anemos wind atlas improvements
based on a new remodelling approach
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Verification Results

Abstract

The anemos wind atlas for Germany (D-3km.M2)
represents a database containing long-term time
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the simulation output. In the verification process
statistic parameters as mean value, Pearson Fig. 1: Process chain of the anemos wind atlas. The arrows

Fig. 4: D-3km.M2 hourly average correlation (R?) for each month of the  Fig. 5: Diurnal bias for seasons between D-3km.M2 (D3M2 red) and

Correlation, bias, RMSE and extreme values are show the input of measurements. year over 49 measurements (black), separated into 45 onshore (red) and 4  WRF,,, (blue). 1 hour temporal resolution of the time series.

analysed. Furthermore the vertical profile, diurnal and annual cycle and frequency distribution ofishore (blue).

are verified, The monthly averaged correlation (hourly data) between measurements and D-3km.M2 shows
an annual cycle (Fig. 4) with the correlation coefficient between 0.6 (summer) and 0.8 (winter).

Objectives The offshore stations have no significant annual cycle. The correlation of WRF,,.; Is not shown

here due to no significant improvement after the Remodelling.
However, strong improvements in bias are seen in the diurnal cycle for each season (Fig. 5).
The WRF,,, has a consistently positive bias in each of the four seasons. During daytime the

bias Is less than during the night. This causes changes in stability of the planetary boundary
layer, with the highest amplitude in summer (strong gradient in bias over day). After the
remodelling approach the overestimation is reduced with still a positive bias in winter and an
underestimation during the rest of the year.

The long-term time series from the anemos wind atlas, with a high spatial and temporal
resolution in wind speed and direction, are widely used for applications in wind energy, e.g.
for long-term correlation of short-term measurements, energy Yyield and market value
calculations, energy losses of wind turbines (legal grounds, wake effects, icing, sector
management) and initial site search. These applications require a high quality of the wind
atlas data. This will be achieved with the new remodelling approach and an intensive
verification of the wind atlas.
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Fig. 6. External verification by Dr. Anselm Grotzner (CUBE Engineering GmbH — Part of Ramboll). 56 Measurements compared with the D-3km.M2.
Wind speed bias (red) and energy density bias (blue) are calculated for time series of 1 hour temporal resolution.

Fig. 6 shows an external verification of 1h time series (period 1ly) with 56 measurements
between 80 - 140 m height. A bias in wind speed of more than 10 % Is seen for three stations

‘;hat mcluges only significant subgrid-information, e.g. roughness | (b‘)gﬁo}"go m? (all three in complex terrain) and between +7 % for 88 % of the stations. A similar range is
_?_?] or_ogr_apty. culate alobal | t f t f AR e seen for the energy flux density. This shows that the frequency distribution for most of the
€ aim IS 10 Calculale global sCale-parameters ¢; 1or any type or . .. .. odeling approach on the stations Is realistic. These attributes give reason to apply the wind atlas for qualitative energy

subgrid-information x; from the training data. This procedure enables 3 kmzwind sp. time series (a) induce yield calculations
to calculate site-specific wind speed time series with a higher quality. ;< Poena 0 caouiate sie-spec '

time series (b) e.g. for 90 m2.

Verification Results Conclusions

For the wind atlas verification, 45 intern measurements of 100 m height are used. Fig. 3
shows the bias in percent of the mean wind speed (period 1y) for the original WRF output
(WRE, before the Remodelling Process) and the D-3km.M2 (after the Remodelling

The analysis shows a strong reduction of wind speed bias due to the new remodelling
approach. There is an improvement particularly over complex terrain.
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Process). The onshore overestimation and offshore underestimation (stations 42-45) of wind An accurate wind atlas is most important for energy yield and market value calculations in the
speed in WRF,,, Is strongly reduced due to the Remodelling approach (D-3km.M2). More wind energy industry. Market values are the combination of time series of the energy yield and
than 87 % of the onshore stations hold a bias between +7 % after the remodelling process. the stock-market tariff for electricity. Both show pronounced annual and diurnal cycles. A low
uncertainty for the frequency distribution Is important for correct calculations of the wind
35% I WRForg potential and the energy yield of wind turbines.
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Fig. 3: Bias of mean wind speed between measurements and WRF,,, (green) or rather D-3km.M2 (red). Stations are sorted from south (complex) to
north (flat). The measured period is one year and the height is 100 meters over ground.
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