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1- Atmospheric thermal stability

Thermal Stability is the resistance of the 
atmosphere to air motion

=> Significant effects on wind flow and wind 
resource assessment

Thermal stability influence on chimney smoke

Unstable atmosphere Stable atmosphereNeutral  
atmosphere



Impact of atmospheric stability on wind flow
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Atmospheric stability impacts wind 
parameters used in AEP assessment and 
in load calculation

Wind shear Turbulence Wake

Spatial distribution of wind speed

Lidar wind speed correction

Unstable Neutral Stable

Lidar wind speed correction factor

Simulation of speed-up factors in a mountainous area (Meteodyn WT)

Evaluation of wind speed error for a ground-based lidar (Perdigao, Portugal)



2- Atmospheric stability with Meteodyn WT

MeteodynWT-CFD takes into account the atmospheric
stability in its calculation using the turbulent length scale ்ܮ

• 10 stability classes are defined using the Monin-Obukhov
length L in Meteodyn WT

• From 0 (very unstable) to 9 (very stable).
• Thermal stability conditions are introduced and

maintained during CFD resolution

Unstable

Stable

Unstable Neutral Stable

Vertical wind profile

Inlet wind profile for different stabilities in Meteodyn WT



3- How to determine atmospheric thermal stability conditions ?

1-Global method

• Dominant stability conditions 
⇒ global results: mean speed, AEP, 
sectoral results, Day/night 
variation
• Not hourly variation

Vertical profile calibration

2-Time varying 
methods

• Hourly stability variation and 
global results

• Require very accurate data 
(Bottom-up approach)

Temperature method 
Shear-TI method

Hourly-Shear calibration



In situ data vertical profile calibration (1)
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• Use the mean wind vertical profile at the 
reference mast to deduce the dominant 
thermal stability conditions

• Can be done by sector or day/night for 
more precision but requires more shear 
values to calibrate 

References:
- E. Leonard et al,, Influence of atmospheric stability determination
methods on wind resource assessment and negative wind shear
simulation, WindEurope conference, Meteodyn, EDFr 2025.
- Li, R., Leonard, E. and E. Tromeur, Comparison of three methods in the 
atmospheric stratification determination, WindEurope Technology 
Workshop, Brussels, June 2022.
- Li, R., Leonard, E. and E. Tromeur, Atmospheric Stratification 
Determinations at Complex Wooded Site, WindEurope Annual Event, 
Copenhagen, April 2023.

Compare the measured mean profile or shear 
values with the neutral simulation and adjust the 
stability class



Computation leveraging measurement data (2): Temperature method
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Method based on temperature gradient

Tips
› Temperature sensors need to be precise 

(0.1°C)
› Temperature sensors should be placed 

with sufficient height difference



Computation leveraging measurement data (3): Shear-TI method
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Tips
› Heights for wind shear calculation should be sufficiently separated
› But avoid using measurement data too closed to the ground

Estimate neutral levels 01
Estimate neutral levels of wind shear exponent
ොߙ ߠ and turbulence intensity ܶܫ෢ ߠ  (using 1-3% 
the very strong wind) for each direction

Estimate deviations of TI02
Estimate normalized deviations of shear for 
each time step ܫܶߜ ݐ = ்ூ ௧

்ூ෢ ఏ
− 1

Estimate deviations of shear03
Estimate normalized deviations of TI for 
each time step ߙߜ ݐ = ఈ ௧

ఈෝ ఏ
− 1

Classification04
Neutral: (ݐ)ܫܶߜ ଶ + (ݐ)ߙߜ ଶ → 0
Stable:  (ݐ)ܫܶߜ < ߙߜ  & 0 ݐ >  0 
Unstable:  ܫܶߜ ݐ > ߙߜ  & 0 ݐ <  0

Estimate Monin-Obukhov length05
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Classification by shear and TI values and estimation of Moni-Obukhov length
Method working with standard wind measurement data (Svenningsen approach)

Lasse Svenningsen et al 2018 J. Phys.: Conf. Ser. 1102 012009



Method comparison
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Profile calibrationTemperature method Shear-TI method 
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References:
Li, R., Leonard, E. and E. Tromeur, Comparison of three methods in the atmospheric 
stratification determination, WindEurope Technology Workshop, Brussels, June 2022.
Li, R., Leonard, E. and E. Tromeur, Atmospheric Stratification Determinations at 
Complex Wooded Site, WindEurope Annual Event, Copenhagen, April 2023.



Accuracy of horizontal and 
vertical extrapolation

Calibration of stability class 
based on vertical wind profile

4- Application cases – Simulations in coastal and desert area
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Quick facts
› Vertical wind profile calibration is a fast and robust approach specifically designed to 

determine dominant stability conditions
› Including thermal stability conditions in CFD significantly improves the accuracy of mean 

wind speed and shear
› CFD computation can reproduce S-shape profile with an appropriate stability setting

Edouard LEONARD, Marianne DUPONT, Aurélien GAUSSORGUES, Ru LI, Eric TROMEUR. 
Influence of atmospheric stability determination methods on wind resource assessment and 
negative wind shear simulation. WindEurope Technology Workshop 2025.

Shear estimation

Site A 
Coastal area

Site B
Mountainous desert region

Simulation on Mast A-ref

Profile calibration



Simulation configurations in 
Meteodyn WT

Application cases - Nearshore wind simulations
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Konagaya, M.; Ohsawa, T.; Itoshima, Y.; Kambayashi, M.; Leonard, E.; Tromeur, E.; 
Misaki, T.; Shintaku, E.; Araki, R.; Hamada, K. Estimation of Wind Conditions in 
the Offshore Direction Using Multiple Numerical Models and In Situ Observations. 
Energies 2025, 18, 3000. https://doi.org/10.3390/en18113000 



Site topography & Wind maps

Application cases - Wind resource assessment in a complex site
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Quick facts
› Highly complex site
› Unstable stability dominant
› Consistency between atmospheric 

stability determination methods
› Consistency between multiple masts
› Huge impact of atmospheric stability 

setting on wind resource assessment 
results

Unstable

Calibration by vertical profile
Stability class 0

(unstable)
Stability class 2

(neutral)

Mast1

Mast2

Mast3

Mast4

Mast5

Computation by measurement data
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Takeaways

Atmospheric stability has significant impact in wind resource 
assessment
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To study the coupled impact from topography and atmospheric 
stability, an appropriate wind flow model must be used

A practical workflow for considering atmospheric stability
leveraging measurement data and/or profile calibration

Gain confidence in the atmospheric stability setting in wind 
flow modeling



Thank you!

Any questions?

www.meteodyn.com
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Coupled with other factors
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Wind flow at specific location is the result of 
coupled impact from multiple factors
› Terrain
› Roughness
› Atmospheric stability

Example of parameter wind shear

Wind profile simulation and observation with different stabilities
(Rödeser Berg, Germany)

Impact from forest

Sector 90°

Sector 200°

Surface friction 
generated by 
trees weakens 
thermal effect



Using mesoscale WRF simulations

WRF simulations

› Use Mesoscale data to determine the thermal 
stability conditions based on Mohnin obukhov
length (ERA5, WRF simulation)

› Interesting to determine the dominant thermal 
stability conditions

› Validate measurement-based methods

› Warning mesoscale approach doesn’t consider
local effects (forest, strong orography…) 

Validation case with Meteodyn WT

Approach using Meteodyn WT + ERA5 data 

• Day/night variation: day (class 0)/night (class 9) 
Improvement in SCADA production estimates by 
approximately 1.25%

Tractebel, M. Diallo et al 2023 J. Phys.: Conf. 
Ser. 2507 012018


