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Wind Field Modeling

Mass Consistent Wind Model

Objective:

Find the velocity field (u, v, w)
that adjusts to Uy(0, Vo, wy ) verifying:

Incompressibility condition in the domain and
No flow-through condition on the terrain

V-u=0 1in

n-u=20 oan

420,00 620.00 320.00 1020.00

Let state the least square problem:

BT, ) /Q 02 (= o) + (7 = 00)?) + a3(@ — wy)?] O
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Mass Consistent Wind Model

Gauss Precision Moduli

They allow horizontal (o) and vertical (a,) adjustment of wind
velocity components

a >> 1 adjustment in vertical direction is predominant
a << 1 adjustment in horizontal direction is predominant

o =» * pure vertical adjustment

o = 0 pure horizontal adjustment
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Mass Consistent Wind Model

Statement of the problem
To find ¥ € K such that,

B(6) = min B(d), K = {@V i =0, 7 i, =0}
ue

This problem is equivalent to find the saddle point (¢, ¢)
of the Lagrangian

L(i, /\)E(ﬁ)+/w.mg
()
with L(7,\) < L(7.¢) < L(i, ¢)

The solution produces the Euler-Lagrange equations

UV=10y+TV¢ where T=(T,,T,T,) T = — T, = —
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Mass Consistent Wind Model

Substituting the Euler-Lagrange equations in

it yields the governing equations,

—V - (TV¢)

¢
TV¢

—

V-0
0

0
0

in ()
on Fb
in €
on I,

on Fb
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Mass Consistent Wind Model

If Gauss Precision Moduli are constant,
62¢ | 82¢ | 282¢ B 1 <8u0 | (%0 | 821)()) in Q

ox2  Oy? Y92 T, \ Or Oy 0z
gj) — () on[,
7TV G = —ii - Ty on T

Once the Lagrange Multiplier is obtained, the wind
velocity is computed with the Euler-Lagrange equations,

0 =0+ TV
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Updating of the incomplete Cholesky factorization

The linear system of equations are dependent on € = o2,

A.x. = b,

A suitable preconditioning technique should be applied for

an efficient conjugate gradient iteration, in the particular case,

A, =M +eN

So the FEM element matrices are of the form,

{Ae}ij = {Me}ij +e {Ne}ij

_ B N mi1 +ennn (i +efin
Ae = (mij) + & (ny) = ( firn +efin My + eNs

where f1ar, fin are (n — 1) x 1 column matrices
and My, No, (n — 1) X (n — 1) matrices.
A= L Z L7

_ [ miitenn 0 (m11 + 87111)_1 0 mi1 + €nq
Lbv+ehn 1 0 Cs 0

Finally,
Ac~ LW Z\ LT = L Ly Zo LY LT = (L1 Ly -+ Ly,) Z,, (L1 Ly - -

with Z; diagonal, z;; = (m;; + 5njj)_1, j=1,...,1i

(llM —+ 8l1N)T

-Ln)T

)T>

I

icholA: Use ICHOL(A,,) for all the iterations
1
icholD: Cy = €Dy + Moy — —lleriFM
miy
1
icholN: Cy = eNy + My — —llMllTM
mi1

fullichol: Comput a new ICHOL decomposition for each ¢

200
— — —icholA
180F ... icholD
-—-— ichoIN
160r fullichol 7
140t e .
- A
P
@ 120 1
[0} _ -
£ 100 _ - 1
z e
O 80f - -
Vv
Ve
on / I
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Mass Consistent Wind Model

Construction of the observed wind

1. Horizontal interpolation:
Bilinear Lagrange interpolation from HARMONIE grid wind data
2. Vertical extrapolation (log wind profile):

Stability Classification of the Boundary Layer

(Zilitinkevich, S.S., Tyuryakov, S.A., Troitskaya, Y.l., Mareev, E.A., 2012.)
Table 1: Stability Classification of the Boundary Layer.

Boundary Layer Stability Surface Squared BL Free Atmosphere Ratio

Buoyancy Brunt-Vaisila Brunt-Vaisala V./W,

2

Flux, Bs Frequency, Nj_, Frequency, Nan_n

(m2 S - 3 ) (S - 1 Journal of Wind Engineering & Industrial Aerodynamics 174 (2018) 411-423
LS (Long_ lived Stable) < 0 2 O % Contents lists available at ScienceDirect

Sep9 ) Journal of Wind Engineering & Industrial Aerodynamics —7

NS (Nocturnal Stable) <0 >0 "% | e & nce
TN (ﬂuly Neutra]_) — 0 2 O journal homepage: www.elsevier.com/locate/jweia
CN (Condlt lonally Neutral) 2 O 2 O Optimisation technique for improving wind downscaling results by m)
PCL (Purely Convective Layer) >0 < () cstimating roughness parameters s
M CL (Mechanically Convec t ive Layer) > 0 < O g::;:;/c;’[ IZ[;:::;(; ﬂEduardo Rodriguez “, Albert Oliver ™, Javier Calvo ", José M. Escobar?,
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Mass Consistent Wind Model

Vertical extrapolation (log wind profile)

Neutral/Stable
Boundary k

L Uy 2
e v = —?5 (— (¢ —¢Co)In (¢ —Co) +a1(¢—Co) +az(¢—Co) +asz(¢— Co)g) ;
C=G-@m A@h 5= fh/(ku)

U

(IHC% + b1 (C—Co) +b2(¢—Co)° +b3(¢— CO)S) ,

L2 %+d<z<C||+¢
‘u|—< k 20 L k
) us k(z—d)\ 3 —L| G |L]
—* <2<
k a,u-i-Cu( 7 ) —}—lnkZO] k +d <z <h,
\

o (REYN 2 us |
sina = sin (as — ap—g) = % (—) % sign f,
U

— u* _L
|U| = |u|h_0 — ? |:au + 111—:| 9
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SIOSE Land Cover Database

SIOSE Based on CORINE
Land Cover Database Land Cover European project

1:25.000 scale 1:100.000 scale

l Roughness length mean
Nnp
Let [. be a n, x 1 vector containing the land cover information of all the ™M j
points of the studied region, M a n, x 40 matrix which entries per row are the ZO — I | ZO j
proportions of basic land covers at each point, and ¢ a 40 x 1 vector with the
basic land cover codes. J=1
MiacM  TIACU . TZOM ACM Displacement height mean
I = Mc= Mo AcM M2, ACU ... M2 Z20M ACU N
mnmﬂ(;ﬂ_, -Tn,”__p:‘,q(j{j 'Tn?:.p,ZQs‘-.-f ZQ[U d — E mzj d?
such that, for each row ¢ of M, it is verified, \ j=1
40 o
Zm_ o ny: number of basic coverages
i =

m;;: fraction of the basic coverage j at the point n;

j=1
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SIOSE Land Cover z, and d

Code Land Cover 2o (cm) Z0min—20max d(cm) Amin—Gmax
ACM  Sea Cliff 5l1] 5121—190] 570002 330[21—850002]
ACU  Water Courses 0.0258 0.0141—105 0[6:47] -

AEM  Sheet of Water. Reservoir 0.025141 0.0141—0.507] 0[6:47] -

AES  Estuaries 0.02(8) 0.0141—105] 0[6:47] -

ALC  Coastal Lagoons 0.5 0.01141—105! 0l6:47] -

ALG Sheet of Water. Lakes and Lagoons 0.05% 0.01141—0.5l7! 0l6:47) -

AMO  Seas y Oceans 0.02(8] 0.0141=3[1 0[6:47] —

ARR  Rocky Outcrops and Rocks 0.55) 0.030101—1g11] 3(6] 0l6]—966]

CCH  Screes 10 5112l_15013] 6014l 56!14—6614]

CLC  Quaternary lava flow 2.86(13 0.13[151—7.35[15] 156l 0[6l—40(]

CNF  Forest. Conifers 12816] 25(171—-193[18] 1310019 4870181220014

CHA  Herbaceous crops. Rice 7.2(20 0.1121—11[20] 85/20) 100201 —155[20]

CHL  Herbaceous crops. Different from Rice 1022l 0.4/ —74024] 25023 10123 300[ J

EDF  Artificial Coverage. Building 150(26] 70/261—370(24] 1400126]  700[261—19736]

FDC  Forest. Leafy. Deciduous 100028 1828114001 118012°)  30029—216012%

FDP Forest. Leafy. Evergreen 7211] 6013 —265/30) 970(29) 300129/ -3100(26)
]

GNP  No Vegetation. Glaciers and Perpetual Snow 0.15! 0.00131—1.2026l 116l 0l6l—6[6l
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SIOSE Land Cover z, and d

Code Land Cover 2o (cm) Z0min—20max d(cm) dmin—dmax
HMA  Salt Marshes 11011 0.02(101—17010] 601! 0l6l—936]
HPA  Wetlands 105 0.5[281—55(11] 55061 3[61-300°]
HSA  Continental Salines 1551 0.05051—4[7) 5(6] 0ll—22(6]
HSM  Salines 1551 0.05051—4[7) 5(6] 0l6l—22(6]
HTU  Peat bogs 3051 0.0505/ 305 16/6] 0l6l—166]
LAA Artificial Coverage. Artificial Sheet of Water 0.015! 0.0151—0.5!7) 0l5:47] -

LFC  Woody Crops. Citrus Fruit Trees 3103] 314 —40[34] 30014 00351—4000%3!
LFN Woody Crops. No Citrus Fruit Trees 250 34l—100032] 9236] 00351—400033!
LOC  Other Woody Crops 6.150761  3,69037.6]—8 613761 33376l 208761470376
LOL  Olive Groves 4808 25051—61038] 267138 2000381—300038
LVI Vineyards 2089 8l40]—55(39] 750839 31M401—14041]
MTR  Scrubs 16281 1.6/281—1000" 480142 90(261—71042]
OCT Artificial Coverage. Other Buildings 505! 6!111—1000) 40027) 200271—1400[26!
PDA No Vegetation. Beaches, Dunes and Sandy Areas 0.035) 0.01143]—¢[10] 0l6l 0l6l—33[6)
PRD  Crops. Meadows 305] 0.181—100! 1.3(26] 0.708351—3,5(26]
PST Grassland 9l31] 0.1831—1501] 17.1644] 1.3126]—6639]
RMB  No Vegetation. Ravine 0.1214 0.03141—0.504¢l 0.5(6] 061 —36]
SDN  No Vegetation. Bare Soil 0.1019 0.02046]—4(11] 0.5.6l 0l6l—2[6]
SNE Artificial Coverage. Unbuilt Land 0.03(10] 0.020461—4(1l 0(6] ol6l—22(6]
VAP  Artificial Coverage. Road, Parking or Unvegetated Pedestrian Areas 305! 0.351451—500! 100147:48] 2048]—250048]
ZAU  Artificial Coverage. Artificial Green Area and Urban Trees 404! 310113024l 350(4748]  350[26]—1400[26]
ZEV  Artificial Coverage. Extraction or Waste Areas 105 0.03[10l—18(11] 5616] 0l6l—100(°!

ZQM  No Vegetation. Burnt Areas 600 1051110010 32716l 54161—600(6]




Wind Field Modeling

Polygons of SIOSE Land Cover

SIOSE Land Cover

Instituto Geografico Nacional

SIOSE land cover polygons
In the Island of Gran Canaria
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SIOSE z, and d maps

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

(m)
1.15 x 10°

493 % 107!
2.11x 107!
-9.01 x 1072
- 3.85x 1072
-1.64 x 1072
-7.02x 1073
-3.00x 1073
1.28 x 1073
5.48 x 1074
2.34x 1074
1.00 x 1074

Roughness length (zg) map

(m)
5.70 x 101

2.69x 10!
1.27 x 101
- 6.02 x 10°
- 2.85 x 10°
- 1.34 x 10°
-6.36 x 1071
-3.00x 107!
1.42x 1071
6.71x 1072
3.17x 1072
0.00 x 10°

Displacement height (d) map
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Estimation of Model Parameters

Differential Evolution

@ Set G = 0 and randomly
initialize X;
i

[ Compute Xhest,.:;] FE solution
IS needed
for each individual

[ ] Reduction of the search space:
Save the result and stop | —f- . . )
® NE times Student T distribution

—t—
oy
=
(%)
|
et
7
a | =z
+ Lo

stG F. (Xrl,G = XFE,G)]

{ [“"(‘= (Vi ifrand(,1) 5CR] T=ie] l
R A

LT Rebirth:
N° Differential Evolution

[f(Ui,G) = f(Xf,cm)] [Xi.G = Xamd 1

“ o SCIPY L-BFGS-B

e
5
oW

&)
1
)
M
~ ) Selection Crossover Mutation
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Summer wind rose of Gran Canaria

Daytime Nighttime
‘ ‘ 50

S S

0-2 m/s [4.96%] 0-2 m/s [3.28%]
2-3 m/s [5.79%] 2-3 m/s [4.10%]
3-5m/s [26.45%] 3-5m/s [24.59%]
5-6 m/s [24.79%] 5-6 m/s [22.13%]
6-9 m/s [38.02%] 6-9 m/s [45.90%]

Wind Rose of Gran Canaria at 10m relating to the period from June 1 to

September 30 of the year 2015.
I
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Measurement stations

Code Name z (m) y(m) z(m)
C611E  Vega de San Mateo 442587.00  3094849.87 1712
C612F  Cruz de Tejeda 441111.20 3098128.27  152¢
C6191  La Aldea de San Nicolas 420071.67 3097617.70 2(
C619X  Agaete 429982.92 3108624.01 1f
C619Y La Aldea 420598.02 3097574.90 2¢
C623I  S. Bartolomé de Tirajana, Cuevas del Pinar 440978.20  3089240.95  123(
C6250  S. Bartolomé de Tirajana, Lomo Pedro Alfonso 436499.77 3081522.42 81¢
C628B  La Aldea de San Nicolas, Tasarte 424210.25 3087335.04 32¢
C6291  Mogédn, Puerto 424469.50 3077087.00 p
C629Q Mogén, Puerto Rico 429927.60  3073056.56 2(
C629X  Puerto de Mogan 424751.35 3077101.81 2(
C639M  Maspalomas, C. Insular Turismo 443238.31 3070506.07 £
C639U  S. Bartolomé de Tirajana, El Matorral 455345.47  3076502.74 51
C648C  Agiiimes 455325.70  3086483.97 31¢
C648N  Telde, Centro Forestal Doramas 454970.89  3095890.75 354
C6491  Gran Canaria, Aeropuerto 461658.52  3088640.43 34
C649R. Telde, Melenara 462854.84  3095804.64 1¢
C656V  Teror 446227.23  3105674.70 69¢<
C659H  Poligono de San Cristobal 459130.00 3107201.82 £
C659M  Plaza de la Feria 458627.05 3109809.55 2f
C665T  Valleseco 444392.38  3104643.66 91(
C669B  Arucas 450225.76  3113015.52 9¢
C689E  Maspalomas 441057.23  3068075.14 £

Location in UTM zone 28N coordinates and height over the sea level of the 23

anemometers available in Gran Canaria.
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Adaptive mesh

Domain dimensions:
12 km X 285 km X 3 km

44.970 tetrahedra
10.070 nodes

Local refinement:

- Measurement stations
- Shoreline

- Altimetry
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Selected episodes in the Eastern Gran Canaria

Table 1: Selected wind episodes in an Eastern region of Gran Canaria during

June 2015.

BL HARMONIE
stability 10 m wind

speed (ms™ 1)
LS 10.18
NS 6.10
TN 7.51
CN 8.52
PC 1.59

MC 6.87

HARMONIE
10 m wind
direction (°)
336.92 — NNW
331.46 — NNW
331.82 — NNW
340.72 — NNW
116.78 — ESE
358.98 — N

Surf. buoy.
flux, Bs
(m?s7?)

—1.38 x 1074

—9.78 x 1074

~ 0

3.68 x 1073

6.22 x 1073
3.02 x 1073

B-V freq.,
Na2h-n
(s7)

1.68 x 1072
~ 0

~ 0

1.04 x 1072
1.54 x 1072
1.74 x 1072

Ratio
V./W.

0.17
0.76
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Selected episodes in the Eastern Gran Canaria

Table 1: Location in UTM zone 28N coordinates and heights above the sea level
of the anemometers used in the numerical application in Gran Canaria Island.

Code Name z (m) y (m) 2z (m)
C639U  San Bartolomé de Tirajana, El Matorral 455345 3076503 51
C648C  Aguimes 455326 3086484 316
C6491 Gran Canaria, Aeropuerto 461659 3088640 34

C649R  Telde, Melenara 462855 3095805 19
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Selected episodes in the Eastern Gran Canaria

Table 1: Experiment results with data from HARMONIE-AROME and

ECMWEF.

Wind direction NNW NNW NNW NNW N N
Wind speed (ms™!) v>6 wv>6 v>6 v>6 v<2 v>6
Stability LS NS TN CN PC MC
RMSE(H-A) 847 312 594  7.89 329  2.46
RMSE(H-A/W3D) nominal values 4.00 3.47 4.74 6.21 255 240
RMSE(H-A/W3D) estimated values 2.44 2.59 3.47 4.78 227  1.31
RMSE(ECMWF) 7.08 3.88 3.16 6.14 2.97 2.98
RMSE(ECMWF/W3D) nominal values ~ 4.00 347 474 621 255  5.90
RMSE(ECMWF/W3D) estimated values 2.56  2.91  3.68 479 253  2.35
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Results for 2 selected cases: improvements on NWP forecasting

LS Boundary Layer

WIND-3D - Nominal 52 77% 43,5%
WIND-3D - Optimal ~ 71.19% 63,84% |

3.1 6.7 10.3 14.0 17.6
\
|

Hx, LLLLLLLLLL LU

MC Boundary Layer

WIND-3D - Nominal 2 449, ;
97,99%

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

5.5 8.3 10.3 124 13.8
| L ||| ]| [ |
i |
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Conclusions and Future Research

Conclusions

- 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.

Future Research

- 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.



