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WINDA-GALES a tool to evaluate 

effects of climate change and adaptive forest management 
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WASP airflow model 

Troen I (1990) A high resolution spectral 

model for flow in complex terrain. In 
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Wind damage and orography 

Blennow K & Eriksson H (2006) 

Riskhantering i skogsbruket. 
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Wind damage in 2005 as a function of 

orographic effects on wind exposure 
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Riskhantering i skogsbruket. 

Rapport 14, Swedish Forest Agency 



Tracing the path of the wind 
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Roughness 

WIND 

Average up-stream roughness length, z00 Troen, I., Petersen, E.L., 1989: European Wind Atlas, 

Ris National Laboratory for Commission of the 

European Communities Directorate-General for Science 

and Development. 

Roughness change factor, Sr Kaimal, J.C. and Finnigan, J.J., 1994: Atmospheric 

Boundary Layer Flows. Oxford University Press, 289 pp. 
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Wind Speed at Roughness Transition: 

ForestFLOW 
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Kaimal, J. C. and Finnigan, J. J. (1994). Atmospheric Boundary Layer Flows. Oxford University Press.  

Roughness factor, 

SR 
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Wind Speed Change At Roughness Transition 
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Validation: Harwood Forest, North England 



Validation of Wind Profile Calculations over Forests
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Brunet et al. (2009) 

Computer Simulation: 

LES modeling 



Integrating WAsP and ForestFLOW 
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Free wind 



Geostrophic wind, G 

f=2*(the earth’s rate of rotation in rad/s)*sin(latitude) 

A and B are dimensionless constants  

Kristensen, L. Rathmann, O., Hansen, S.O., 2000: 

Extreme winds in Denmark. Journal of Wind 

Engineering and Industrial Aerodynamics 87, 147–166. 



Summary 

• We are linking models of wind damage vulnerability, 

wind flow and wind climate in forested complex terrain 

• Effect of terrain and the roughness of the forest can be 

calculated separately and then combined. 

• The calculation of the surface roughness impact on 

wind speeds is replaced in WAsP with a new empirical 

model (ForestFLOW)  

• Able to include the effects of future wind climates 

• System integrated within GIS 

• Provides a tool for assessing the impacts of 

management on forest wind damage risk under a 

changing climate. 
 



Thank you! 


