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                    Results from the measurement campaign presented above suggest that scattering from wind
 farms may have strong influence at direction finding sites, but are not sufficiently


comprehensive to allow firm conclusions to be drawn (it might also be possible to explain the
 observed phase fluctuations by other phenomena). To be able to conclude more firmly, the
 following types of similar measurement campaigns might be performed:


1. Perform a new and more extensive measurement campaign at Smøla, in order to verify,
 understand better, and quantify the observed effects. Including more accurate amplitude
 measurements would allow discrimination between shadowing and scattering effects.


More measurements with the transmitter near the position and frequency where extreme
 phase fluctuations were observed, and with the receiver in different positions, would
 strengthen or weaken the evidence that the extreme fluctuations are related to blade
 rotation.


2. Perform measurements in a location geographically and topographically similar to
 Smøla, but without any wind farm. The receiver antennas should be close to shore as
 well as far from shore, to find out what type of phase difference fluctuations can be
 expected from the ground-sea reflection as well as from other scattering effects.


3. If a new large wind farm is going to be installed, one could make measurements with
 exactly the same geometry before and after the wind turbines are installed. This is likely
 to provide clear evidence of any scattering from wind farms, but would obviously be a
 long-term project.


For future similar campaigns, the following advice (lessons learnt) should be kept in mind to
 ensure collection of high-quality measurement data:


1. The receiver site should be in a topographically smooth area, several wavelengths from
shore. The site should also be easily accessible by car.


2. One should consider utilizing ground planes (radials) for the vertical receiver antennas,
 to minimize the influence of local ground conditions.


3. Using two interferometers at 90 degrees angle (a total of four antennas) would give good
 sensitivity in all directions.


4. Measuring continuous runs where the transmitter covers 360 degrees azimuth would
 probably give more easily interpretable data.


5. One should strive to find a receiver site with minimum local noise (e.g., sheep fences).


6. It would be a good idea to travel to the area prior to the campaign, with one HF receiver,
 to find a good receiver site with low local noise.


7. The choice of boat is a trade-off between several goals: High speed, crew endurance (at
 least, a wind screen would be advisable), and ease of antenna mounting. If geometry
 allows, one could also consider mounting the transmitter on a car.


8. Ensure that the data acquisition hardware is provided with an accurate clock
 synchronization signal.


9. Save the received audio signals as well, as these may provide additional information.


10. Include instrumentation to measure received signal level more exactly, in order to
 identify any shadowing effects caused by the wind farm.


11. Ask the operator to turn off the wind farm for parts of the campaign, in order to verify
 whether phase fluctuations are related to blade rotation.


12. Perform measurements at more frequencies, e.g., around 5 MHz and around 15 MHz.


5 CONCLUSIONS


When the transmitter-receiver path does not pass directly over or near the wind farm, it can
 not be concluded that there is any influence of wind farms on the communication systems or
 direction finding systems. In all these situations it has been found that there exist natural
 variations due to terrain and propagation factors, but no effects were observed that can be
 positively attributed to wind farms. This is based on measurements and observations in one
 specific area only and with given limitations in equipment accuracy and number of


measurements taken. In particular, the receiver antenna positions during the measurements
 were unfortunate, such that natural variations may have been exaggerated. As this conclusion
 is based on assessments at 2MHz and 10MHz where maximum influence is expected, it may
 also be concluded that at lower frequencies where the interaction is weakened by wavelength
 in the fourth power this is also the case. At frequencies higher than 10MHz these assumptions
 are also expected to hold up to the point where ground wave propagation is not dominant.


When the transmitter-receiver path does pass directly over or near the wind farm, the
experiments have uncovered larger than expected variations for certain locations. Due to
limitations in the given experimental setup it is however not possible to conclude that this is


entirely due to wind farm effects or instruments effects due to the low signal levels present.


There is some theoretical evidence that absorption of the direct ray by resonant interaction of
 the field by the wind turbine structures could cause these effects.


The overall conclusion of this study is that specific care and consideration should be taken
 when wind farms are positioned near the line of sight of HF communication and direction
 finding services utilizing potential ground wave paths (up 50 km range over land and 500 km
 over sea). To quantify and confirm the observed effects, further measurements would be
 required.


For non-line of sight (sky wave) arrangements influences are expected to be weaker, but exact
 extrapolation of the results is difficult since it is unknown how much of the observed effects
 are attributed to scattering vs shadowing. Any observable effects for sky wave are supposed to
 be maximum when the transmitter is behind the wind farm, and the signal arrives at low
 elevation angles. If the dominant effect is shadowing, effects may only be expected when the
 incoming signal passes less than a wavelength above the wind farm. If the dominant effect is
 scattering, effects may be expected at elevation angles up to about 10 degrees (see last


paragraph of Sec. 4.8). Since the incoming signal is approximately equally strong at the wind
 farm and the receiver, any scattering effects are expected to be weaker than for ground waves
 where the signal is stronger at the wind farm.
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