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Context

 More and more wind farms are developed in forested
area, due to a lack of space

 Significant impact of forests on wind flow: High level
of turbulence and strong wind shear (> IEC
recommendations)

 Increased risk associated with wind farm 
development

 Importance of accurate wind flow modelling in 
forested areas !!!
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Meteodyn WT CFD Forest model

Canopy height (m)=

૙ܢ ࢓ ୀ

Minimum vertical resolution = 4m
Canopy height = ૛૙ × ૙ࢠ

Forest model activation

If the bottom of a mesh cell is lower
than the tree height: ࢚࢙ࢋ࢘࢕ࢌܴ × ૙܈
 Forest model is automatically
applied

Forest model in Navier Stokes equations = vol sink term + 
mixing length in TKE equation

By default, ܴ࢚࢙ࢋ࢘࢕ࢌ= 20
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CFD Forest model: DRAG FORCE

ࢊ࡯ depends on:

• The density of the forest

• Position of the mesh cell in the forest

The drag coefficient is linearly reduced
in the top 25% of the forest (less leaves
in the trees).

௩ܨ = −ρܥௗܷ|U|
Influence of forest height Influence of forest density

ref ref

Shear 
increase

Shear 
increase
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Improve simulation accuracy in forested area?

⇒ Forest model calibration: adapt the forest effect on the real site location
⇒ Compare wind profiles between meteorological data and CFD computation using neutral conditions

References:
Conference: E.Leonard et, al, New CFD calibration methodology for WRA in highly forested area, Windeurope 2024, Bilbao, Meteodyn and EDFr
WEBINAR: How to accurately perform Wind Resource Assessment in forested area? Webinar with EDF Renouvelables
https://www.youtube.com/watch?v=cFQ-8R7UwTk

Launch CFD computation  
- Neutral stability (stability class 2)
- Adjust CFD model parameters

Neutral 
conditions

Compare wind profiles and 
select best forest density

CFD computationMET MAST

In forest area 
-Full year data period or low 
seasonal evolution
-Wind profile (cleaned, log 
evolution)

Calibrated 
when : 
Δα<10%
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In situ data calibration process

1. Use site information to deduce 
the canopy cover and height 
(images, google earth…):

- Check roughness length values
AND/OR
- Check forest ratio 

2. Iterative adjustment of 
forest density:

- Start from default value 
Cd=0.005
- Launch CFD

When Shear 
difference 
<10%

Calibrated 
forest model 
parameters

࢚ࢎࢍ࢏ࢋࢎ ࢚࢙ࢋ࢘࢕ࡲ = ࢚࢙ࢋ࢘࢕ࢌܴ × ૙܈

Duplicate the site and 
increase iteratively 
Cd +0.005 or +0.01

Comparison 
with Obs.

Shear 
difference 
>10%
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Validation project in collaboration with EDFr

Roughness length 
values around mastsElevation deltaReference heights 

for both masts (m)
Distance between 

masts (km)Site

0.1;0.645m; -75m100;1001.9#1

0.4;0.570m; -22m90;904,5#2

0.7;0.418.4m; -45.3m100;1006.8#3

0.7;0.6190m; -129m100;1004.3#4

0.5;0.82.2m; -35m80;800.53#5
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Chosen sites
 5 sites on highly forested areas,
 A mix of simple and complex sites,
 Spread all over the world,
 2 met masts on site, with common measurement periods and heights,
 Roughness from LC_100_2019 and manually corrected,
 CFD default mesh

KPI
 Analysis of the bias in cross-predictions

Investigated cases
 Neutral conditions only
 Roughness calibration
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Cross predictions results (horizontal extrapolation H~100 m)

 General mean speed error ~ 2 % on this project even on 
complex terrain

 Strong effect of forest model calibration on several cases

 Sites #3 and #5: improvement around 1%, Site #4: 
improvement of 4,4% !!

Parameters calibrated on M1 or M2Bias reduction due to
forest calibration (%)

Mean cross validation abs speed error (%)
With forest model calibrationDefault parametersSite

R=20 + normal forest density00.50.5#1
R=20 + normal forest density03.13.1#2

R=40 + high forest density0.82.33.1#3
R=60 + Cd=0.14.22.26.4#4

R=40 + high forest density1.32.03.3#5
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Mean cross validation Speed Error (%) for 5 sites with and without forest calibration

New CFD calibration methodology for wind resource assessment in highly 
forested area, WindEurope 2024, Meteodyn, EDFr
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Case study

10

 Complex terrain + forested area
 NASADEM and LC_100m_2019 databases
 2 masts for cross validation analysis ( at 

100m )
 1 year data

4.3 km4.3 km4.3 km



Forest calibration on Mast 1 
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Conclusion on Mast 1: 
 Calibration with R=20 and Cd=0.01 +corrected roughness map
 Shear difference ~ 10%  = calibrated forest model

Forest 
Calibration 

REF
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Cross validation analysis (reference height at 100 m) 
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 Global improvement on cross validation results

 From 9% to 2% on mean speed at 100m

 Shear difference from 0.23 to 0.15

Work with prevailing sectors to save time!
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Conclusions
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Simulation accuracy in forested area ?
 Mean speed error ~2 % in complex terrain

 Clear interest of the forest model calibration on the CFD simulation accuracy!

 Strong interest of forest calibration in highly forested area: essential when the tree height is 
higher than 15 or 20 m (roughness length is generally underestimated)

Want to save time ? 
Use the calibration methodology on the prevailing CFD sector
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Conclusions
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Are roughness databases accurate enough ? 

Yes, but check with images on site/google earth
 Use roughness patch or digitalization tool
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Thank you!

www.meteodyn.com
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