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Introduction

• More wind farms are deployed in forested areas, as a response to lack of space [1-2].

• Especially countries in Northern Europe are expanding the installed wind power capacity
in forested areas

• Studies have determined the estimation of wind conditions as one of the key challenges in
forested areas [1,3,4]

• Academia and the wind industry does not seem to have an uniform approach to estimate
wind conditions in forested areas [5]

• Several data inputs can be applied for forest modeling [3,6]
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Tree Heights

• Can be obtained using various methods

• I would also prefer airbone laser scans or drones 
using photogrammetry, because: 

- Larger areas are covered with actual measurements

- You can leave out human errors

- Felling plans can easily be included

• Tree heights can be used to define the leaf area 

index (LAI) - and density (LAD), to determine the C2-

value in WindSim

• Tree heights can also be converted to roughness 

lenghts. 
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The Optimized Roughness Approach (ORA)

• The optimized roughness approach (ORA) provides a ”one-click” solution to estimate the 
roughness lengths of coniferous and deciduous trees

• Users can load tree heights from various sources and ORA converts the tree heights into 
a roughness map, which can be applied in various software programs used in the wind 
industry

• ORA is based on a mixed approach of displacement height and roughness length. The 
method was developed analyzing the wind conditions formore than 20 locations. 

• ORA will provide a roughness map for a forested site of 20x20 km from an input map with 
a resolution 20x20 meters in less than 25 minutes using a standard laptop. 

• The conversion from tree height to roughness length (for coniferous trees) follows 
0.3(tree height - displacement height), where the displacement height is estimated as 
2*tree height/3.
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Introducing the Roughness Length Approaches

Name Applied Roughness Lengths for 

the Test Site

Resolution (m 

grid)

Usage Preparation Reference

Corine land cover 

2006

Applies 0.5 m for all coniferous trees 

and 0.4 for woodland shrub.

100 Roughness 

lengths

Download and use directly 

from source

(Copernicus, 

2016)

Global Land Cover 

Map 2009

Applies 0.4 m for all coniferous trees 

above five meters. Otherwise 0.3 m.

300 Roughness 

lengths

Download and use directly 

from source

(European 

Space Agency, 

2016)

Modis Vegetation 

Continuous Field 

Roughnesses

Applies 0.4 m for all coniferous trees. 500 Roughness 

lengths

Download and use directly 

from source

(DiMiceli, et 

al., 2011)

Global Land Cover 

Facility Land Cover 

Use

Applies 0.5 m for all coniferous trees. 1000 Roughness 

lengths

Download and use directly 

from source

(Global Land 

Cover Facility, 

2016)
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Results of Roughness Approaches
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Summarizing Results of Roughness Approaches

Absolute 

Difference at 100 

meters  Between 

Estimated and 

Measured Wind 

Speed  (%)

Absolute 

Difference at 80 

meters  Between 

Estimated and 

Measured Wind 

Speed  (%)

Absolute 

Difference at 58 

meters  Between 

Estimated and 

Measured Wind 

Speed (%)

Average Difference 

Between 

Estimated and 

Measured Wind 

Speed  (%)

Average Difference  

Between 

Estimated and 

Measured Wind 

Speed (m/s)

Ranking 

ORA 20 1.44 1.69 3.40 2.18 0.13
1

Corine Land 

Cover 2006
5.17 9.20 10.85 8.41 0.51 6

Global Land 

Cover Map 2009
5.28 9.10 11.01 8.46 0.48 5

Modis 4.43 8.42 10.33 7.73 0.46 4

Global Land 

Cover Facility
3.77 4.03 5.81 4.54 0.28 3

ORA 1000 4.67 2.62 3.64 3.64 0.23 2
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INTRODUCTION TO THE LAI DATABASE

https://tableau02.energy.siemens.com/#/site/WP/workbooks/8390/views

Introduction

https://tableau02.energy.siemens.com/#/site/WP/workbooks/8390/views
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Content of Database

• Based on 144 observations collected and analyzed by [6]

• Parameters considered

• Introducing: 

1. Leaf Area Index (LAI)

The key parameter in this dataset. The leaf area index describes the leaf area per ground area (m2/m2). This value 

can furthermore be applied as an input factor for other forest models.

Dominant 
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0.1-1



© Legal Name

Content of Database

• Parameters considered

• Introducing: 

1. Leaf Area Index (LAI)

2. C2

3. Drag Coefficient (CD)

C2 is the second momentum sink in WindSim’s forest model. The C2-value is calculated following 𝐶2 =
𝐿𝐴𝐼

𝑇𝑟𝑒𝑒 𝐻𝑒𝑖𝑔ℎ𝑡
𝐶𝐷𝑠, why the tree height is the only input required by the user. 

We can now also estimate the Leaf Area Density (LAD), as we have the tree height and the LAI

WindSim’s latest statement: ”When using the forest model the default C2 parameter is given for the old forest 

model. Workaround: Use a value between 0.01 and 10 to get reasonable results. ”
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Content of Database

• Parameters considered

• Introducing: 

1. Leaf Area Index (LAI)

2. C2

3. Drag Coefficient (CD)

CD is the drag coefficient of a tree expressed as 𝐷 =
D

1/2ρ𝑈2𝐴
, , where 𝜌 is the air density, D is the drag, A is 

the frontal area of the canopy, and U is the wind velocity.  In this dataset the drag coefficient is expressed as 

fixed values, which defines the average drag coefficient for three categories of forest (Evergreen, Broadleaf, 

and Mix). In reality, the drag coefficient tends to decrease with increased wind speeds. However, this has not 

been included in this dataset.
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Obtaining detailed for WindSim’s forest model

• Can be obtained using various methods

- Airborne laser scans

- Drones

- Satelittes 

- Ground measurements

- Database

- Copernicus
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Recommendations

The diversity of projects developed in different forested areas requires 
a certain range of approaches (but not too many). 

• Each approach is defined by the complexity of the terrain, the forest 
configuration, and the available input data. 

1. Access to Tree Heights, Tree Type, and Leaf Area Index + A 
complex terrain and a very heterogeneous forest formation 
equals the usage of CFD forest models. 

2. Access to Tree Heights, Tree Type, and Leaf Area Index + A flat 
terrain and a somehow heterogeneous forest formation equals 
the usage of ORA (If time is an issue).

3. Access to Tree Heights and  Tree Type + A flat terrain and a 
homogenous forest formation equals the usage of ORA.
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Conclusions

Forest Cell Counts: I recommend, and it has been verified by WindSim, that you use 2.5 m 
forest cells for all trees with a height between 5 – 30 meters. 

The Optimized Roughness Approach provides better results than the various online roughness 
sources

Tree height information can be considered a minimum requirement for estimations of wind 
conditions in forested areas. 

C2 predictions can now be used in areas with little information on forestry, by applying 
databases
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