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Image from Hoen et 
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Turbine Database
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Wind Plant Wakes

Turbine efficiency reduces 
substantially after neighboring 
plant construction (Nygaard 2014)

Offshore studies 
observe wakes 
persisting > 50 
kilometers (km) 
(Schneemann et al. 2020)

Models show 
wakes > 100 km 
long (Fitch et al. 2012)
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Image from Hoen et al. (2018) 

US Wind Turbine Database

American WAKE experiment 
(AWAKEN) Field Campaign

• Multi-institutional 
collaboration

• Thirteen ground-
based 
measurement sites

• Two years of data 
collection

• Focus on north-
south transect of 
King Plains

~
30

 k
m

Image from 
Debnath et 

al. 2022
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• Two custom radars measure radial 
wind speeds in overlapping region

• Range > 30 km with 9-meter (m) 
resolution

• 145° sector scans with 0.5° resolution
• ~124 second revisit time.

X-band Dual Doppler Radar

Breckinridge
King Plains

Armadillo Flats

TTU-X1

TTU-X2
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• Vertical resolution of 25 m for both grids
• Quality control procedure eliminates 

periods with low quality/availability
• Geometrically reconstruct radial velocities 

into horizontal velocity vector.

Interpolation and Reconstruction

• Radial velocities 
interpolated to 
Cartesian grids
– Fine grid: 25 m
– Coarse grid: 50 m
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Examples of Interesting Phenomena

Gravity WavesFrontal Passage Wind Plant Interaction
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Objective: Characterize wind plant wakes to understand and 
predict their impacts on neighboring plants and their 
environment
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Data Binning

– Stable atmospheric boundary layer 
(0 m < 𝐿𝐿Obukhov < 600 m)

– Minimum contiguous duration of 30 
minutes

– ≥ 80% of King Plains operating normally
– No extreme variations within domain

• Eight periods totaling 513 minutes 
selected.

• Identify periods with available dual-Doppler radar data and:
– Wind from south (180° ± 10°) based on upstream profiling lidar
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Ensemble Average

~10 km 

~1 m/s 

East-west average over 
eastern King Plains
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Velocity profiles show 
deficit persisting farther 
above rotor top tip

Vertical Distribution
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• X-band radar captures velocity volume 
containing three wind plants in AWAKEN 
field campaign 

• Enables wind plant wake quantification
– Velocity deficit ~1 meter per second 

(m/s)  
– Extent ≳ 10 km, especially at 

elevations above the plant
• Results will be used for model validation 

and benchmarking.

Conclusions

Image from https://awaken-benchmark.readthedocs.io/

https://awaken-benchmark.readthedocs.io/
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• Interaction with atmospheric dynamics
– Low-level jets
– Gusts and wind direction changes
– Frontal passages
– Gravity waves

Other Scientific Questions

• Plant blockage and speed-ups
• Neighboring plant losses
• Comparison between radar and 

other instruments.
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Reach out with questions or ideas:
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Photo from Hoen et 
al. (2018) US Wind 

Turbine Database
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Terrain Effects

Figures from Brian Hirth and John Schroeder, Texas Tech University 
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• Bin dual-Doppler velocity 
fields based on:
– Hub-height wind speed 

and direction (profiling 
lidars)

– Atmospheric stability 
(sonic anemometers)

• ≥ 80% of King Plains 
turbines operating normally

Data Binning
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• Minimum averaging interval 
of 30 minutes (min) (20 km 
÷ 10 m/s ÷ 60 s)

• Identify periods where wind 
stays in the same direction 
bin (20 degree [deg] width) 
and atmosphere is stable 
for at least 30 contiguous 
minutes
– Allow gaps up to 10 min.

Data Binning
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• Period with consistent wind speed and 
direction

• Characterize velocity deficit at downstream 
planes.

Time Series
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