from the [0, 60°] sector). The resulting comparison 
of predicted wind data at 850 hPa and measured surface data show the increase of the slope parameter to 1.324 and the drop 
of the offset parameter to approx. 0.6 (figure 6, right).  
 
The higher slope in the second case might indicate that the external forcing during Bora events is stronger moving down to 
the surface then at geostrophic level. Furthermore, this might imply that one would need to be very cautious when using 
geostrophic wind as input to calculate the surface wind. This might lead to high prediction errors without consideration of 
local near-surface forcings or the use of cluster analyses with differentiated statistical/dynamical downscaling methods, [9].  
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Figure 6  Comparison of measured and modelled wind speed scattering at Pometeno brdo.  
 
 
As mentioned earlier, to get the first insight in the applicability of the method, wind data time-series at 850 hPa predicted by 
ALADIN/HR was assumed as geostrophic wind. From this data the WAsP .tab file was produced and the WAsP model was 
then forced to use this as geostrophic wind in the application part of the method. In this way geostrophic wind climate was 
downscaled and surface wind speeds and power densities calculated for the reference meteorological site of Pometeno brdo.  
 
Roughness description of the local terrain was based on detailed topographic maps (of the 1:25000 scale), as well as the 
orographic description around the site. The distance between the contour lines is 10 and 5 m, depending on the slope of the 
terrain. Figure 7 shows the 3D model of the terrain around the site of Pometeno brdo.  
 



wind climate over Pometeno brdo simply does not contain the full Bora forcing in its statistics due to the nature of physical 
processes leading to the formation of Bora (i.e. contains mainly synoptic and not local scale forcings). Furthermore, this 
means that downscaling of geostrophic wind climate, obtained by mesoscale model ALADIN/HR can not be reliably carried 
out with WAsP at the site of Pometeno brdo. This is almost an expected result for a site influenced by thermally driven 
circulation, considering the wind atlas method concept and the physical bases used by the WAsP for relation between 
geostrophic and surface wind (the geostrophic drag law).  
 
Table 2  Comparison of ALADIN/WAsP modelling results and observed wind climate at the site of Pometeno brdo. 
 

 Reference site - observed 
(40 m a.g.l.) 

ALADIN/WAsP 
modelled (40 m a.g.l.) 

 
Error, % 

Average wind speed, m/s 6.03 4.37 -27.5 

Power density, W/m2 385 297 -22.8 

Average wind speed, m/s 
(Reduced data set – Bora 
excluded) 

4.65 3.72 -20.0 
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wind climate is sufficiently and appropriately segmented to situations, and modelling results for different situations 
aggregated. Based on validation tests at one measuring site, it seems that some of the atmospheric situations in complex 
terrain might be modelled by the tested ALADIN/WAsP method, but, prior to any firm conclusion, the method should be 
additionally tested and validated. The rest of the atmospheric situations, or at least the Bora events, should be modelled by 
other coupling strategies that take into account the mesoscale dynamics of strong downslope winds. Finally, further tests 
accounting for the more accurate ABL wind prediction in complex terrain will use a combination of ALADIN/HR 2 km 
resolution near-surface wind predictions, and WAsP horizontal extrapolation to resolve local orographic influences on wind 
flow. 
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