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Offshore wind resource assessment: State-of-the-art

2

(FLOATING) LIDARS

 High precision

 High frequency

 40-250 meters

 Single point

 One- to two-year database

ATMOSPHERIC MODELS

 Spatial and temporal coverage

 Strong dependency on the 
numerical parameterization

 Flatten extremes

 Poor coast-to-offshore gradient 
representation



Offshore wind resource assessment: Other data available?
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(FLOATING) LIDARS

 High precision

 High frequency

 10-250 meters

 Single point

 One- to two-year database

ATMOSPHERIC MODELS

 Spatial and temporal coverage

 Strong dependency on the 
numerical parameterization

 Flatten extremes

 Poor coast-to-offshore gradient 
representation

SAR OBSERVATIONS

?

?



Agenda

How can you use such data? 4

What are SAR observations?

Is it validated?

And in altitude?

How do we get wind from SAR?



What are SAR observations?

5



SAR observations

SAR: Synthetic Aperture Radar

 Emission/reception of electromagnetic waves

 Interaction with sea surface ripples (centimetre-scale)

 Day and night, no cloud contamination

 Wide coverage (250 to 400 km)

Spaceborne system
 20-year database

 ENVISAT (2004-2012)
 Sentinel-1A & -1B (2014-ongoing & 2016-2021)
 Others (Radarsat-2, etc.)

 Quasi worldwide coverage

 Every two days at 6AM/6PM in Europe



How do we get wind from SAR?
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Wind measurement from space?
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Remote wind measurement
 Doppler LiDAR
 Aerosol-scattered radiation
 Intensity and phase of backscattered signal
 Needs reconstruction to get wind speed in 

altitude

No wind / no sea

Local wind

SAR (C-band)
onboard
a satellite

No sea surface roughness Sea surface roughness

O(5cm)
LiDAR

 FLiDAR
 Same + motion correction algorithm

 SAR
 Backscatter from sea surface ripples
 Intensity and phase of backscattered signal
 Needs reconstruction to get sea state
 And to get wind speed?



Step 1. Surface wind field retrieval
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 Relationship between sea roughness and wind speed 
and direction

 Advanced and quality-controlled process

 CLS official provider of geophysical fields from post-
processed SAR observations to ESA

Sea state is a direct reflection of surface 
wind field

SAR observation 
2021-12-08 at 06:23 UTC

Brittany, France

SAR L1 
product SAR L2B

product

STEP 1



Step 2. Enhanced surface wind processing
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 Selection of an area of interest

 Improvement of the wind speed over the 
area with a surface correction model

 Site-independent

 Correction of biases inherent to SAR 
sensor

 Based on a machine-learning algorithm 
trained on 22,000 buoys measurements

• Reduced bias from -0.57 m/s to -
0.06 m/s

• Reduced std from -1.24 m/s to 
0.86 m/s

SARWind at 10 m
10-min wind speed
at 1 km resolution

SAR observation 
2021-12-08 at 06:23 UTC

Brittany, France

SAR L1 
product SAR L2B

product

STEP 1 STEP 2



And in altitude?
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Step 3. Vertical extrapolation
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SARWind at 10 m
10-min wind speed
at 1 km resolution

SAR observation 
2021-12-08 at 06:23 UTC

Brittany, France

SAR L1 
product SAR L2B

product

STEP 1 STEP 2

SARWind at 140 m
10-min wind speed
at 1 km resolution

STEP 3

 From 20 m up to 250 m

 Based on machine learning
 Trained on real data (5 lidars, 

2-year campaigns, North Sea)
 To come: 40+ lidars in Europe, 

US, China, etc.

 Input parameters
 Corrected SAR surface wind 

speed from Step 2.
 High-resolution atmospheric 

model (stability-related)



SARWind product for Offshore Wind

13

SARWind ATLAS
500-m resolution

10m above sea level

SARWind ATLAS+
500-m resolution

in altitude (40-250m) Spatial planification and 
derisking
with statistics
• Mean wind speed
• Weibull distributions
• 2D maps
• At 10m and 40-250m

METOCEAN 
BUOYS

SAR
IMAGERY

MACHINE 
LEARNING

HIGH-RESOLUTION
ATMOSPHERIC 

MODEL

EXISTING 
LIDARS

MACHINE 
LEARNING

2 European 
satellites

22,000 co-locations 
NDBC wave buoys

+30 years
12 lidars in North Sea

From real observations at sea surface   and an advanced vertical extrapolation

SARWind TIMESERIES
From 500-m resolution SAR-derived wind fields

10m and in altitude 

• Advanced Measure-Correlate-Predict method, IEC compliant
• Spatial and long-term correction of ERA5
• Derived from SAR observations
• Available everywhere with good satellite coverage

Offshore wind resource assessment
with timeseries
• Wind speed and direction
• 1-hour frequency
• A point, a group of points or a 2D map
• At 10m or in altitude



Is it validated?
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Examples of offshore wind resource assessment
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Projects in Europe, North America, Asia Comparison with in-situ measurements

SARWind 1-km WRF Measurement  Asia
0.05 -0.10 

2 lidars 

Bias (m/s) 

0.98 1.15 MAE (m/s) 

1.27 1.40 STD (m/s) 

SARWind 1-km WRF Measurement  Europe
0.03 -0.08 

5 lidars 

Bias (m/s) 

0.68 1.27 MAE (m/s) 

0.94 1.68 STD (m/s) 



Validation in North Sea
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Methodology published in peer-reviewed 
scientific journal (Wind Energy Science, 2022)



SARWind TS validation in the North Sea
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AEPWeibull distributionWind distributionWind statisticsVs. 
lidar Gross AEP (%)λ (%)k (%)Skew (%)Std (%)Mean (%)RMSE (m/s)Bias (m/s)

TSERA5TSERA5TSERA5TSERA5TSERA5TSERA5TSERA5TSERA5

-3.1-6.74-2.5-6.3-1.30.4-481.3-6.50.6-6.41.421.52-0.24-0.61LEG
-1.55-1.66-1.7-2.20.51.80.0-11-2.3-3.8-1.8-2.21.401.41-0.17-0.21EPL
-0.28-2.570.0-2.6-0.90.0-2.0-6.10.6-2.80.0-2.61.431.440.0-0.25K13

K13 Vortex -0.19                    1.54             -1.3 % -2.4 %              -6.1 %      0.9 %                 -1.4 %                -1.65%

A unique correction is derived on each grid point and applied on each 
time step of ERA5 timeseries => SARWind TIMESERIES (TS)



Validation in France
South Brittany and Normandy
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 Contract with French 
Directorate General for Energy 
and Climate from the Ministry 
of Energetical Transition

 SARWind provided as data to 
bidders

 Post-validation with lidar 
measurements showing good 
performances



Validation in France
South Brittany and Normandy

Publication in Journal of Physics: Conference 
Series, Wake conference, June 2023



How can you use such data?
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Dedicated near-shore observations
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Coastal effects

And if you already have lidar data on site?

 SARWind INSITU

 Virtual lidar emulation

 Combine SARWind performance and lidar
measurement at one location, to extrapolate
in time and space as MCP

Inst. wind at 140 m

2021-12-08 at 06:23 UTC 

2021-12-08 at 06:23 UTC 

2015-2021

2015-2021

1k
m

 W
RF

SA
RW

in
d

Mean wind at 140 m
What about if you don’t have lidar data on site?
 Offshore Wind Atlas or Atlas+

 SARWind TIMESERIES

 Virtual lidar emulation



SARWind Atlas : example in the South-East India
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SARWind Atlas : example in the South-East India
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ERA5 underestimates in blue

ERA5 overestimates in red

ERA wspd – SARWind wspd
@10 m ASL (m/s)



SARWind for offshore wind resource assessment
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Less O&M
Less costs

 SARWind, a dedicated tool for ALL stages of your offshore projects
 Allows to significantly reduce cost of your offshore assessment
 Provides high-definition data, all over the selected zone
 Is available before LiDAR installation or in complement of measurement campaigns
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SARWind ATLAS

500-m resolution
10m above sea level

SARWind ATLAS+
500-m resolution

in altitude (40-250m)

SARWind TIMESERIES
From 500-m resolution

10m and in altitude 



WRA Offshore solution : SARWind product
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(FLOATING) LIDARS

 High precision

 High frequency

 40-250 meters

ATMOSPHERIC MODELS

 Spatial and temporal coverage

SARWind

 10-year database

 Very precise coast-to-offshore gradient 
representation

 10-250 meters

 Strong dependency on the 
numerical parameterization

 Flatten extremes

 Poor coast-to-offshore gradient 
representation

 Temporal sampling Single point

 One- to two-year database

 Emulation of SAR passage at 
different times

 Correction of bias related to 
the low-temporal sampling.

 In South Brittany, -0.084 m/s



SAR gallery
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Europe
North Sea

Martha Vineyard
US East coast

Germany
Baltic Sea

Vietnam
South coast

Vietnam
North coast

US 
West coast



Thank You

Eric TROMEUR, PhD

Director Research, Innovation, Service & Expertise

eric.tromeur@meteodyn.com

https://meteodyn.com
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METEODYN, your Wind Engineering, 
Climatology and Meteorology expert

Softwares, Forecasts, Studies, and on-demand services


