This article was downloaded by: [Universitetsbiblioteket i Bergen]
On: 23 December 2011, At: 00:44
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number:
1072954 Registered office: Mortimer House, 37-41 Mortimer Street,
London W1T 3JH, UK

International Journal of
Remote Sensing
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/tres20

Cover. Wind energy mapping
of coastal zones by synthetic
aperture radar (SAR) for
siting potential windmill
locations
O. M. Johannessen & E. Bjorgo
Available online: 25 Nov 2010

To cite this article: O. M. Johannessen & E. Bjorgo (2000): Cover. Wind energy
mapping of coastal zones by synthetic aperture radar (SAR) for siting potential
windmill locations, International Journal of Remote Sensing, 21:9, 1781-1786
To link to this article: http://dx.doi.org/10.1080/014311600209733

PLEASE SCROLL DOWN FOR ARTICLE
Full terms and conditions of use: http://www.tandfonline.com/page/
terms-and-conditions
This article may be used for research, teaching, and private study
purposes. Any substantial or systematic reproduction, redistribution,
reselling, loan, sub-licensing, systematic supply, or distribution in any
form to anyone is expressly forbidden.
The publisher does not give any warranty express or implied or make
any representation that the contents will be complete or accurate or
up to date. The accuracy of any instructions, formulae, and drug doses
should be independently verified with primary sources. The publisher
shall not be liable for any loss, actions, claims, proceedings, demand, or

Downloaded by [Universitetsbiblioteket i Bergen] at 00:44 23 December 2011

costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

int. j. remote sensing, 2000, vol. 21, no. 9, 1781–1786

Cover
Wind energy mapping of coastal zones by synthetic aperture radar
(SAR) for siting potential windmill locations

Downloaded by [Universitetsbiblioteket i Bergen] at 00:44 23 December 2011

O. M. JOHANNESSEN
Nansen Environmental and Remote Sensing Center, Edvard Griegsvei 3A,
N-5059 Bergen, Norway

and E. BJORGO
Terra Orbit Ltd., Edvard Griegsvei 3A, N-5059 Bergen, Norway

The Earth’s population is facing an increasing demand for electrical power. After
the Kyoto meeting which gave clear signals of reductions in the CO emission to
2
the atmosphere it is clear that new alternative sources of power must be considered
to meet those needs. In this context it has been focused on possibilities for increasing
the utilization of converting wind energy into electrical power by use of wind mills.
With the technical improvement of wind power turbines in recent years, operating
wind power-plants have become more economically e cient, and is today a worthy
source for complementing other types of energy.
In planning for wind mill park installations it is of fundamental importance to
have su cient information about the wind characteristics for diŒerent seasons.
Standard wind measurements are available from ground mounted instruments, such
as cup- or sonic anemometers which usually provides time series of averaged 1 or
10 minutes intervals. Such measurements are very local and will not properly resolve
the spatial variations in the wind  eld and it is thus generally di cult to estimate
wind conditions at a nearby site. Since surface wind  elds have large spatial variations, mapping of the wind  eld with high spatial resolution is of great importance
for wind mill siting.
The cover (and  gure 1) illustrates the method of mapping wind energy in coastal
zones for potential wind power plant location using synthetic aperture radar (SAR)
derived wind speed, as suggested for the  rst time by Johannessen et al. (1998). The
SAR instrument has clear advantage s for high spatial resolution wind  eld mapping
since it penetrates clouds and is not dependent on sun illumination of the remotely
sensed objects. The SAR instruments onboard European Space Agency (ESA)
ERS-1&2 and the Canadian RADARSAT have su cient spatial resolution, 30 m
and 10 m respectively, as well as 100 km (ERS-1&2) and 500 km (RADARSAT) wide
spatial coverage along the coastline. Wind maps generated from SAR will be able
to provide spatial information about sea surface wind energy at approximatel y 400 m
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Figure 1.

The method of mapping wind energy in coastal zones for potential wind power.
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resolution. This information can be extrapolated using boundary layer theory to
provide wind energy estimates at wind mill heights.
In SAR images, the re ected amount of energy will be proportional to a power
of the surface wind speed. The radar signal is re ected by capillary waves with a
scale comparable to the wavelength (~ 5 cm) of the signal. These waves will be
created instantly with the wind speed and is therefore an indicator of the surface
wind speed. During several experiments empirical relations between the wind speed
(normalized to 10 m above the surface) and the received re ected radar signal from
the surface have been established. These relations are known as C band models

Figure 2.

SAR image from Norwegian west-coast ( left) and corresponding map of wind
energy at 10 m height (right). Brighter areas indicate more wind energy.
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Figure 3. Wind energy maps (top) from two diŒerent ERS-1 passes and the corresponding
variations in energy variation along a pro le at 10 m height following the black vertical
line in the two top  gures. The selected area is indicated with a yellow rectangle in
 gure 2 (b).
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(CMOD) and their applications and accuracy (normally within Ô 2 m sÕ 1) for SAR
is reported in e.g. Vachon et al. (1996), Scoon et al. (1996), and Korsbakken et al.
(1998). For wind energy mapping the spatial distribution of the wind speed, as
derived using the CMOD algorithm (Quilfen et al. 1998) is turned into wind energy
using the relationship E = 0.5 Ö 1.225 Ö v3, where v is the wind speed in m sÕ 1, for
air density of 1.225 kg m Õ 3, corresponding to dry air at standard atmospheric
pressure at sea level at 15 ß C (Johannessen and Korsbakken, 1998).
In  gure 2 (a), three standard ERS-1 SAR precision image (PRI) scenes from the
Norwegian west coast are merged to cover a 100 km by 300 km area. The SAR PRI
has an initial spatial resolution of about 30 m Ö 30 m but is block averaged to a
spatial resolution of 400 m Ö 400 m to reduce speckle noise and improve the statistical
signi cance for wind speed in each pixel, still allowing detailed mapping of the wind
energy in the coastal zone. Figure 2 (b) illustrates the corresponding wind energy at
10 m height. In the SAR image ( gure 2 (a)) we have indicated dark areas with
relatively low wind speed (A), bright areas with higher wind speeds close to shore
(B), and a wind front in fjord area (C). The wind speeds range here from below
2 m sÕ 1 to approximatel y 8 m sÕ 1. The wind speeds were calculated using the average
wind direction from a synoptic meteorological map of the area. The energy  ux
(W m Õ 2 at 10 m height) plot in  gure 2 (b) clearly reveals areas of low and high
energy all the way into the coast and fjord areas. The energy ranges from about
5 W m Õ 2 up to about 1300 W m Õ 2. With an average wind speed of 4.5 m sÕ 1 at hub
height (50–100 m) the average wind mill will generate about 500 000 kWh per year.
With an average wind speed of 9 meters per second it will generate 2 400 000 kWh
per year. Thus, doubling the average wind speed has increased energy output 4.8
times. Note that this example is only a temporal ‘snapshot’ and does not represent
wind energy distribution maps used as statistical background material in locating
optimal sites for wind power plant construction. More SAR scenes are needed for
producing such maps.
Figure 3 illustrates the importance of optimum siting. From the energy  eld a
pro le is extracted along the black line. Such a pro le will represent the total instant
energy  ux (W m Õ 2) at 10 m heigt. Such plots, arranged chronologically for several
images, as shown in  gure 3 for only two days, will reveal regional and seasonal
variations in the energy distribution.
SAR wind energy maps have the potential to be used for large-and regional scale
mapping in order to select areas of interest for wind power plant development world
wide, and should be complementary to more detailed in situ measurements and
mathematical modelling once potential sites have been identi ed in the satellite
derived products.
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