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Image credit: Copernicus




MERRAZ2 Radiances by Instrument and Satellite

MERRA-2 Radiances by Instrument and Satellite

GOES Sounder GOES:8W
‘GOES-10

SEVIRI at-9

1985 1990 1995 2000 2005 2010

Image credit: NASA https://gmao.gsfc.nasa.gov/pubs/docs/McCarty885.pdf
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METHODOLOGY

Global observing system
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REANALYSIS VARIABLES
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GLOBAL DATASETS

DATASET

ERAS

CFSR

MERRA2

JRA-3Q

INSTITUTION

ECMWEF

NOAA

NASA

IMA

SINCE

1940

2011

1980

1947

SURFACE

10m, 100m

10m, 100m
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10m

TIME RES.
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R2 (hourly wind speed)

REANALYSIS COMPARISON
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ERAG6 REANALYSIS

« Expected end of 2027

ERA
6  Two test batches released:
I o June to August 2022 (3 months)
0.14 deg x 0.14 deg o Oct 2019 to April 2020 (7 months)
ERAS

0.25 deg x 0.25 deg

Image credit: European Center for Medium-Range Weather Forecast
(ECMWEF))
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ERA6 vs ERA5 COMPARISON
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O REANALYSIS [F 91011455

Global coverage including remote regions and oceans

Available at different heights and time steps

Consistent time series spanning decades

X

Low Resolution

Limited for local effects



NUMERICAL
WEATHER
PREDICTION Models solve dynamically the

equations of the atmosphere

Models allow to obtain high

resolution data (100m)

.

5@5 '@&Wﬂ Outputs spanning decades and
._p, covering large areas




WRF MODEL INPUTS

Topography " Land Use Reanaly5|s

SRTM by NASA GlobCover by ESA ERAS: 0.25° x 0.25°, 37 levels, hourly

90m resolution 22 different classes MERRA2: 0.625° x 0.5°, 42 levels, 6h
. CFSR: 0.5° x 0.5°, 37 levels, 6h
300m resolution
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MESOSCALE MICROSCALE

* 1-3km resolution * 100 - 300 m resolution
« Simulates storms, Sea/land breezes « Turbulence is explicitly solved using LES
» Turbulence is parametrized in the « Subgrid eddies are parametrized

PBL scheme

e Vertical (Top)
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Thermal and mechanical turbulence. Image credit:
Shutterstock
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Image credit: University Corporation for Atmospheric Research
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NWP MODELS
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+ High resolution Low accuracy in complex sites?

 Local effects represented

« Long term datasets
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VORTEX CALIBRATION

: humidity100m

2v100m u100m

E meansealeve§pressure ,]\/2800m C81 8e'nnt6 O n e t 2
g v120m J 12U

atempe rature100m componenwpcom onentn

component3
pressure100m P

Non-linear Principal Component Analysis

Corrects the Wind Rose Reduces out of training Improves all atributes

degradation (M, A and K weibull)




VORTEX MICROSCALE
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VORTEX

[ Baseline WRF simulation } Enhan:emem { TIMES ] Resolution: 300m
5 Period: 30 years
) . o Output frequency: 10min
WRF-LES W Turbulence and Extremes

- simulation - Statistic®
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Turbulence Intensity Curves

—— Measurements
- Vortex-LES
— \lortex-TIMES

5 10 15 20 25
Wind Speed (m/s)

Turbulence

Parametrized from TKE

turbulence improved
with explicit LES Ti

f - PSD (m/s)?
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1071

1072

Normalized Power Spectral Density

Measurements
Vortex-LES
Reanalysis ERA5
Vortex-SERIES
Vortex-TIMES

week day 12h 6h 1h 30min  10min

107° 107 107 1073

Frequency (Hz)

Sub-hour Variability

Power Density Spectral
Analysis to improve

Variability ‘VORTEX



VALIDATION
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Different terrain complexities on each continent
Offshore sites located more than 10km from the coast
22 locations with multiple levels
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VALIDATION
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Mean Wind Speed Absolute Bias (%) 571+472

Mean Wind Speed Bias (%) 0.003 £ 7.393

10-min RMSE (m/s) 2.04 +0.47

10-min Correlation 0.70 £ 0.09




ene vortex bos ERAS. txt

Lat=55.191 Lon=7.152 Hub-Height=101 Timezone=00.0 Terrain-Height=0.0 (file requested on 2023-02-14

13:12:35)

VORTEX (www.vortex.es) - Computed at 100 m resolution WRF-LES based on ERAS data

YYYYMMDD HHMM  M(m/s) D(deg) SD(m/s) DSD(deg) Gust3s(m/s) T(C) PRE (hPa) RiNumber
20110101 0000 20.38 275.0 2.16 0.7 20.78 4.9 999.7 0.87
20110101 0010 19.94 276.1 1.11 0.5 20.80 5.6 999.5 -0.29
20110101 0020 19.84 276.9 9.97 0.6 20.33 5.5 999.2 -0.11
20110101 0030 19.68 278.2 .78 0.3 20.02 5.3 999.0 9.39
20110101 0040 19.68 279.1 1.91 0.5 20.07 5.4 998.9 9.14
20110101 0050 19.56  280.6 0.79 0.6 19.76 5.3 998.7 -0.01
20110101 @100 19.55 282.3 0.75 0.8 19.99 5.4 998.7 -0.04
20110101 0110 19.46  284.6 0.75 0.6 19.98 5.5 998.6 -0.22
20110101 0120 18.65 287.2 0.69 1.1 18.98 5.7 998.7 0.14
20110101 0130 18.55 290.3 9.73 1.1 18.82 6.2 998.7 0.47
20110101 0140 18.43  293.8 9.87 0.9 18.69 5.3 998.8 1.11
20110101 0156 18.25 296.9 9.83 1.3 18.62 5.6 998.9 1.10
20110101 0200 17.88 300.1 0.66 0.7 18.31 5.6 999.0 0.74
20110101 0216 17.34 304.1 0.68 2.1 17.75 5.7 999.1 9.91
20110101 0220 17.55 307.90 1.13 0.9 18.91 5.3 999.2 1.53
20110101 0230 17.97 305.1 1.32 0.7 18.98 5.4 999.3 9.31
20110101 0240 16.37 307.3 1.24 1.5 17.45 5.1 999.3 1.65
20110101 02560 16.82 309.1 0.76 1.7 17.62 5.1 999.4 9.19

Data:
 Plain txt/csv
* NetCDF
« WindPRO mesores

OpenWind csv
WAsP TAB

VertM(m/s)
-0.28
9.03
-0.03
0.05
0.09
0.06
-0.04
-0.17
9.09
0.28
-0.07
-0.15
-0.00
0.20
-0.10
-0.15
0.64
-0.02

DELIVERABLES
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TIMES CALIBRATION

Wind Speed Time Series
— Measurements
20.01 —— vortex TIMES
- Calibrated TIMES
17.5-
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5.0
2.5-
Day 1 Day 3 | Day 4 Day 5

Temporal correlation Daily and Seasonal Cycles Sub-hour Variability




TIMES CALIBRATION VALIDATION

Number of points per measurement height Training and validation period length
50- Terrain 70- Terrain
Bl Offshore Em Offshore
Bl Flat E Flat
40 - =3 Simple 60 =3 Simple
£ Complex = Complex

Bl Very Complex Il Very Complex

W
o
1

Number of points
2

Number of points
S

10-

10 30 50 70 90 110 130 150

' 2 3 4
Height (m) Period length (years)

143 locations worldwide

« 37 with 10-min std dev

« 176 measurements




TIMES CALIBRATION VALIDATION

. ¢  Mean value
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TIMES TIMES REMODELING T T T T
Source 10-min Hourly Daily Monthly
Time Scale

Mean Wind Speed Absolute Bias (%)
R?10-min R? monthly

Remodeli 1.59 +2.08
Remodeing | 07610063 | a962+00%




TIMES CALIBRATION VALIDATION

30
— Observations 50~ ' ¢ Mean value

-5 = QOriginal TIMES ¢
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Turbulence Intensity Curve. Example of TI curves
for measurements, TIMES and TIMES Remodeling.

Mean TI Curve Absolute Bias
Mean TI Curve MAE (% of TI) at 15 m/s (% of TI)
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WRF wind speed (m/s)

TIMES DHANUSHKODI LIDAR

Scatter @100m (hourly) R=0.89 Bias=-0.24 RMSE=1.57

Monthly mean wind speed at 100 m — Dhanushkodi
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Wind speed (m/s)

Wind speed (m/s)

16 -

14 -

12 -

10 -

16 -
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10 -

1-min RESOLUTION LI

TIMES at 1, 5, 10 and 15-minute resolution

Wind speed at 124 m - times in UTC - 10-min is the standard product; 5 and 15-min are means of the 1-min series

grey = 1-min

TIMES 1-min 5-min (from 1-min)

Upon request

Hybrid projects

Resample to

5-min 15-min

TIMES 10-min (standard product) 15-min (from 1-min)




~ 100 x 100 km
10.000 km?
2026

~ 63 x 63 km
4.000 km?
2020

X10 vs 2016

VORTEX -~/

~ 20 X 20 km

400 km?
O

2016

O
2010

x2.5vs 2020
Multiple calibrations - on demand

X20 vs 2010



FARM 3

« Up to 4000km2 areas
* 100m high resolution

* Heights 30 - 300m
 WRG, kmz, GeoTiff, ESRI layers

Viref (50

| « Extremes and 50y Vref
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Wind Speed (m/s)




VALIDATION

Mean Wind Speed Absolute Bias (%) 5.18 + 4.99

Mean Wind Speed Bias (%) 1.47 = 7.04

* Mean wind speed
® 422 locations worldwide
* Heights from 40 to 200 m

®* Minimum one year.
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g VORTEX

(©) #899845 () avila
Setups

> Non-Calibrated
> Setup 1: all
> Setup 2: first_half

> Setup 3: second_half

(¥) New Calibration Setup

40.62643 : -4.81210




FARM

(Reauest 2 nev rn Search..

(©) #899845 () avila

Comments

Select datasets

LOCATION: SCP1 (40.552990,-4.624760)

[] Remodeled: SCP1_40.0 at 40m from 1998-08-12 to 2016-
05-17

(% New Dataset for This Location

LOCATION: SJN1 (40.514780,-4.690580)

[J Remodeled: SUN1_40.0 at 40m from 1999-12-12 to 2013-
01-01

# New Dataset for This Location

LOCATION: URMG (40.629530,-4.486860)

[J Remodeled: URMG_40.0 at 40m from 1999-12-14 to 2009-
11-08

(% New Dataset for This Location

() New Dataset for a New Location

Submit calibration 40.65403 : -4.83996




CALIBRATION METHODOLOGY

3 ol
§| “*ll'mﬁ,!w{“'._ ! J\'\'I.M'WW
0 Wind distribution O Time series

» Sectors and Bins collapse « Match events for every time

information . .
step, preserving causality.

* Weibull not appropiate for all » Multiple heights and locations

situations
‘ VORTEX



-~ CALIBRATION 0 - e e

Wind Speed Bias (%) Wind Speed Absolute Bias (%) ~ Wind Speed I-Ilstogrnm Error

20.0

. . 8
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17.5 75 | 8
3 15.0 . 50
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Uncalibrated Calibrated | Uncalibrated Calibrated | Uncalibrated Calibrated




-~ CALIBRATION

Half-calibrated

Correction applied
Non-calibrated M @100m (m/s)

(3 boundary towers) M @100m (m/s)

(Half-calibrated — Non-calibrated)

4460.0 950 4460.0 950 4460.0 1.00
4457.5 925 44575 925 44575 0.75
9.00 9.00 0.50
4455.0 4455.0 4455.0
_ 8.75 8.75 - 0.25
E as5255 4452.5 4452.5
2 8.50 8.50 - 0.00
S
S 4450.0 4450.0 4450.0
8.25 8.25 - —0.25
4447.5 4447.5 4447.5
8.00 8.00 —-0.50
4445.0 7.75 4445.0 7.75 4445.0 -0.75
4442.5 7.50 44425 7.50 44425 —-1.00
315.0 317.5 320.0 3225 3250 327.5 330.0 332.5 315.0 317.5 320.0 322.5 325.0 327.5 330.0 3325 315.0 317.5 320.0 3225 325.0 327.5 330.0 332.5
Easting (km) Easting (km) Easting (km)
8.70 9.10 9.30
Tower A - . ’ .
Non-calibrated
ato obo 010 Half-calibrated (3 towers, held out here)
Tower B 1 © 0 [ Full calibration (6 towers, reference)
8.60 9.00 9.18
Tower C - O ‘ O
8.4 8.6 8.8 9.0 9.2 9.4
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