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Annual variability of the wind speed

Wind Speed Annual Variability (%)
1.78 %

How does the turbulence intensity behave?

Turbulence Intensity at 1bm/s Annual Variability (%)
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Wind speed and turbulence intensity show annual anomalies of similar magnitude
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GOAL

Use measurements to correct 30 years of
simulated wind and turbulence data
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Motivation

Location 1 Location 2
Annual TI curve Annual TI curve
25 25
|I — Year 1 1
I — Year 2 2
—— Year 3 3
—— Year 4 4
20 | - Year 5 20 5
> >
2151 =151
v 11y]
ooy =
Q @
+ +
oo
— —
1)} @
(&) (&)
@ b
= 10- = 197
L L
L. L
=3 ==
= -
5 5 -
0 . : . . . , 0 . . , -
0 5 10 15 20 25 30 0 5 10 15 20 25
Wind speed (m/s) Wind speed (m/s)




Motivation

Turbulence Intensity (%)
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Motivation

Filtering one year of data (e.g., for seasons or wind direction) reveals greater differences.
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What if we had 30 years of 10-min data?
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What if we had 30 years of 10-min data?

high wind speeds events

e More samples Better characterization of the site wind rose

atmospheric stability classes

Insights into not measured conditions
e Time domain analysis
Production estimation aware of turbulence

MEASURE
Wind and Turbulence on-site measurements

o Allows for long-term correction
ie. Wind + Turbulence MCP

CORRELATE
Learn relations between a reference series and measurements

PREDICT
Calibrate the whole time series based on these relations
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Calibration
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o Improvement in Wind Speed, Wind Direction & Wind Speed Standard Deviation

o Balance between time domain and aggregated metrics (histogram, wind rose, TI curve)




Calibration

e Output must fulfill in both in-training and out-of-training periods:
o Improvement in Wind Speed, Wind Direction & Wind Speed Standard Deviation

o Balance between time domain and aggregated metrics (histogram, wind rose, TI curve)

e [raining key points:
o Atmospheric variables & vertical profile included in the WRF simulation.

o Model:
» PCA + Neural Network (MLP) ensemble (M, U & V components, SD),
» Daily Cycle adjustment (M, SD),
» Quantile Mapping (M, SD).




Calibration example

Time domain
(out of training period)
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Calibration example:

Time domain

(out of training period)
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Calibration example: Aggregated metrics (out of training period)

- Wind Speed Density Distribution Wind Sector Distribution 55 TI curve
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Calibration example: Aggregated metrics (out of training period)

. Wind Speed Density Distribution Wind Sector Distribution 55 TI curve
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Calibration example:
Aggregated metrics

(out of training period)
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Calibration example:
Aggregated metrics
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Remodeling

Technical Details and
Validation

November 2024

e Available at our knowledge center

(vortexfdc.com/resources/)

e 140+ sites worldwide with all types of
terrain characteristics, from offshore to
very complex topography.
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Validation: Wind Speed, Wind Speed Standard Deviation & Turbulence Intensity Curve

e 140+ sites worldwide with all types of terrain characteristics.

e 1 yearof dataisused for training. Out of training period results:
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Take aways

e WRF + WRF-LES simulations provide wind and turbulence data with a strong _signal for
calibration.

e A methodology to long-term correct wind and turbulence data in the time domain has been
developed.

e The calibration successfully corrects the reference time series across all temporal scales,
addressing both time domain and aggregate metrics.

Next Step

e Simultaneous multi-height calibration.




Thank you!

For questions, contact
gerard.cavero(@vortexfdc.com




