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Offshore wind farms are usually located remotely from meteorological stations, and access to wind measurements in the
farms and immediate surroundings is therefore limited. Spaceborne Synthetic Aperture Radar (SAR) is a promising instru-
ment for observation of wind farm wakes due to its high spatial resolution and large coverage. The wakes are manifested in
the SAR backscattering intensity images as elongated areas with lower backscattering intensity. Good agreement between
images from SAR and Doppler radar measurements has recently been reported for the wake of the Westermost Rough
wind farm in cases without stable atmospheric stratification. Inspired by this first-of-its-kind comparison of ground-based
Doppler radar and SAR images of wind farm wakes, in this work we compare SAR images and simulations of the two inter-
acting wakes of the Sheringham Shoal and Dudgeon wind farms off the east coast of England. The wakes are simulated by
the Weather Research and Forecasting (WRF) code, a state-of-the-art regional meteorological code that has a simple built-
in wind farm model. The normalized radar cross section (NRCS) is estimated from the Sentinel-1 IW GRD products by
averaging the intensity pixels to the output resolution of the model (i.e., 500 m). To study the impact of atmospheric stability
on the agreement between 10-m wind speeds derived from SAR images and WRF simulations, we select two cases of land
breeze and two cases of sea breeze. A sea breeze is characterized by a more stable marine atmospheric boundary layer, so
the best agreement between SAR wind fields and simulated wind fields is expected for the land breeze cases, according to
the comparative measurements from the Westermost Rough wind farm. All four selected cases have wind speeds above 10
m/s to promote clear wind farm wakes in the SAR images. For the wind industry, we expect relations between SAR images
and hub height conditions to be of interest, and we make a first attempt to establish a robust relationship between the
turbulence intensity at hub height and the SAR backscattering intensity in the centers of the wind farm wakes. In accor-
dance with the reported results from Westermost Rough, we find better agreement between simulations and wind fields
from SAR images for unstable than for stable atmospheric conditions. For stable atmospheric conditions, there appears
to be no systematic relationship between SAR backscattering intensity and turbulence intensity at hub height in the wake
region.

INTRODUCTION

Sentinel-1 is an operational C-band Synthetic Aperture Radar
(SAR) earth observation mission consisting of two satellites in
polar orbit. It was developed by the European Space Agency
(ESA) for the Copernicus initiative and has a free and open data
policy (www.copernicus.eu). SAR satellites do not depend on
solar illumination and can penetrate clouds and thus can generate
daily observations over large areas at higher latitudes. SAR ocean
images are basically a “fingerprint” of the lower atmosphere on
the ocean surface and to first order a measure of surface stress.
Thus, traditional SAR wind is “wind” modified to be consistent
with the surface stress, i.e., equivalent neutral wind. Neutral trans-
fer coefficients that can be used to convert the satellite wind to
kinematic surface stress for assimilation into numerical weather
prediction models have been developed (e.g., see Bourassa et al.,
2019, and references therein).

Offshore wind farms are clearly visible in SAR images as col-
lections of bright points of strong backscattering from the metal-
lic surfaces of the wind turbines. The wakes downwind of the
farms are characterized by increased turbulence and reduced wind
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speed. The ambient atmospheric turbulence generally constrains
the extension of the wake by mixing surrounding air of higher
speed into the wake. Since the atmospheric turbulence is typi-
cally lower over the ocean than over land, offshore wind farms
typically create longer wakes than onshore wind farms. At wind
speeds above 10 m/s, we observe clear wake effects behind off-
shore wind farms in the SAR images for both stable and unstable
atmospheric conditions.

The recent work of Ahsbahs et al. (2020) showed good agree-
ment between images from SAR and Doppler radar measurements
at the Westermost Rough wind farm in cases without stable atmo-
spheric stratification. Land and sea breezes provide most of the
energy harvested by wind farms in coastal regions, which makes
accurate 24-hour power forecasts for trading and grid operation
challenging. It is worth examining whether the information con-
tained in the freely available SAR images can improve the under-
standing of wakes under land and sea breezes and eventually lead
to better operational forecasts. A land breeze is characterized by
increased turbulence and vertical air motion over the sea surface,
while a more stable marine atmosphere characterizes a sea breeze.
Thus, according to the findings of Ahsbahs et al. (2020), SAR
images of the wind farm wakes should typically be more reliable
during a land breeze than during a sea breeze.

In this work we compare simulated wakes to SAR images taken
during land and sea breezes at wind speeds above 10 m/s. The
wind farm wakes are simulated by the Weather Research and
Forecasting (WRF) model (Skamarock et al., 2008), an atmo-
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