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POWSEIDOM project (2021 – 2024)

Deployment of wind and turbulence observations in the Mediterranean Sea

1. Enhancing Turbulence Measurement with Tailored Wind Lidar Profilers: Application to WindCube v2.1

2. Optimizing Sparse Sampling for Offshore Wind Resource Assessment in the Mediterranean Sea

3. Deploying a Wind Lidar Profiler on Le Planier Island, Mediterranean Sea

4. Developing a Preliminary Motion-Compensation Algorithm for Floating Lidar Turbulence Measurement
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Enhancing Turbulence Measurement with Tailored Wind 
Lidar Profilers: Application to WindCube v2.1

JIP POWSEIDOM & DRACCAR-NEMO Webinar
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Increase of the Sampling Rate of Line-of-Sight velocities

Commercial WindCube v2.1

Prototype WindCube v2.1 lidar Prototype lidar:
Sampling rate of LOS velocities x4

Collaboration with Vaisala to build a prototype wind lidar profiler sampling line-of-sight (LOS) velocities 4x faster. 

JIP POWSEIDOM & DRACCAR-NEMO Webinar

New version submitted for review this month
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• Prototype vs. Commercial Setup: The prototype WindCube v2.1 lidar showed similar performance to the commercial version for key 
performance indicators (KPIs) such as slope, coefficient of determination mean wind difference of mean wind speed. 

• Data Availability: The prototype lidar had 0.5% lower data availability compared to the commercial configuration. 

• Turbulence Measurement: The mean noise-corrected along-wind variance measured by the prototype was ~7% higher, suggesting 
improved capability to capture smaller eddies, especially at higher wind speeds. 

JIP POWSEIDOM & DRACCAR-NEMO Webinar

Increase of the Sampling Rate of Line-of-Sight velocities
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“New” Method for Deriving Turbulence with Wind Lidar Profiler

JIP POWSEIDOM & DRACCAR-NEMO Webinar

5-beam ADCP (acoustic Doppler current profiler)

Physical Oceanography Atmospheric Science

The variance method has been used in 
Oceanic and Atmospheric science since

the late 80s and beggining 90s.
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Deriving Turbulence from Ground-Based Wind Lidar Profilers 

Turbulence intensity (TI) from lidar measurements can be retrieved using two methods: the standard method and the variance method.
 
• Standard method
Computation of the second-order statistics of the three velocity components directly from the reconstructed velocity components, which 
have been already computed based on the LOS velocities. 

TI measurements disturbed by:

1. Inter-beam effect
2. Intra-beam effect
3. Noise
4. Low sampling rate

Increasing the sampling will « feed» 
the inter-beam effect

• “Variance” method (developed in POWSEIDOM)
Computation of second-order statistics of the three velocity components based on the second-order statistics of the LOS velocities.

TI measurements disturbed by:

1. Intra-beam effect
2. Noise (can be identified and removed)
3. Low sampling rate
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Standard Method vs. Variance Method

Wind aligned with opposite beams 
(beam 1/beam 3 or beam 2/beam 4)

𝜎𝑥𝑦 = 𝜎𝑢𝑣 ≃ 0

All wind directions

The variance method outperforms the standard method for 
each error statistics (MAE, RMSE, R²). 

𝜎𝑥𝑦 not negligible but cannot be measured

𝜎𝑢
2 = 𝜎𝑥
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2 = 𝜎𝑥

2cos2𝜗 + 𝜎𝑦
2sin2𝜗 + 𝜎𝑥𝑦sin2𝜗

TI (%) – Mean MAE RMSE Bias R²

Sonic – Reference 12.9 - - - -

Lidar – Standard method 14.9 2.05 2.87 1.92 0.96

Lidar – Variance method 11.7 1.87 2.70 -1.25 0.81

JIP POWSEIDOM & DRACCAR-NEMO Webinar
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Variance Method – What’s next?
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Coupling two lidar profiler to resolve the full Reynolds Stress Tensor : 
TI computation for all wind directions.
 

• POWSEIDOM project (Oct. 2021 – April 2024)

• NEMO project (Nov. 2023 – May 2026) – Ongoing work

Reynolds stress tensor

Reynolds stress tensor

𝝈𝒙𝒚

𝝈𝒚𝒛

𝝈𝒙𝒛

?

Two coupled-lidar profilers installed on the 
Fécamp met. mast

JIP POWSEIDOM & DRACCAR-NEMO Webinar
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Optimizing Sparse Sampling for Offshore Wind Resource 
Assessment in the Mediterranean Sea

JIP POWSEIDOM & DRACCAR-NEMO Webinar
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Gaussian Mixture Models for the Optimal Sparse Sampling of Offshore Wind 
Resource

JIP POWSEIDOM & DRACCAR-NEMO Webinar

Fixed wind farms (commercial)

Floating wind farms (commercial)

Floating wind farms (pilot)

Competitive Bidding

Under Development

Obtaining Authorizations

Under Construction

Under Construction and Partial Service

In Service

Project Stages:

• How many sensors are needed to capture most of the 
information required for offshore wind resource assessment?

 
• Where should these sensors be installed?

French Objectives : 
• 15 GW by 2035
• 45 GW by 2050

45 GW spatial distribution : 
• Channel & North Sea : 7 – 11GW
• North Atlantic : 6 – 9.5 GW
• South Atlantic : 2.5 – 5.5 GW
• Mediterranean Sea : 3 – 4.5 GW

Site characterization
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Optimal Sensor Network in the Mediterranean Sea

JIP POWSEIDOM & DRACCAR-NEMO Webinar

Sensor no. Lat (°N); Lon(°E)

1 42.775; 5.275

2 43.25; 4.55

3 42.725; 4.275

4 42.725; 3.475

5 43.175; 5.225

6 43.025; 3.675

7 42.725; 5.875

The methodology is now employed by the Public Entity responsible for selecting the 
most suitable site for floating lidar profiler deployment during the site 

characterization stage.

Le Planier Island
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Deploying a Wind Lidar Profiler on Le Planier Island, 
Mediterranean Sea

JIP POWSEIDOM & DRACCAR-NEMO Webinar
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Permanent Installation of a Certified Wind Lidar Profiler

JIP POWSEIDOM & DRACCAR-NEMO Webinar

• Certified WindCube v2.1, sampling four times faster than the standard commercial configuration;

• Deployed in December 2022 and still operational;

• Measurement altitudes: Ranging from 60 to 220 meters above sea level.
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Characterization of the offshore wind dynamics for wind energy production 
in the Gulf of Lion

JIP POWSEIDOM & DRACCAR-NEMO Webinar

• Wind direction and veer
• Wind speed
• Wind speed profile and wind shear exponent
• Low-level jet
• Turbulence intensity (from both the standard and variance method)

Wind direction and magnitude 
associated with the 1140 LLJs events 
detected over the one-year dataset.

Wind distribution patterns at 
140 m above the sea level for 

the one-year dataset.
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Wind and Turbulence Dataset

For each altitude of measurement, one-year (2023) time series of mean:

• Wind Speed (10-minute and 30-minute averages)
• Wind Direction (10-minute and 30-minute averages)

30-minute Average:
• Along-wind, cross-wind, and vertical wind Turbulence Intensity (TI) (calculated using both standard and variance methods)
• Along-wind, cross-wind, and vertical wind Turbulent Kinetic Energy (TKE) (calculated using both standard and variance methods)
• Vertical Integral Length Scale (directly measured by beam 5)
• Dissipation Rate (directly measured by beam 5)

JIP POWSEIDOM & DRACCAR-NEMO Webinar

Such a dataset can be derived for any period upon request.

Example of the architecture of a csv file.
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Developing a Preliminary Motion-Compensation 
Algorithm for Floating Lidar Turbulence Measurement

JIP POWSEIDOM & DRACCAR-NEMO Webinar
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Experimental Set-Up

JIP POWSEIDOM & DRACCAR-NEMO Webinar
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Dataset

Regular motions

Irregular motions

Sequences (30-min) Ry Rx Rz

S10 T = 2-20s NA NA

S11 Hs = 0.7m, Tp=4s, 225° NA

S12 Hs = 0.7m, Tp = 4s, 225° Hs = 2m, 
Tp = 6s, 180°

JIP POWSEIDOM & DRACCAR-NEMO Webinar

Sequences (30-min) Ry Rx Rz

S1 T = 4s; A = 5° NA NA

S2 T = 4s; A = 15° NA NA

S3 T = 6s; A = 5° NA NA

S4 T = 6s; A = 15° NA NA

S5 T = 8s; A = 5° NA NA

S6 T = 8s; A = 15° NA NA

S7 T = 6s; A = 5° T = 6s; A = 5° NA

S8 T = 6s; A = 5° NA T = 6s; A = 5°

S9 T = 6s; A = 5° T = 6s; A = 5° T = 6s; A = 5°

• 15 cycles of 3-hour long collected between October 6th, November 9th 2022.

• 1 cycle is composed of 12 sequences (regular and irregular motions).
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Spectra : Fixed vs. Mobile Lidars

Area A : 
« Match »

Area B : 
Deviation due to the 

motion

An algorithm finds automatically the cutting frequency 
for each spectrum derived from the mobile lidarJIP POWSEIDOM & DRACCAR-NEMO Webinar

Fixed

Fixed
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Fitting and extrapolation

Fitting performed on 30 points (23% 
of the length of each spectrum)

Fixed lidar Mobile lidar Mobile lidarFixed lidar

JIP POWSEIDOM & DRACCAR-NEMO Webinar

𝑆 =
𝑎

(1 + 𝑛𝑓)β
Fitting function :
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Computation of the LOS variance

𝜎11𝑓𝑖𝑥
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Fixed lidar Mobile lidar

JIP POWSEIDOM & DRACCAR-NEMO Webinar
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Preliminary Motion-Compensation Algorithm

JIP POWSEIDOM & DRACCAR-NEMO Webinar

Before correction After correction

Fixed lidar Fixed lidar

Before correction After correction

TI - RMSE (%) 6.8 1.7

TI - MAE (%) 4.0 0.8

TI - Bias (%) 3.95 -0.2

𝐓𝐈𝒇𝒊𝒙 = 3.9 %

𝐓𝐈𝒎𝒐𝒃 = 7.9 %

𝐓𝐈𝒇𝒊𝒙 = 3.9 %

𝐓𝐈𝒎𝒐𝒃 = 3.7 %
+102 % -5.1 %
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Thank you for your attention!
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