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Wind Farm Life-Cycle
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Mesoscale-Microscale Coupling Challenges
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CONTEXT

•Large wind farms
•Strong regional effects (land and sea breezes, flows across 

very large valleys…)

NEEDS

•Multi-scale modeling systems
•Mesoscale-Microscale coupling

LIMITS

•Enormous computing capacity & need
•Proper development of turbulence
•Thermal stability calculations

CHALLENGES

•Accurate, robust and fast simulations
•Complex terrains and steeply sloping canopy sites



Mesoscale-Microscale Coupling Principle | Meso data
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Global Model
Resolution: 30 – 100 km

Regional Model
Resolution: 1 – 3 km

Microscale Model
Resolution: 25m – 1 km

Produce boundary data and 
volume conditions for 
transfer to Mesoscale

Dynamical downscaling

Produce boundary data and 
volume conditions for 
transfer to CFD

Statistical downscaling

Wind direction
Stability classes



Mesoscale-Microscale Coupling Principle |Meteodyn WT
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Mesoscale-Microscale Coupling Principle |Meteodyn WT
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Mesoscale-Microscale Coupling Validations
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MMC Validations & Technical Cases
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Validation | ALEX17 Benchmark
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Spain

Table: Summary of model participants*

* Siemens Gamesa Renewable Energy, National Renewable Energy 
Centre, Fraunhofer IWES, DTU, UL Services, Barcelona Supercomputing 
Centre, Meteodyn 

IEA-Wind Task 31 
ALEX17 Benchmark | Alaiz Mast locations



Validation | ALEX17 Benchmark
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Spain

ܵ : wind speed
݇ : stability bin
݊௞ = 6 : number of bins

Quantify the performance of the models

Assess the differences from the different 
meso-micro coupling strategies

Reduction of the wind speed mean bias 
from 32%, at 3-km mesoscale, to +5%

Meteodyn’s model coupling wind speed 
BIAS lower than 1%*

Confirmation of added value of meso-micro 
coupling at reproducing non-conventional 
wind conditions in complex terrain

* Sanz Rodrigo et al, The ALEX17 diurnal cycle in complex terrain 
benchmark, 2021 J. Phys.: Conf. Ser. 1934 012002 



India

Application | Large Coastal Site in India
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 Mesoscale WRF
 Microscale CFD
 Mesoscale-Microscale Coupling 

Experiments



India

Application | Large Coastal Site in India
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Middle East

Application | Strong Diurnal Cycle in the Middle East Site
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Mast 2

Mast 1

Mast 4

Mast 3

• Met masts installed in a 
20 km zone.  

• Wind speed and 
direction measurements 
at 4 heights.



Middle East

Application | Strong Diurnal Cycle in the Middle East Site
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Mesoscale information

Crucial for more accurate WRA 
in complex terrain. 

Mutlti-meso method

Improvement of wind speed 
distributions

Meso-Micro coupling method

Best solution reducing wind 
speed errors by 13% compared 
to the CFD method

Mast 1 Mast 2 Mast 3 Mast 4



Mesoscale-Microscale Coupling & Meteodyn WT Software
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The mesoscale microscale coupling has been
validated with the Alaiz benchmark case and
the results have been reproduced in Universe.



Mesoscale-Microscale Coupling & Meteodyn WT Software
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Mesoscale input files (.nc)
• Downscaled data obtained with a WRF 

(Weather Research and Forecasting) 
mesoscale simulation.

• NetCDF file
• Automatic .SAM file generation

Statistical Analysis for Mesoscale data file (.SAM)
• Provided by Meteodyn
• Contains analyzed wind time series classified

by stability (unstable, neutral and stable) and
direction for each point of the mesoscale
domain



Wind Data Portal | Mesoscale-Microscale Coupling
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 Allowing users to better assess their site’s wind resource

 Integrating mesoscale information INTO the Meteodyn WT-CFD simulation

 Introducing and maintaining large scale effects in the whole numerical domain

 Improving Wind Resource Assessment with less uncertainties thanks to a CFD software
well adapted to numerical simulations with multi-scale atmospheric phenomena

 Mesoscale-microscale coupling method validated on sites all over the world

 MMC well suited for complex sites with a radius larger than 7-8 km with strong
thermal effects

 An option for expert users

 Assistance from Meteodyn to generate the mesoscale data and coupling inputs



Thank You

Eric TROMEUR, PhD

Director Research, Innovation, Service & Expertise

eric.tromeur@meteodyn.com

https://meteodyn.com
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METEODYN, your Wind Engineering, 
Climatology and Meteorology expert

Softwares, Forecasts, Studies, and on-demand services


