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Wind Field Modeling
Overview

Wind3D Code (freely-available)
http://www.dca.iusiani.ulpgc.es/Wind3D/



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

3RWÌ
r · ~u = 0 in ⌦

~n · ~u = 0 on �b



Wind Field Modeling
Mass Consistent Wind Model
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If Gauss Precision Moduli are constant, 

SIMULACIN NUMRICA DE CAMPOS DE VIENTO 3
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Este problema es equivalente a encontrar el punto silla (~v, �) del Lagrangiano [?],

L(~u, �) = E(~u) +

Z

⌦
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~r · ~u d⌦ (0.6)

La tcnica de los multiplicadores de Lagrange permite obtener el punto silla de la expresin (0.6),
L(~v, �)  L(~v, �)  L(~u, �), tal que el campo solucin ~v se obtiene a partir de las ecuaciones
de Euler-Lagrange,
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se consideran constantes en todo el dominio, la formulacin variacional conduce a
una ecuacin elptica definida en �. En efecto, sustituyendo la ecuacin (0.7) en (0.1) resulta

�~r · (T ~r�) = ~r · ~v
0

(0.9)

que se completa con la condicin de Dirichlet nula en las fronteras permeables (fronteras
verticales del dominio)

� = 0 en �
a

(0.10)

y una condicin de Neumann en las impermeables (terreno y frontera superior)

~n · T

~r� = �~n · ~v
0

en �
b

(0.11)

Obsrvese que en la frontera superior, al ser el campo inicial ~v

0

horizontal, la condicin (0.11) se
transforma en

~n · T

~r� = 0 (0.12)

Al considerar T

h

y T

v

constantes, la ecuacin (0.9) se convierte en
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0.1.2. Construccin del campo inicial
Para la construccin del campo inicial partimos de los valores de la velocidad del viento y

de su direccin obtenidos en las estaciones de medida. El campo inicial ~v

0

se construye en tres
etapas. En primer lugar, se calcula mediante interpolacin horizontal el valor de ~v

0

en los puntos
del dominio situados a la misma altura z

s

(sobre el terreno) que las estaciones de medida. Con
esta informacin se realiza una extrapolacin vertical para definir el campo de velocidades en
todo el dominio. Finalmente, la componente vertical del campo de velocidades es corregida en
el entorno de posibles fuentes de emisin de contaminantes (chimeneas) con el fin de simular el
movimiento de salida de los gases.
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Once the Lagrange Multiplier is obtained, the wind 
velocity is computed with the Euler-Lagrange equations,



Wind Field Modeling
Polygons of SIOSE Land Cover

SIOSE land cover polygons 
in the Island of Gran Canaria

SIOSE Land Cover



Wind Field Modeling
SIOSE z0 and d maps

Roughness length and displacement height

Roughness length and displacement height maps of Gran Canaria Island (m) 
corresponding to the nominal values

Roughness length (z0) map

Displacement height (d) map



Wind Field Modeling
Measurement stations

Code Name x (m)x (m)
x (m) y (m)y (m)

y (m) z (m)z (m)
z (m)

C611E Vega de San Mateo 442587.00 3094849.87 1712
C612F Cruz de Tejeda 441111.20 3098128.27 1524
C619I La Aldea de San Nicolás 420071.67 3097617.70 20
C619X Agaete 429982.92 3108624.01 15
C619Y La Aldea 420598.02 3097574.90 23
C623I S. Bartolomé de Tirajana, Cuevas del Pinar 440978.20 3089240.95 1230
C625O S. Bartolomé de Tirajana, Lomo Pedro Alfonso 436499.77 3081522.42 816
C628B La Aldea de San Nicolás, Tasarte 424210.25 3087335.04 328
C629I Mogán, Puerto 424469.50 3077087.00 22
C629Q Mogán, Puerto Rico 429927.60 3073056.56 20
C629X Puerto de Mogán 424751.35 3077101.81 20
C639M Maspalomas, C. Insular Turismo 443238.31 3070506.07 55
C639U S. Bartolomé de Tirajana, El Matorral 455345.47 3076502.74 51
C648C Agüimes 455325.70 3086483.97 316
C648N Telde, Centro Forestal Doramas 454970.89 3095890.75 354
C649I Gran Canaria, Aeropuerto 461658.52 3088640.43 34
C649R Telde, Melenara 462854.84 3095804.64 19
C656V Teror 446227.23 3105674.70 693
C659H Poĺıgono de San Cristobal 459130.00 3107201.82 65
C659M Plaza de la Feria 458627.05 3109809.55 25
C665T Valleseco 444392.38 3104643.66 910
C669B Arucas 450225.76 3113015.52 96
C689E Maspalomas 441057.23 3068075.14 35

Location in UTM zone 28N coordinates and height over the sea level of the 23
anemometers available in Gran Canaria.



Wind Field Modeling
Adaptive mesh

Surface triangulation

Domain dimensions: 
76 km ✕ 85 km ✕ 4 km 

1.492.804 tetrahedra
326.101 nodes

Local refinement:
- Measurement stations
- Shoreline
- Altimetry 



Wind Field Modeling
Wind velocities in the area of Telde

Long-lived Stable BL Mechanically-Convective BL



Air Quality Modeling
Gran Canaria: Stacks of Jinámar and Juan Grande

Gran Canaria Island 



• Convection – diffusion – reaction equation

Convection Diffusion ReactionEmission

Air Quality Modeling
Governing equations



• Splitting

– Strang splitting

Air Quality Modeling
Resolution method



• Transport equation
– Temporal discretization: Crank-Nicolson

– Spatial discretization: Least Squares FEM

– System solver: Conjugate gradient preconditioned with an Incomplete 
Cholesky Factorization

Air Quality Modeling
Resolution method



• Chemical equation

– Rosenbrock
• Ros2 (Rivad)

• Ros3 (CB05)

– SMVGear (CB05)

– Euler Backward Iterative method (CB05)

Air Quality Modeling
Resolution method

J = Jacobian s(c)



Plume evolution

Air Quality Modeling
Example of realistic geometry in La Palma Island



Solar Radiation Modeling
Items

1. Solar radiation estimation over a physical domain: 
-Clear Sky
-Real Sky
-Typical Meteorlogical Year(TMY)

2. Shadows detection
3. Satellite data an NWP
4. Forecasting models
5. Estimated and forecasted electrical production (PV or STE)



Solar Radiation Modeling
Shadows

Check for each triangle Δ of the mesh, if there exists another 
Δ’ that intersects Δ and is in front of it, i.e., the z’

coordinates of the intersection points of Δ’ are greater than 
those of Δ



February, 15th - 8:00 UTC 

Solar Radiation Modeling
Shadows



Real Sky Irradiance
(W/m2)

SOLAR MODEL
Clear Sky Irradiance 

(W/m2) 

Clear Sky Irradiation
(J/m2)

Clear Sky Index at Stations

Real Sky Irradiation 
(J/m2)

Measurement Stations 
Irradiation (J/m2)

Interpolation

Numerical Integration in 
a period of time

Clear Sky Index at any Location
Kc

Kc

Solar Radiation Modeling
Model Summary



Solar Radiation Modeling
NWP Predictive Model

Predicted Irradiance
(W/m2)

SOLAR MODEL
Clear Sky Irradiance 

(W/m2) 

Clear Sky Irradiation
(J/m2)

Clear Sky Index at triangles

Real Sky Irradiation 
(J/m2)

Mesoscale Model 5th

Irradiance (W/m2)

Interpolation

Numerical Integration in 
a period of time

Clear Sky Index at any location 
and time (Kci)

Kci



Solar Radiation Modeling
NWP Predictive Model

Solar Power Generation and 
Electrical Network Management:

Photovoltaic and Solar Thermal 

Solar PV
Model

Solar Thermal
Model

Electric Power 
Generation

Predicted Irradiance
(W/m2)

Predictive 
approach



Solar Radiation Modeling
Results

Clear sky global radiation map (J/m2)
March TMY

Real sky global radiation map (J/m2)
March TMY



Solar Radiation Modeling
Results



Solar Radiation Forecasting
Satellite Data

Global solar irradiation data (2010 – 2012) from six 
measurement stations on the Island were used. 

- CLEAR SKY, validation of different 
clear sky models as Bird, ESRA or 

McClear (based on satellite 
observation of aerosols).

- CMSAF and HELIOCLIM, 
validation of different satellite data 

and calibrate comparing with 
ground data.



Solar Radiation Forecasting
Satellite Data

Satellite data visualize – Local thermal inversion 



Solar Radiation Forecasting
Satellite Data

• Annual data – C1 Las Palmas

Annual Correlation



Solar Radiation Forecasting
Models

• Solar Irradiance forecasting with different time horizons
ahead (i.e. 1 to 6 hours) using ground measurement data,
NWP data and satellite data as inputs.

• Deterministic forecasting using statistical models:
• Bayesian Neural Networks
• ARMA model



Marine Energy
Resource Modeling

• Coastal Management
1. Harbour Agitation

2. Spills Simulation

• Power Generation

• Pollution Problems



Marine Energy
Power Generation

• Generation Tecnologies
1. WECs

2. Design and Modeling of Devices
(W1: WEDGE & CIEMAT)

• Grid Integration: PhD Thesis



Marine Energy
Power Generation


