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Wind Field Modeling 
Overview 

Wind3D Code (freely-available) 

http://www.dca.iusiani.ulpgc.es/Wind3D/ 

http://www.dca.iusiani.ulpgc.es/Wind3D/
http://www.dca.iusiani.ulpgc.es/Wind3D/
http://www.dca.iusiani.ulpgc.es/Wind3D/
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Wind Field Modeling 
Mass Consistent Wind Model 

Let state the least square problem: 

Objective: 

Find the velocity field 

that adjusts to verifying: 

Incompressibility condition in the domain and 

No flow-through condition on the terrain 

3R



Wind Field Modeling 
Mass Consistent Wind Model 

Gauss Precision Moduli  

They allow horizontal (α1) and vertical (α2) adjustment of wind 

velocity components 

α >> 1 adjustment in vertical direction is predominant 

α << 1 adjustment in horizontal direction is predominant 

α  ∞ pure vertical adjustment 

α  0 pure horizontal adjustment 



Wind Field Modeling 
Mass Consistent Wind Model 

Statement of the problem 

To find  such that, 

This problem is equivalent to find the saddle point   

with  

      of the Lagrangian 

The solution produces the Euler-Lagrange equations   

where  



Wind Field Modeling  
Mass Consistent Wind Model 

on 

on 

in 

Substituting the Euler-Lagrange equations in  

on 

in 

it yields the governing equations,  



Wind Field Modeling 
Mass Consistent Wind Model 

on 

on 

in 

If Gauss Precision Moduli are constant,  

Once the Lagrange Multiplier is obtained, the wind 

velocity is computed with the Euler-Lagrange equations, 



Wind Field Modeling 
Updating of the incomplete Cholesky factorization  
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Wind Field Modeling 
Mass Consistent Wind Model 

Stability Classification of the Boundary Layer 

Construction of the observed wind 

1. Horizontal interpolation:  

Bilinear Lagrange interpolation from HARMONIE grid wind data 

2. Vertical extrapolation (log wind profile): 

(Zilitinkevich, S.S., Tyuryakov, S.A., Troitskaya, Y.I., Mareev, E.A., 2012.)  



Wind Field Modeling 
Mass Consistent Wind Model 

Vertical extrapolation (log wind profile) 

Neutral/Stable  

Boundary  

Layer 

Convective  

Boundary  

Layer 



Wind Field Modeling 
SIOSE Land Cover Database 

SIOSE  

Land Cover Database 

CORINE  

Land Cover European project 

Based on 

1:100.000 scale 1:25.000 scale 

Roughness length mean 

Displacement height mean 



Wind Field Modeling 
SIOSE Land Cover z0 and d 
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SIOSE Land Cover z0 and d 



Wind Field Modeling 
Polygons of SIOSE Land Cover 

SIOSE land cover polygons 

in the Island of Gran Canaria 

SIOSE Land Cover 

Instituto Geográfico Nacional  



Wind Field Modeling 
SIOSE z0 and d maps 

Roughness length and displacement height of Gran Canaria Island (m) 



Differential Evolution 

Wind Field Modeling 
Estimation of Model Parameters 

FE solution 

is needed  

for each individual 

Rebirth: 

Differential Evolution 

Reduction of the search space: 

Student T distribution 

L-BFGS-B 

NE times 

SCIPY 



Wind Field Modeling 
Summer wind rose of Gran Canaria 

Daytime Nighttime 



Wind Field Modeling 
Measurement stations 



Wind Field Modeling 
Adaptive mesh 

Domain dimensions:  

12 km ✕ 28,5 km ✕ 3 km  

44.970 tetrahedra 

10.070 nodes 

Local refinement: 

- Measurement stations 

- Shoreline 

- Altimetry  

Surface triangulation 



Wind Field Modeling 
Selected episodes in the Eastern Gran Canaria 
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Selected episodes in the Eastern Gran Canaria 



Wind Field Modeling 
Selected episodes in the Eastern Gran Canaria 



Wind Field Modeling 
Results for 2 selected cases: improvements on NWP forecasting 

LS Boundary Layer MC Boundary Layer 

LS HARMONIE ECMWF 

WIND-3D - Nominal 52,77% 43,5% 

WIND-3D - Optimal 71,19% 63,84% 

MC HARMONIE ECMWF 

WIND-3D - Nominal 2,44% -

97,99% 

WIND-3D - Optimal 46,75% 21,14% 



Wind Field Modeling 
Conclusions and Future Research 

- Mass Consistent models (MCM) can improve the forecasting results 

of Mesoscale models 

- The studied parameters involved in MCM depend on the wind 

velocity (speed and direction), and the atmospheric stability. Also 

day-time and night-time results are different. 

- The mimetic algorithm proposed is a robust tool for solving this type 

of parameter estimation problems. 

- Construct a reduced basis of those parameters for solving wind 

episodes (different locations). Only forecasting values as input data. 

- Apply this methodology to the results of different mesoscale models 

(HARMONIE, ECMWF) 

- Reproduce the study with a mass and momentum conserving model. 

Conclusions 

Future Research 


