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The importance of reanalysis for wind energy

• Regional wind climate vital for 

identifying areas with the best wind 

resources

• Even high-resolution regional 

reanalysis may miss features 

present on microscale (extreme 

winds, rain erosion etc).

• Apart from long-term wind resource, 

the temporal aspects are important 

for grid integration (e.g. CorRES)

• Resolving microscale features and in 

situ validation against 

measurements are crucial



Boundary conditions for mesoscale models

ERA-I – CFSR (%)
https://journals.ametsoc.org/view/journals/bams/104/8/BAMS-D-21-0075.1.xml

https://gmd.copernicus.org/articles/13/5053/2020/gmd-13-5053-2020.html

https://rmets.onlinelibrary.wiley.com/doi/full/10.1002/joc.4217

https://agupubs.onlinelibrary.wiley.com/doi/10.1002/2017JD027504

https://journals.ametsoc.org/view/journals/bams/104/8/BAMS-D-21-0075.1.xml
https://gmd.copernicus.org/articles/13/5053/2020/gmd-13-5053-2020.html
https://rmets.onlinelibrary.wiley.com/doi/full/10.1002/joc.4217
https://agupubs.onlinelibrary.wiley.com/doi/10.1002/2017JD027504


50-year extreme winds from reanalysis
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https://backend.orbit.dtu.dk/ws/portalfiles/portal/358197290/GASPOC_U50_Offshore_FullReport.pdf

https://onlinelibrary.wiley.com/doi/epdf/10.1002/we.2771

https://backend.orbit.dtu.dk/ws/portalfiles/portal/358197290/GASPOC_U50_Offshore_FullReport.pdf
https://onlinelibrary.wiley.com/doi/epdf/10.1002/we.2771


Rain erosion

• Leading edge erosion on wind turbine blades is a 

common issue, particularly for wind turbines placed 

in regions characterized by high wind speeds and 

precipitation.
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https://www.sciencedirect.com/science/article/pii/S2590123024002639

https://www.sciencedirect.com/science/article/pii/S2590123024002639
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Two meteorological masts

• Red dots equipped with cup and 

sonic anemometers
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Normalized wind speed WRF mesoscale setup NEWA @ 50 m for NE winds

(but could be any regional or global reanalysis)

3 km
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Normalized wind speed lidar scans at 50 m amsl

3 km https://iopscience.iop.org/article/10.1088/1742-6596/1037/5/052029
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Normalized wind speed WAsP at 50 m amsl

WAsP microscale model:
• >1700 active users

• Uses ERA5 stability data for modelling

https://link.springer.com/article/10.1007/s10546-

023-00803-3

• Uses ERA5 for air density model

https://www.mdpi.com/1996-1073/12/11/2038

https://link.springer.com/article/10.1007/s10546-023-00803-3
https://link.springer.com/article/10.1007/s10546-023-00803-3
https://www.mdpi.com/1996-1073/12/11/2038


Future applications

• Important for wind applications to have boundary scaling variables available (z0, U*, H, h)

• Important for wind applications to have wind speed and dir at some heights above surface

• Easy interface to download both in spatial and time slices (downloading a time series is

currently often problematic).

• Portal for all regional reanalysis?
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Thank you

Rogier Floors <rofl@dtu.dk>

Jakob Mann, Charlotte Bay Hasager, Asta Hannesdottir, Bjarke 

Tobias Olsen, Shubham Nayak, Andrea Hahmann, Jake Badger
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• Only mean wind speed is not enough! We want the distribution of wind speeds so that we can 

calculate power density per square meter of area covered by turbine

• Quite often things are simplified by fitting Weibull distributions

• Finally, a power curve is needed to calculate the actual power production

Extra: Observing wind climates
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ERA5; 25 km x 
25 km

ERA5+WRF; 

3 km x 3. km

ERA5+WRF+WAsP

100 m x 100m 

Extra: WASA3



Extra: Validation of downscaling procedure
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Overall (MAPE in wind speed)

• ERA5: 24.6 %

• ERA5 + WRF: 4.6 %

• ERA5 + WRF + PyWAsP: 3.5 %
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• Based on ERA5 and global wind atlas
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