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ABSTRACT

The adverse impact of amplitude modulation (AM) heeen acknowledged in research, papers, and
anecdotal evidence since at least 2002. Only irB201the UK, did wind industry acousticians firyall
acknowledge the common impact of AM and the neeatdmtrol. Some still deny the need for control at
public inquiries. Despite two independent bodiks, Ihstitute of Acoustics (I0A) and the Independeaise
Working Group (INWG), announcing a review of AM ffnoa planning perspective in 2014 and the UK
Government's DECC commissioning further review o & 2015 the UK is still, at the time of writing,
without any unanimous and/or accepted guidancadsessing and conditioning AM at the planning stage
This paper reviews a range of metrics and methwtdive been proposed and their ability to woth véal
world data. This paper questions whether a "orefgizall”, purely quantitative approach reflestbjective
AM impact and provides initial findings of a prelmary study testing whether different manifestasiaf
AM can be considered equal.

1. INTRODUCTION

The rhythmic variation of wind turbine noise, ocdog at blade pass frequency, is generally
termed amplitude modulation (AM). This aspect ofid/turbine noise is commonly generated by wind
turbines (1). There is still no consensus amonrysdé researching and assessing the occurrence of AM
in the far field as to how to describe (qualitativand quantitatively) this aspect of the noisewtoat
degree it is a problem, how often it occurs, whaises it and on a more basic level what term should
be used to describe it. In the UK AM that occursha far field and is outwith the definition proed
in ETSU-R-97 has been referred to as "excess" nhdaced" amplitude modulation (EAM). Others
have referred to it as "greater than expected aogdi modulation” (GTEAM) whereas a research
project published in 2013 provided definitions foormal® AM (NAM) and "other” AM (OAM) (2).
This lack of clarity in the acoustics communityeigually reflected by those who experience AM in and
around their homes and provide a range of desegsmod comparators when describing impact (3).

Whilst wind farm noise and specifically AM are asificant source of complaints, relying on
complaints alone cannot fully describe the exteinthe problem (4)The WHO estimate that only
15-25% of people identified as highly annoyed biseavill complain (5). The character of AM within
wind farm noise adds to its annoyance (6). In the rbost of those working for and with the wind
industry appear to have recognised the issue ofafwlll accept it is in need of control, but how idl sti
a matter of debate.

2. METHODS FOR MEASURING AND ASSESSING AM

2.1 Noise conditions

A minority of wind farms in the UK have been appeowith a planning condition to control AM.
In 2009 the Den Brook Wind Farm was approved witltcadition that considered the regular
occurrence of AM in excess of 3dB (as a peak tagiovalue in the A weighted time series) in the far
field as unreasonable. This has since been adddy thhe developer to include a scheme for the
identification of GTEAM (Den Brook Wind Farm, "cormn 21") and involves finding the energy
within a critical band centred on the blade pas$iequency, looking for values greater than 2.5.

A draft planning condition was appended to the Reat#de UK research published in December
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2013 (2) and this has been adopted in some cas$ss.uBes a similar methodology to that of the
condition 21 referenced above. It finds the enexgllade passing frequency and uses this as the AM
value for that period. These values are averagezt avl0 minute period followed by a further
averaging of the 10 minute values for each windeslp@ising a best fit line). A penalty (maximum of
5dB) is applied to the wind farm noise level depegdon the AM value for each wind speed.
Significant flaws with this approach and the dep&lomodified Den Brook condition (condition 21)
have been identified (7) through testing with ateesive database of EAM obtained from the Cotton
Farm Wind Farm where a permanent monitoring stalias been established.

Outside of the UK, draft planning guidelines fomifarms in New South Wales set a variation of
4dB(A) at the blade passing frequency as excesaiwglitude modulation. This results in a 5dB(A)
penalty applied to the measured wind farm noiselleéRrevious research by the author has shown that
application of a 5dB penalty to the UK wind farmis®limits would fail to prevent adverse impact in
the majority of cases tested (8).

2.2 Methods of identifying AM

Whilst there are relatively few criteria for judgirthe acceptability of AM there are a number of
methods for identifying and quantifying AM. Thesave been categorised in to time domain,
frequency domain and hybrid methods (9). Exampiedude the (original) Den Brook condition,
which identifies AM by interrogating the temporalweighted noise trace. Thes[p index is another
time series based method described by Fukushirah(&0). The most commonly reported and tested
method referenced in papers analysing AM usesRastier transform (FFT) to find the energy at
blade passing frequency. Other methods have indluéeonstructing the time series of the AM based
on FFT analysis (11). Different methods for ideyitiy AM are well described elsewhere and have not
been detailed further in this paper (7,9).

2.3 Modifiers of AM perception

In the UK there appears to be a strong industrjegpeaice for an automated AM assessment method
that outputs a single numerical value of AM foredided time period. This value is based eitherhan t
energy found at blade passing frequency or witbgtimate of the typical difference between the peak
and trough of the AM. Annoyance from wind farm reikas also been related to the overall A
weighted sound pressure levehl) (2).

No method presented to date takes account of cuimeldactors such as spectral content,
impulsivity (though it is noted that others havevestigated use of impulsivity for quantifying
AM(12)) or other features that may contribute te gerception of AM. Pedersen and Waye identified
descriptions of swishing, whistling, pulsating fdhbing and resounding as the most common sources
of annoyance (13). Annoyance has also been idedtds a function of modulation depth, modulation
rise time, modulation frequency (including harma)jc the average level of the noise and
psychological responses (9). The unpredictabilitAM and better audibility at night, due to lower
masking noise and greater transmission, have aé&sn thighlighted as factors contributing to
annoyance (14).

Thus, whilst a multitude of factors have been idfegedt as influencing AM perception, assessment
methods tend to reduce this to interrogation ofirggle feature of AM, relating annoyance to a
numerical value based only on this one featurdhefAM.

3. TESTING RESPONSES TO AM

3.1 Individual differences

It is evident from personal music preferences thate is great diversity in listener's perceptiod a
discrimination of sound versus noise. Researchftiasd that wind farm noise is more annoying at
lower levels than other sources of environmentas&d@l12, 15)Although certain features of wind
farm noise, including AM, have been highlightedcasising annoyance there is a lack of research
further identifying specific character featuresfdfl that cause an increase in annoyance. Research by
the University of Salford found that annoyance rigtiof AM was not significantly affected by
frequency content or shape of the AM waveform baswignificantly affected by the frequency rate of
the modulation, the overall loudness of the tesinsband modulation depth (2). Despite these initial
findings the overall conclusions of the researckedahat annoyance was mainly related to overall
level (Laeg)-



Whilst the findings of the University of Salfordsearch indicate that a single numerical value for
AM, potentially related simply to the overall avgea decibel level, could sufficiently describe
annoyance there still remains uncertainty, for eplemfrom the factors highlighted by research
discussed in Section 2.3 above. The Salford rebeased an artificially generated AM signal which
may not include many of the characteristics, inalgdrandom fluctuations, found in real world AM.
The use of a single numerical descriptor for assgssoise, whilst convenient, has long been
acknowledged as limited (16). There is uncertaidyto how a value for AM is to be derived and
whether a judgement of acceptability based on Wailkie would adequately address the annoying
features associated with AM as described in oteeearch and in lay evidence.

3.2 How do people hear wind turbine AM?

It could be argued that approaching wind turbinse@ssessment pre-armed with a knowledge of
psychoacoustics and wind turbine noise manifestacsubject to experimental bias. An acoustician
is familiar with formal definitions of ‘hum, ‘whinelow frequency’, 'modulating’, ‘irregular’ antiivgt
amongst the acoustics community these definitiaold Bome clarity, to the lay person the same sound
could be described in a manner of different ways.

When attempting to define an assessment tool for Al indeed setting a level of acceptability, a
number of elementary questions require considematio

- Does all AM sound or impact the same?

Can listeners actually perceive a difference in A¥mples? For example, is there a noticeable
difference between AM that is low frequency or nitdquency dominated? Is there a noticeable
difference between AM that modulates by 7-8dB or3b4dB. Can a listener discern whether a short
extract of AM, used comparatively, has intermitt&iM or constant AM and even if they can, does this
alter their overall judgement of the sound ovemaetperiod? Is it simply categorised at a more dasi
level of 'noisy' or 'not noisy'?

- Is there a consensus amongst the population abab i& "good” and "bad" sounding AM?

If AM doesn't sound the same and there are notieedifferences, do listeners generally agree as to
what can be considered positive and negative atiiof AM? A repetitive rhythm to one listener
may be soothing but to another may be considerkeshtless and intolerable.

- Do existing AM metrics reflect different charactics of AM?

If listeners do perceive differences in AM samplés,metrics for AM reflect these judgements?
Does a single number rating for AM adequately, @lpetentially indirectly, penalize samples that
are rated as most intrusive and permit samplesateatonsidered acceptable?

3.3 MAS Environmental Wind Farm Noise Annoyance Study

In the absence of any substantial research askiingvestigating the above questions it is of some
concern that UK guidance on rating and assessing wirbine AM could be imminently approved. As
a result, and with limited funds and time, a basitine study was developed to begin investigating
these questions. The survey is accessible onlintetigt//www.masenv.co.uk/surveyl/.

Six samples considered to have varying attribufe&AM were taken from data measured by the
external permanent monitoring station at Cottom#s¥ind Farm, Cambridgeshire UKAIl samples
had the same dgo, @ narrow range of deq's and lasted for approximately 50 secohdss the main
purpose of the study was to investigate discrimiomabf character features and annoyance between
samples of AM, no reference non-modulating windrfaroise was included in the study. Only the
audio of the sample was presented on the websfiest@ent any visual clues for annoyance rating. The

2 An AM control might simply state that all AM abogemodulation depth of 3dB(A) is unacceptable. If
adverse character and impact do not occur when th&M with a modulation depth below 3dB(A) then
the control prevents adverse impact from noiseatdtar without specifically identifying these feagsitor
focusing on preventing their occurrence.

® For more information and for real time informatiogging noise levels from the wind farm visit:
http://www.masenv.co.uk/~remote_data/. The noisaitapis located in a free field location at the
boundary of residential property just under 650omfithe nearest turbine.

* The LA90 metric is used to measure wind farm naise UK and is therefore used as the overall
decibel level of the wind farm noise assessechipstudy all samples had an LA90 of 39dB.



samples were anonymised and the order randomisétizae the page was visitédParticipants were
asked to listen to the six clips and rate them aeale of 0-10 for perceived annoyance. Participant
were then asked a few brief questions to gain sbasc information including their age and the
character of the area they lived in. In order taximise participation the study was designed to be
quick and easy to complete, fairly basic and anomysn At the end of the survey participants could
leave any additional feedback or information on shedy / study samples in a comments box.

3.4 Limitations

As with any online study there are limitations dadtors that cannot be controlled. One of the main
limitations is a lack of control over the playbacked by participants to listen to samples. Thisldou
vary across headphone and laptop / computer spgalkeh in terms of frequency output and volume.
Some responses indicated that the volume was mat émough as samples could not be heard and
other comments indicated that samples were playedoshigh a volume. Whilst this will have some
effect on the study results it is not consideredridermine the main purpose of this study, whicls wa
to investigate whether differences between AM saspbuld be heard and whether samples would be
perceived as more or less annoythgn each other. Assuming that participants did not change the
volume between samples, these comparisons coldlidstfairly made. The study format also lacked
control over the range of participants completimg $tudy. Whilst a range of ages completed theystud
there was a lack of participants under 30 and feind in urban areas completing the study. Whitet t
lack of control over participants could be consatkr limitation, the number of responses that the
online survey allowed is an advantage of this appho

3.5 AM samples

The six samples used in the study are shown graphibelow. These have been labeled A-F for
ease of reference in this paper and should nobhéused with the randomised letters A-F that appear
on the study website. Plotted on to the graphBeslOOms keq (black trace, read off left hand x-axis)
and the AM values for each 10 second period deriwvgidg the UK Institute of Acoustics (I0A)
Amplitude Modulation Working Group (AMWG) Consultah Software® Also labeled on the graphs
is an approximate peak to trough value of the Agluged time series trace. This allows comparison of
four different methods for quantifying AM. Method (pale blue trace, read values off right hand
y-axis) is a time series method for quantifying AMsed on the methods used in Fukushima et al
(9,10). Method 2 follows an FFT approach for quitirtig AM using the frequency domain (pale green
trace, read values off right hand y-axis) (9). M=tt8 is a hybrid approach using a reconstructee tim
series founded on an FFT analysis of the origimaadlilac trace, read values off right hand y-3x85.

The 10 minute AM value for each sample period, Meéth1-3, is given in boxes in the top left hand
corner of the graph. This 10 minute value is thelDAf all the individual AM values calculated withi

a 10 minute period (9). The individual peak to ghwalues can be used for comparison against the
criterion set in the original Den Brook conditidfor ease of comparison all graphs use the same axis
scaling. A summary of the study samples’ periadoland Laeq is given in Table 1 below.

Table 1: Summary of study sample's periaghland Lagq

Sample A Sample B Sample C Sample D Sample E Sample F
31/12/2013  22/06/2014 08/10/2014  17/05/2015 02/08/2015 02/12/2015

L ago (dB) 39 39 39 39 39 39
L aeq (dB) 42 44 42 42 42 41

> The order of the samples always appears A-F leusaimple attributed as A-F changed each time.

® For more information see: http://www.ioa.org.ukipeations/wind-turbine-noise and particularly the
AMWG Discussion Document available online:

http://www.ioa.org.uk/sites/default/files/ AMWG%2082iussion%20Document. pdf
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Figure 1: Spectral comparison (A weighted) of stadgnples.
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Figure 2: Study sample A - data measured on 31013/2The sample on this occasion was chosen as it

exhibited intermittent AM with a variable peak tough.
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Figure 3: Study sample B - data measured on 22308/2T his sample was chosen as the AM was fairly

consistent and constant throughout the period Walg® having a significant peak to trough variatio
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Figure 4: Study sample C - date measured on 08118/2I'his sample is considered to show a period of
AM that is not constant or consistent, with souatisid - high frequency i.e. "swish" rather than

"whoomph" and has variable peak to trough diffeesnc
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Figure 5: Study sample D - data measured on 17Q5/2ZThe sample on 17/05/2015 shows a period of
consistent, regular and constant AM but with a lotypical peak to trough difference to that showithe
data on 22/06/2014.
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Figure 6: Study sample E - data measured on 0@B/Z his sample was used as the AM had an
intermittent and variable peak to trough differerdid not always vary significantly but had a low

frequency quality to the sound, e.g. "whoomph"eathan "swish".
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Figure 7: Study sample F - data measured on 0J18/Z'his sample was chosen as a period of lower

peak to trough variation AM and also that had a ntidyher frequency sound character, e.g. "swish".

The study samples exhibit a range of differencethenmodulation depth, how modulation depth
depth varies with time, the character, frequenayteot and clarity of individual peaks and troughd a
how these features vary with time. The samplesesgmt many common features of AM including
complex changes in noise character.

3.5.1 Preliminary results

At the time of writing the study had received 3&ponses. A summary of the participant data is
provided in Table 2 below. Preliminary analysistioé¢ results is presented in Figures 8 and 9 below.
Figure 8 shows the average annoyance ratings fqraaticipants across each sample (see left hand
axis for annoyance rating). Also plotted on thepyrds the AM value derived by Methods 1-3
discussed in Section 3.5 above (see right handfaxisM magnitude). Figure 9 shows the percentage
of responses for annoyance ratings provided byigpants between 0 and 10 for each sample. Aline
of best fit has been added for each sample to stroapproximate trend in how each sample was rated.
A number of participants provided additional feeclban the AM samples in the comments section at
the end of the survey, including what the samptesmsded like and / or why some samples were more
annoying than others. Common descriptors in thespanses were identified and are listed in table 3
below. A tally is provided of the number of timdsete descriptors were used.

No results from the initial 336 responses have atuded from analysis. Initial analysis has not
revealed any obvious outliers though further dethihnalysis of individual results has not yet taken
place. Full description of the study methodologyl &imiting factors are not discussed in this paper
and will be considered in more detail post completof full analysis.



Table 2: Summary of participant information

Age 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-99
Count 0 13 23 50 93 111 45 1 0
Area Very quiet Residential Urban near Area of heavy

Rural Suburban ) )
type suburban urban some industry industry
Count 251 27 25 24 8 1
A Freefrom Impacted by some Generally noisy Generally noisy duetoamix v
rea er
o intrusive annoying noise from transport of different typesof noise ) Y
description ] ] ] ] ] noisy
noise Sour ces on occasions sour ces such asindustrial noise

Count 203 92 23 13 5

Live near wind farm? No Yes
Count 251 85
If "yes' tolive near wind farm, do )
] ] Regularly Sometimes Never
you hear wind farm noise?
Count 55 17 9
A”:‘;?’:gce Average rating of study samples magﬁ'}"wde
(@8)
10 4 - 10

9 ¢  Mean lg

AM rating Method 1
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8+ AM rating Method 3 T8

L 2
7 . . . T7
L 2

6 6

L 2
5 +5
47 T4
3 +3
2 ™ < < wn wn n 2

Sam:Ie A Sam:Ie B Samzle C Sam:Ie D Samople E Samople F

Figure 8: Average annoyance rating of study sammegpared with average 10 minute AM rating for

Methods 1-3.



Percentage of annoyance ratings (0-10) for each study sample
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Figure 9: Percentage of responses for each studylsaated 0-10 and corresponding best fit line.

Table 3: Summary of comments relating to charadgscriptions of study samples.

Character feature More annoying

Annoying because of the change in the nois1e|, WREEE
anticipating the noise, irregular

L ess annoying

Continuous, regular, constant noise —Hl Il HH T
Pulsing / throbbing / modulating —HH T
Repetitive noise T
Rhythmic noise —HH T |
Low frequency noise —+H T
High frequency noise Il
Sharper Il
Louder HH 11

Other annoying characteristics/ comparisons

Drone / hum
Aircraft
Tumble dryer

Wind in trees

-
111
—+HH

Il




4. DISCUSSION

4.1 Did participants hear differences in the samples?

The primary aim of the study was to ascertain ittiggpants judged samples of AM with the same
decibel level, as determined in accordance withduidance, as equally annoyifgrhe majority of
participants rated the samples differently, only38® participants (14%) rated the samples equally.
This indicates that listeners do respond diffenetdlsamples of AM that have different charactécist
and that some types of AM are more or less annotfiag others.

The range of annoyance ratings given by participaras fairly small, on average ratings ranged by
3. This suggests that whilst participants judgezidamples to be more or less annoying than eaeh,oth
they were not judged to be significantly bettemarse. This is reflected in the average scoresrgive
for each sample.

The highest annoyance rating was given to Samplehiz sample has the highest:k (by 2-3dB)
of all the samples and has the most consistentdsigpeak to trough variation of all samples. Saspl
D, E and C were on average all rated similarly.8 6.8 and 6.7 respectively. These samples akhav
the same heq and Lago but have differing characteristics. Of particulaote, Sample E has
significantly more low frequency content than ather samples. Sample D consistently varies by
approximately 5dB peak to trough whereas Samplg fadre intermittent with peak to trough values
ranging unpredictably from 2-3dB to 7-9dB. Onlyedtas slightly less annoying, with an average of
6.4, was Sample A. This sample is similar to Saniphaut is more intermittent and has more extreme
peak to trough variation, ranging from AM with 2Bdip to 11-12dB peak to trough variation. The
lowest rating of 5.7 was given to the AM in SampleThis has a slightly lowerdeq (41dB) than the
other samples and has intermittent AM with typigdbbwer peak to trough variation. These results
suggest that participants generally considered Al wonsistently lower peak to trough variation to
be least intrusive and AM with consistently higlperak to trough variation to be the most intrusive.
However, samples that are intermittent and haveeatgr variation in peak to trough levels were
considered to be similarly annoying compared tomamwith lower peak to trough levels but which
are constant and consistent throughout the period.

Figure 9 provides more information regarding howtreaample was rated. It again confirms that
Sample B was clearly rated as the most annoyirogiveng significantly more annoyance ratings of 10
than the other samples. All samples with the exoepbf Sample F display a trend of increasing
annoyance ratings, i.e. relatively few ratings «f 8nd an increasing number of ratings from 4 upo
Sample F had a similar number of responses ratiag i2 — noticeable’ as it did ‘6 — annoying’. Ehi
sample does not have significant peak to troughatian compared to other samples and does not have
any specific characteristics such as low frequeocgtent or unpredictable high AM peaks (for
example up to 9-11dB peak to trough variation). Tduk of additional character, other than the AM
alone, could perhaps explain the different overadponse to this sample and more uncertainty
amongst participants as to how it should be rated.

Whilst the average rating of Samples C, D, and E mare or less the same, Figure 9 does show
some differences in how the samples were rated.p&am received marginally more annoyance
ratings of ‘10’ than Samples D and C. This couldddesn as support that AM with more low frequency
noise (Sample E) is more annoying than samples imtgrmittent but much higher peak to trough
variation (Samples D and C). Notwithstanding thamples B, C, D and E have significantly more
ratings of '10', Sample A has a significant numiferatings of ‘9’. Sample A has the most intermitte
and unpredictable AM with significant peak to tréugariation of up to 11-12dB. Thus, whilst Sample
A'is ranked fourth out of six samples for annoyaritstill has attributes that cause participaotsdte
it highly for annoyance.

4.2 AM rating methods

Figure 8 plots the average annoyance rating pratilbbgeparticipants of the survey for each AM
sample and the AM rating for each sample using Més$hl-3 discussed in Section 3.5 above and based
on the 10 minute period from which the sample waleen® The AM rating methods give an ‘AM
magnitude’ in decibels and although it is not cledwrether this magnitude is expected to reflect the
typical peak to trough variation of the AM or ifdlvalue is to be used as a penalty, it is reasentabl

" Annoying in this discussion refers to a lay defami, in a broad sense of noisiness / unacceptabili
® The AM in the 10 minute periods from which samplese taken continued in a similar manner.



assume that the values may be used in this waytd.eate modulation depth. As such the AM
magnitude has been compared to the annoyance satihgarticipants. The AM rating methods
generally followed the shape of the annoyance gatiand clearly identified Sample B as the most
annoying giving it an AM rating of between 7 andThese values tend to reflect the peak to trough
values within that sample period.

Whilst the AM rating methods appear, to some extenteflect subjective response, the range of
the 10 minute AM values attributed to the sampledethods 1-3 is much greater than the range of
annoyance ratings attributed by participants. Térege of annoyance ratings given by participants
across the samples is 5.7 — 7.5, indicating thalstveamples were perceived differently they weoé n
significantly better or worse than each other. Téwege of 10 minute AM values for Methods 1, 2 and
3 across the samples is 4.6-8.5, 2.6 — 6.9, and-3.F respectively, making some samples of AM
appear significantly better or worse than othersisTwider fluctuation in the empirical methods
(Methods 1-3) indicates that they do not fully esfl aspects of AM that participants judge as raiéva
contributors to annoyance.

The lowest AM ratings were derived by Methods 2 &mehd were given to Sample F and A. With
reference to Figures 2-6, these are the AM samgtiesving the least well defined and least regular
AM peak to trough variation. Methods 2 and 3 rely a clearly and regularly defined periodic
variation in the measured data to detect and rdte\Where this does not arise lower values of AM are
attributed. This disagrees with participant's resms. For example, Sample A was given an
annoyance rating of 6.4. It contains AM that iseimittent but has AM with peak to trough variation
up to 10-12dB. Methods 2 and 3 give this sample an AM value 8f&hd 4.1 respectively. Thus, AM
methods 2 and 3 do not appear to reflect subjectitiags of the samples’ annoyance well where the
AM is not clearly defined and regular.

4.3 Comments

Much of the value in this study came from the comtadhat participants provided detailing why
some samples of AM were perceived as more or leseydng than other samples and the descriptions
of the samples. Table 10 provides a summary ofitaan descriptors that participants used to describe
the samples and an approximate tally of how mamgsi these descriptors were mentioned.

Of interest is the apparent conflict between p#stints stating that the samples were annoying both
due to regularity / constancy and irregularity lodé samples. As the comments were optional, clasty
to the meaning of these descriptions could notdaghkt and lay views may contradict without clear
definition. However, it could suggest that bothsbdeatures cause annoyance equally in participants
It could also be subject to definition, for exampibether constant / regular referred to the regiylar
and constancy of the AM on a second by second lmaidlsat AM occurring in this manner lasting for
hours / days at a time would cause annoyance. Aytbmic and repetitive nature of the samples was
listed several times as a key annoyance factor langr frequency sounding AM was generally
considered to be more annoying than the highemgaqy sounding AM.

A noticeable finding from the comments was thatesal/participants judged some samples to be
louder than others. The samples were chosen bedhageall had the samendy value and as such
should in general terms be judged to be of sinfiardness’ by UK wind farm noise guidant®in
reality this may not be the case. Whilst the sampliel have slightly different dey's (see table 1), the
levels were not significantly different and varieyla maximum of 3dB, which is generally considered
to be a just-perceptible chanifeThis supports an argument that wind farm noise #so contains
AM is poorly described using thexdo index and suggests the need for an assessmenodniethAM
that is detached from ETSU-R-97 and its associhtgel values. It is unclear from the results whether
the small changes inakq Or variation in AM character is driving the pertiem of different loudness
between the samples.

AM was likened to aircraft noise and tumble dryerse, which is a common likeness identified in
earlier research (3). The description of the AM p&ma having a ‘drone’ and ‘hum’ quality was also
noted by several participants. This is interesasguch terms are usually associated in acoustibs w
steady noise sources and those with constant tooratlent as sometimes caused by motors. Such

® This type of AM has been found to be a commorufesat most sites where AM has been observed.
19| oudness here refers to a lay term and not a floo@ustic definition of loudness, which has natrbe
calculated for these samples.

1 When in the field rather than in a laboratory eowiment.



descriptions were responsible for early complairdsn wind farms being attributed to low frequency

noise rather than AM (17). This description perhapsrants further investigation alone as to whether
participants hear both AM and low frequency noisbgether the combination / interaction of these
factors causes complaints or whether it is a misnamication between those listening to and those
assessing wind farm noise.

5. CONCLUSIONS

Numerous methods have been proposed to quantifybAiMthere are few methods or planning
conditions that set a level of acceptability. Liedtwork has been done investigating whether methods
for quantifying and controlling AM reflect subjeed judgements of AM. At the outset this paper
asked three questions:

- Does all AM sound the same?
- Is there a consensus amongst the population abab i "good” and "bad" sounding AM?

- Do AM metrics reflect different characteristicsA¥1?

The MAS online study found that participants doaclg hear differences between samples of AM
and that some samples were considered as mors®alanoying than other samples. The difference
between samples strongly appears a result of ctearddference rather than differences in energy
levels (Laeq OF Lago) as differences in energy levels between samplesevemall. This has clear
implications for methods of rating AM and for thosesponsible for determining what is or is not
acceptable AM.

There was a general consensus that one sample Btully was the most annoying and one sample
was the least annoying. Other samples were rateitbgly to each other. Whilst there was a consensus
over the most / least annoying sample the diffeedmetween the annoyance rating of the samples was
small. This could suggest either that as soon as#Mesent it is generally considered to be anmgyi
and / or that there are multiple characteristicAlfrendering it annoying for different reasons.tii
regard to comments provided by participants theas some disagreement between features of “good”
and “bad” AM. This disagreement mainly focused aufeatures of regularity, irregularity,
constancy and repetitiveness. Rhythmic features,ffequency sounds and drones / hums were all
listed as contributing to annoyance in accordanitk the findings of other research.

Whilst in general the AM rating methods investighteended to reflect the general trend in
annoyance reflected by participants, identifyingiabhsamples were more or less annoying, there
were limitations to the methods. In particular nogth for rating AM significantly underestimated the
annoyance response of samples that did not haegwdar, clearly defined periodic variation in the
measured data. This indicates that caution museikkecised if such an approach is to be taken fadwar
for rating AM as whilst the methods may work wellsome circumstances and for some periods of AM
they may dismiss many other periods or cases whtiegee is a real AM problem that manifests
differently to the ‘ideal’ and regular peak to tghuform tested by others.

This paper indicates that all types of AM cannotieated equally and shows that participants can
and do identify the different characteristics imgdes of AM. It shows that changes in characteeoth
than peak to trough depth affect perception of Aihough samples of AM were rated differently, the
range between ratings was not great suggestingtlieamere presence of AM triggers a significant
annoyance reaction. Whilst no non modulating wiadhf noise was provided against which samples
could be compared, this finding was supported hmmoents provided by participants.

Research has conclusively identified that wind faroise is more annoying at lower levels than
other sources of environmental noise and that teegnce of AM is a significant contributor to this
annoyance. Further work is needed to identify wiw i& annoying, what features of AM contribute to
annoyance and whether these factors all contritmugaanoyance equally. This work should be used to
inform controls for AM rather than having AM contsoimposed dictating what listeners should or
should not find annoying.

6. FURTHER WORK

This paper presents only the initial findings oé tstudy and further analysis of the results will be
completed and reported on at a later date. Atitliigl stage it is evident that differences betwedvi
samples can be heard and specific and differentacheristics are identified between samples. This
warrants further investigation in more controllednditions. Further work in this area should be



undertaken and is particularly important given timeninent imposition of AM controls in the UK.
Until there is further understanding of the vamats in commonly arising AM, the value of any metric
addressing one feature of AM cannot be known. Witreobetter understanding of how those exposed
to wind farm noise perceive AM there can be litenfidence that controls will adequately resolve
justified complaints of adverse impact.
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