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                    Fig. 4.23 shows extreme phase fluctuations observed on Jun 7th at 15:00. Unfortunately, the
 immediate further history was not observed as the transmitter seized operating shortly after
 this, due to a loose connector.


In Fig. 4.24 is shown an FFT-based estimate of the power spectral density (PSD) of the phase
 fluctuations during the extreme event, as well as during a “normal” interval of the same length
 42 minutes later. The PSD of the AGC voltage of one of the radios is also shown, to give an
 indication of the fluctuations caused by broadband noise from sheep fences. In both cases the
 PSDs were estimated over an interval of 2529 samples at a sampling rate of 10.627 Hz, and the
 Matlab commands issued to estimate the PSD were:


Nfft=1024;overlap=Nfft/2;fs=10.627;


psd(data,Nfft,fs,blackmanharris(Nfft),overlap,’linear’);


1The following ground parameters were used in the GRWAVE predictions: Sea:σ= 4S/m andr= 70. Land:


σ= 0.003S/m andr= 22
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Figure 4.23 Extreme event observed at 2.212 MHz at Jun 7th (run 2), with TX behind wind
 farm as seen from RX.


Phase deviations of the same scale were observed also on June 6th, when the transmitter was in
 exactly the same position and further West, as shown in Fig. 4.25. At this time, phase


difference measurements were logged manually every 10 seconds, and the integration time of
 the phase difference meter was about 3 seconds in order to ease the manual logging. Hence,
 fine-scale time fluctuations were not observed. However, these observations strongly suggest
 that the extreme event shown in Fig. 4.23 was not incidental.


Fig. 4.26 shows measurements when the transmitter was operational again, after the extreme
 event on Jun 7th (note that part of this time interval is also shown in Fig. 4.15). The extreme
 phase deviations in the first part of this plot are not coherent with the noise from sheep fences
 (as observed in the AGC voltage). The estimated PSDs with and without extreme phase
 deviations are shown in Fig. 4.27.


As seen in Fig. 4.14, extreme phase deviations were also present earlier in the run, and
 increasing in amplitude as the transmitter approached to the point in Fig. 4.23. These were
 neither coherent with the sheep fences.


The power spectra show that the fluctuations are broadband in nature, but have small peaks at
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Figure 4.24 Estimated power spectral density of phase fluctuations and AGC voltage during
 extreme event on Jun 7th, and 42 minutes later (“normal data”).


the blade frequencies of about 0.55 Hz and 0.85 Hz. This, in combination with the fact that the
 fluctuations are only seen when the transmitter is behind the wind farm, provides an indication
 that the fluctuations are related to the blade rotation of the wind turbines.


The extreme phase fluctuations are mainly observed when the wind farm is in the direct path
 between transmitter and receiver. This suggests that they may be related to shadowing effects
 in combination with blade rotation, and we have two hypotheses to explain the observed
 phenomena (isolated or in combination):


1. (Hypothesis) Shadowing causes increased path loss in the direct path, increasing the
 importance of the scattered paths. The operating frequency is close to the resonant
 frequency of the wind turbines, and the resonant scattering of each wind turbine is
 modulated by the blade rotation. The resulting variations in scattered signal amplitude
 will give rise to observed phase fluctuations.


2. (Hypothesis) Shadowing effects on the direct wave are modulated by the blade rotation
 due to resonance. Scattered paths will dominate more or less depending on this


modulation, causing phase fluctuations.


This kind of fluctuations was not observed when the transmitter was in the same relative angle
to the wind farm, but closer to shore (Fig. 4.17). This does not counter the hypothesis that the
extreme fluctuations may be related to the wind farm, since (a) with the transmitter closer to
shore the signal would arrive different wind turbines at different angles, such that coherent
addition of a resonant scattering phenomena would be less likely, and (b) this was at a different
day, when the wind turbines may have been pointing in a different direction.
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Figure 4.25 Extreme event observed at 2.212 MHz at Jun 6th (run 1), with TX behind wind
farm as seen from RX. Manually logged measurements every 10 seconds.
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2.212 MHz.  07−Jun 15:08:04−16:01:36.  TX−RX 24.6−25.2 km.  TX−nearest windmill 10.2−11.3 km.
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Figure 4.26 Observations after extreme event on Jun 7th, with TX further West (run 2).
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Figure 4.27 Estimated power spectral density of phase fluctuations and AGC voltage during
 two different time intervals in Fig. 4.26.


There is also a possibility that the extreme fluctuations are due to equipment malfunction
 (considering that the transmitter seized to operate twice during run 2), due to low signal levels
 (the fluctuations were observed in the area of maximum TX-RX distance), or caused by
 interference not observable in the AGC voltage. The first and third of these possible
 explanations are partly countered by the similar observation in Fig. 4.25.


To cause phase fluctuations of about 100 degrees as observed here, the scattered signal must be
 approximately equally strong as the direct signal,Ks = 0dB. Using the same method as in
 Sec. 4.12 above (transmitter to receiver path is 8 km sea and 16 km land, transmitter to centroid
 of wind farm is 7 km sea and 5 km land), we obtain the following rough estimate forσN.


σN[dBm2] = 158.55dBm2/s2


Note that this measurement-based estimate ofσN is approximately 20 dB higher than what
would be obtained by combining the prediction ofσ1 in Sec. 3.3, assuming resonant scattering,
with the prediction of|χ|in Sec. 4.8, at 2 MHz. However, the estimate does not take into
account the potential effect that shadowing by the wind farm may increase the path loss of the
direct path (which would lead to a lower estimate ofσN).
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