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The objectives are

• to develop a tool for calculating 
wind resources from satellite wind maps

• to compare the results to meteorological data
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The technical principle is based on
Synthetic Aperture Radar (SAR) instruments on-board satellites
such as ERS-1, ERS-2, ENVISAT and Radarsat-1.

These map ocean winds with high spatial resolution, around 100-400 m grid cells.
The observations are snap-shots in time, around 3 per month for any location 
on Earth since year 1992.

From http://envisat.esa.int/
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The physical principle is that capillary waves and short gravity
waves at the sea surface created by the instantaneous wind field
backscatters electromagnetic radiation in the C-band as emitted 
and received by the SAR instrument.

Empirical algorithms, the so-called
scatterometer models CMOD-4 and CMOD-IFR
relates the backscattered signal to wind speed.
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The visualization photo of wind turbines at Horns Rev ELSAM/Birk Nielsens Tegnestue.

The study site is Horns Rev in the North Sea, Denmark
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ERS-2 SAR 10 Aug. 1999 ERS-2 SAR 7 Oct. 1999 ERS-2 SAR 19 Oct. 1999

ERS-2 SAR 16 Jan. 2000 ERS-2 SAR 1 Feb. 2000 ERS-2 SAR 7 Mar. 2000

Examples of wind speed and wind direction maps 
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NERSC and RISØ has jointly developed  a software in two parts for 
calculation of offshore wind resources based on satellite wind maps.

NERSC developed the part that calculates wind speed and wind direction
from the SAR images.

RISØ developed the part that calculates wind resources from the wind maps.
This part of the tool is called RWT, short for Risø WEMSAR Tool.

WEMSAR is acronym for an EU-project in years 2000-2003
‘Wind Energy Mapping using SAR’

RWT is presented here
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FOOTPRINT THEORY
Footprint for a given height
showing the percentage area of influence
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62 m

10 m 

Upwind footprints for the Horns Rev mast

Wind direction
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Horns Rev i North Sea. Wind speed map 19. October 1999 kl. 11.30

ERS-2 SAR

NERSC

10 m footprint
62 m footprint

Wind field maps from SAR are valid for 10 m height
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Comparison I:        In-situ and satellite wind speed
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Comparison II: In-situ and satellite wind speed with linear regression
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Comparison III

Linear regression results between in-situ data and wind maps.
a is intercept and  b is slope.

a
(m/s)

b
(-)

Correlation 
coefficient

R2

Standard error
(m/s)

CMOD-IFR -0.85 1.09 0.87 1.20

CMOD-4 -0.38 0.92 0.89 0.94
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Comparison IV: Wind statistics based on 55 satellite image samples.

CMOD-IFR CMOD-4 * In-situ data are
10-min met-data
May 99-Nov. 02
i.e.183.960 samples
at Horns Rev 
calculated for 
the 10 m level
based on

A. Sommer, 2003
OWEMES, p. 65-79

estimate uncertainty estimate uncertainty In-situ data*

Mean m/s 7.16 0.65 6.47 0.53 7.36

Energy density
m3/s

3 639.9 32.31 427 15.23

Skewness - 0.51 12.39 0.36 11.64

Kurtosis - 3.04 1.49 2.86 1.19

Weibull scale A m/s 8.08 0.76 7.29 0.6 8.46

Weibull shape k - 2.21 0.34 2.5 0.38 2.2

Covariance cov(A,k) m/s 1.15 1.31
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Conclusions
• A new software has been developed for calculation of 

offshore wind resources based on wind field maps 
from SAR satellite images

• WASP can be used directly for wind power calculation

• The wind resource results compare reasonably to
in-situ data 


