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Introduction to Continuum theory 

• Continuum is a terrain exposure-based model where variations in the 
upwind (UW) and downwind (DW) terrain exposure are the main driver 
for changes in wind speed. 

• Model coefficients, mUW and mDW, represent the sensitivity of the wind 
speed to changes in the UW and DW terrain exposure. 

𝑊𝑆2 = 𝑊𝑆1 +𝑚𝑈𝑊(𝑈𝑊2 − 𝑈𝑊1) + 𝑚𝐷𝑊(𝐷𝑊2 − 𝐷𝑊1) 



WHAT IS EXPOSURE? 

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 =  

 
𝑍𝑜 − 𝑍𝑖
𝑑𝑧𝑜−𝑧𝑖

𝑁
𝑖=𝑖

 
1
𝑑𝑧𝑜−𝑧𝑖

𝑁
𝑖=𝑖

  Exposure is the weighted average elevation 
difference between a given point and the 
surrounding terrain within a specified radius 
weighted by the inverse distance. 

Zo = Site Elevation  

Zi = Elevation at Grid Point, i, 
within radius of investigation   

dzo - dzi = Distance between 
site and grid point, i 

WD 



𝑊𝑆2 = 𝑊𝑆1 +𝑚𝑈𝑊(𝑈𝑊2 − 𝑈𝑊1) + 𝑚𝐷𝑊(𝐷𝑊2 − 𝐷𝑊1) 

HOW IS WIND SPEED ESTIMATED? 

𝑊𝑆2 = 8 − 0.03 11 − 10 + 0.04 12 − 10 = 8.05 

Increase in DW exposure 
-> Increase in WS 

Increase in UW exposure 
-> Decrease in WS 



Continuum Log-Log Relationships 

• Continuum defines model coefficients in three log-log relationships that 
are a function of terrain complexity (P10 Exposure). 

• Three log-log relationships: 
 
 

• For each WS estimation, model coefficients are determined based on: 
• Terrain complexity at predictor and target site 
• Whether the UW and DW exposure are positive or negative 
• If UW > 0, then whether UW > UWcrit or UW < UWcrit 

1. Downhill Flow (DW>0 or UW<0) 
2. Uphill Flow (DW<0 or UW>UWcrit) 
3. Induced Speed-up (UW<UWcrit) 



Case Study: Complex terrain modeling at 11 met sites 

Met Site 

WS Ratio 
Actual 

WS Ratio 
Estimate 

Met1 1.022 1.025 

Met2 1.060 1.049 

Met3 1.003 1.010 

Met4 0.964 0.961 
Met5 1.029 1.021 
Met6 0.951 0.966 

Met7 0.987 0.984 

Met8 1.009 0.996 

Met9 1.011 1.014 

Met10 0.976 0.990 

Met11 0.989 0.985 

Average 1.0000 1.0001 

Met Site 

WS Est. 
Error, % 

Met1 0.38% 

Met2 -1.03% 

Met3 0.66% 

Met4 -0.27% 

Met5 -0.85% 

Met6 1.61% 

Met7 -0.32% 

Met8 -1.26% 

Met9 0.30% 

Met10 1.44% 

Met11 -0.35% 

RMSE 0.90% 



How accurate is Continuum at lower hub heights? 

I have some work to do! 
• Continuum assumes uniform surface roughness. 
• Continuum does not model the effect of nearby objects 

• Valid for ‘big wind’ hub heights but not for small and medium wind 
 

• Proposed additions to Continuum to model small and medium wind: 
• Use GoogleEarth to: 

• Define surface roughness in each wind direction sector 
• Use surface roughness to estimate shear exponent and 

extrapolate down to hub height (carefully!) 
• Identify nearby objects 

• Use object model (such as Perera) to estimate the slow-
down effect of obstacles 



Defining surface roughness and obstacles 


