Safety and Health on Construction Projects
The Role of Clients

A summary of the client’s role under the Safety, Health and Welfare at Work
(Construction) Regulations, 2006 ’

Who is a ‘Client’?

The Safety, Health and Welfare at Work (Construction) Regulations, 2006 interprets
‘client’ as a person for whom a project is carried out, in the course or furtherance of a
trade, business or undertaking, or who undertakes a project directly in the course or
furtherance of such trade, business or undertaking;

You are not a client if you are having construction work done on your own domestic
dwelling e.g. an extension on to your kitchen, or you are building your own houge.
You are a client if the extension onto your own domestic dwelling is in the course or
furtherance of a trade, business or undertaking, or who undertakes a project directly in
the course or furtherance of such trade, business or undertaking, e.g. if you are
building on an office.

What are the duties of 2 Client?

The Client must for every project:

* appoint, in writing before design work starts, a competent and adequately
resourced project supervisor for the design process (PSDP).

In order to be competent the PSDP must have adequate training, knowledge,
experience to carry out the project the PSDP must have adequate resources
available to carry out the project in a safe manner;

* appoint, in writing before construction begins, a competent and adequately
resourced project supervisor for the construction stage (PSCS). In order to be
competent the PSCS must have adequate training, knowledge, experience and
resources;

® be satisfied that each designer and contractor appointed has adequate training,
knowledge, experience and resources for the work to be performed;

® Co-operate with the project supervisor and supply necessary information;

* keep and make available the safety file for the completed structure. The safety file
contains information on the completed structure that will be required for future
maintenance or renovation (The client must keep the file in a secure place, either
on the premises to which it relates or held centrally, and if the client wishes, it may
be stored electronically or on microfiche.);

* provide a copy of the safety and health plan prepared by the PSDP to every person
tendering for the project. The safety plan documents show how health and safety
on the project will be managed to project completion,

* notify the Authority of the appointment of the PSDP where construction is likely to
take more than 500 persons days or 30 working days.
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Key to photos
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1. View towards the site from the R585 to the south-east
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2.
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3a. The existing turbines at Garranereagh H@v
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3b. The 110kV line and local road at the northeastern part of the appeal site
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4. View to the north and west from approximate location of proposed turbine 1
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6. View to the south-west over the location of the substation proposed under PL04. 244439, Reg. Ref.

14/557
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7. The southern part of the site from the county road through the site

File No. PL0O4. 245824



An BordPleanila

8. View over the southern part of the site from the north
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9. View over the southern part of the site from the west
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10. View over the southern part of the site
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11. View towards the site from the northwest on scenic route 36
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12. View towards the site from the north on scenic route 36
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SECTION 131 FORM
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Having considered the contents of the submission dated/ received 9, // 57 I/ / :}l
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Covy, O” CDF@J/\ | recommend that section 131 of the Planning and Development Act, 2000
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Section 131 not to be invoked at this stage. ]

Section 131 to be invoked — allow 2/4 weeks for reply. [}

S.E.O.: Date:

S.A.O: Date:
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Please prepare BP % > - Section 131 notice enclosing a copy of the attached
submission
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1. Update database with new agent for Applicant/Appellant
2. Acknowledge with BP Q 2 1. RETURN TO SENDER with BP
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Noonan Linehan Carroll Coffey
SOLICITORS
54 North Main Street
Cork
FiI2WY2D
Addressee www.nlce.ie Telephone 021 4270518
Fax 021 4274347
Email  infog nlec.ie

The Secretary
DX 2044 Cork

An Bord Pleandla.
Marlborough Street.
Dublin 1
~ By Courier DX ~
1™ August 2017 (S d
Our ref: 22007-16/JN/PW Toe—

Your refs: PLO4.248152 (244439) & P1.04.248133 (245824)
PA Reg. Ref. 14/557 & 14/6760

RE:  Construction of a substation to replace substation previously granted under PE04.219620
and all ancillary site development works.
Barnadivane, Kneeves, Terelton, County Cork

&

6 no. wind turbines
Lackareagh and Garranereagh
Lissarda and Barnadivane, Terelton, County Cork

Dear Sir’/Madam.
We refer to recent correspondence from the Board on these two appeals.

In addition to our clients” Submission enclosed herewith which refers, we wish to make the following
additional observations on their behalf.

1. Judicial Review
Our clients continue to rely on those grounds advanced in the Judicial Review proceedings High
Court Record Number 2016/614JR which were not dealt with when the said proceedings were
compromised by agreement.

2. New Substation
The Applicant Company and their multiple associated companies appear to have made new
plans with regard to the Substation intended to serve their various proposed windfarms along
the south of the River Lee Valley.

JoE NooNaN BCL Covmonar o 01 MAKY LINEHAN BCT. MONN Carroll BCL LB Prarve Corrry BCL LLLM
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In July they filed an application for Planning Permissio n With=€erk County Council for a
Substation next to their proposed Carrigarierk Wind Farm. Cork County Council Planning
Reference 17/431.

We have a certain sympathy for the Board in attempting to pin down exactly what constitutes
“the project™ for the purposes of discharging its obligations under EIA and AA.

The latest application raises at least the possibility if not the probability that the Substation at
Barnadivane may never in fact be constructed and that the Substation in Carrigarierk is in
reality intended to serve the proposed Barnadivane Wind Farm if it secures approval.

This is obviously a fundamental issue in terms of the Board's responsibilities and we request
the Board to address it specifically in its adjudication on the applications currently before it.
Essentially the Board needs to be able to identify and describe on the record just what “the
project™ is. This is a matter about which the public and our clients are entitled to know with
precision from the Board.

Property Values
It is the case that our clients™ properties will be devalued should the proposed wind farm and /or
substation ever be constructed.

We enclose herewith FCN Working Paper No. 3/2012 - The Impact of Wind Farms on Property
Values: A Geographically Weighted Hedonic Pricing Model by Yasin Sunak and Reinhard
Madlener. May 2012, revised March 2013, which is a detailed study evidencing the effect of
wind turbines on nearby properties.

We submit that this is a matter for the Board to assess both in discharging its responsibilities
under the Planning Code and under EIA. Mere assertions by the Applicant that there will be no
effect have not been substantiated and we submit have to be disregarded as such and as contrary
to available evidence both locally and internationally. If the Board remains in any doubt as to
this important issue, we submit that it is required to solicit competent expert valuation advice
before coming to a conclusion.

Noise

Our clients address this issue in their enclosed Submission. In its Ardgl as pl anring refusal
(PLO4 .246824), the Board refused permission on the basis that the local noise environment
would be significantly changed. In that case the predicted increase in ambient noise levels
ranged from six to eleven times the present ambient levels. At least that level of increase would
be seen at our clients” properties and in their environs.

We therefore request the Board to approach this manner with wnsistency and to give clear
rationale for its conclusion on the noise issue.



Amplitude Modulation has been internally recognised as an adverse impact of noise from
turbines of this scale. Mere assertion by the Applicant that this is not a frequent occurrence
cannot be sustained and fly in the face of international scientific evidence. The case for
assessing the impact of Amplitude Modulation is now unanswerable.

We enclose the following reports which document the extent and impact of Amplitude
Modulation at industrial turbines.

a) Audible amplitude modulation - results of field measurements and investigations
compared to psychoacoustical assessment and theoretical research, Mike Stigwood. Sarah
[Large and Duncan Stigwood. August 2013.

b) Initial findings of the UK Cotton Farm Wind Farm long term community noise
monitoring project. Mike Stigwood: Duncan Stigwood: Sarah Large. November 2014.

¢) The noise characteristics of 'compliant’ wind farms that adversely affect its neighbours,
Sarah Large: Mike Stigwood. November 2014,

This research by Stigwood and others represents the current state of scientific knowledge on the
topic.

You will be aware that the matter is not conditioned at all by the type of condition normally
imposed by the Board. Numerous communities around Ireland are already suffering as a result
of this lacuna. We therefore require the Board to address it specifically in its conclusion on the
noise issue in these cases. In particular, we submit that it must record its assessment of the
impact of AM on nearby homes and farms and it must incorporate the result of that assessment
into its decision.

Yours faithfully.

Joe Noonan,
NOONAN LINEHAN CARROLL COFFEY




Response to request for further comment on Barnadivane windfarm and substation proposed
developments Co Cork by Stephanie Larkin and Michael 0’'Dono van.whose horre will be 609m from
the nearest wind turbine.

NOISE RELATEDC ONCERNS

NOISE SENSITIVE RECEPTOR LOCATIONS

We would like to draw the Boards attention to an extract from a recent An Bord Pleanala inspectors
report, ref PAO046, relating to noise measuring locations at a wind farm and we quote “the
overriding consideration is that the assessor should be able to reasonably justify that there are no
other suitable noise se rsitive locations in the vicinity of the proposed development and close to a
dwelling where background noise levels would be expected to be consistently lower than the levels
at the selected position”.

The overrid'ingreason given for the noise measuring locations by the applicant in this case is security
of the equipment at that site. Consequently the applicants have scoped out the majority, if not all

nu ber of non stakeholder dwellings in the vicinity of the windfarm. The remaining locai a options
are therefore heavily biased and not truly representative of the complex array of background noise
levels associated with this proposed development.

Noise monitoring location H48 is of grave concern to us as it is not either “typical” or “indicative” as
stated in the Guidelines. This is because at this location there is a large farmyard, an automotive
repair and bodywork garage and 3 occupied dwellings. There are 2 more dwellings, a pigfarm and
farmyard within 150m. There is no other location in the vicinity of the proposed development with
such a combination of agricultural, industrial and domestic noise generation. The true nature of this
“Cluster of Dwellings” is not mentioned anywhere and has consequentially gone over the heads of
those at AWN Consultants in there peer review of the data.

Noise monitoring location H40. Throughout this whole process the choice of the H40 site has been
questioned by many different people, includ ingthe planning authority, and it is in our opinion a
bizarre choice of location to monitor noise because of its distance from turbines T4, TS & T6 and
because of the high altitude. The concerns arise as the applicants have chosen this location as the
baseline for background noise value. Turbines T4, TS & T6 are located in a concave valley topography
that is below this location. Therefore at H40 it is not possible in our opinion to measu rebackground
noise that can be said to be “typical” and a baseline for background noise for this windfarm
application as a whole. It may have validity with regard to T1, T2 and T3.

We beli evethat the topogra thy at this proposed windfarm site is critical i nd eer miiring the
background noise values but this has been completely ignored by the applicant. Turbines T1, T2 & T3
are located on a hilly plate aubut T4, TS & T6 are located in a concave valley. It is therefore
Imperative that reliable and “typical” noise sensitive receptors sho uldbe identified within the valley
and as we have already stated, H48 is grossly untypical and unsuitable.

We do notco ncur with A WNConsultants who determine dthe noise sensitive receptor locations to
be “‘typ'cal” for t Hs proposed development. It appears to us that AWN’s peer revie wwas done from
a desktop and included no act wal survey/ fieldwork. Therefo rewe believe A WNConsultants are not



competent to determine the suitability of noise sensitive receptor locations in this case as they are
not in possession of sufficient data to be able to make a reliable and safe conclusion. AWN
Consultants have provided no coherent rationale as to how they arrived at their decision. If they
have not carried out fieldwork to investigate the local topographies and any local commercial
activities with regard to the true nature of chosen sites, then they are not in possession of sufficient
facts to make a reasoned determination as to why they decided that further background noise
monitoring was not necessary as was requested by the RFI from Cork County Council. We consider
the outright refusal to carry out further noise surveys and the lack of a detailed account from Cork
County Council and ABP as to why this was acceptable, to be a game changer with regard to the
completeness and validity of the EIS associated with this application and to be strong grounds for
judicial review.

Critical Wind Speeds and Turbine Choice

Recent research in Ireland and further afield has found serious flaws in how background noise is
being assessed through established “Best Practice” and “Governmental Guidelines”. This, coupled
with the recent press release by Minister Coveney, of new stricter noise guidelines for wind turbines,
is an admittance that the current guidelines are unreliable, not robust and unfit for purpose.

Below | have reproduced the final conclusions of a research paper from 2012 which was conducted
in the south west of Ireland called “Assessing noise from wind farm developments.in-reland; A
consideration of critical wind speeds and turbine choice”

E.A. King, F. Pilla, J. Mahon

e The critical wind speed is dependent on both-the-tarbine-eheice andthe-background
noise environment. It is a non-transferable value and must be re-calculated if different
turbines are used for a development or if turbines are used in different background
noise environments.

e The critical wind speed may change throughout the night-time period. Of the 40
turbine/location combinations examined, 25% of tests yielded a different critical wind
speed throughout the night-time period.

Thus it may be concluded that noise assessments should not be restricted to the sole use of the
critical wind speed but rather consider a range of critical wind speeds, particularly in the case of a
night-time noise assessment. Such a consideration may also allow a separate wind shear be

calculated throughout the night time period. It is also apparent that further detailed guidance on
the assessment of noise from wind turbines in Ireland is required.

Current guidance is limited and is likely to suffer from different interpretations, in a similar

manner to the UK’s experience.
edepositireland.ie/.../Assessing%20noise%20from%20wind%20farm%20development...




This independent research paper demonstrates admirably the complexities and pitfalls when
attempting to measure background noise and predicting turbine noise even when following “Best
Practice”. It calls into question the absolute determinations of noise predictions by Fehily Timoney.

In 2012 a research paper was published by the Mechanical Engineering Department of Adelaide
University entitled

“Whd farm no se -what'isa reasona bleli mit h rurala ras?” Krsty Hanse, Ni cholas Henrys; Coln
Harse ry Con Doolan and Dan iele Morea uSchoo | of Mecha i@l E rgi neering, Acklai de Urive rsity,
Augra lia.

ABSTRACT Wid farms a rea ragidy growingsource of renewable energy, butca nbe a source of
rersi se t ndi® compldn ts, despile compla nce with ther ebvan t windfarm ndse regulation
being a hieved. Ths pa per presentsa review ofwi rd fam n dse as essmentc riteriaand
methodobgy witha focus on theSouth Australia n guickl'ines The resuts o this revew i rd icate
that thenoise linits may n otbe appro pia tefor some locations w lch are charactefsed by vay

| owba ckgiou nd sourd levds atnight ti me. Thea ssumpion in t fe gu ideines that background
noise is capable of r educing annoyancefrom w ind farm ndse  also not nece ssarily borneout in
reality Measurements o fthe outdoor-to-indoa ndse reduct’ion for a typical dwel ing, wihthe
window open, showt ha the reducfon is slightl ylower than a ssure dby the g uidelines, and vai s
s'igriifta ntlywi th frequency. Measuredlow frequencynoise a ndinfrasound complied wit hall
criteria ad dressedin thel iteraturewit hthe exceptian of one Relab le comgiance measurements
are often diffiu t to achieve for wind farm ndse, thea eforei t seens a ppropia teto adopta

co rservative ap o ah in setting noise limits and pred ictingnoise emissions.
https://www.acoustics.asn.au/conference_proceedings/AAS201 2/papers/p42 .pdf

This paper also casts a serious shadow over Government Guidelines for wind farms and deals
especially with the alleged masking effects of Background Noise and also Tonality and Amplitude
Modulation. They also look at the unreliability of Manufacturers noise level data and the lack of
research of the effects of Topography on noise predictions.

Recent court cases and multiple Local Council investigations into excessive turbine noise being
generated at windfarms has added to the doubt about the robustness of the current guidelines and
the ability of developers to accurately predict turbine noise.

We strongly urge The Board to set aside this application until new noise guidelines are in place and
local authorities are equipped to accurately monitor wind farm tubine noise emissions.

RECREATIONAL ACTIVITY

There is signposted walk, which also runs along part of a recogn ised Scenicroute along the fouth
western boundary of the proposed development and another walk which bisects t he site onthe
road w hth goes between T3 & T4 to the east.

There are 2 local walking groups us hg thesewalks on a weekl ybasis. There are also man ylocals and
more informal walking groups us'ng this amenity. The refor we ask why anoise sensitive location



wasn’t chosen to represent “areas of special recreational amenity importance” as is stated in the
Guidelines.

VISUAL IMPACT AND RESIDENTIAL AMENITY

If this wind farm is granted permission a number of houses'in this ared willfind themselves between
2 windfarms, the proposed wind farm and the permitted one nearby at Garranareigh, with turbines
on more than one side of their house. This would amount to a seriots.reductiiinthe residential
amenity of their property as they would effectively be living-within-a-windfarm and have fiorelief
from turbine noise etc. as they will be exposed to several all wind directions including theprévailing
winds.

The visual impact of 2 wind farms in close proximity with turbines of differing heights, 105m at the
existing site and 131m at the proposed will create an inharmonious and extremely visible industrial
feature on the landscape. This is in contravention of the Guidelines. It is stated by the applicant that
the existing windfarm is just over 800m from the nearest turbine in the proposed development
which will effectively create a single windfarm. The Board should consider if it would grant
permission for the existing and proposed windfarm with differing turbine heights if they were a
single project.

The Board should not grant permission for this development of increased turbine height and should
allow the applicant to fall back on their ‘do nothing scenario’ which is to build the permitted 14 x
105m turbines which were chosen to blend in with the Garranareigh wind farm as per the
Guidelines. The fact that the permission for the 14 turbine windfarm has lapsed is a result of the
greed of the applicant and is not the fault of the ordinary local residents.

The Guidelines state ‘turbine height is critical in landscapes of relatively small scale, or comprising
features and structures such as houses and must be carefully considered so as to achieve visual
balance and not to visually dominate’.

A further quote from the Guidelines says ‘ wind energy developments within relatively close
proximity to one another, while in different landscape character contexts, may be so close as to be
within the same visual unit and, therefore, should involve the same siting and design approach’.

And another quote from the Guidelines says ‘the creation of a ‘visual stacking’ effect from a sensitive
view point should be avoided’.

The large altitudinal differences between the Barnadivane proposed turbines which are all located
very close together and the Garranareigh windfarm nearby which is located on a plateau creates an
extremely unbalanced design unit.

SHADOWFLICKER

We note in the PAO046 An Bord Pleanala inspectors report, which recommended refusal, that the
inspector recommends that the effect of shadow flicker on 2 story houses, not just houses with
windows at 2m high, should be modelled. We note Fehily Timoney failed to do this and request that
they do so now so that the effect of shadow flicker is not underestimated. Virtually all houses in the
area are 2 story, one story houses are the exception. The Board should also note that the recent



press release re Guideline revisions includes strengthened and more stringent shadow flicker
parameters.

We would a Isolike to see the corr ebtion of relevant meteorologtal data with the pred tted shadow
flicker results as | have been unable to find this informa tioni nthe details.provided by theamplicant.
As it stands we are not satisfied with the robustness of the shadow f Ic kerresu Its.

PROPERTY VALUATIONS

We believe that the Board should ask Fehily Timoney w hy they have ke en sodi smissive-of-tte Keane
Mahony Smith auctioneers assessment of valuation of propérties in thevicinityotwindfarmsin
Cork. Fehily Timoney go on to statethat the Keane Mahony Smith contribution has not been peer
reviewed or published. Our retort to this is that nothing produced by Fe hily Timoney in relation to
this application has been either peer reviewed or published, the corollary of this is that we and the
Board should dismiss and treat with a high degree of flippancy everything produced by Fehily
Timoney. However, as Fehily Timoney and Ke e Mahony Smith are both professional and
registered companies we suggest that their findings should be treated w th due respect.

in further defence of KMS’s expertise and their evaluations, they are based on their professional
knowledge of the Cork and Irish property market. Please note that the property valuation studies
quoted by Fehily Timoney relate to UK and US market. It is a very well known fact that settlement
patterns in Ireland are dispersed (one off housing) while in the UK they are very much village and
town based. This makes the comparison with the UK market even more irrelevant. In fact this
dispersed settlement pattern in Ireland is proving to be the greatest challenge to wind farm
developers, and accounts for the shockingly low set back distance of 500m currently in operation.
Futhermore, Fehily Timoney admit that further research is needed into homes located closest to
wind facilities for which the least amount of data is available. In our opinion, this statement makes a
mockery of their conclusions as all the houses concerned with this application are located on the
wind farm boundary.

Fehily Timoney’s assertion that living be sideone or 2 wind farms (in this case one to the east and
one to the west) is of no consequence to the val we of H71, we must therefore conclude from this
that there are absolutely no negative implications arising from living between one or 2 wind farms.
We do not agree with this assessment and it would appear neither does KMS.

We can further add that property valuations are routinely done by auctioneers for financial
institutions re: mortgage applications etc. These institutions take no issue with the validity of same.

EXTENT OF LOCAL OPPOSITION

For the record there we re259 sub nissions against this development submitted to Cork County
Council. Later in the plann irg process there were in the region of a further 100 observations. The
Board knows better than anyone that this number of sub mnissions is very significant in a nationa |
context, for any type of industrial development. We can truthfully estify that almost everyone to a
man, woman and child in the vicinity of th's proposed development who is not a stakeholder is

fir My oppo sd to it. We do not feel that this citizens re r e® rt atbn has been given due
consideration an dweight at any point of the process by e’ithe Cork County Coundl or theBoard.



In all aspects of the EIS and RFI’s including the recently circulated information regarding property
valuations, Fehily Timoney have given no regard to the level of opposition to this proposal. To make
it clear to Fehily Timoney and the Board, 259 people are opposed to this proposed development. It
was imperative for Fehily Timoney to actually read the submissions to evaluate how many of those
are concerned about property values and to provide a coherent and reasoned argument directly
targeted at concerned residents who live on the boundaries of this proposed wind farm so as to allay
their fears and for the Board not to adhere to the trite, crass and oversimplification of the property
valuation dilemma now facing the residents as purported by Fehily Timoney.

We want to make it clear to the Board that we believe they cannot base their decisions purely upon
2020 targets and perceived Government renewable energy objeetives.while at the same time totally
ignoring a large block of citizens’ genuine concerns which they havé'ihtimated through theirdawful
engagement with the planning process over a number of years.

PROJECT SPLITTING

It is our opinion that the strategy of the developer concerned Bere is that he is leveraging.one
planning permission against another to incrementally and significantly alter the fundamental nature
of the original planning application. This has led to multiple versions of the Barnadivane Wind Farm
Project now running into double figures when the permutations with regard to Shehymore and
Carrigareirk wind farms, the newly proposed Carrigarierk substation (planning ref. 17/431) and the
multiple grid connections between Shehymore, Carrigareirk, Barna and Dunmanway are taken into
account. We have no idea what the final project will look like nor do we believe does the developer
or the Board. To emphasise this point most recently the developer has stated in the application for a
new 110kv substation at Carrigareirk (planning ref. 17/431), that the permitted grid connections
between Shehymore or Carrigareirk to Barnadivane could be reversed to facilitate Barnadivane wind
farm connecting to the grid at Dunmanway. This final permutation has been made possible because
the applicant managed to split the Barnadivane wind farm project into a wind farm application and a
substation application. It is obvious that there is functional interdependence between the wind farm
and the substation. We believe that Cork County Council and the Board have facilitated project
splitting in this instance through not rejecting these applications. The Barna wind farm project can
now best be described as an unholy mess or a dogs dinner, whichever you prefer. We want the
Board to understand that we, as ordinary citizens, are incapable of comprehending what the final
Barndivane wind farm project will look like and consequently are placed in the position of not fully
knowing what we are dealing with. If neither the Board nor the developer can place the final
ramifications of the Barnadivane wind project before us for comment then how do they expect us to
make informed comment to them. It then follows that our right to natural justice is being impinged.

BAT ROOSTS and WINTERING and BREEDING BIRDS

We have tried to meaningfully engage with the planning process all along the line. To this end we
have provided the planning authority and ABP with information regarding the location of a bat roost
on our property and on our neighbour’s farms. We have offered an invitation to Fehily Timoney to
engage with us in an assessment of our bat roost. | refer The Board to all of the previous information
that we have submitted in this regard as we will not submit it again.




We are abjectly dismayed that we have not received a single comment with regard to the bat roost
located in the attic of our house from CCC, ABP or F&T. Our final word on this is that if ABP does not
ensure that a robust and reliable bat survey is carried out as part of the EIS with this application, we
intend to take the matter to The European Court and to petition The Furopean Parliament and lodge
a complaint with The European Ombudsman.

We have also provided information on breeding and wintering birds on site. This information has
been totally ignored and derided as be'ingunverified. | refer The Board to all of the previous
information that we have submitted in this regard.

We will add that this year as usual we have observed multiple breeding pairs of snipe on site,
multiple pairs of grasshopper warbler, multiple winteing snipe a rd the usual solitary woodcock
foraging which roosts in coniferous forestry at the boundary of the site. These birds and many others
do not appear in the EIS. Speaking as ornithologists, we must now dismiss the EIS as woefully
incomplete and mystifying. How F&T arrived at these results is something that needs to be resolved
and we intend to get to bottom of it, one way or the other.

We are gravely concerned about the snipe that are breeding only tens of metres from proposed
turbines as their breeding and foraging areas will be largely destroyed by the development. Snipe
are in serious trouble and their breeding locations are currently being evaluated. We take that
responsibility seriously and will be submitting our findings to the new Bird Atlas survey. Weare
extremely disappointed that CCC, ABP or F&T cannot take two Ifelong ornithologists seriously.
Asking F&T to review their data is in our opinion, a box ticking exercise that wastes everybody’s time
and does an injustice to the breeding birds at this site. Demanding new bird surveys by independent
competent and reliable observers would have been more appropriate. If The Board has any interest,
they will find that our names are well known among the birdwatching fraternity in Cork.

As we do not expect to see any change in The Board’s attitude to this, we wish to notify The Board
that we intend to take the matter to The European Court and t @-petiticn The European Parliament
and lodge a complaint with The European Ombudsman.

USE OF PROPOSED WIND FARM SITE FOR AMMENTY PURP OSE

In APPENDIX 2 Revised CEMP for Barnadivane proposed windf arm,Septenber 2015, Section 1, page
2, 1.3, The Site.

The applicant states “There are no recreational activities associated with this site”

This is misinformation as local hunting groups like Killmurray Harriers and those from further afield

(Cork City) annually use this site for hunting both hares and foxes. Neighbours that | have talked to,
including Denis Buckley and Patrick Manning have said they will attest to this fact if the Bord wishes
to have further proof or the Bord can contact Killmurray Harriers if they want.

A National hare coursing event was held on the lands of Barry O’Sullivan (Stakeholde r)previously.

This sort of misinfo rmatim in the EIS has eroded any faith we had in its validity and we have found
misinformation like this to be common throughout. We a resubsequently concerned as to why th e
Pla nring Authority or The Bord seem to be apparently unconcerned when this misi nfornation is

po ined out by a nordinary citizen of the State of Ireland and noaction is taken to rectify the matter.
In the above situation, the applicant has su ceeded in puttingmisinformation into the public



domain. We believe that misinformation should be rectified on the files as it continues to mislead
the public who are engaged with the planning process and undermines its validity.

SUBSTATION

The An Board Pleanala inspector’s report of the Barnadivane substation is a resounding rejection of
the application and proposed development on several points. It is very puzzling to us, therefore, how
the Board was able to dismiss all of the relevant points raised by the inspector with regards to a
recommendation of refusal.

POINTS RAISED BY THE INSPECTOR:

Visual Impact with regard to scenic routes in proximity to the site.

Zone of Theoretical Visibility are Incomplete

Visual impact of cutting of site

Visual impact with regard to human environment not properly assessed

Introduction of such a significant industrial installation will dramatically alter the receiving wider
fandscape

Project splitting concerns

The inspector goes on to say in the conclusion “I consider that the development of the substation as
currently proposed on this site, would substantially dominate the surrounding landscape and in my
opinion, would be contrary to the provisions of THE DEPT. OF ENVIRONMENT, HERITAGE & LOCAL
GOVERNMENT PLANNING GUIDELINES FOR WIND ENERGY (JUNE 2006). | consider that the
development, if permitted at this location, would adversely impact upon the visual amenities of the
area, warranting refusal”.

Having regard to the extensive points raised by the inspector appointed by An Bord Pleanala to
review this planning application we believe the Board has not properly discharged its duty in regard
to the reasons offered for the dismissal for the negative findings of this report. The Board is obliged
to provide a reasoned and coherent process as to how it arrived at its decision to grant permission
for this application. We believe it has not done so and we ask it to rectify this issue or we will seek
recourse to judicial review.

EIRGRID COMPLIANCE

We believe that there are unresolved issues with regard to the alleged revised Eirgrid substation
layout, size, capacity and location. We have asked for direct confirmation or evidence to be provided
from Eirgrid for the alleged need for a 60mw substation but this has failed to materialise. We want
the Board to know that we are unwilling to accept the word of the applicant, and will not take him
on trust in this regard. As citizens of this state who are trying to lawfully engage with this process,
we request The Board to provide us with a reasoned and logical reason as to why they have
apparently ignored or rejected our previous requests for this vital information.

We also want to see evidence for and the nature of a grid connection at Barnadivane and evidence
for and the nature of a grid connection at the newly proposed substation at Carrigarierk to




Dunmanway. We need this information to properly access the full implications and extent of the
Barnadivane wind farm project. The Barnadivane Wind Farm Project is in constant flux and we
believe it behoves The Bord to “Steady the ship” and to stop the applicant from continuously
altering and amending this application in the interests of fairness and justice for ordinary citizens.

PLANTING PLAN

We just wish to reiterate what we have already said in this régard.As a horticultuist w ith over 20
years’ experience in the industry managing garden centres and landscage nurseries; @arden
fandscape designer and hort te ader, | wish to state that the-planfingp lanledged-hythe appli cantis
unworkable, inadequate and pointless. It appears to be the work of affamateu as "itis-ful of f acual
errors, misinformation, parts of it are senseless and demonstrates a mind wh ich has:net me naged to
engage with the r eqlirements of the brief. It is not possible to be more negative about t ke plating
plan. | refer The Board back to my initial submission in this regard where | give a more detailed
analysis of the plan.

I am therefore mystified as to why the insp ector or The Board made n oreference whatsoever to the
planting plan or my subm’ision.

Does ABP therefore think that the planting pla nhad no relevance when it came to their decision
making process? Does ABP think that my submission was rubbish and as such was not worth
commenting on? Is there another explanation?

Again we feel our observations made in good faith are not worthy of comment or further
investigation and leaves us feeling the planning process is one sided and lacks due care where
citizens take the trouble to make relevant comments.

However, we believe that a credible planting plan is a critical part of this proposed development and
having studied previous relevant court cases have come to the conclusion that a clear and workable
planting plan must b eput before The Board for adjudicat on and cannot be cobbled together and
agreed afterwards with t ke relevant Local Authority.

We therefore again ask The Board to get a competent person with relevant experience to assess the
planting plan as proposed and to have those findings published for public viewing and comment.
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ABSTRACT

Wind power is the most important renewable energy source in many countries today,
characterized by a rapid and extensive diffusion since the 1990s. However, it has also
triggered much debate with regard to the impact on landscape and vista. Therefore,
siting processes of wind farm projects are often accompanied by massive public
protest, because of visual and aural impacts on the surrounding urea. These mostly
negative consequences might be reflected in properny values and house prices. The aim
of this paper is to investigate the impacts of wind farms on the surrounding urea
through property values, by means of a hedonic pricing model, using both a spatial
Sixed (viewshed) effects (accounting for spatially clustered unobserved influences) and
a Geographically Weighted Regression model (accounting for spatial heterogeneity).
The analysis is the first of its kind undertaken for a local region in Continental Europe
(North Rhine-Westphalia, Germany). Viewsheds are calculated for each property using
a digital surface model. Focusing on proximity and visibility effects caused by wind
Jarm sites, we find that proximity, measured by the inverse distance to the nearest wind
turbine, indeed causes significant negative impacts on the surrounding property values.
Thereby, local statistics reveal varying spatial patterns of the coefficient estimates
across and within the city areas and districts. In contrast, no evidence is found Sfor a
statistically significant impact of the visibility of the wind farm turbines.

Keywords: Wind power, Hedonic pricing, Spatial fixed effects, Geographically
Weighted Regression

JEL Classification: C31, Q2, Q42, R31
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I INTRODUCT ION

Against the background of climate change and increasing concerns about security of
cnergy s upfly, the expansion of the renewable energy supply and the substitution of fossil
fuel-based energy sources have become key topics on political agendas worldwide. Therefore,
national energy policies are increasingly focusing on the promotion of wind. solar. biomass,
geothermal, and other energy sources through extensive support schemes. As a result, the
share of renewable sources has substantially increased in many countries since the 1990s.
Although the further expansion and promotion of renewable energies is crucial with regard to
a substantial transition to a more sustain dle future energy mix, renewable cnergy projects.
Just like conventional ones, often trigger public concern and resistance.

In Germany, considerable growth in the share of renewable cnergics is attributable to the
introduction of the Act of Granting Priority to the Renewable Energy Sources (Emeuerbare-
Energien-Gesetz, EEG) in 2000, amended in 2004, 2009, and 2012 (EE G.2000, 2004, 2009,
2012). Introducing this regulatory framework for the promotion of electricity and heat from
renewable energy sources, which is essentially based on feed-in tariffs guaranteed over 20
years, had a substantial impact on the speed and extent of the diffusion of renewable energy
technologies. Particularly, the wind energy sector in Germany saw a rapidly increasing
contribution, with a total of 22,29 7 installed wind turbines (onshore and offshore) and an
installed capacity of 29,075 MW by 2011 (Figure 1). Although wind energy alrecady accounts
for the highest share of electricity production within the fenewabl@ CHieTey seetorwits.annud
growth rate of installed capacity in 2011 of about 7% w as sfill fairl high’ In‘térmbéfltie totd
dectricity consumption in Germany in 2011, wind po wer aceousted far 4 share of 7. 6%
(BMU, 2012).
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FIGURE 1
Development of the wind energy sector in Germany, 1990-2011
Source: BMU(2012), own illustration

' Wind energy accounted for 38.1%, biomass energy for 30.3%, hydro power for 16.0% and photovoltaics for
15.6% of the total amount of electricity produced by the renewable energy sector in 2011,
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The heavily promoted expansion of renewable encrgy technologies is mostly justified by
referring to the advantages and benign attributes associated with them. In the case of wind
power. these attributes are, e.g. a “green™ and in particular CO.-free energy generation
without fuel costs as well as reasonable land consumption (Ackermann and Séder. 2002:
Manwell, et al., 2009, pp.443-447; BWE, 2012). However, not only advantages and positive
effects are associated with wind farm sites. Firstly. the amount of electricity produced is to
some extent unreliable and unpredictable due to unsteady wind conditions. Secondly. the hub
heights of wind turbines. both newly constructed and after repowering?, have been increased
over the last years in order to further raise efficiency (Junginger et al., 2005: Sicros ct al..
2012). As a consequence. the upscaling of wind turbine nacelles to heights of 100 m and
more, and corresponding blade diameters, has led to a substantial change of landscape and
vista.

The negative externalities caused by wind farm sites have led to major public concern
that particularly refers to the impact on the environment and landscape. The latter tends to
result in massive public protest, because of apparent visual® and aural® impacts on the
surrounding area, with negative consequences that are supposed to be reflected in property
values and housing prices. Public debates accompanying siting processes solely involve the
argument of the expected devaluation of property or house prices as a consequence of siting in
the proximity of a property or a house. Apart from the existing economic and regulatory
complexity of siting processes, social acceptance and, especially in the case of wind farms.
“NIMBY™ (Not In My Backyard) attitudes become increasingly virulent (Wolsink. 2000; van
der Horst, 2007; Wolsink, 2007). However, with decreasing sofial acceptance regarding siting
decisions. the sound and transparent cstimation and valuatibn of potential environmental
impacts and other acceptance-biasing aspects should play a pardmountrele-within the siting
process. in order to mitigate public protest and related unanticipatediandsmiderestimated
(external or internal) project costs.

The aim of this paper is to investigate the impacts of wind farms o the surroutidihg arca
through property values, by means of a hedonic pricing moddl} using spatial fixed. effects
(accounting for spatially clustered unobserved influences) and a Geographically Weighted
Regression (GWR) model (accounting for spatial heterogeneity). The main focus lies on the
investigation of site proximity and visual impacts of wind farms, such as the impact of
visibility and shadow flickering. as these are the dominant subject of public debates
associated with siting processes.

In a first step, we apply three different spatial fixed effects models in order to capture
effects of unobserved spatial factors.® Since spatial fixed effects models have been applied to
the case of wind farm effects before (e.g. Heintzelman and Tuttle. 2011 and Hoen et al., 2009,
2011), we improve upon the alrecady applied methodologies in the literature, investigating the

: Repowering is the replacement of older turbines in favor of new and more efficient ones, which most often
also have a higher installed capacity (Madlener and Schumacher, 2011; Sieros et al., 2012).

* Visual impacts comprise general visibility and shadow flickering effects (Alvarez-Farizo and Hanley,
2002).

‘f Aural impacts refer to turbine noise and sound pressure (Rogers et al.. 2006; Harrison, 201 1).

" The three spatial fixed effects model specifications are varying according to their geographical scale, where
smaller scales of the fixed effects allow for tighter control with regard to omitted variable bias (Heintzelman and
Tuttle, 2011). The spatial fixed effects included in our analysis are fixed city effects, fixed city district effects
and fixed cadastral district effects. For a detailed description of the model specifications see section 3.
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importance of the view on the facility by means of a fixed viewshed effect model
specification. Controlling for visibility effects will emphasize and highlight the importance of
distance to the facility, therefore, providing a more sophisticated measure of proximity than
commonly applied. A specific element is the application of Geographical Information System
(GIS) techniques®, which allow for an accurate derivation of viewsheds’ for each property in
a 3D environment on the basis of high resolution geodata.

In a second step, we additionally apply a GWR analysis in order to gain a more detailed
picture of local impacts and spatially varying relationships compared to global estimation
results. This particularly includes the consideration of spatial correlation and the analysis of
the biasing influence of spatial non-stationarity on the estimation results. To the best of our
knowledge, there is no other hedonic pricing analysis applied to wind farm impacts yet that
specifically adopted a GWR approach in combination to other regression techniques in order
to emphasize the importance of local dependencies. Hence. the merit of our contribution is the
specific investigation of spatial patterns and locational dependencies in the frame of a hedonic
pric’irg model applied to the case of a wind farm site.

There is a number of studies investigating the impact of wind farm sites on the
surrounding area from a social acceptance point of view, using survey-based approaches (e.g.
Krohn and Damborg. 1999: Wolsink, 2000; Alvarez-Farizo and Hanley, 2002). The number
of studies that aim at quantifying economic impacts of wind farms on the surrounding area is
much lower. Albeit there are several studies in this context using non-market valuation
techniques, with the hedonic pricing approach most commonly being applied (c.g. Hoen et al.,
2009; Canning and Simmons, 2010)%, to our knowledge there are only a few analyses in the
peer-reviewed literature so far (Sims and Dent, 2007; Sims et al, 2008Eaposa.and Mucller.
2010; Heintzelman and Tuttle. 2011; Hoen et al. 2011), w hich ar¢ briefly diséussedl in the
following.

Sims and Dent (2007) investigated the impact of a wind farm ngas. Cornwall, UK, on
house prices, using a hedonic pricing approach and compaative sales analysis. Appying
straightforward OLS regression, they found some correlati onb ctween thedist ance toa wind
farm and property values. Due to data limitations, the over all fodel reults had a fa i1y weak
explanatory power.

Sims et al. (2008) modeled the impact of wind farm proximity to houses for a region near
Cormnwall, UK. There was some evidence to suggest that noise and flicker effects as well as
visibility may influence property value in a wind farm’s vicinity. However, the hedonic
analysis, in which standard OLS regression techniques were used, showed no significant
impacts caused by the wind farm.

® GIS software is a powerful tool for enhancing the spatial precision of estimation techniques. With the
capability to capture, store, manage, analyze, and display space-rclated information, GIS software systems are
frequently used for underpinning hedonic pricing models. In this context, implementation possibilities are quite
diverse, such as analyzing spatial heterogeneity (Geoghegan et al., 1997) or developing Digital Elevation Models
(DE‘VI), in order to apply visibility analyses (Paterson and Boyle, 7002 Lake et al., 2010).

7 Viewsheds display areas of land, water, or other environmental elements that are visible to the human cye
from a fixed vantage point (in our case the considered properties). The visibility of a large-scale wind farm in the
close nclmty of a property might have a significant impact on its value.

¥ There is also research on the impact of wind farm proximity, applying a simple quantitative approach
(Sterzinger et al.. 2003), and published in the form of project reports. Sterzinger et al. (2003) compared property
transactions within a five-kilometer radius around the site, using a group of comparable control transactions
outside of this range, but without controlling for other factors explaining property prices.
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Laposa and Miiller (2010) examined the impact of wind farm project announcements on
property values for northern Colorado. US. Including observations before and after the
announcement of the wind farm project, they applied a hedonic pricing model accounting for
announcement and spatial characteristics of three location groups. The results obtained
indicated no significant impact of the planned project’s announcement.

Exploring the impacts of new wind facilities on property values in northern New York.
US, by means of a fixed effects hedonic pricing model. Heintzelman and Tuttle (2011) found
that nearby wind facilities can significantly reduce property values. Decreasing the distance to
the wind farm to one mile indicated a property price devaluation of between 7.73% and
14.87%. In addition, they controlled for omitted variables and endogencity biases by applying
a repeat-sales analysis.

In a peer-reviewed and published version of the Hoen et al. (2009) project report, Hoen et
al. (2011) investigated 7,459 sales of single-family houses surrounding 24 wind farm sites in
the US. They applied various hedonic pricing model specifications, using spatial fixed effects
to account for spatial dependence and spatial autocorrelation. A main focus was put on the
impact of view and distance to the site. Overall, they found no statisticalby-significant: ¢fects
on property sales prices.

Table I provides an overview of selected hedonic pricing analyses on witid farm Hmpacts.

TABLE 1
Overview of hedonic pricing studies

Time Presod Distance to Repeat Property

Study Study area n period i WiTTd farm ,LI & vallie
. construction salces .

[vears] [km] impact
Sims and Dent (2007) Comwall. UK 919 5.5 post <16 no negative
Sims et al. (2008) Cornwall, UK 199 7.5 post 0.8-1.6 no none
Laposa and Miiller (2010) Colorado, US 2910 9 pre < 80 no none
Heintzelman and Tuttle (2011) N Y([);]; (state), 11,331 10 pre’ post < 86 yes negative
Hoen et al. (2009. 2011) US (24 sites) 7,459 11.5 pre post <17.6 ves none
Canning and Simmons (2010) Ontario. Canada 83 2.5 post n.a. ves none

Source: own illustration

As most of the hedonic pricing studies on wind farms were conducted in the UK and the
US, respectively, such a study investigating the impacts of wind farms in a Continental
European location (North Rhine-Westphalia, Germany) can be expected to yield new insights.
The reason is that, in contrast to the regional dimensions of the areas typically considered in
US studies, regional structures and thus study areas in Europe are often much smaller, which
likely affects the results and insights gained. A wind farm near the German cities of Rheine
and Neuenkirchen in the federal state of North Rhine-Westphalia (NRW), constructed in
2002, is chosen for applying the selected model specifications. We are not aware of any other
scientific study on wind farm impacts using German real estate market data.

The remainder of this paper is organized as follows. Section II provides the theoretical
background and literature overview. Section III introduces the hedonic pricing model and the
estimation techniques applied. Furthermore, section III presents the dataset and the
description of the estimation variables. Section TV reports on the results obtained from the
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different model specifications. Section V concludes and also draws some attention to future
research needs.

II. THEORETICAL BAC KGROUNDAND RELATED LITERATURE

The methodology adopted in this paper is associated with non-market valuation
techniques. These comprise various techniques for estimating the value of goods and services
that are not traded in markets and whose value is, therefore, not revealed in market prices
(Tietenberg and Lesiw, 2009, p.35). This applies particularly to environmental goods. such as
air and water quality, as well as landscape and related positive or negative externalities.

There are different methods in the field of non-market valuation, which can be
categorized according to the individuals® preferences that are cither stated or revealed. Stated
preference methods, such as contingent valuation or choice modeling, are based on practical
survey techniques, essentially investigating the willingness to pay (WTP) for obtaining a
particular good (Kristrom, 2002; Bateman, 2010; Tisdell, 2010, p.203; Krueger et al., 2011).
Alternatively. revealed preference methods rest upon the assumption that individuals’
preferences can be derived from their consumption behaVior (Tietenibere and-Fesiwe-2009.
p.39; Tisdell, 2010. p.203), and comprise methods like the trav ¢l cost method and' the hédonic
pricing method.

Rosen (1974) pioneered the economic formalization ofa hedo nig pri¢ging medd, althou gh
carlier studies tackled the approach of implicit mark éts (Tiebout, 1956 and statisti cal
relationships between air quality and housing values (Ridkér and Henning, 1967). Ac cordirg
to Rosen (1974), hedonic pricing models seck to ex plaifi the overall price p=p&) ofl a
differmtiated product that is characterized by a bundle of » attributs x = (¥......% ) The
hedonic function, therefore, results from the market interaction of demand and supply.
Product differentiation implies the availability of alternative bundles, so that in market
cquilibrium p equals each consumer’s bid for the differentiated product (Rosen, 1974).

In the field of environmental economics, hedonic pricing models are widely used to
estimate the WTP for improvements in environmental goods (Palmquist. 2002), most
frequently applied to the housing or property market. Houses or properties are compound
products. characterized by sets of structural (e.g. house/lot size, age, and type of building),
neighborhood (e.g. income distribution, crime rate, and taxes), spatial (e.g. distances to local
amenities or disamenities) and environmental (e.g. noise levels, air quality, and vista)
attributes.

Hedonic studies show a wide range of application fields. Commonly. they are used for
investigating air quality (Nelson, 1978; Kim et al., 2003; Chay and Greenstone, 2005), water
quality (Steinnes, 1992; Leggett and Bockstael, 2000; Poor et al., 2007). noise (Espey and
Lopez. 2000; Theebe, 2004; Baranzini and Ramirez, 2005; Dekkers and van der Straaten,
2009) and proximity to hazardous facilities (Kohlhase, 1991; Nelson et al., 1992: Simons et
al., 1997). Moreover, hedonic models are increasingly applied in the field of energy and the
environment (Gamble and Downing, 1982; Clark et al., 1997; Clark and Allison, 1999; Des
Rosiers, 2002). WHhik the nunber of studies on the impact of renewa bleenergy te chnobgies,
including wind farms, has been rapidly growing in the past, to date only few peer-reviewe d
articles exist in the scientific literature.
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III. HEDONIC PRICING MODEL

Estimation methods

An attempt to estimate the impacts of wind farm proximity in the framework of 4 fiedenic
pricing study has to take into account the possible bias caused by model misspecification.
particularly through omitted variables. In this context, the main concern refers to regional or
local factors which remain unobserved. In case of unobserved factors. partly explaining the
variation in property prices or being correlated with included variables, the model estimations
will likely be biased and, therefore, unreliable (Chay and Greenstone. 2005: Greenstone and
Gayer, 2009; Kuminoff et al., 2010).

The unobserved variables bias can directly be addressed by applying a spatial fixed
effects model specification. Spatial fixed ecffects basically capture spatially clustered
unobserved influences in the considered study arca through incorporating a set of dummy
variables, e.g. representing city districts of the study area. According to this example, the
fixed city district effect will then implicitly absorb all unobserved factors within the defined
geographical scale of this fixed effect. However. the effect of this approach in capturing
spatially clustered unobserved factors crucially depends on the definition of the geographical
scale. The definition of the geographical scale is accompanied by a tradeoff between the level
of control and the variation in the explanatory variables (Heintzelman and Tuttle. 2011).
Therefore, a higher level of control for omitted variables, i.e. a small geographical scale of the
fixed cffect, results in less variation in the explanatory variables due to the limited scope of
the fixed effect (Heintzelman and Tuttle, 2011). The definition of several scales for spatial
fixed effects in different model specifications seems reasonable in order to derive a
comprehensive picture of the ability of spatial fixed effects in terms of capturing spatially
clustered unobserved factors.

Accompanied by spatially clustered omitted variables, we have to be aware of spatial
dependence and spatial heterogencity. Spatial dependence refers to dependencies among
spatially contiguous observations within the dataset which cause spatial autocorrelation
(Ansclin and Getis, 2010). Thus, based on Tobler’s First Law of Geography, spatially nearby
observations are stronger correlated to each other than observations farther away (Tobler,
1970). Likewise, unobserved factors for one observation may be correlated to unobserved
factors for a neighboring observation, inevitably causing spatial autocorrelation. Therefore,
not controlling for spatial autocorrelation would bias our estimations. We address this spatial
dependence problem by applying spatial fixed effects and error clustering in a procedure
proposed by Heintzelman and Tuttle (2011). According to this, using spatial fixed effects is
methodologically related to the application of a spatial lag model, where the spatially
weighted average of neighboring observations in the spatial lag model is given here by the
scale of the fixed effects. Similarly. the error clustering is related to employing a spatial error
model allowing for correlation of crror terms.’ Besides the wide application of spatial
econometric techniques, such as the use of the spatial lag and spatial error model, “spatial
fixed effects are clearly the preferable strategy for addressing spatially correlated omitted

° For further details on the spatial lag and error model sec e.g. Anselin (1988).
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variables in cross-section data™ (Kuminoff et al.. 2010. p.158), asspat ial fixed-effects offer a
less rigid and more flexible structure on spatial relationships betwen includ ed and -oniited
variables (Kuminoff et al., 2010).

The hedonic pricing model in a spatial fixed effects and erfor-clustering specifiéation is
given by:

lnplﬂ =a, +4, +ﬂ;,zﬁ+Sy,y+ N, o+n,+¢&,. 1]

where py; is the sales price of property i in group j at time ¢, a; represents the spatial fixed
cffects, 4, denotes the set of time dummy variables (month and year), ¥}, represents the wind-
farm-related variables, S;; describes a set of structural variables, N denotes the neighborhood
variables. 7, and &y, are grouped and individual-level error terms, and f, 7 as well as J are th ¢
parameters to be estimated. '

We use three different spatial fixed effects specifications which are derived according to
the administratively defined structure of the study area. The study area contains two cities
which again consist of four defined city districts and 39 cadastral districts. respectively.!!
From large to small geographical scale, the first three group the observations with regard to
their location in one of the dties (2 groups), in one of the city districts (4 groups) and in one
of the cadastral districts (39 groups). In a fourth specification. the fixed viewshed effects
model, we group the observations according to the number of visible turbines (10 groups).
Compared to the three specifications first mentioned, the fixed viewshed effects are not
deduced from administrational structure, but rather from an underlying spatial structure. The
fixed viewshed cffects should essentially absorb the influence of wind farm visibility on
properties, therefore, highlighting the importance of pure proximity in the sense of distance
measures. In many hedonic pricing studies focusing on wind farm impacts, simple distance
measures are used as a proxy for various effects that are caused by proximity to the facility.
But besides the measurement of distance. proximity can also be investigated in the sense of
visibility, shadow flickering effects and aural impacts. Therefore, applying the fixed viewshed
cffect specification, we try to provide a more differentiated picture on potential impacts
caused by the presence of wind farms.

Spatial heterogeneity is a further concern that we should be aware of. Spatial
hetcrogeneity refers to the presence of spatial non-stationarity within the dataset. as the
measurement of a relationship depends on where the measurement is taken (Fotheringham et
al., 2002, p.9). There might be various dependencies between spatially nearby observations,
so that spatial rclationships may vary across the considered study area. We address one form
of spatial heterogeneity again by using spatial fixed effects. Furtlermore, we explore spatial
heterogeneity in our datasit by means of a GWR, as this approach allows for a comprehensive
view on spatial relations providing local statistics.

" We apply a semi-log specification. The semi-log specification is a commonly used regression form in
hedonic pricing studies (Clark and Allison. 1999: Baranzini and Ramirez, 2005; Heintzelman and Tuttle, 2011).
which allows for an intuitive interpretation of the results. The estimated coefficients can be interpreted as
elasticities if the independent variable enters the model in the log scale and as semi-clasticities if the variable
does not enter in the log scale (Gujarati and Porter, 2009, p.162). In the case where the independent variable is a
dummy variable, the coefficients are interpreted as median impacts Gujarati and Porter, 2009, p-298). In
addition. using a semi-log regression form often reduces heteroscedasticity (Gujarati and Porter, 2009, p.394).

"' A more detailed description on the study area is provided in the data subsection further below.

[8]



Most importantly. compared to conventional regression models, the GWR provides
separate. local regressions for each observation. instead of generating a single. global
regression. Therefore, it is possible to account for different local relationships, weighting each
observation adaptively.

According to this. the GWR model specification is given by:

Inp, = W Bu.v)+ Sy v)+ N, o(u.v)+ &gz [2]

where (1) indicates the coordinates of the ith observation. Again, following Tobler (1970),
the GWR has to be calibrated in a way that observations near to observation i have more
influence on the estimation of the parameters (f(u;.vy), y(uivi), d(u;v;)) than data located
farther away from i. The calibration of the model is set by spatial-kernels which can be fixed
or adaptively fitted to the spatial distribution of the regression poiftsa Figure 2 praphically
illustrates a spatial kernel and a GWR with adaptive spatial kernéls;

“bandwidth - \ . = ‘
IREIA | . A

0 - -
r. 5 v -

X d
X regression pont w; is the weight of data point ; at ragression point s X regression point
@ data point dy 1s the distance betwaen regression paint /and data point; e data point

FIGURE 2
A spatial kernel and a GWR with adaptive spatial kernels
Source: Fotheringham et al. (2002), pp.44 and 47

The estimation of the parameters for each location depends on the particular weighting
function chosen in order to capture the spatial differences in a certain area. According to the
weighting function and its bandwidth, the weight of the data point wy decreases with
increasing distance to the regression point dy. The definition of the optimal bandwidth of the
weighting function is crucial for the precision of the GWR. Therefore, it might be useful not
to assume fixed spatial kernels with fixed bandwidth for each regression point. but rather
adaptive kernels that take account of differing density of data points around regression point i
(Figure 2).

In order to determine the optimal spatially-varying weighting method, we adopt an
adaptive kernel that uses an Nth-nearest neighbor weighting of point / with a bi-square decay
function. ' Following Fotheringham et al. (2002), p.58, that is,

"> We are aware that the appropriability of the Nth-nearest neighbor weighting is an empirical matter, as this
is a nonparametric approach, forcing cach observation to have the same number of neighbors (Anselin, 2002).
However, accounting for spatial variations in the framework of a GWR, the Nth-nearest neighbor weights
provide a straightforward method capturing the ‘bump of influence’ around 7, without assuming that the given
administrational structure of the study area (e.g. through cadastral districts) really represents local variations
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([1-(d, /b1 ifj is one of the . Vthnearest neighbors of i and
w. = ¢ bisthe distan ceto the Nth-nearest neighbor [3]
0 otherwise.

The determination of the weighting function and optimal bandwidth selection was
obtained by minimizing the corrected Akaike Information Criterion (AIC.) (Fotheringham et
al., 2002, p.61).

In summary, we address spatial autocorrelation caused by spatially clustered unobserved
factors and spatial heterogeneity in the sense of spatial non-stationarity using various spatial
fixed cffects model specifications. Additionally, we emphasize the relevance of spatial
heterogeneity through the application of a GWR. We explititly=explere.the 1importmce of
locally varying relationships, exposing additional insi ghts t hat' can’be’ derivedy fiom, local
statistics compared to global regressions.

T le data

Investigating the impact of a wind farm site on s ufromn dng properts. values, this s tidy
focuses on property sales within an area of 119 knf in t he Torthefthe:German federalsta teof
NRW! including parts of the city of Rheine and the city of Neuenkirchen. Both cities, at least
two city districts in the case of Rheine (Mesum and Hauenhorst), are in the immediate
proximity of the considered wind farm site. This northern region of NRW can be defined as a
semi-urban region mainly characterized by medium- and small-sized towns.'® In 2011, a
population of 26,900 lived within a radius of about 5.5 kilometers around the site.

As Figure 3 illustrates, the considered study area contains two cities (the city of Rheine
and the city of Neuenkirchen), each consisting of two city districts. City districts of Rheine
arc Mesum and Hauenhorst, and Neuenkirchen (city area) and St. Arnold in the case of
Neuenkirchen. Besides the apparent spatial structure depicted in Figure 3. the German land
register provides further spatial classifications. In the German land register, cadastral districts
are the smallest spatial unit that groups a particular number of parcels in respect of their
location. According to the cadastral register of the region, each property, i.e. each parcel, is
assigned to a particular cadastral district. The property sales in our dataset can be grouped
correspondent to 39 cadastral districts. As described in the estimation methods subsection
above, the different spatial administrative structures defined are used to incorporate spatial
fixed effects in our hedonic pricing model.

In 2000, the local administration announced the construction of a wind farm consisting of
nine turbines, which was eventually built in July 2002. The nine turbines, each with a capacity

appropriately. There is a vast body of literature on the specification of the weight matrices in spatial anal yis. For
a detailed discussion on the construction of weights see e.g. Smirnov and Anselin (2001) and Anselin (2002).

* The definition of town-size categories for German cities is taken from Béhr and Jiirgens (2005). According
to their categorization, towns with a population of about 2,000 to 5,000 arc small rural towns, cities with a
number of inhabitants ranging from 5.000 to 20,000 are small-sized cities, cities with 20,000 to 100,000
inhabitants are medium-sized cities and large cities are defined by comprising more than 100,000 inhabitants.
Rheine is a medium-sized town with anoverall population of about 76.500 in 2011 (IT.NRW, 2012). In 2011,
Mesum’s population was about 8,400 and Hauenhorst had about 4.500 inhabitants. Neuenkirchen is a small-
sized town with about 14,000 inhabitants in 2011 (IT.NRW, 2011). Corresponding to Neuenkirchen is also the
village of St. Arnold (population about 3,000), which is about one kilometer away from the actual city area in a
northerly direction.
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of 1.5 MW, have hub heights of 100 meters and rotor sizes of 77 meters. Particularly in view
of the fact that this area of northern NRW is very flat regarding its relief, with an average
altitude only varying between 30 and 90 m above sea level. the wind farm substantially
influences the landscape. Figure 3 illustrates the study arca and the location of the wind farm
site.

Hauenliorst
A

N -
T4

7 ‘ & Propam sale
4 * Wind mrbsnes
£ ——
Al ) S 0 05 2 3k
FIGURE 3
Study area

Source: Own illustration, based on data provided by the Geodatenzentrum NRW (2011)

Property market data for the two citics contained 1,405 property sales within the period of
1992 until 2010 and was provided by the Expert Advisory Boards (Gutachterausschiisse) of
the federal district of Steinfurt'® and the city of Rheine. The dataset included the sales prices
of the properties. lot sizes, sales dates, and the address-based location. All property prices in
the dataset were deflated by the German Construction Price Index, published by the German
Federal Statistical Office, with 2005 as the base year.' The distance of the observations to the
wind farm site ranges between 945 m to 5,555 m, so that, compared to other hedonic studics
(cf. Table 1), the properties are very close to the site. Table 2 gives an overview of the
observations and their distribution according to cities, city districts, wind farm announcement
and construction.'®

A major difference to most of the hedonic pricing studies in the literature is the usage of
property values, i.c. prices of parcels of land, and not house prices. This is mainly due to data
availability issues and privacy restrictions of address-based house price data in Germany.!”
Nevertheless, we assume that properties are likewise suitable for conducting a hedonic pricing
study, as their values are also sensitive to changes in the surrounding location. Only the

" Rheine and Neuenkirchen are cities that both belong to the federal district of Steinfurt. In this context. the
term ‘federal district’ is equivalent to a ‘county council’.

* Available online at https://www.destatis.de EN/FactsFigures Indicators 'ShortTermIndicators Prices bpr
110.html (accessed January 14, 2012).

% Re-sales were not excluded from the data sample as these only account for a small share of the total sales.
As a consequence, the re-sales data does not provide a sufficient basis for applying a repeat sales analysis.

" The data provided by the Expert Advisory Boards only contained the price for the property in terms of a
parcel of 1and (separated from prices for homes).
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selection of the (structural) variables differs. compared to hedonic pricing studies using house
prices.'® Furthermore, in our study we only consider developed and undeveloped propertics
for residential utilization.'” The regional land use. such as residential utilization. is defined in
the regional development plan.

TABLE 2
Summary statistics - Property sales in the study area, 1992-2010
N Percentage

Total no. of observations 1.405 100.0
City of Rheine 690 49 |

City district Hauenhorst 220 L

City district Mesum 470 384
City of Neuenkirchen 715 509

City district Neuenkirchen (city area) 556 396

City district St. Arnold 159 11,3
Total sales 1,202 85.6
Total re-sales 203 i14

Pre-announcement 724 51.5

Post-announcement 681 48.5

Pre-construction 872 62.1

Post-construction 533 37.9

Table 3 provides summary statistics of the 15 wind-farm-related variables and the other
17 explanatory variables that were tested in different model specifications in order to explain
the variation in the property prices.

The set of wind-farm-related variables tries to measure the wind farm presence in
different ways. Hrst of all, the set includes Euclidean distance measurements as the most
commonly used proxies of wind farm effects.”” We used the inverse distance from cach
property to the nearest wind turbine, which also allowed for the consideration of the date of
construction.*' Besides the inverse distance measure from cach property to the wind farm, we
also tried to identify local distance effects within five kilometers around the wind farm, using
dummy variables containing properties in 0.5 km steps.

Negative environmental effects often associated to wind farm sites refer to the shadow
flickering effect caused by the rotor blades in relation to the position of the sun (Hau, 2006).
In order to capture the shadow flickering effects caused by the rotor blades, we determined
the potentially affected areas, taking into account the heights of the turbine, the rotor blade

'® Hedonic pricing studies using house prices include a large set of structural variables, such as the number of
rooms, the age of the house, or the availability of a garage, which are irrelevant for properties in terms of parcels
of land. For parcels of land, structural variables can be limited to the lot size and the development status,
whereas more emphasis has to be put on neighborhood variables, capturing locational attributes.

" In comparison to an untilled parcel, we include four types of possible development statuses: a parcel with a
single-family house, a parcel with a duplex house, a parcel with a row house, and a parcel with a multi-family
house.

*’All distance variables, also those that were used to capture general neighborhood features, were calculated
using G [Ssoftware. We used the ESRI ArcGIS Desktop software package (Version 9.3.1), including the Spatial
Analyst Tool, Spatial Statistics Tool, and the 3D Analyst Tool.

! Using inverse distance measures to the nearest turbine, the measured values increase with decreasing
distance. Note also that values for property sales with sales dates before the turbines’ existence measure the
inverse distance to the next existing wind farm in neighboring regions at that time.

[12]



diameter and the positions of the sun during a day. Identifying the affected areas. we were
able to determine the temporary presence of shadow flickering effects for each property
during the year.** In this context, we tested a simple dummy variable as well as a variable that
explicitly takes into account shadow flickering caused by multiple turbines.

TABLE 3
Descriptive statistics
Variable Units Mean Std. dev. Min Max
In Inverse Wind furm distance Inm -9.26 0.99 -10.02 -6.89
Distance 0.5 - 1 km dummy 0.00 0.06 0 1
Distance 1 - 1.5 km dummy 0.03 0.18 0 ]
Distunce 1.5 - 2 km dummy 0.01 0,11 0 A
Distance 2 - 2.5 km dummy 0.06 0.24 0 l
Distance 2.5 - 3 km dummy 001 011 1] 1
o Distance 3 - 3.5 km dumimy 0.04 0.20 0 1
Mnd-tam: Distance 3.5 - 4 km dummy 0.09 0:28 0 1
related
Distance 4 - 4.5 km dummy 0.04 0.19 0 I
Distance 4.5 - 5 km dummy 0.09 0.28 0 ]
Shadow flickering dummy 0.03 0.18 0 1
Shadow flickering (no. of turbines)  classes 0.08 0.47 0 3
Visibility (no. of visible turbines) classes 0.29 0.99 0 9
Announcement effect dummy 0.45 0.50 0 1
Construction effect dummy 0.38 0.49 0 1
Inp In€ 10.43 0.84 4.34 12.59
In Lot size In m? 6.18 0.70 1.10 9.83
Waterfront dummy 0.00 0.07 0 1
Structural Type single-family house dummy 0.55 0.50 0 1
Type duplex house dummy 0.17 0.38 0 1
Tipe row house dummy 0.02 0.15 0 1
Type multi-family house dummy 0.02 015 0 1
In CBD Inm -6.83 1.12 -8.28 2.30
In Supermarket Inm -6.28 0.60 -7.45 -2.52
In Commercial area Inm -7.36 0.88 -8.56 -3.71
In School Inm -6.41 0.60 -8.01 -4.25
- In Forestland Inm -5.29 0.90 -6.54 2.30
Neighborhood' 1, 300 road Inm -5.25 0.89 -6.72 2.11
Spatial 11 Road In 248 042 -4.53 -0.02
Street noise classes 1.07 0.38 1 5
In Railroads Inm -7.53 1.28 -8.91 -3.54
In Transmission line Inm -6.85 0.74 -7.72 -3.47
In Lake Inm -6.40 0.73 -7.52 -3.23

To measure the visibility of the wind farm site, we calculated viewsheds for each
property. Viewsheds refer to the visible area from an observer’s perspective, in our case from
a property. A precise measurement of the view crucially depends on capturing all features in
the landscape that are visible from the observer’s point of view. The view of a certain feature
in the landscape might be hindered by heights, slopes, vegetation, or buildings. In order to
calculate viewsheds as precisely as possible, we applied a digital surface model®® with an

- We consider properties as impacted by shadow flickering effects, if these are located in the affected areas.
** The digital surface model is essentially based on multipoint information that contains x and y coordinates
as well as the z-value, referring to longitude, latitude, and height. The surface model for the whole study regions
[13]



accuracy of one meter, which was provided by the Geodatenzentrum NRW.** The digital
surface model included height level information of the terrain, the vegetation. and buildings,
and allowed us to calculate a raster of the area terrain. On the basis of raster data. we were
able to conduct a viewshed analysis using the ESRI Arc (IS Spatial Analyst and 3D Analyst
tool. Figure 4 illustrates the results of the viewshed analysis, indicating the arcas with a view
of the wind farm. Overall, for 128 properties in the dataset at least one turbine was visible.™
The calculated viewsheds were used to specify the fixed viewshed effects model described in
the cstimation methods subsection above.

Visibility analysis
Source: Own calculation and illustratio n.based on data provided by the Geodatenzentrum NRW (2011)

The dummy variables capturing possible effects of project announcement and
construction base on the date of the wind farm project announcement (June 2000) and date of
the wind farm construcfon (August 2002), respectively.

Substantial aural impacts of wind turbines that resultin an increase of the dB-level above
the average ambient noise level in urban or semi-urban regions™ are only measureable within
the immediate vicinity of a turbine of about 350 m (Hau, 2006; Rogers et al., 2006; Harrison,

consists of about 120 million data points. For reasons of data operability. the multipoint surface information was
converted into a surface raster. Raster data on surface information correspond to a surface as a grid of equally
sized cells that comprise the attribute values for representing the x and y coordinates and the z-value. We are
aware of the suggested potential inaccuracies using predicted viewshed pointed out in the GIS literature (Maloy
and Dean, 2001; Riggs and Dean, 2007). There is a tradeoff regarding the effort of conducting systematic field
visits for a whole region, which would guarantee an accurate definition of visibility, and the use of GIS
techniques, whicly dependent on the data resolution, might produ cei nacwracies. However we do believ cthat in
our case a sufficient degree of accuracy of the viewshed calculations is ensured. given the precision of the
obtained digital surface model. The digital surface model used recorded elevations every single meter and is,
therefore, more precise compared to the digital terrain models investigated and reviewed in the GIS literature
mentioned before.

** The Geodatenzentrum NRW provides geodata on the basis of the ordnance survey. Available online at
www. geodatenzentrum.nrw.de’ (accessed November 2, 2011).

** The visibility analysis only included properties that were sold after the construction of the wind farm.

*® The average noise level in urban areas is 55 dB during the day and 40 dB at night, respectively. In semi-
urban or rural areas these values range between 50 dB during daytime and 35 dB at night, respectively (Hau,
2006).
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2011). As in our case the shortest distance to a property is 945 m. aural impacts arc not
considered.

The structural variables. such as the sales price. the lot size, and the four types of
devclopment statuses of the properties, were directly taken from the property sales dataset
provided by the Expert Advisory Board. We investigated the impact of different development
statuses, compared to an undeveloped, untilled parcel. The waterfront variable was derived
using data services of the Topographic Information Management of the federal state of NRW
(Topographisches Informationsmanagement NRW).>” Most importantly, we expect a highly
positive relationship between the property price and the lot size.

The spatial variables characterizing the neighborhood for each property also
predominately contain Euclidean (inverse) distance measures to the amenities and
disamenitics in the surrounding area, e.g. shopping opportunities or proximity to the road
network. Data on the neighborhood features and their location was obtained from statistical
offices on the state, district. and city level.” Commonly used data on neighborhood variables,
such as crime rates, unemployment or income distribution was only available at the city
district level or even city level. As these variables only vary over time and the four different
city districts (or two cities), effects are implicitly captured by the, spatialfixed cffects and time
dummies.

IV.RESULTS

In this section, we firstly discuss the results obtained from-the different spatial fixed
cffects model specifications, focusing on the wind-farfierelated. variables. Secondly, we
further investigate wind farm proximity and visibility in a GWR model.

Spatial fixed effects

Table 4 provides an overview of the estimation results obtained from applying different
spatial fixed effects specifications.

According to the overall model performance, we find that all four spatial fixed effects
specifications perform very well with regard to the adjusted R* obtained.”® The specification
with the tightest controls for spatially clustered omitted variables, the fixed cadastral district
specification, performs best. Overall, we obtained mostly consistent results across all
specifications regarding the expected signs.

We use a stepwise procedure of introducing the wind-farm-related variables in order to
prevent multicollinearity, particularly in the case of the different distance measures.

" Available online at http:/www.tim-online.nrw.de ‘tim-online/nutzung index.html (accessed February 2,
2012).
“* The data was obtained upon request from the federal statistical office of NRW. the federal district
administration of Steinfurt and the city administrations of Rheine and Neuenkirchen.
*? We tested for autocorrelation, multicollinearity and heteroskedasticity by applying the Durbin-Watson test,
variance inflation factor (VIF) and the White test, respectively.
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TABLE 4

Estimation results for the different spatial fixed effec ts specificaions

_h‘(e 4 .cxtv e;:f;ects : Fixed cjty district | l"_ixcldcadastral T E&ET:L_\QL:F

-y _effects | district effects | eftects

Variable * Coef (SE} Coef (SE) ‘ €.0efiSE) Goef (SE)
In Inverse wind furm distance - 06TH** (024 -.053%* (.043) [ - 0q%* &022) -098 #0042
Distance 0.5 - 1 km - 287%* (.139) - 215% (152) g 7 * (.1 4%y o 367 .303)
Distance 1 -1 5 km - 153 101 -079 (105) | -1 75* B02) - RO (.291)
Distance 1.5 - 2'km - 107 (111) | -.044 (141) | -.115 (. 131) ' =108 240)
Distance 2 - 2.5 km | - 0&0 (091) | 118 (.106) | -.116 (.072) . 037 (2&)
Distance 2 5 - 3 km ~17% (.2160 | -218 (.199) -.300 (199 | -110 (. 370y
Distance 3- 3.5 km - 176 (.123) | -194% (109 | -195 (.133) | -128 (.290)
Distance 35 -4 km | -114 (.109) | -139 (107) 1 - 1558 (147 -.098 (.273)
Distunce 4 -4 5 km 011 (115 | -.000 115y | -.142 (.124) 035 (321
Distance 4 5 - 5 km 009 (.114) .006 (.122) 1 -08 (.143) 051 (.308)
Shadow flickering -.091%* (.043) =022 {.054) ‘ - 058 (.047) S I87F*F 0 (.039)
Shadow flickering mno. of turbines) -.034 ** (.016) ‘ -.001 019y | -.023 017y | -.054* ** 014y
Announcement effect | -.032 (.103) -.039 ( O87) ‘r .044 (.097) -077* (.042)
Construction efect M2 (068) | 08 (039 | 019 068 | 028 (0%9)
In Lotsize | 1.069%** (.037) [ 1.069%** (.033) | 1.082%**  (030) | 1.063%*%  (.027)
Waterfront 076 (280) | .005 (.286) | .026 (.31 | .0s1 (.341)
Type single-tamily house [ lEREEee (059 ; TR (.022 ; 38*F*% 0 (068) J80*Ex - (,079)
Type duplex house ' 293k (.058) D2 .027) 235%F 0 (073) | 291%%% (082
Tipe ron house 270%* (.106) 241** (.057) ba** (.093) | 202%* (.079)
Tvpe multi-family house R 077) | 311 (.056) [ 295w (.098) 343%F% 0 (.069)
In CBD i 0409%% ¥ (.036) : 04gHx (.043) 029%* (.030) 030%%*  (.023)
In Supermarket ‘ (5gx** (.051) X {.050) 027 ( 057) 077%%  (.042)
In Commercial area | 067 * (.038) - 35% (025) 017 {.057) .029* (.023)
In School o016 (.02%) 024 (.030) | -.019 £.03&) -.004 (.035)
In Forestland [ -021% (.020) -.022** (.032) | -.019 ( 032) -014 (.022
In Major road | -.026%* (027) | -.024%* (.025) | -.031** (.030) .005 (.010)
In Road : (99 H* (.048) 102 (.038) L090%**  (.040) . 109** (048)
Street noise | -.022 .023) -031* (.017y | -.013 (.026) -.036* (022)
In Railroads -.056 ** 1.043) -.029* 1.042) 007 (.074) 017 (.024y
In Transmission line | -014 (.013) -001 (.035) 024 (.085) 012 (.024)
In Lake -023% (.024) -.006 (.024) | -.027 (.044) -027% (.025)
{Intercept) [ 2.891%*x (717) 3.55] %% (.991; | 2.986** (1.397) | 3.293* *  (779)
Number of observations 1 1408 1.405 1,405 1.403
Adjusted R? ; 0.889-0.890 0.890-0.892 0.9032-0.904 0.886-0.888
AIC, | 458.5-469.8 140.3-454.4 311.5-318.5 495.7-517.2
Time dummies (year and month) Yes Yes Yes Yes
Clustered errors Yes L Yes Yes Yes

*, ** and *** indicates significance at the 10%, 5% and 1% levels, respectively.
* Following the regression procedure of Heintzelman and Tuttle (2011), the wind-farm-related variables (In Inverse Wind farm
distance, Shadow flickering, Shadow flickering (no. of turbines), Announcement effect and Construction effect) were included
individually to the set of structural, neighborhood and spatial variables: The set of the nine distance variables were included jointly.
Because of high consistency in the estimates for the structural, neighborhood and spatial variables, we have taken the coefficients from
the In Inverse Wind farm distance regression representatively. In the bottom part of the table we present the ranges for the adjusted R*

and the AIC , respectively.

Regarding the wind-farm-related variables, most importantly, the inverse distance to the

% For an average property price of about €42,500, the estimated coefficients correspond to a decrease of
€19.98 to €41.65 for a 1% decrease of distance to the nearest turbine.
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nearest turbine is negatively s gnificant across all models. Therefore, a 1% increase in tle
inverse distance (i.c. a decrease of distance to the nearest turbine) deaeases the property sales
price by -.047% to -.098%.*" Taking into account the different geographical scales of the
fixed effects. tighter controls lead to less significance and lower coefficients, confirming the



mentioned tradeoff between control for omitted variables and Variation. The fixed/dicwshed
effect model yields the highest coefficient (-.098 at the 1% significance 1ével) for the inverse
distance variable. Therefore, controlling for visibility £ffects underlines/thesimportance of
proximity measured by simple distance.

Further, investigating the distance to the wind\.farm_site through 40set of dunmimy
variables, negative wind farm impacts are mostly detectable in theselase vicinity within the
first 1.5 km around the site. Hence, within the first kilometer around the wind farm.prices
decreased by 21.5% to 29.7% according to the estimations. In case of the fixed cadastral
district model. the estimate of -29.7% is even significant at the 5% level. For a distance of 1
km to 1.5 km, the negative impact decreases and is only significant at the 10% level in the
casc of the fixed city effect and fixed cadastral effect model (-15.3 and -17.5, respectively).
The negative impact within 3 and 3.5 km in the fixed city district effects model seems quite
ambiguous, but is more or less negligible and significant at the 10% significance level only.”!

Bascd on the shadow flickering variables. the estimates hardly allow a clear
interpretation. The coefficients of the shadow flickering dummy are quite diverse across the
different spatial fixed effects models, ranging from -.022 to -.157. Furthermore, the estimates
only became significant in the fixed city effects (at the 5% level) and fixed viewshed effects
(at the 1% level) model. respectively. As the measurable ceffects of shadow flickering are only
limited to parts of one city district (St. Arnold) and. therefore, only to a small number of
observations, this variable might not be adequate in representing a potential effect caused by
shadow flickering. A further explanation. also regarding the highly negative coefficient in the
fixed viewshed effects model, might be that, in essence, the shadow flickering dummy is quite
similar to a small-scale distance dummy. The same argumentation applics to the second
shadow flickering variable.

Regarding a possible effect of announcing the wind farm project, no significance was
found in the fixed city effects, fixed city district effects and fixed cadastral district effects
model specifications. Despite a small negative cffect (-.077%) at the 10% level in the fixed
viewshed effects model, the impact of announcing the project remains highly doubtful.

The construction of the wind farm negatively impacted property sales in the two best-
performing model specifications overall, with significance levels of 1% (fixed city district
effects) and 10% (fixed cadastral effects), respectively. Thus, properties that were sold after
the construction of the wind farm showed price decreases between 10.8% and 11.9%. Despite
the different significance levels, there is evidence for a negative construction ecffect,
particularly as we used time dummies for years and months to capture annual and seasonal
variations.

The other explanatory variables mostly also perform well in the sense of an intuitive
interpretation. As expected, the lot size of a property is the most important determinant of its
sales price, with estimated coefficients of 1.062 to 1.082. Therefore, a 1% increase in the lot
size of a property increases its value by approximately 1%. Positively related to the property
prices is also the development status compared to an undeveloped or untilled parcel.

“! Note that the number of transactions within cach distance category varies substantially. particularly
regarding the number of transactions after the announcement and construction of the wind farm. In some cases,
the distance dummies only contain a very few transactions, therefore, implying a limited interpretability. Table
Al in the Appendix provides an overview over the distance dummies’ statistics.
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The proximity to thecity center (variable In CBD) and to supermarkets is also positively
significant across nearly all models. This goes along with the common circumstance that
properties in the city center have higher values than properties in remote areas. Furthermore.
the proximity to forestland was found to be negatively correl ata to property values, with
significance at the 5% level in the case of the fixed city effects and fixed city district effects
specification. In this case the forestland variable cannot be interpreted as an indicator for an
environmental amenity but rather representing less centrality of the location.

Major roads in the close vicinity of properties have significant negative impacts on their
values, whereas the proximity to roads is positively significant across all models. While the
proximity to a major road implies negative effects of high traffic density (In Major road), the
proximity to the cities’ road network indicates positive effects, such as a higher degree of
accessibility (In Road).

The proximity to railroads. which is also frequently investigated by means of hedonic
pricing studies (e.g. Bowes and Ihlanfeldt. 2001: Theebe, 2004), only appeared negatively
significant in the fixed city effects and city district effects models (at the 1% and 10% level.
respectively). Using fixed cadastral district and fixed viewshed effects, the railroads variable
turned out to be insignificant and changed sign as well. In this case, the results obtained
barely allow for a clear interpretation.

No statistical evidence was found for the impact of proximityto sc hw b, transmission
lines, lakes as well as for higher street noise or the avai lablity ofa waterfromt

Geographically weightedregressio 1

In a similar model sctup, compared to specifications d estited in the last subsection,
specifically regarding the composition of the included variables, we applied a GWR model 1o
estimate local codficients and significance levels for the two variables In Inverse wind farm
distance and Visibility (no. of visible turbines). The inverse distance to the wind farm is
analyzed in a local GWR model in order to reveal a more complex picture of the local
variation of the estimates and significance. The information provida by the variable Visibility
(no. of visible turbines) was used to specify the fixed viewshed effects model in the previous
subsection. Therefore, this variable is analyzed in a GWR model in order to assess the local
distribution of possible visibility effects and to derive more insights about the predictive
performance of a fixed viewshed model. Statistics on the GWR coefficient estimates for both
model specifications are provided in the Appendix (Tables A2 and A3).

Both local model specifications performed very well in respect of the given quasi-global
adjusted R” (.910 for both variables) and AIC, (308.1 for the distance variable and 312.5 for
the visibility variable). Therefore, comparing the model performance of the local GWR and
the global spatial fixed effects specifications on the basis of the two indicators, the local
model exhibits a similar performance power like the fixed cadastral effects model. Figures 5
and 6 map the local coefficient estimates and significance levels for the investigated variables.

According to Figure 5(a), which provides an overview of GWR model coefficients for In
Inverse wind furm distance, we can identify strong spatial variation within the study area. The
strongest impacts are located predominantly in Neuenkirchen (city area) and not, as expected,
in areas which are in the 1mmedate vicinity of the wind farm site. Now also taking into
account the local variation of the significance levels (Figure 5(b)), there is a clear difference
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between properties located in the west and the east of the study area. In the east of the study
area, particularly in Mesum, the inverse distance variable mainly becomes significant only at
the 10% level or even not significant at all. On the contrary. properties located in the west,
especially in Neuenkirchen (city area) and St. Amold. are negatively influenced with
significance levels at 1% and 5%, respectively. Properties in the immediate vicinity of the
wind farm (St. Arnold and Hauenhorst) are also significantly negatively affected (mainly at
the 5% level). In the city district Neuenkirchen (city area), we can identify the strongest
significance. whereas the significance decreases towards the city center. Overall, the local
estimations for the inverse distance to the wind farm provide evidence for a stronger negative
impact on the city of Neuenkirchen than on the city of Rheine.
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GWR model coefficients (a) and significance levels (b) for variable In /nverse wind farm distance

Figure 6(a) maps the GWR model cocfficients for the variable Visibility (no. of visible
turbines). Thus, negative coefficients are solely located in the immediate vicinity of the wind

farm site. As the properties in the close neighborhood to the site likely have an unimpaired
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view on several turbines, these findings seem reasonable. But considering the local
dis ribution of the significance levels of the visibility variable (Figure 6(b)), no statistical
significance of a visibility impact can be detected for the entire study area. Only in the
immediate vicinity of the site. significance levels strengthen, but still remain insignificant
(with p-values between 0.1 and 0.25). Overall, no statistical evidence was found for the
particular consideration of wind farm visibility.
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In summary, the negative impact of wind farm proximity (measurad by the inverse
distance to the nearest turbine) that was found in the spatial fixed effects models could be
confirmed, investigating the variable using the GWR method. Additionally, we found that
proximity effects vary substantially across and wi thin the cities, contrasting the estimated
results of the distance dummy variables. The investigation ofthe bcal coefficients of the
visibility variable revealed that visibility has no significant 1mpad¢ on property values.
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Therefore. the results obtained in this case could not providtanvvalidation for the relevance
of applying a fixed viewshed effects model specification.

V. CONCLUSIONS

In order to investigate the impacts of wind farms on the surrounding arga following the
current public debates associated with siting processes.in-Germany, we applied a hedonic
pricing model to the property market of the two neighboring cities Rheine and Neuenkirchen
in the northern part of NRW. We investigated wind farm proximity by means of different
spatial fixed effects model specifications, addressing spatial autocorrelation through spatially
clustered omitted variables and spatial heterogeneity, and a local GWR model in order to
further account for spatial heterogeneity caused by spatially varying relationships in the
underlying data. As many hedonic pricing analyses investigating wind farm impacts focus on
distance measures as a proxy for wind farm proximity, we also included variables capturing
potential shadow flickering and visibility effects. We applied GIS techniques on the basis of
high resolution geodata for the implementation of these variables.

We used four different spatial fixed effects models accounting for the underlying
administrational and spatial structure of the study arca, with a particular focus on a fixed
viewshed effects model specification. Comparing the models, the specification with the
tightest controls for spatially clustered omitted variables performed best.

According to the cstimation results provided by the spatial fixed effects regressions, there
is statistical evidence for a negative impact of wind farm proximity measured by the inverse
distance to the nearest turbine. Various distance dummies also indicated that negative impacts
arc mainly limited to properties in the immediate vicinity within 1.5 km. Duc to lower
significance levels of the distance dummy variables, local variations of coefficients and
significance levels needed further consideration. Properties that were sold after the
construction of the wind farm showed lower values coinpared to those which were sold
before, indicating a negative post-construction effect. Alternatively, the announcement of the
wind farm project had no measurable influence on property prices. The results obtained for
the shadow flickering variables did not allow for a clear interpretation.

The fixed viewshed effects model provided the lowest values regarding the overall model
performance, although the results were largely consistent with the other models. The major
insight is that absorbing potential effects of visibility, the inverse distance to the nearest
turbine still remains negatively significant.

The application of the GWR revealed a more complex picture of proximity effects
through the weighting of spatial relationships and local variations in the data. The negative
impact of wind farm proximity that was found using spatial fixed effects could be confirmed
applying the GWR method. Based on local GWR estimates, the negative effects are
attributable to strong local influences of the wind farm site. Therefore, the local significance
levels of wind farm distance provide evidence for a stronger negative impact in the city of
Neuenkirchen than in the city of Rheine. Local coefficients and significance levels of the
visibility variable revealed that visibility has no significant impact on property values.
Therefore, the investigation of visibility by means of a GWR could not provide any validation

[21]




for the relevance of applying a fixed viewshed effects model specification. A ganst this
background, the results obtained by the fixed viewshed effects model remain ambiguous.

Nonetheless, further investigation of wind farm proximity and specifically visibility. also
combining global and local spatial regression techniques. is needed. particularly to derive
general conclusions and reliable recommendations with regard to the impact of wind farm
siting in Germany. As social acceptance aspects of the siting of energy facilitics become more
important. especially with regard to the increasing relevance of decentralized energy supply
from renewables, research on external effects of these technologies is crucial.

Future research on the impacts of wind farm proximity should essentially include the
further investigation of spatial autocorrelation and spatial heterogeneity. also comparing and
exploring the performance of different spatial models. such as spatial error and lag models vs.
spatial fixed cffects, and spatial weighting approaches. Further research incorporating local
statistics, such as the GWR, alongside with established spatial models is needed, in order to
underline the relevance of geographical techniques in economics.

As local authorities arc increasingly aware of social acceptance problems in Germany,
projects that involve civic participation in the planning process become increasingly important
in order mitigate public protests. Therefore, it might be interesting to comparatively
investigate wind farm projects that were planned with and without civic participation by
means of the hedonic pricing approach.
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APPENDIX

TABLE Al

Statistics of the wind farm distance dummy variables -

Distance dummies Total ?umber of Transactions after Transactiong after
transactions announcement construction

Distance 0.5 - 1 km 15 15 6
Distance I - 1.5 km 77 66 45
Distance 1.5 - 2 km 74 21 16
Distunce 2 - 2.5 km 139 108 89
Distance 2.5 - 3 km 74 18 17
Distance 3 - 3.5 km 119 61 56
Distance 3.5 - 4 km 336 12 120
Distance 4 - 4.5 km 275 §2 57

Distance 4.5 - 5 km 296 158 132

TABLE A2
Statistics of the GWR model coefficients - In /iverse wind firm distance

Minimum 25% Quartile " Magian.._75% Quartite— Maxiinum_
Intercept 2.771 2.881 4.719 5THE 6.009
In Inverse Wind farm distunce -111 -.094 -.070 -.055 -.047
In Lot size 919 .948 1.056 1.080 1.087
Wuterfront -.061 011 .037 113 147
Type single-family house 15 145 .164 170 184
Type duplex house 200 231 260 271 282
Type row house 159 188 .194 .199 216
Type multi-family house 170 235 341 .359 428
In CBD 001 .006 .032 .065 .082
In Supermarket -.001 012 074 .089 110
In Commercial area -.066 -.041 .006 .023 036
In School -.013 -.006 -.008 .061 117
In Forestland -.069 -.052 -.037 -.006 .012
In Major road -.040 -.024 -.006 .005 012
In Road .031 .042 076 .088 .103
Street noise -.139 -.077 -.052 -.042 -019
In Ruilroads -.185 -.055 -.036 .020 .044
In Transmission line -.050 -.028 018 071 .189
In Lake -.045 -.039 -.012 .004 .022
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Summary

In the UK the cause of amplitude modulation (AN)~and the ability to predict is
occurrence is considered abstruse by many. Few have experienced or measured AM
and yet conclusions are frequently made asserting that it is rare and that any action
to counter its effects is limited by minimal knowledge surrounding its nature and
cause. This paper aims to advance current knowledge and opinion of AM. Methods
used to successfully investigate AM are confirmed. AM should be measured during
evening (after sunset), night time or early morning periods. Meteorological effects,
such as atmospheric stability, which lead to downward refraction resulting from
changes in the sound speed gradient alter the character and level of AM measured.
AM is generated by all wnd turbines including single turbines. Propagation
conditions, mostly affected by meteorology, and the occurrence of localised
heightened noise zones determine locations that will be affected. Measurements
from eleven wind farms have been presented and discussed in relation to current
research and theory. Findings confirm that AM occurrence is frequent and can readily
be identified in the field by measuring under suitable conditions and using
appropriate equipment and settings. Audible features of AM including frequency
content and periodicity vary both within and between wind farms. Noise character
can differ considerably within a short time period. The constant change in AM
character increases attention and cognitive appraisal and reappraisal, inhibiting
acclimatisation to the sound. It is advised that those responsible for approving and
enforcing wind energy development improve their understanding of the character and
impact of AM. This can be achieved by attending a listening room experience which
has been trialled and is discussed in this paper.

Introduction

In the UK denial continues that A Mis other than rare with reliance placed on a 2007
report prepared for Defra’ by the University of Salford wheh found low incidence of

UK Government Department for Environment, Food & Rural Affairs



AM (Moorhouse et al, 2007). Re-analysis of the Salford datal confirms many cases
were missed (van den Berg, 2009). We and other independent reseafrchers (Hoare,
2009) have also found that the Salford report understated incidence of AM. In the UK
we have now identified at least seventy UK windi farms where itis known that AM is
the cause of complaints. Many of the wind farms studiéd=in=the-Salford report were
situated in isolated locations with few residential neighbours. Examination of the sites
existing in 2007 suggests that many of the wind farms included in the Salford report
were unlikely to lead to AM complaints simply due to their isolated locations. As wind
farms have spread to more populated parts of the UK, and as turbine hub heights
have increased, incidence and complaints of AM have risen.

Few regulators and decision makers visit wind farms under the conditions likely to
give rise to enhanced AM, leading to a risk of ill-informed decisions. Other important
issues remain in dispute. For example, it has been argued that A weighted variations
of less than 3dB are not readily recognised and do not lead to intrusion; something
identified as erroneous when observing AM. In an attempt to inform such debates we
have trialled a "Listening Room Experience" using data and audio gathered from field
measurements®. The Listening Room Experience enables lay decision makers to
listen to different samples of amplitude modulation varying in character and decibel
level. They can then reach independent and informed conclusions regarding
audibility and impact of AM. The Listening Room Experience is discussed at the end
of this paper.

The following section discusses some of the current research on AM. Section 2
details appropriate procedure to identify and measure AM. Field measurements of
AM are presented and discussed in Section 3 with reference to current research.
Section 4 explores some psycho-acoustic factors influencing the perception of AM.
The Listening Room Experience, a procedure designed to help inform decision
makers, is then discussed in Section 5.

Van den Berg's research published in 2005 highlighted the major features and
causes of AM. 8 years later, his findings are still either neglected, undervalued or
being presented as 'new' information. It appears that the UK is seeking a simple
cause and effect relationship between turbine(s) and AM which does not necessarily
exist. Indeed the evidence, as discussed below, suggests that all wind development,
including single turbines, will generate AM. The exact nature and level of AM that
arises, along with the locations where it is prominent, is dependent on a number of
contributing site specific meteorological and geographical features.

Van den Berg (2005) recognised the mechanisms generating AM, relating largely to
trailing edge noise, and which is generic to all turbines. Van den Berg outlines the
following features as generating or contributing to AM: atmospheric stability, near
synchronicity, atmospheric absorption increasing prominence of low frequency sound
and high turbine noise levels when background noise levels are low. Oerlemans and
Schepers (2009) discuss trailing edge noise and swish footprints generated by
turbines. They found that under cross wind conditions although the average level is
lower, amplitude modulation has a greater peak to trough, up to 5dB, than upwind or
downwind directions. Findings were corroborated by measurements at a distance of
approximately 240m from a single turbine. Di Napoli (2009) notes the importance of
weather conditions for correctly measuring wind turbine noise; measurements were
specifically taken during a night time period. Di Napoli measured AM with a peak to

£ A number of the sound files referred to in this report and used in the Listening Room Experience are presented on our website
with interactive graphs.



trough typically of 5dB and up to 12dB. Greatest feak to trough~was' attfibuted to
decreases in vind speed and occurring towards ffe end of] accelerations in wnd
speed and blade rotation speed. AM with a doub le pek was also found/(page 6 ).
The importance of measurement in the correct weathér conditionsan d atthe corre cf
time of day is again noted in Di Napoli (201 1). Thisysudy found-that smélle , old ef
turbines generated significant AM. Impact from A Mwassinked-to synctroni sation of
AM pulses and low wind speeds at the immission point. Broadba nd noise“was=not
found to decrease over distance as expected and in contrast to Oerlemans and
Schepers (2009) least AM was measured under cross wind conditions with downwind
samples at far field measurement points resulting in highest measured peak to trough
level.

Bakker and Rapley (2011) do not directly discuss AM but discuss the occurrence of
heightened noise zones which arise around wind farms. They found that noise levels
from a single turbine can vary by 2-5dB and multiple turbines can produce noise
levels varying by 6-13dB. It was observed that the specific location of equipment was
extremely important as noise could vary significantly over very short distances. Cand
et al (2012) conclude on review of literature that potential causes of AM relate to non
uniform inlet flow likely caused by wind shear or atmospheric turbulence effects. This
is further discussed in Smith et al (2012) and includes detached or stalled flow over
the turbine blade as a cause of AM. Following a long term study Larsson and Ohlund
(201 3 describe the impact of meteorology and ground attenuation effects on AM and
note its prominence at greater distances from the turbines. Synchronicity /
interference between turbines is again noted as a cause of AM at greater distances.
Larsson and Ohlund (2012) observed differences in noise level of 6-14dB. They
conclude that AM is observed 30% of the time at 400m, 10% of the time at 1k mfrom
the nearest turbine and is most common in the evening, night time and morning (p.
5).

The influence of meteorology in causing AM is attributed less weight by Lee and Lee
(2013) although the effect on propagation is noted. The discussion by Lee and Lee
(2013) provides further evidence that all turbines will cause AM but states that AM is
heard at long distances only in certain directions. This changes as the wind direction
changes.

Lee and Lee (2013) found that where ‘operating and atmospheric conditions are
identical, the acoustical characteristics of wind turbine noise can be quite different
with respect to the distance and direction from the wind turbine' (p. EL94). They
identified mathematically that AM can be caused by all turbines and that variation in
spectral content and sound energy changes with distance and angle to the wind
direction. Lee and Lee (2013) did not consider atmospheric refraction the effects of
which, as suggested by measurements in the above research, complicate predictions
of wind turbine noise and AM These factors may explain the different conclusions
reached by Oerlemans and Schepers (2009) and Di Napoli (2011).

Lee and Lee (2013) also found that 'at long distances from the wind turbine, the
amplitude modulation is hardly perceived in the upwind, down whd, and crosswind
directions...Nevertheless, even at long distances the amplitude modulation is still
audible in other directions provided that the background noise is low. In addition,
these sounds are no longer similar to the swishing sound. They are low-frequency
amplitude-modulated sounds'(p. EL98)°. The differences in findings appearin rart

®In general this agrees with many of our field measurements but is not always the case.



due to atmospheric refraction and ground effects. For example changes in the wind
direction can mean the long distance low frequency AM immission level changes
from being generated at the top of the blade rotation to the near ground part of the
blade rotation. This shifts the source noise from around 120m to around 35m above
ground level for a typical turbine. The effect of atmospheric refraction is considerably
different at these heights.

Although the paper by Lee and Lee (2013) discusses some important issues in
relation to propagation of AM a major limitation is the neglect of refractive effects.
Evidence on atmospheric refraction obtained by Wilson (2003) indicates that when
atmospheric conditions lead to downward refraction of sound energy, the decibel
level at receptors is greater by at least 3-4dB than when conditions lead to upward
refraction. Wilson (2003) also shows that the meteorological changes from upward
refraction to downward refraction relate directly to the variation in sound speed with
height which in turn is influenced by wind speed gradient (wind shear), temperature
gradient, temperature fluctuations and to some extent humidity especially over wet
surfaces. Small changes in meteorology are predicted to lead to significant change in
noise impact near the ground, reflected in the variations identified in the above
research.

In summary the following assertions regarding the cause of AlM .and exacerbating
factors can be made:

— All turbines, including single turbines can cause AM.
— Trailing edge is the main source of noise on a turbine causing, AM.
— Meteorology affects propagation of AM.

— Inflow turbulence caused by meteorological / topographical air turbulence
causes / exacerbates AM.

— Synchronicity / heightened noise zones exacerbate AM at distant locations.

— AM is found in cross wind and down wind conditions but can also occur at
lower sound energy levels upwind.

— Measurements of AM should target evening, night time and early morning
periods when there is low cloud cover / high wind shear.

Measurement of AM
Determining appropriate measurement locations and observation times

It was evident from an early stage of our research that wind turbine noise levels
measured at distances of 500m-1500m from the nearest turbine vary not only with
meteorological conditions, such as wind direction, but with relatively small changes in
location. Locating sound level meters based on daytime observations led to no more
than a chance of reflecting impact after darkness. Descriptions by residents may not
always be accurate and so visits at night time when there is high wind shear and / or
temperature inversion is recommended to experience enhanced propagation
conditions.

It is logical and supported by research (van den Berg, 2005) that atmospheric
conditions leading to downward refraction of sound energy will result in higher




decibel levels at distant receptors than atmospheric omd itions leadifg~te-Lpwad
refraction. It is also clear from research (Wilson, 2@03) trat “the metégrological
changes from upward refraction to downward refractio n' relate directlyto t he \a riation
in sound speed with height, which in turn is influen ced by temperatire and-othe
small changes in neteorology.

In their long term study Larsson and Ohlund (201 2) found ,varations in measured
wind turbine noise at 1km of 6-14dB(A). At 400m 'thge was difficulty rsepaating
meteorological effects from wind direction. They s tate*that ‘meteorologicalco nditiens
must be taken into consideration starting at distances somewh ere between=400.and
1000 m ... the enhanced AM sound is influenced by the propagation path or the
interference between several wind turbines rather than changes in the emitted sound'
(p.4). Larsson and Ohlund (2012) conclude that 'the occurrence of AM sound
increases during evening, night and morning and then decreases during the day.
This pattern follows perfectly how the temperature inversion is built up during the
evening and nights and breaks up from ground when the rising sun heats the ground’
(p.5)".

We have found variation of AM at night both temporally and in different locations,
sometimes only a few metres apart. This agrees with Bakker and Rapley (2011) who
identified heightened noise zones. In some cases the variation between locations is
significant and in others impact is more widespread. There is a need to visit affected
p roperties under worst case impact, often between 00:00 and 0400 hours to identify
specific locations to site instruments. Alternatively, where a resident has cogently
identified affected rooms in the dwelling or garden area these may be representative;
however, care is needed that the conditions monitored reflect those leading to
observations by residents. There is no substitute to visiting at the times of impact.

It is important to observe and set up instrumentation when conditions lead to
downward refraction of sound energy and when background noise levels are low.
These conditions most often occur when there is a stable atmospheric state leading
to low wind speeds near the ground. Best results have been obtained with hub height
wind speeds at or above those providing maximum noise output. This requires
sufficient atmospheric pressure variation (closeness of isobars). As a 'rule of thumb' if
it is windy and gusting on a sunny / low cloud level day and this continues at night
then significant AM can be expected. Ideally, for measurement of typical worst case
noise, more distant receiver locations® should fall approximately within a 60 degree
arc, assuming clockwise rotation of the turbines, although this will vary depending on
the configuration of the turbines, topography and meteorology.

It is important to move to different localities to observe how the impact changes
throughout the night, from location to location and with increasing wind shear.

Measurement paramee rs

Low interference from the sound level meter floor, especially when undertaking
internal measurements, iscritical to obtaining good data. This is best achieved using
a low noise floor microphone, typically below 10dB(A). A type 1 sound level meter
measuring LAeq, 1/3rd octave band Leq and measuring at least 125ms intervals,

f These findings concur with our own field measurements which we have conducted over the last 7 years.
* Those in excess of 500m.



preferably every 100ms®, is needed. We now measure down to 0.4Hz to enable
analysis of infrasound but this is a separate consideration beyond the scope of this
paper. Measurements are best synchronised with good quality audio recordings
ideally at 24 bit rate and 48kHz sampling rate; however, 16 bit rate may suffice.
Some experimentation is often required to avoid "clipping" of the sound recordings
and loss of reproducibility.

Where good quality audio recordings are obtained these can be processed using
appropriate software’ to confirm reproduction at the relevant sound levels observed
in the field and for representative playback.

In our experience regulators measuring AM noise will place a sound level meter
within a dwelling with a hand operated trigger for residents to record AM when it
occurs. They rarely use high quality audio and do not normally possess low noise
floor microphones. This results in poor quality sound reproduction where the troughs
of sound energy are lost and many characteristics of the AM are masked by
interference with the noise floor. Regulators often do not record data with a sufficient
time interval to see temporal effects. Any spectral information, if recorded, is usually
corrupted because of the noise floor of the meter. Remote data analysis undertaken
by regulators can fail to identify the psycho-acoustic character of the noise. Through
use of inadequate measurement parameters, compliance-checks frequently
understate the impact of AM and wind farm noise leading to érférieous findings,

Findings in relation to field measurements

The following charts represent a small sample of the data measured from a number
of wind energy developments in and around the UK. The findings_presented: below
aim to provoke discussion on the various causes of AMiand raise important issués
regarding psycho-acoustic aspects of AM perception. MeasUremernts are presented
in chronological order. In the UK wind farm noise is generally assessed external to
the affected property. The majority of measurements below were recorded externally;
where measurements are made within the dwelling an internal noise measurement
has been noted.

Deeping St Nicholas, Lincolnshire, England

Deeping St. Nicholas Wind Farm is located within the flat fenland area of eastern
England. The data shown on the chart below was measured internally, with a window
partly open and just over 1000m from the nearest turbine. The wind direction placed
the downwind angle for the measurements at just over 30 degrees (clockwise). This
concurs with a prediction of low frequency dominance as identified by Lee and Lee
(2013).

: We have found no benefits using shorter time periods than 100ms and the large data handling requirement becomes an
impediment.
" For example, Spectral Plus.
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As can be seen from the spectrum graph in the t opright ha nd corner, sound energy
is focused between the 125Hz and 400Hz third octave ban ds “The 1@Hz third
octave band is dominant. The A weighted AM pedk to traugh was typically 6d
although modulation in the 160Hz third octaye,ban d 1'sconsiderably gre ater
Background noise levels measured in the bedro ofmwere: below.the roise floorofthe
meter (18dB(A)). From experience background noise levels are TKelyto=be-in-tie
region of 12-15dB(A). All data is A weighted to allow direct comparison.

Noise Data Graph - Deeping St Nicholas Wind Farm Spectrum Graph (A
= 4th July 2008 waighted)

‘25 ms LAeq |
160 Hz (A)

Analysis of the data from this site, as with other sites, reveals a time shift in the
spectrum data. Sound energy within different third octave bands arrives at the
microphone successively a fraction of a second apart. As a consequence the overall
A weighted level does not fluctuate peak to trough to the same extent as the
individual third octave bands fluctuate. This masks the true effects of varying sound
energy in different frequency bands and supports the approach in the New Zealand
Wind Farm Noise Standard (2010) and the DTI report on the measurement of low
frequency noise at three UK wind farms (Hayes McKenzie Partnership Ltd, 2006)
both of which look separately at observing the varying third octave band levels as
well as the fluctuation in the A weigited AM. The above data also agrees with
predictions by Larsson and Ohlund (2012) and Lee and Lee (2013) of greater low
frequency dominance in the immission levels at increasing distance from the wind
farm.



The chart below was obtained earlier the same evening and shows the extent of the
third octave band fluctuations in the 160Hz third octave band. Peak to trough
variations are in the region of 9-17dB. Some of the A weighted Leq peaks can be
seen to be dominated by this low frequency fluctuation.

Noise Data Graph - Deeping St Nicholas Wind Farm
a8 4th July 2008
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Red Tile Wind Farm, Cambridgeshire, England

Red Tile Wind Farm is located on a flat site in eastern England. Measurements-were
made approximately 1000m from the wind farm.

Noise Data Graph - Red Tile Wind Farm dB
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The example AM trace shown here is erratic both in peak level and shape. AM peak
to trough is typically 4-5dB. Sound energy is focused in the 400Hz third octave band
with some contribution from the 1kHz third octave band. This frequency content is of
slightly higher frequency content than has been observed in AM measured at other
wind energy developments. Although measurements were taken at a similar distance
to those shown for Deeping St Nicholas Wind Farm, slightly higher frequency content
is expected due to cross wind measurement conditions.

The AM in the chart below was measured slightly later in the night than the chart
above and closer to the turbines. The AM is now less erratic in peak range and levd.

Noise Data Graph - Red Tile Wind Farm
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Although the AM peak often consists of two or multiple p eaks itis=constant in this
character and peak to trough difference is consistently in the region of 3-4dB
Average sound energy spectral content is shown, in the top right hand graph, to be
dominated by 400Hz third octave band energy; however, thetop left hand graph,
showing the third octave band 125ms time trace, reveals that most peaks are
dominated by energy in the 315Hz or 500Hz third octave band. There is rarely any
synchronisation in third octave bands and the phasing is consistently different,
reflected in the multiple peak character of the AM. The AM has a sweeping tonal
characteristic, which is most likely generated by the non simultaneous contribution of
different third octave band sound energy to the AM peaks over time.

North Rckenham Wind Fa m MNorfolk, Enda nd

AM measured from this site, approximately 1000m from the nearest tubines, is fairly
erratic. The chart bel ow shows approximately 1 minute of AM vith peak to trough
values typically of 4dB. Tre spectral content of the period is dominated by 400Hz
third oc tave band noise. Closer inspection of the 125ms 400Hz third octave band
time trace, plotted on the chart, suggests that this band does not dictate the AM
peaks to the same extent as has been found at other sites. Although much of the
measured no ie is more broadband in nature and could be interpreted as more



typical of general wind farm noise there are still lower frequency thump elements that

can be heard within the data but not easily attributed to s

Noise Data Graph - North Pickenham Wind Farm

pecific frequency content.
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The measurement location was at varying angles to

the turbines due to their

geographical spread. This may be the cause of the less distinct peak to trough

variations in both the A weighted 125ms trace and the

individual third octave band

levels. However, peak to trough variations in the 125Hz third octave band were in the
region of 8-10dB. This could explain the perceived intrusion from low frequency
content although it is not indicated by an A weighted analysis as dominant.

Swaffham Wind Turbine, Norfolk, England

Measurements from this single turbine were taken at a distance of approximately
320m, closer than the majority of measurements presented, The measurements were
taken on the same night as those at North Pickenham Wind. Farm.
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AM peaks are much clearer from this single turbine compared to the multiple peak
trace measured at Red Tile Wind Farm and North Pickenham Wind Farm. Dominant
frequencies within the 400Hz and 500Hz third octave bands can be seen to clearly
dictate specific AM peaks. AM peak to trough values were typically 4dB although
differences of up to 6dB were measured.

Noise Data Graph - Swaftham turbine a8
. ____ 15th August 2009 :

Spectrum Graph A weighted"
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Although a peak in the spectrum graph for the period is observed in the 1kHz third
octave band, see top right hand side of the above chart, it is not a major contributor
to the AM. The main chart shows energy in the 400Hz and 500Hz third octave bands
mapping well with the 125ms LAeq peaks. The graph on the top left hand side of the
above chart shows the same period with the tkHz 125ms third octave band time
trace added. The 1kHz third octave band energy follows the main shape of the
125ms LAeq trace but does not modulate to the same extent as the 400Hz and
500Hz energy, shown in the main graph, and does not contribute significantly to AM
peaks.
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SiteGD& E

These locations remain anonymous at this stage at the request of the affected
parties. The measurements were made in three different external amenity areas
located in a remote rural area. AM occurs frequently at the sites. The three extracts
below were measured on three separate occasions in 2012:
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Site C is 450m from 3 turbines with AM measured in a cross wind situation. The wind
turbine noise is dominating and at least 10dB above the background noise level. In
contrast to other cases, significant AM was measured from this wind farm during
daytime hours. AM peak to trough is regularly 8-10dB.

Noise Data Graph - Site C
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Peaks are determined by different frequency bands: T@éﬁé%ﬂy noiser i the 315Hz
third octave band is dominant with contribution alsa ffém energy in the 500Hz;-

and 250Hz third octave bands. These variations were judged to e-to. tt
variation in contribution from different turbines and varying degrees of synchromcnty

Noise Data Graph - Site C
2012 —— 100 ms LAeg
500 Hz (A}
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At site D internal (with the window partly open) and external measurements, in the
garden area, were obtained and are compared in the chart below. Site D is
approximately 1000m from nine turbines with several turbines almost equidistant
from the residence. The wind direction during measurements resulted in the property
being between a cross wind and downwind direction from the turbines.

Noise Data Graph - Site D a8 Spectrum Graph (A weightod
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With the window partially open, reduction in noise level was approximately 8dB. Peak
to trough levels externally were generally 4-6dB. Internally the peak to trough
difference was approximately 1dB greater. The internal spectrum graph is shown in
the top right hand corner of the chart above®. The 315Hz third octave band energy is
dominant with significant contribution from 400Hz and 200Hz third octave band
noise. Whilst the sound energy levels and peak to trough range varied slightly,
prolonged periods of impact arose with little variation in the peak to trough range.
The data indicated a high level of synchronicity.

Site E is approximately 1000m from the wind farm. Measurements were made
downwind of the turbines. On this occasion dominant lower frequency noise was
measured internally.

¥ External spectral data was not recorded.
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The chart below shows the noise trace, indicating a peak to trough range of 4-6dB.
The chart shows intermittency with periods of greater peak to trough variation lasting
for a few seconds and periods of diminished AM. This was found to be a common
pattern observed in the measurements at this location.

Noise Data Graph - Site E
a8 2012

38 - o0 T

— 100 ms Ll-eql

Analysis of the last 30s of the above perlod shown on the chart below demonstrates
the changing dominance of low frequency noise. :

Noise Data Graph - Site E ——10C ms LAeq
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=== 250Hz (A) dam
“===20CHz (A) dom
160Hz 1A} dom

34 cerresmsncea mhesiemammarunas o, ERISIR s T Lk L L T

=

The 100ms LAeq trace is shown with corresponding spectral analysis. Most AM
energy was found between the 160Hz and 400Hz third octave bands. To assess the
dominance of each third octave band in each AM peak, for each 100ms sample only
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the third octave band with the highest decibel contribution is plotted. Thus, the chart
shows the most dominant third octave band at a given point in time. The last three
peaks of the extract can be seen to be dominated by 200Hz third octave band noise,
the fourth peak from the end is equally dominated by 250Hz and 160Hz third octave
band noise and the fifth and sixth peaks from the end of the period are dominated by
250Hz third octave band noise. Not only does the variation in the peak to trough
difference change but there is also a noticeable change in the character of the sound
energy of the peaks; this was considered to exacerbate the effect on listeners.

Knas Rid ge Wind Farm, North Yoks hte, Erng and

AM from Knabs Ridge wind farm was measured on a nearby caravan site
approximately 550m from the nearest turbine. At the beginning of the chart below a
car passes on a nearby road. Noise from the car pass-by does not audibly mask the
AM noise although it interferes wih the noise trace. Two distinct types of AM can be
heard and seen in this period, described as 'lashing' and 'thumping'.

Noise Data Graph - Knabs Ridge Wind Farm a8 Spectrum Graph (A weighted)
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The thumping AM has a clear single peak with ene rgyfoc used in_the 315Hz tHird
octave band. Whereas the lashing AM sounds more hig h freque ncy dominated there
is @ 125Hz third octave band component to the noise along with the main 315Hz third
octave band energy and some higher frequency energy around the 1.6kHz third
octave band. See the top right hand graph in the chart above.
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The chart below shows that the lashing AM_-copsists of poorly aligned peaks from
several third octave bands. The thumping AM is deminated’by 315Hz and 250Hz
third octave band energy that is often 'synchronised. These characteristics are lost
when examining the average spectrum graph for the period and demonstrates the
need to look at the spectrum during each peak.

Noise Data Graph - Knabs Ridge Wind Farm
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During much of the period shown on the chart above the peak to trough level is
around 3dB or less, but is audibly judged as similarly intrusive to AM with higher peak
to trough due to its spectral content and the manner in which it changes. in the 2006
DTI report peak to trough ranges of 2-6dB were identified as unacceptable and
considered by the author as warranting a penalty®.

Kessingland Wind Farm, Suffolk, England

Located close to the eastern coast of the UK, AM from the two turbines at
Kessingland is frequent in occurrence. The majority of the local community have
been complaining and campaigning for the turbines to be turned off. Despite noise
monitoring exercises being undertaken the noise issues have not yet been resolved.
We have measured AM from the two Kessingland turbines on three different
occasions. Whilst AM is fairly consistently present when the turbines are operating at
night time, there are different features to the noise at different times. The chart below
shows a period of approximately 2 minutes measured on 10th June 2012 at a
distance of 550m from the nearest turbine. The typical peak to trough range is 8-
10dB.

° The DT report and Freedom of Information releases on the report confirm this.
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Noise Data Graph - Kes siigland Wind Farm
10th Jun e 202

The chart above appears to show mainly one recurrent peak of noise and although
audibly it is initially heard as one sound, two characteristics, a pulse and a 'swish',
within the peak can be heard.

The chart below shows a sample from the middle of the above period. The expanded
100ms LAeq now demonstrates that the AM peak is in fact a double peak. The main
component frequencies are within the 400Hz and 500Hz third octave bands. Lower
frequency contribution is also present occasionally within the 250Hz third octave
band and minimally in the 125Hz and 160Hz third octave bands. Energy within the
250Hz octave bands can be seen to contribute more within the middle of the period.

Noise Data Graph - Kessingland Wind Farm =100 ms LAeq
dB 10th June 2012 500 Hz A}

—— 400 Hz A)
160 Hz A)
125 Hz 1A
— 250 Hz ' A)
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Measurements at Kessingland obtained on the 28th June 2012 were more varying in
level and nature than those obtained on 10th June 2012. The chart below shows an
AM trace lasting approximately 1 minute. Within this period the AM can be heard as
one distinct and strong peak, a peak consisting of two beats and a beat and "echo"
effect. The "echo” is not a reflection but an AM peak at a lower level'®.

Noise Data Graph - Kessingland Wind Farm
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As with the measurements on 10th June, the main component frequencies are within
the 400Hz and 500Hz third octave bands, although some AM peaks have significant,
though not dominant, 200Hz and 250Hz third octave band content which phases in
and out. Comparison of the AM beat and echo sequence and the AM period
consisting of two clear beats strongly indicates that the "echo" and second peak in
the double peak AM have a common source. Similarly, the AM beat, from the beat
and echo sequence, and first peak in the double peak AM are also likely to have a
common source.

0 The sequence of a strong pulse followed by a pulse lower in fevel gives the impression of an echo.
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The chart below shows the time difference between the 'beats’, 'echoes’, first peaks
of the double peak AM and second peaks of the double peak AM. There is equal
periodicity observed.

Noise Data Graph - Kessingland Wind Farm
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The above graph suggests that the AM beat and echo and double peak
characteristics could be caused by difference in phasing between the two turbines.
When the two turbines are out of synchronisation the AM is heard as two separate
sound events.

As the peaks from the two turbines move closer togetherirrphase.the peaksbecome
merged and heard as one sound event with two pulses Thié isrdemonstrated Iri the
example image below where for illustration purpo sésyit,is assum ed both 'turbines
have the same sound energy emissions but one is delayed
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Single uniform AM peaks of greater amplitude may occur when AM from the two
turbine1s1 is synchronised. These characteristics are considered to exacerbate the
impact''.

" This is further discussed in section 4 below on psycho-acoustic perception of AM.
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The graph below shows a period of AM measured at Kessingland on 23rd July 2012
at a distance of 630m. AM is consistently present although the peak to trough level
varies.

Noise Data Graph - Kessingland Wind Farm

a8 23rd July 2012 — 100 ms LAeq
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Spectral analysis of a sample of the AM peaks confifiis aehanging dominance in
frequency content of successive AM peaks between energy/ irdhe, 25iQHz, 315Hz,
400Hz, 500Hz and 630Hz third octave bands. : _ LEANA

Noise Data Graph - Kessingland Wind Farm
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The first peak has higher frequency content in the third octave bands 400Hz and
630Hz. The second peak has some lower frequency content but is dominated by
630Hz third octave band energy. The fifth peak is equally dominated by 250Hz and
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400Hz third octave band energy. Despite this sample of AM appearing to have a
fairly uniform peak shape it is evident that the spectral content is complex and
inconsistent resulting in noticeable changes in character. It can also be seen that
where each event progresses through the rise and fall 'n sound energy there is a
change in the dominant frequency. For example the middle peak highlighted is first
dominated by 400Hz as the sound rises and 315Hz as it falls. Each peak differs in
frequency content during the rise and fall in overall sound energy resulting in AM wth
a constantly changing character.

Wadlow Wrd Farm Canth ridgesh e, Eng Iand

Located close to the A11 road, when there is a wes taly wind component the daytime
noise levels in the vicinity of Wadlow Wind Farm are dominated by road traffic noise.
At night time road traffic noise is minimal and there are fewother sources of noise in
the area. The site is located in eastern England, characterised by flat landscape.
Measurements were taken approximately 1250m from the nearest turbine. The
measurement location was 30 degrees clockwise from the downwind direction.

The chart below shows the 100ms noise trace for a 2 minute period. The AM peak to
trough is gen aally 4dB with some differences of up to 6dB observed. The AM could
be described as fairly clean. Peaks can be seen to phase in and out and this was the
case fairly consistently for the 2 hour measurement duration. The inserted graph on
the left of the chart below shows synchronicity of peaks at the beginning of the
extract. Towards the end of the extract two pulses to the AM peak can be seen (and
heard). The spectral content of the AM is generally dominated by energy in the
400Hz, 500Hz and 630Hz third octave bands. Sound at these frequencies generates
a 'swish' or 'whoosh' sound.

Noise Data G raph Wadlow Wind Farm

. dB Spoctrum Graph (A weighted,
o8 o — 3rd April 2013 "
i* —_fg
between
48 -+ | I ALY Jo ANMA L 0622 57 §0C
. B ard
.| I B BE £0C
26
46 t ] E = #
Sl
w TR LR L. oo eV L}
B 5 i —_— 25 62 (B 400 ik 25K 63¢ ‘6«
— ’ GALCULATED SPFETRUM

| Iy — el - - '—'l

On occasions a lower frequency thumping el ement to the AM sound is discernible
with significant contribution from the 100Hz third octave band and which at times
occu rs as the peak subsides. Aural assess mentof the sound in the field ndica ted
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that the higher frequency AM experienced arose mainly from a nearer turbine and the
lower frequency AM was from a more distant turbine. The chart below shows the
frequency content of a short extract of AM.

Noise Data Graph - Wadlow Wind Farm
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The spectrum graph for the period indicated on the chart above shows a dominant
peak in the average frequency content around 500Hz; however, a secondary peak is
evident within the 100Hz third octave band. With reference to the main chart and the
100ms traces for dominant third octave bands, whilst the 400Hz, 500Hz and 630Hz
third octave bands modulate at a fairly consistent level and range, the,100Hz trace is
more variable. Towards the end of the period the 100Hz third actave band noise can
be seen to dominate certain AM peaks.

Cotton Farm Wind Farm, Cambridgeshire, England

AM has been measured from Cotton Farm on two occasions, the wind fafm has-only
recently become operational. On 3rd April 2013 AM was measured-to-the-west-of the
turbines under downwind conditions at a distance of 1200m from the nearest turbine.
Temperatures during the daytime had not been particularly high, but there had been
a relatively cloudless day and evening before the measurement period leading to
increased wind shear. Not all turbines were operating during the measurement
period. Although wind turbine noise was dominant in the area, some distant road
traffic noise was also audible. The AM measured and heard did not pulsate as clearly
as is the case with other measurements and results with a 'dirty’ noise trace. AM
peak to trough was typically 2-4dB and up to 6dB on occasions. There is a clear
125Hz third octave band component to the AM.

Frequency dominance within the peaks varied such that there were periods of 125Hz
third octave band dominated peaks followed by 630Hz and 400Hz third octave band
dominance. The random change in sound energy spectrum from one peak to another
was a significant factor in the character of the AM. The change in sound energy
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character here is more distinct than the example from the Kessingland turbines
examined above.

Noise Data Graph - Cotton Farm Wind Farm 98 Spoctrum Graph A weighted)
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AM was much clearer, though still erratic in occurrence, and peak to trough
differences of typically 6dB and up to 8-10dB were measured. On this occasion low
frequency noise was less prominent within the data and the dominant sound energy
wasfocused around the 500Hz third octave band.
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Swinford Wind Farm, Leicestershire, England

The weather conditions during the evening measurements at Swinford Wind Farm
were not ideal for generating AM. There was high atmospheric pressure and wind
energy speeds were continuing to fall and change direction throughout the period.
The distance to the nearest turbine was approximately 750m. AM with peak to trough
values typically of 3-5dB were measured and the dominant frequency content was
focused in the mid frequencies around the 800Hz third octave band.

Noise Data Graph - Swinford Wind Farm 98 Spoctrum Graph (A waighted)
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The graphs inserted in the chart above show the average spectrum on the far right
hand side, and to the left a more detailed frequency analysis of the highlighted
period. The period shows clear defined AM peaks which can be seen to move to less
distinct AM with multiple peaks. The left hand side frequency analysis shows energy
in the 400Hz and 500Hz third octave bands. The middle frequency analysis shows
energy in the 630Hz and 800Hz third octave bands. The 400Hz and 500Hz third
octave band energy fairly consistently peaks together, although the peaks disappear
towards the end of the extract. The 630Hz and 800Hz third octave band energy
peaks coincide at the beginning of the extract with the 400Hz and 500Hz third octave
band energy. However, they quickly shift out of phase creating multiple less well
defined peaks. Thus, the distinct peaks of AM during this period occur when
dominant frequencies are synchronised. The clarity of the AM appears to be lost
firstly due to phase shift in 630Hz and 800Hz third octave band energy and then
towards the end of the extract due to less modulation in all four dominant third octave
bands.

Delabole Wind Farm, Cornwall, England

AM from Delabole Wind Farm was measured at a caravan site approximately 400m
from the nearest turbine. The measurement location was approximately 70 degrees
counter clockwise to the downwind direction. Although AM was measured, weather
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conditions and the negative angle relative to the rotation angle were not conducive to
typical worst case AM generation. Peak to trough was typically 4-6dB and as shown

on the chart below dominant frequencies varied peak to peak but are mainly focused
in the 315Hz, 400Hz and 500Hz third octave bands. Prevalence of 125Hz third
octave band energy can be seen to vary th rouchout the period with most contribution

at the beginning of the period.
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A period from earlier on in the night presented below shows that the AM was slightly

with periods of AM of higher peak to trough differences phasing in and

more erratic,

out.
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Towards the end of the period there are five AM peaks with a peak to trough
difference of approximately 6dB. The peaks draw attention both due to their loudness
and the rhythmic character. The first three AM beats are regular, the fourth is out of
time in comparison to the first three beats and the fifth beat is perceived as in time
with the original rhythm set up by the first three beats. With reference to the
frequency content, it can be seen that the AM peaks that are perceived as in-time
have synchronised peaks in the 315Hz, 400Hz and 500Hz third octave bands. The
dominant frequencies in the syncopated beat-are.misaligned. This change attracts
attention to the beats.

Psycho acoustical factors

Wind farm noise is widely acknowledged as more intrusive and more annpying at
lower decibel levels than other types of industrial noise (Pederson & Waye, 2004).
Although attitudes towards wind developmient have beén noted.as influencing
perception of wind farm noise (Van den Berg, 2009} psyche-acoustic factors have
been little discussed or explored.

The word map below categorises some of the many terms used by affected residents
to describe AM, including physical likeness of the sound and musical terms
describing the character of AM.
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"The assessment of sounds that vary in level and spectrum over long time periods
requires continuous judgments” (Scharf, 1998, p. 1187). Whilst it is easy to provide a
simplified acoustic description of AM through determination of an average decibel
level, an AM peak to trough level or a dominant frequency component, such
descriptors fail to relate to the auditory and psychological perception of the sound.
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Indeed, rarely do the descriptions an “the"”Wward map above conside f an absolute
overall decibel level or third octave bard| evd a nd most aim to subg clively describe
both the temporal and spectral cha racter o the 86und-as.it varies wit h time.

Our perception of sound will be influenced by cognition, by past experiences and
associations with the sound (Hodges & Sebald, 2011). As Juslin and Vastfjall (2008)
note "the perceptual system is constantly scanning the immediate environment in
order to discover potentially important changes or events. Certain sound qualities are
indicative of change, such as sudden or extreme sounds, sounds that change very
quickly, or sounds that are the result of strong force or large size. Sounds that meet
certain criteria (e.g., fast, loud, noisy, very low- or high-frequenced) will therefore
produce an increased activation of the central nervous system" (p.564).

The musicologist Meyer theorised that our expectations of music (sound) govern our
emotional response. Expectations of our environment and emotional response,
based on sensory assessment, are a constant part of everyday mental processing.
As Huron (2006) notes, accurate expectations benefit preparation for appropriate
perception and action (p.3). Examining our environment for sensory changes and
preparing for appropriate action requires varying and controlling our levels of
attention and arousal accordingly. Emotion resulting from expectations reinforces
appropriate reactions and promotes positive outcomes. For example, if something in
our sensory environment changes we automatically pay more attention: our eyes
focus on an object moving in the distance, a door slamming will quickly evoke a
startle reaction. Although the door poses no threat, it is beneficial for survival to react
as if danger vere present, to become fearful and alert (Huron, 2006). Huron
continues to discuss the uncertainties associated with expectations. Sounds and
music can manipulate uncertainty regarding what and when certain sounds will
happen, where and why sounds or music occur. These elements are manipulated by
composers to illicit specific emotional reactions to music and sounds.

On a very basic auditory level, aspects of AM sound may cause heightened attention
or arousal, resulting in negative emotional states and focused cognitive analysis. The
internal measurement of AM at Deeping St Nicholas Wind Farm demonstrates
significant low frequency contribution. Low frequency sounds are often associated
with large objects or objects with a lot of energy, which in turn are often related to
feelings of uneasiness due to associations with danger. The association with threat is
heightened when AM gets louder and peak to trough difference increases. A sound
that gets louder is often gaining energy or getting closer, again environmental factors
that may be associated with potential threat.

AM peak to trough is often unpredictable and higher peaks can arise suddenly and
afte rperiods of less modulation. See for example the chart for Site E. Towards the
end of the period the AM fades, peak to trough is in the region of 2dB, and typical
noise levels are approximately 28dB(A). Within a few seconds the sound changes to
AM with peak to trough of 4-6dB and peaking above 34dB(A). The listener would
likely be in a dark room without any visual clues. Arousal and attention are therefore
focused on auditory clues. These changes represent a significant change to the
sensory environment and as noted by Huron (2006) and Juslin & Vastfiall (2008) our
body will react accordingly. This effect can also be seen in the Cotton Farm AM
measured on 15th April, which d'splays erratic peaks in the region of 51dB(A)
compared with the majority of peaks between 45dB(A) and 47dB(A). Changes in
peak to trough differe rce are often accompanied by changes in spectral content or
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dominance and would add another varying factor to the auditory environment which
could draw attention.

The discussion of theory and measurements can easily be related to the terms used
to describe AM in the above word map. Terms such as 'distressing' and 'disturbing'
may be related to fear or threat responses. '‘Deep', 'heavy' and 'thudding' may be
compared to musical features eliciting negative emotions’?. Descriptors relating to
our expectations of our environment include 'unpredictable’ and 'train / aircraft that
does not arrive' which may encourage prolonged attention.

In addition to basic mental processing and associations of sounds, our ears are also
capable of highly complex analysis. Albert Bregman coined the term auditory scene
analysis to describe the way in which the ear processes and organises sounds in to
meaningful components as a way of understanding our environment. The ear
searches the sound for clues including temporal, spectral, periodical and sequential
relationships (Plack, 2005). Rises and falls in frequency may be segregated as
separate streams depending on pitch proximity (Stevens & Byron, 2009). Sounds will
also be grouped according to a perception of rhythm, beat or meter'® (McAuley,
2010).

As indicated in the data presented above, AM is a complex sound consisting of
varying frequencies, loudness and meter (pulses and beats). The noise data graph
from Red Tile Wind Farm shows fairly equal but unsynchronised modulation of sound
energy in 315Hz, 400Hz and 500Hz third octave bands. The sound energy is fairly
close together in frequency (pitch) and also close together in time. The sound that is
heard is sweeping and broadband. The different component frequencies have been
grouped together in to a single sound stream by the brain. In contrast the noise data
graph from Wadlow Wind Farm demonstrates two separate streams grouped by
frequency (pitch) and to some extent time. The majority of energy is in the 400Hz and
500Hz third octave bands but, towards the end of the period some peaks are
dominated by 100Hz third octave band energy. There is sufficient distance between
the frequencies dominating the AM peak, and without intervening blurring
frequencies, for these to be heard as two separate sounds. This is demonstrated on
the image below with the red dashed lines representing the streamed sounds.

i Consider for example the theme tune to the film Jaws.
Ba rhythmic element as measured by division into parts of equal time value.
http:' dictionary.reference.com/browse meter?s=t;
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The discrepancies between how AM sounds from different wind farms or at different
time from the same wind farm can be processed by the ear and may help to describe
the disparity between descriptors in the wvord map above. Terms such as 'whirring
(constant)' and 'repetitive’ may fairly describe the AM at Red Tile Wind Farm whereas
terms such as ‘irregular’ and 'thumping' may better describe the AM from Wadlow
Wnd Farm.

As well as pitch, rhythm and meter play a role in grouping sounds. Rhythmic aspects
of AM regularly feature in descriptions of AM and can easily be observed in much of
the data. The AM peaks at site C regularly occur at intervals of approximately 1s. In
contrast the extract from Kessingland on 28th June has already been described in
this paper as having a beat and 'echo' sequence' and AM consisting of two beats.
The beat and 'echo’ sequence is a good example of how the ear interprets sound
with rhythmic hierarchies. In western music there is a preference to hear sound with
meter, an alternation between strong and weak beats (Thompson & Schellenberg,
2002). As the AM often varies due to phasing differences our attention increases as
we process the new rhythm or meter that results. The extract from Kessingland on
10th June shows a fairly constant period of AM vith a regular periodicity of just under
2s. Each AM peak consists of a dominant double pulse; however, there is also a third
weaker pulse be forethe main AMpeak. Each pulse conforms to the meter. The weak
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pulses are separated by approximately 2 seconds, the first peaks are separated by
approximately 2s and the second peaks are separated by approximately 2 seconds.
The weak pulse and double peak AM form one rhythmical group. The timing between
each group is 1s. The timing within each group, i.e. between the weak pulse and first
AM peak and between the first AM peak and second AM peak, is just under half a
second. Thus, a rhythmical hierarchy can be formed. See the image below which
shows the time in seconds separating the constituent pulses of the AM and how this
forms a rhythmic hierarchy

0.4 0.3 [ 0.6 0.3 0.4 0.3 !0.4 0.4

SE

K X X M X X X %
l 4
1 |

Although it is unlikely that on perception we will naturally develop this rhythmical
hierarchy for AM, it shows that there are rhythmic relationships between the pulsing
components that generate the AM trace which draw attention and have meaning.

Temporal entrainment also plays an important role in perception of sounds.
Entrainment describes the interaction of two rhythmic processes combining to a
common phase. Entrainment to rhythms is observed in humans from an early age
(Trainor & Hannon, 2013) and there is evidence that biorhythms entrain to external
rhythmic stimuli (Large & Jones, 1999, as cited in Stevens & Byron 2009; Schneck &
Berger, 2006). With reference to the word map above, the description of AM as
having an 'intrinsic (rhythm)' may relate to the entrainment between the AM beat and
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biorhythms. As noted above, the AM peaks at site C regularl y occur at intervals of
approximately 1s. This interval is not uncommon in the measured AM data. The
timing between each AM group in the Kessingland data from 10th June is 1s and the
timing within the group is approximately half a second. Fraisse (1982) (as cited in
Thompson & Schellenberg, 2002) found that physiological processes, such as heart
rate and walking pace, tended to occur at a rate 60-120 beats per minute. AM events
occurring approximately once per second coincide with a rate of 60 beats per minute
and as such AM entrainment, synchronisation between AM and our movements or
heart rate etc, is likely to occur.

Information regarding a sound source can be determined by the process of
localisation. This relates to the 'where' expectation discussed by Huron (2006). The
ear can detect the direction from which a sound originates by comparing differences
in timing and frequencies perceived by each ear (Pierce, 2001). This is a feature we
have not been able at present to replicate in the Listening Room Experience (see
below). The precedence effect describes the phenomenon by which we hear sound
as originating from the direction where we first hear the sound, even if this changes
or originates from two separate sources. As AM has been shown to regularly vary in
both level, frequency content and timing, there may be difficulties in localising the
source of AM due to contradicting or confusing auditory clues. With reference to the
word map above this supports descriptions of AM as 'enveloping', 'wall of sound' and
'rattle in the car that you can't pinpoint'.

With a little consideration of the range and complexity of auditory processes used to
assess our environment it is not surprising that AM evokes many different descriptors
of the sound. The varying nature of AM necessitates constant reappraisal of our
auditory environment and supports anecdotal evidence that AM is rarely a sound that
can be pushed to the back of our consciousness. For these reasons it is considered
inappropriate to try to categorise the boundary between acceptable and
unacceptable AM by reference to a total or average sound energy level except when
identifying circumstances where it is clearly intrusive if all other factors are equal.
Instead, assessment should focus on the audible character of the noise, recognising
that there are many manifestations of the sound which increase impact once
discernible.

The Listening Room Exp & ence

The Listening Room Experience is an exercise where wind farm noise is replicated
as close as possible to that which is experienced in and around homes'.

Acousticians are well aware of the problems associated with using the decibel level
to convey how noise intrudes and the difficulty in deciding what levels of noise are
acceptable when it exhibits varying characteristics. The lack of transparency in
decibel parameters can be exploited and it is difficult for lay decision makers to
appreciate the consequences of accepting or setting deeibel.limits, especially when
two opposing acousticians present different arguments Swer agceptabllity:

A typicai playlist schedule is provided on our website along with some of theltracksused in the expeience



In UK courts it is normally open to either party to present the evidence of their choice.
We have successfully used audio recordings on many occasions in the courts to
convey the character of a noise; where defendants object it may lead the court to
question why they do not want the court to hear the noise. In more recent cases we
have attempted to accurately simulate the decibel levels in order to replicate the
experience of the noise that the community actually experience. This is especially
important for wind energy development where, as shown by our findings above,
noise features such as AM have a distinct and intrusive character. Difficulty arises in
the UK as planning decisions do not compel regulators to undertake a listening room
experience even when one party request it.

Court room scenario

Problems also arise as the courtroom or inquiry hall is remote from the character of
the bedroom, living room or garden of a rural residence. The background and
ambient noise levels within a city courtroom are usually much higher than in a rural
bedroom when there is a distinct lack of industrial or transport related noise sources.
The state of mind of the listener is important, whilst on public display and studying
technical evidence the listener is not attempting to relax in the same way as if they
were in their own home. The perception of the impact clearly changes as a result.

32




We have soudht to create a relaxed listening experience which is outside of the court
room or inquiry building. Previously ve have used a specialist listening room facility
and a recording studio but found that it is best to run the exercise in a rural dwelling
provided the background noise levels are low and unaffected by dominant manmade
sources. The location should provide an environment where decision makers are not
in front of the public, are sat in comfortable chairs in a living room type environment
and allow relaxation perhaps even imagining trying to sleep with the noise.
Experience suggests it is normally best to conduct the experience after dark, in the
late evening when people are naturally preparing for the night and sleep. We
consider it is important to replicate the conditions when impact arises as close as
possible, especially low background noise levels. Background noise levels in rural
bedrooms can typically be below 15dB(A) with windows open and below 8-10dB(A)
with windows closed.'® The room should reflect a rural bedroom / living room
environment including typical reverberation times.'®

Low nobe equ pment

The use of microphones with a low noise floor to record both the source noise and
background noise environment during playback is critical to ensure no artificial
masking effects (usually from internal electrical interference) are present either in the
recordings or at playback. Music or interview recording studios provide a good
substitute for a rural living room / bedroom environment as generally they are
designed to ensure background noise levels are arond 15dB(A), to _have low
reverberation times and are normally devoid of daylight, Whete.such.a.facility,s tabe
used, soft chairs and possibly curtains are needed to replicate a comfortable hame
situation as best as reasonably practicable.

The piocess and setuyp adop ted

In most rooms external noise mainly enters thraugh the-window The seating is
therefore arranged in a “U” shape equidista nt  fromand-fading-a-windew-er-mock
window (or with one in view) and two powered mon ibr speakers with a flat response
down to 40Hz placed either side of the wind owsetup. A flat screen TV is used, either
placed below the window or in the approximate direction for comfortable viewing. The
set up enables levels at the seating to be wihin a couple of decibels of the actual
levels experienced. Groups of 8-15 people are accommodated. For larger groups two
rows of seating have been used, recognising levels are potentially slightly lower in
the second row. The objective is not to perfectly replicate the sound energy levels, as
this will change in different rooms and with different numbers of people but to provide
a sound energy experience which is close to that experienced by wind farm
neighbours.

During test playback the sound trace and spectrum are compared with he actual
recordings to ensure a good standard of replication is achieved. This is also recorded
during the final playback to demonstrate reasonable replication.

Each playback track is co-coordinated with an interactive graph of the decibel levels
and spectrum. This software requires the audio to be converted to mp3 format so it is

15 Many acousticians use microphones with a noise floor of 16-20dB!A). These are unsuited to recording AM inside dwellings or
determining the internal background noise environment. A low noise microphone is always required.
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then checked using audio processing software to ensure minimal distortion when
compared to the original track.

The experience

Attendees are provided with an explanatory pack with a copy of each chart, some
details about the wind farms, the piano scale to enable comparison with the spectrum
and a playlist schedule. Interactive graphs are displayed on the TV screen. The
experience lasts about 90 minutes and currently 16 clips are reproduced from 6 wind
farms where AM has been recorded. The process is as follows:

1. External noise recordings in the vicinity of homes.

a) Background noise is played to enable the hearing system to adjust to a
low noise environment after travelling.

b) Several late evening / early night time recorded AM incidents outside
dwellings are replayed.

c¢) Wind farm noise (devoid of AM) compared to periods when the wind farm
was stopped for testing is played to enable comparison with turbine noise
virtually devoid of character.

2. Internal noise recordings inside dwellings or simulated inside dwellings.

a) Background noise is played again to enable the hearing system to adjust
to the lower internal noise environment and.provide comparison.

b) Several recordings are played starting inside & /éar @@ then transferring
inside different dwellings through the night.

Procedure adopted

The room is softly lit and this is switched off once the TV ¢reen isrswitched on.
Questions and commentary are kept to a minimam to enable relaxation. An
interactive graph with a moving curser is displayed 6f the TV screen-placed-at-the
window location or where it provides for comfortable viewing. A clip between 1-3
minutes is played with minimal introduction. The clip is then replayed and the TV
switched off to ensure very low light / near darkness and to remove visual stimuli.
Attendees are encouraged therefore to focus merely on the sound. In our experience
this replay has the most significant effect as attendees notice the different impact
when not concentrating on the charts and paperwork. Clips range from those with
regular 10dB peak to trough fluctuations to those smaller than 3dB and varying levels
of low frequency noise. This process is repeated for the external and then the internal
recordings. The final extract presents levels recorded in a bedroom where the impact
had continued for about 4 hours. As before this is first played allowing study of the
graphs and then repeated in darkness whilst considering if attendees could sleep. At
the conclusion of the session discussion is encouraged with the lights on, without the
TV screen on but the AM continuing. This has previously prompted requests to stop
the noise and expressions of relief when it stops.
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U seof head phon es

Experience indicates the use of headphones is a poor substitute. Few headphones
provide a flat response and therefore change the signature of the spectrum of the
noise on playback. This distortion can change the experience significantly. Also, the
recordings are monaural and therefore playback through headphones creates an
unnaturally flat experience by removing time shift and directionality. Further, the mere
wearing of headphones induces an artificial environment which can inhibit relaxation.
Whilst the speakers do not reproduce sound binaurally, room effects and drection of
the speakers gives a greater sense of reality in the sound.

Are choe ¢ hambers

Whilst the noise floor of any anechoic chamber is normally good, the highly artificial
situation in an anechoic chamber leads to an alien ex pervienceand so have not been
used.

Equ pmentu sedand settihgs

Norsonic 140 Type 1 SLM.
40HL Gras microphone.
Laptop with Adobe flash player and extern al seufid:gard

Flat screen TV (silent in operation including no high frequency tone).

Audio recording standard = 24 bit, 48Kz standard. 1 6bit 44KHz still provides
a reasonable reproduction.

N
—
N
- Rokit powered professional studio grade monitor speakers.
N
N

— Mp3 compression = 320 kbps for the listening room experience.
Va riatiocn h t heroom

In reality the rooms in which people live vary acoustically and it is unhelpful to try to
set a standard for dimensions and reverberation time. The important requirement is
that it is reasonably free of reverberation, which can easily be achieved by carpeting,
soft furnishing and people. It is important that masking noise from ambient sources is
at least 10dB(A), or as close to this difference as possible, below the reproduced
source noise including the troughs in the noise data. Analysis of the background
noise spectrum is recommended. The reproduced source already includes
background noise. Difficulty can arise in mechanically ventilated buildings which
produce significant levels of low frequency ambient noise from the mechanical plant.
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Conclusions

Single wind turbines cause AM. This has been recorded bysseveral researches and
by us. ltis also confirmed mathematically.

AM appears to occur in heightened noise zones, Where levels afe greater than at
some other nearby locations. This means meter location and site observations need
to reflect the appropriate conditions and careful analysis of localities at the time of
AM impact is required. These zones can vary with wind direction, synchronicity and
meteorology (especially wind shear) although certain locations appear to regularly
experience higher noise and levels of AM than others.

Crosswind AM can arise at significant distances in excess of 400m.

A range of features in the AM are experienced. Typically AM will fluctuate with
heightened peak to trough values for periods of a few seconds. The greater the
atmospheric stability the less variance in the AM trace.

Under a wider range of atmospheric conditions the AM that commonly occurs has
increases in peak to trough variations (fluctuating with periods of significant AM) for
about 6-20 seconds which then gradually subside. In some circumstances the AM
does not subside and continues with only minimal variation for periods of several
hours. This appears to arise when there is a steady wind direction and wind strength
as well as prolonged high wind shear.

The spectrum of the AM depends on the distance from the individual turbines but
also meteorological effects, the extent of refraction, synchronisation of separate
turbine emissions and the frequency content emitted in the direction of the receiver.
This leads to a wide range of variations with increasing lower frequency dominance
within the AM peaks at greater distances typically approaching one kilometre or
more. Where there is an array of turbines you can experience different frequency AM
from a nearer turbine and normally lower frequency AM from a more distant turbine
either at the same time or in succession giving changes in the sound character that
are highly variable and rarely the same. Some sound characteristics are commonly
repeated, most likely due to the same range of recurring meteorological conditions.

Peak to trough values of overall A weighted levels at distances of 400m to over 1km
can vary in excess of 10dB. This can involve sustained periods or AM varying by
10dB peak to trough but even when variation is less than 3dB the constituent
frequency bands still modulate dramatically. This results in a changing noise
character that is intrusive because they trigger a range of psycho-acoustic effects
and associations. Individual third octave band levels will typically fluctuate far more
than the A weighted levels with peak to trough values commonly in the order of 10-
15dB and at times higher.

Coherence / synchronisation effects clearly arise where sound waves at particular
frequencies reinforce at certain points for a short period and then diverge again. The
divergence and partial coherence which changes over time leads to changing noise
character increasing the noticeability, perception and impact of the AM peaks.

The complex change in spectral content over time is clearly a common feature of AM.
The multitude of sound attributes results in AM that constantly changes in its
noticeability and impact. Many of the characteristics do not manifest themselves
within the overall A weighted variations with small peak to trough values still
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exhibiting significant change in noise character. It is also clear that changes in
spectral content, peak to trough range and consistency will vary not just with distance
and wind direction but with a complex interaction of meteorological conditions most
likely including dawnward refraction resulting from changes in the sound speed
gradient. The variations in location of impact and distance of impact from the turbines
lead to changing periods of adverse noise at wind farm neighbours. These are again
dependent on a complex interaction of meteorological factors.

The elements identified within AM and their psycho-acoustic characteristics show
why reference to the A weighted decibel level is a poor basis for acceptability or
unacceptability in a particular case. However, any measure of peak to trough
variation that is identified is likely to reflect an wnacceptably intrusive noise in most
cases. The importance of subjective and psycho acoustic perception of AM is vastly
underestimated in assessment of wind farm noise. AM displays many features that
attract attention both on a basic and complex level of auditory processing.

Regulators and decision makers need to experience the effects of AM to fully
undastand wind farm noise impact and the limited relevance of average decibel
controls in relation to the psycho-acoustical effects. As a substitute to living and
experiencing wind farm noise impact at an affected dwelling, the Listening Room
Experience provides a reasonable way of experiencing and understanding the
impact.

P ostscript
Measu rementsve rsus pr edictedleve

This paper has focused on the character and og urrence -of AM idg ntified in  field
measurements. A significant factor in the meas urement of AM-is-the souree-speed
gradient in the atmosphere and in particular temperature-and-wind. shear effects
leading to downward refraction.

Analysis of the sound speed gradient data in the work by Larsson & Ohlund (2012)
effectively shows a 3-4dB increase in levels over those predicted when there is an
increase in the sound speed with height or under high wind shear conditions. The
increase in sound energy under these night time conditions has been found by a
number of other researchers (van den Berg, 2005; Palmer, 2011). it follows that
prediction methods ignoring the variable effect of refraction and sound speed
gradients, may understate levels. Our own field measurements under stable
atmospheric conditions or high wind shear conditions have similarly found levels are
higher than predicted by 3-4dB(A).

Complaints of AM

Recent research Crichton et al (2013) and Chapman et al (2013) has suggested
complaints arise as a result of pressure groups or because ind viduals are already
opposed to wind farms. This is contrary to our own direct evidence where many
communities and individuals either did not object to the development, positively
supported the development or moved rear to the wind farm in the belief that it would
not adversely affect them. It also follows logic that people adversely affected may
seek advice frompressure groups and it ‘s rot always clearw fich step occurred first.
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One of the authors has experience of staying at affected locations and being woken
by AM on more than one occasion though not prevented from returning to sleep
either because the effects subsided or were masked by playing music. In all cases
windows were kept closed.
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Initial findings of the UK Cotton Farm Wind Farm
long term community noise monitoring project:
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ABSTRACT

This paper provides early results of a long term study of community impact from wind farm noise
and uses of the data obtained. A continuously recorded database of noise collected under different
meteorological conditions has allowed detailed analysis of particular characteristics such as amplitude
modulation and also the reliability of assessment methodologies for predicting and quantifying impact.
Surprising outcomes are explored including upwind impact. In 2013 MAS Environmental established a
permanent monitoring station to record and publish data online located 600m from the nearest turbine to
correlate the impact upon the community and provide an extensive database. This paper maps the evolution
of the project. Online data enables a wider study of the effect of meteorological change on noise immission
in a flat eastern area of the UK. Anyone can independently observe and listen to the audible elements of the
noise that people complain about. This tool aids understanding as well as predicting times of likely adverse
impact. The database has enabled testing of proposed controls, particularly in relation to audible amplitude
modulation and demonstrated the recent Renewables UK proposed control mechanism fails. Data obtained
challenges blade stall research claims as the primary cause of far field AM and wind farm noise prediction
methodologies.

Keywords: Wind farm, Community impact. data analysis, database, control mechanisms, prediction
I-INCE Classification of Subjects Numbers: 14.5.4, 63.7, 66.1, 66.2

1. INTRODUCTION and DISCUSSION

This paper outlines the Cotton Farm Wind Farm community noise monitoring project where real
time sound and weather data is continuously gathered at a representative community location and provided
on-line for anyone to research, evaluate and improve their understanding of wind farm noise. The Cotton
Farm WF project compliments measurements made by MAS Environmental (MAS) of amplitude
modulation (AM) and other elements of wind farm noise at over 18 sites.

The provision of the equipment was funded by local community donations. The community were
cognisant of the likely adverse impact. MAS undertook all the research, software development. system
installation, maintenance and calibration, data processing and analysis. As the funding is limited
substantial potential analysis and research remains to be undertaken. In particular there is extensive
complaint evidence that can be correlated with noise measurements and compared to the audio.

MAS have made some of the data available to others to test responses to AM and / or test potential
control mechanisms. MAS looked at automated test processes and found none to be a suitable replacement for
manual inspection of the audio. Difficulty arises as two periods of data can provide noticeably different
outcomes and a procedure or algorithm designed to trigger for a certain criteria based on one particular
dataset, for example with a regular or single modulation peak, may not trigger when processed using a
different level and type of AM, for example an erratic or double peaked modulation.

In the same way two forms of music may have the similar energy levels or beat patterns; one form of
music may not be objectionable to some at a specified level but is to others. AM is viewed by some as
related to the total sound energy emitted. This paper explores our findings which differ from this view
and identify it is more a response to the psycho-acoustical characteristics contained within the noise.
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1.2. C.otton Farm Wind Farm and its locality

Cotton Farm WF comprises 8 Senvion (formerly REpower) MM92 2.05MW turbines with a total
capacity of 16.4MW located between the villages of Graveley to the east, Great Paxton to the west and
Toseland to the south in Cambridgeshire UK. The nearest dwellings are approximately 600 metres.  See
Figure 1 below.

The permanent monitoring station was established on the outskirts of Graveley. Ve have now
collected over 17 months data and consider the research unique as we are able to test noise level and
character against community response as it occurs.  Much of the data is presented online so that all can see
what impact arises, experience itunderstand the regularity of impact and its degree. In particular this
allows analysis of meteorological conditions related to impact.

Web link www.masenv.co.uk/~remote_data/

1.3. The Monitorirg Statbn.

This includes a 10 metre meteorological mast recording wind speed, wind gusts, wind direction.
temperature, barometric pressure, humidity and rainfall in 10 minute periods within 20m distance of the
noise measurement location. Measurements are made using a Vantage Pro system. This has a small
solar panel and battery and transmits data to a base station located within a nearby dwelling.

Noise is recorded in a free field location at the boundary of residential property at a height of 1.5m
above ground level using a Larson Davis double skin external microphone enclosure. The microphone
has a noise floor of 17dBA and is connected via a 30m cable to an internally located Larson Davis LXT
sound level meter.

100ms IL,.4and 1/3" octave data is recorded along with 10 minute values and statistical parameters.
Audio is also recorded which can be post processed to undertake narrow band analysis if required. Data is
directly streamed to a laptop computer which processes the information and uploads via a wireless internet
link usi ng the resident’s broadband connection. Data is also backed up to a hard drive and manually
do wnloadedon a monthly basis. It is output in CSV format and converted into tables and graphs using
in-house programs constructed on an Excel platform.
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Figure 1 showing turbines & monitoring station. 1-8 = turbines & blue dot = station
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Figure 2 - Pre- wind farm with dwelling to right where station now located.

Rg lgeation (red)

Figure 3 — Post-wind farm showing anemometer (arrowed blue) & microp
in rear garden of dwelling.

Cotton Farm Wind Farm

Permanent Noise Monitoring Exercise | LR

Continue to the data >

The aim of the long term noise monitoring exercise is to ensure that the Cotton Farm Wind Fam
operates within the noise conditions set at appsal by the Inspector and to record and observe the
range of nolse characteristics and how It affects residents.

The Cotton Farm noise monitoring exercise is the
first in the country to continuously monitor noise
output from a nearby wind farm.

Whereas previously data associated with
operational wind farms has been the undisclosed
property of developers and often fails to record
noise character, importantly this information will be
publicly available for all to see and use

Figure 4 — Start of website front page.

Inter-noise 2014

The potential intellectual value of this research is
far-reaching and will help to guide future
understanding of operational wind farm noise
especially as it refates to community impact.

The measurements of wind farm noise along with
feedback from local residents will identify if there
are periods when wind farm noise is intrusive and
whether this results in a breach of imits
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Noiseand Met data for Cotton Farm
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Figure 5 — Website data page open with interactive graph at top and data tables below.
14. Developmat difficultes with themo nitoing system and data uploadig.

Very occasionally the sound level meter crashes and requires resetting. When this occurs
individuals within the community have been trained how to reset the meter and recordings continue.
Calibration is undertaken through monthly site visits when the entire equipment is checked. The
meteorological mast is on a pivot and can be lowered to the ground to clean and adjust the anemometer as
necessary. The microphone wind shield does not have bird spikes in order to avoid extraneous noise that
some types can generate but does suffer bird pecks from time to time leading to the need to replace the
outer foam screen. The Vantage Pro weather station has shown to be stable with few difficulties or
problems.

The audio output on the LxT sound level meter has a hardware limited dynamic range resulting in
clipping distortion during moments of high decibel level, for example during gusts of wind. This has no
effect on the decibel levels calculated by the device. The audio is primarily for identification and this is
not considered an impediment to analysis.

As time has progressed the site has collected a vast amount of data. In order to speed up page
loading time, the site has a rating system allowing visitors to mark periods of significance. Insignificant
periods are periodically removed from the site index but kept locally.

1.5. Future systems under develop ment— low st sys tems.

We are currently trialing low cost iOS platform software with an interface to a type 1 precision
microphone and posting equipment ready for recording to be installed under remote video (Skype)
supervision to ensure correct calibration and location.  Tle hardware enables recording for up to 3 months
without download but equally data can be automatically uploaded to “Cloud™ storage for viewing and
interrogation.  Costs are expected around 10 20% of the existing system making it widely available. The
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main technical problem is obtaining a suitable external weatherproof microphone enclosure / wind shield.

Positive outcomes of the work include:

¢ The ability to research the actual impact arising under various meteorological conditions.

Evidence based tests of predictions and theoretical concepts proposed for wind farm noise.’

Comparison of community responses with measured sound energy values and sound character.

Determination of contributions from extraneous noise sources.

Immediate evidence correlating with complaints at the time of occurrence.

Development of an online subjective rating of the AM which is moderated.”

Transparency of actual impact versus decibel parameters.

Statistical evidence of occurrence of a range of noise characteristics.

Refinement of meteorological relationships with noise immission.”

Raised awareness of the extent, frequency and duration of noise prablems.

® Development of an extensive database to test metrics that are used to'try.to control wind farm
noise characteristics such as excess amplitude modulation.

* Development of processes to differentiate wind farm noise from other sourcess

* Development of simplified cost effective community monitoring/procedures and equipmént’that
can be used in other localities.

1.6. Renewables UK (ReUK) research into Amplitude Modulation published Deécesiiber-2013. (14)

The Cotton Farm WF database has been instrumental in testing the theories and ideas put forward in
the ReUK research program that was itself based on smaller data sets. Whilst the ReUK research is
extensive in text, it is based on limited data and field analysis. Some simple checks were able to test some
of the theories put forward in their research but they are not supported by the field data suggesting false
assumptions.  This requires a separate paper but some findings are addressed in this paper.

2. BACKGROUND to the Cotton Farm Wind Farm project.

The Cotton Farm Wind Farm development was permitted at a public inquiry in December 2010.
The local authority concluded there would not be excess noise and did not support objections based on
noise. MAS concluded from investigations at a number of other sites that AM was a common and serious
problem and sought its control.  Additionally MAS were of the opinion the prediction methods applied, as
now adopted by the UK Institute of Acoustics (IoA), understated noise impact and the pre-development
assessments also overstated the background noise environment.

In the UK the positive decision of the Cotton Farm public inquiry not to control AM was used in
other decisions to foster the conclusion there was not a need to control excess AM and also that the
prediction methodology adopted in the UK was fit for purpose. The position on AM persists at the current
time with reliance on a Salford report in 2007 which understated impact still being quoted. The Cotton
Farm comments are still relied on despite extensive evidence that the inspector erred.

The government inspector in 2010 deciding the case rejected arguments for control and stated:

“I place greater weight on the results of [the Salford study] than on the research carried out by Mr
Stigwood ... it is simply not possible to predict in advance ... statistically the odds are very much
against it being a problem at Cotton Farm. I appreciate that some similarity with problem sites ...
but not to the extent that it can reasonably be regarded as a distinct possibility, let alone a
probability”

. . . . 4 . .
The wind farm’s acoustician™ who gave evidence at the Inquiry stated:

"Given the very small number of occurrences of increased levels of ‘blade swish’ or AM, it is my
view that an appropriate way to control the potential for the noise from a wind farm to contain

! Example findings discussed in this paper include support for Lee et al 2013 and convective amplification as a primary cause of AM and
ReUK work on ‘Other’ AM which is contradicted by the Cotton Farm and other data.

2 Most residents/ site visitors rate the impact worse than the acousticians / researchers moderatin g the site.

3 The site is frequently used fo judge appropriate times to visit and monitor at other sites.

* Dr Andrew Bullmore of Hoare Lea.

Inter-noise 2014 Page 5 of 19



Page 6 of 19 Inter-noise 2014

increased levels of AM is by way of statutory nuisance action”.”
MAS stated:

“"the risk of AM was high and has long been under-estimated. A condition to control the noise was
essential.”

Iost operation of the wind farm the community response is:

"A considerable number of noise complaints by residents have been made to the Environmental
Health Officers. Each village appears to be affected at different times depending on the wind
direction and speed ...The Action Group is also aware of residents who have been affected by turbine
noise but have not formally complained*

The industry acoustician’s erroneous view prevailed and has been commonly repeated and adopted
by decision makers in the UK up to the current time and post work in 2013 showing AM was a common
and serious problem (1). Acceptance of the need for controls is evolving in the UK but arguments that it
is rare persist despite the strength of evidence globally.

2.1. Decs’1on to cantin uousy monitor thenoise.

The local community were unhappy with the decision after funding the presentation of detailed
evidence showing the need for AM control and decided to fund the installation of a permanent monitoring
station. At MAS we saw this as an opportunity to expand our research and dedicated resources into the
project.

Despite the Cotton Farmdaily on-line data provided by MAS and ¢ 'enimntingcomplaints of residents
for over 17 months, no action to address the main problems have been 'implan ented Orare.apparertly being
considered. Cotton Farm WF is owned by Greencoat UK Wind PLC a compadny that(isfinyested in By-WkK
Government.

3. RBUWTS ard detailed da ta ara lysis

This paper includes data analysis from the first 10 months of m@s uremerts and addifionaldetailed
analysis of a 2 month period from December 2013-January 2014.  Thep r'mary focusof the reearch at
this stage is on amplitude modulation occurrence compared to its chardcterstics and prediCtions versus
actual noise levels.

3.1. Metho & of d ata proces$ingand analsis.

Various algorithms have been considered and produced to analyse the data and these have been
compared to see how well they determine amplitude modulation including those procedures developed by
ReUK which is reliant on FFT® analysis to determine blade passing frequency. We have also compared
the method with those used by Tachibana et al, comparing the differences in the historical “fast™ and “‘slow”
processing meter settings of 125ms and 1 second respectively.

3.2. M lethodof data analysis adopted by MAS.

We have found the quickest and most effective method of analysis remains the processing of 100ms
Laey data into 2 minute graphs of a suitable scale. Identifying the periods unaffected by significant
extraneous noise depends on the time of day and season of the year. In the UK MAS have primarily
focused on 21:00-05:00 hours as an initial period for analysis when extraneous noise is infrequent. As
with many processes involving complex effects, visual examination of graphical data is commonly the
quickest method of identifying relevant patterns.

The original goal of the analysis was to ascertain an approximation of the occurrence of AM at the
site. The approach needed to balance processing months of data quickly with the requirement to rule out
any false positive indications of AM. This process resulted in scanning through 2 minute graphs looking

* The statutory nuisance procedure in the UK has failed every case so far and appears administratively incapable of
addressing the issues and such an approach leaves communities unprotected.

® A number of methods have been developed using the Fast Fourier Transfer approach. potentially with the hope of
automating data analysis.
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for clear signs of AM in each 10 minute period and verifying the absence of false positives by checking
irregularities in the graph pattern using the audio recordings.

Adopting this approach means a single night period can be visually scanned in less than 10 minutes
and commonly half that time. A secondary filter then is sometimes applied to identify dominant third
octave bands that are also recorded every 100ms in order to assess their modulation. Where specific
community complaints are recorded, these periods are scrutinised and where a clear AM trace is not
obtained then spectrographs may be used or the audio checked. Spectrographs have been found
particularly helpful for modulating tones or drones that span a number of frequencies or where harmonic
frequencies are measured. In this manner we have been able to check long periods of data in a short
period of time, before deciding what other processing might be relevant. Visual checks have also rapidly
identified periods of AM impact missed by automated processes such as that proposed in the ReUK
mechanism.(2)

The MAS analysis also attempted to quantify the degree of AM monitored without the need for exact
peak to trough level analysis. Therefore positive periods were divided into 3 sub-categories. Any
periods with clear modulation of approximately 5dB and above were indicated as positive results. Periods
where the AM appeared momentary or there was any doubt over the modulation being 5dB or above for a
significant amount of time, were indicated as “borderline”. Periods where AM had regular peaks of 10dB
were recorded as “severe”. Periods were always verified by audio and categorised conservatively. Many
periods were disregarded completely due to other environmental activity or extremely irregular behaviour.
This will have resulted in some periods of occurrence being recorfdéd as-an.absence of AM. There were
times where it would appear the turbines were switched off: withoul confirmatiofi“thesewperiods were
included as periods with absence of AM.

3.3. Limit of unacceptable AM.

Scientific discussion continues over what is an appropriatg trigger point 6f (macceptibility for AM in
terms of modulation depth. This is discussed further in our second-paper at Internoise 2014.(3) Reliiince
only on modulation depth (MD) is considered a misleading approach to des¢ribing aceeptability as a rilnge
of intrusive characteristics arise that do not necessarily relate ta_modulation depth orare not.within the “A”
weighted values. Impact relates also to frequency of occurrence, durations=times_of impact and the
consequences / effects of the intrusion.

Since 2009 MAS have used a criterion of repetitive 3dBA modulation depth impact values as an
indicator there is likely to be adverse impact from AM on the basis it is clearly noticeable at these levels
and changes the noise to one with character. It also means the soundscape is dominated by wind turbine
noise and effectively is equivalent to an industrialised sound environment. There are no longitudinal
studies of the effects on communities of AM at the boundary of acceptability and this would be impractical
due to the scale of such a study and because levels at the boundary are only one component of impact.

There is repeated evidence that except in locations more distant from a wind farm where AM impact
is of reduced regularity and has a smaller peak to trough range, occurrence of 3dBA modulation depth will
also mean significant periods of much greater modulation depth arises for much of the time. Similarly,
periods arise when modulation depth is not substantial but impact is greater. This occurs either because of
the frequency content and how unusual the noise is, its rate of change or changes in pitch that are not
reflected in the corresponding changes in the “A” weighted decibel levels. It is not possible therefore to
segregate long term impacts according to modulation depth.

The AM immisions relating to Cotton Farm WF have some different characteristics to the AM
observed at other sites for much of the time and also many common features. For example, the AM
measured adjacent Cotton Farm WF could reasonably be described as erratic in nature with continuous
changes in character. At many other sites prolonged periods of similar pitch and character AM can arise
or AM with a different character to that found at Cotton Farm can arise. Historically it is our finding that
when 3dBA modulation depth is commonly experienced communities will experience adverse impact to
varying degrees.

3.4. Use of >SdBA modulation depth data.

In order to avoid problems of including AM that other researchers may consider acceptable or less
intrusive, most analysis of excess amplitude modulation for this paper is focused on periods where peak to
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trough levels commonly and regularly exceed 5SdBA." This approach ensures arguments of extraneous
noise inclusion are minimised. Our approach to data analysis is therefore considered conservative.

3.5. Dda availab'iliy for esearch by others.

MAS have made some of the Cotton Farm WF data available to others for responsible research:
however, in view of the on-going costs to the local community there is now a need to charge for data except
for exceptional research projects of merit which are considered on a case by case basis.

3.6.PRE LIMINARY DATA FINDINGS

Analysis of 10 months data including shut down periods is considered. This resulted in 10.030 ten
minute periods analysed and included. Overall during that period 54% of nights were significantly
affected by periods of AM with MD of +5dBA. A further more detailed analysis of 2 months
(2/12/13-3/02/14) 56 days provided the following results:

,§2j7o of nghts o ccurrene MD+ SdBA(46 n iglts) of wh id:

30% niights occurrence of classed severeAM (17 mights)

10% n iglts occurrence of classed bord erlineM D+ SABA (6 nights)
18% n iglts littleor nooccurrence of M ID+5dBA( 10ni ght9

4 continuous mghts prolonged of severe MD+5dBA®

Tablel - Cotton Farm: Total paiods MD+5dBA v winddirect ion @600m
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7 An added point is that the ReUK research suggests convective amplification which they call “normal” AM does not ex ceed
5dBA modulation depth and that this only occurs under cross wind conditions close to the turbines. Thus their theory
suggests this form of A Mshould not be experienced other than rarely. close to the turbines and with sideways directionality.
This was not the reason for comparing above 5dBA but is a coincidental benefit.

Note the background noise level during this period and as influenced by the wind farm noise was 31dB Ly(10 minutes)
and modulation peaks were up to SOdBA.
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Table 1 compares the percentage of time excess AM with a modulation depth greater than SdBA
commonly occurred for different measured 10m height wind speeds and directions. The extent of upwind
AM was unexpected as was the modulation depths and overall L4eq values. Commonly decibel levels
were of similar magnitude when upwind and downwind when AM was occurring.

When considered along with previous field measurements by MAS (4) the Cotton Farm data
indicates a directionality pattern to AM that fits reasonably with the theory of Lee et al (5) for convective
amplification. When factoring in the refraction effects, the variable pitch and shape of blades and that
convective amplification is generated by different parts of the rotor disk in different directions. a pattern is
produced that approximates in an illustrative form to the diagram in Fi gure 6 below.

The Cotton Farm WF and data for other sites confirms a directionality effect which has been tested
by moving measurement locations around turbines when the wind direction is relatively steady. °  This
pattern is not entirely clear in Table 1 which is due to the array of turbines meaning the monitoring station
is always at different angles to different turbines.

Sc e letil i 1Istration of dire (?‘l‘irll‘ a it r
distance effects for convective AM

WIN ‘t"/’
&>
&
/ Redutedidistance
- , =t _ placesdwelling in
A - upwind impact zone
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( " ‘\(Z@'ﬁ@.
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Figure 6 — Schematic representation of apparent wind turbine AM due to convective amplification.

3.7. Analysis of sound energy changes during switch off tests.

As a consequence of the community complaints, operational checks were undertaken and turbines
were switched off for periods to enable measurement of the background noise contribution. These switch
off tests were recorded by our continuous monitoring and provided valuable data on the changes to the
sound environment. Examples are included below with some of the findings discussed. Above each
main graph is an expanded section of the varying sound showing the MD and its variations.

& Directionality was tested at a number of sites including Delabole, Kessingland and Wadlow as well as Cotton Farm.
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Cotton Farm - 26 May 2013
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Figure 7 — Example 1 - Cotton Farm 26™ May 2013 - Switch off effect

e Change in Lag value = 9dB

e MD 3-6dBA and erratic in nature.

e The minimum headroom before any penalty applied to the ETSU-R-97 linits would start to
curtail the noise = 7.1dB.

e This noise is not prevented by the ReUK proposed penalty.

e This noise is prevented by the Den Brook AM procedure (6 ).

Ols ervatons — The impact recorded was under downwind conditions. Near ground winds were
low with background noise levels of 28-29dB L.agp. The area is relatively quiet absent the wind farm
noise which increased the Lag almost double that intended by ETSU-R-97. The AM impact was on top
of this increase. Thus the impact from AM was not just its modulation depth, with an average value of
3-6dBA and average energy value of 39dB L., but other wind farm noise exceeding the background by
9dBA, with the AM greater than this and both completely dominant.
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Cotton Farm - 08 May 2013
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Fig 8 - Example 2 Cotton Farm 8™ May 2013 - Switch on/off effect

Change in Lag, value = 9dB
MD 4-8dBA and classic in nature.

®  The minimum headroom before any penalty applied to the ETSU-R-97 limits would start to
curtail the noise = 4.1dB.

® This noise is not prevented by the ReUK proposed penalty.

* This noise is prevented by the Den Brook AM procedure.

Observations — The impact on this occasion occurred under upwind conditions. Note: average
decibel values are higher than in example 1 and wind speeds are lower. Near ground winds were very low
with background noise levels of 30dB Lag. As before it shows the area would normally be relatively
quiet absent the wind farm. The wind farm noise increased the L9y almost double that intended by
ETSU-R-97. There was a 9dBA increase in the underlying noise due to the wind farm noise. The AM
impact was on top of this. Thus the AM modulation of 4-8dBA was on top of a 9-10dBA increase in
levels with an overall energy value of 40dB L., As previously in example 1, there is complete
dominance and change in the sound environment.
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Cotton Farm - 28 May 2013
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Figure 9 - Example 3 - Cotton Farm 28" May 2013 — Switch off effect

e Change in L,g value = 10dBA double intended by ETSU -R97

e MD 3-7dBA. Classic and erratic in nature.

e The minimum headroom before any penalty applied to th e ETSUZRI97linits would sart to
curtail the noise = 5.4dBA.

e Controlled by the ReUK proposed penalty = No

e-  Controlled by the Den Brook wind farm penaity = Yes

Obser vatiors — The impact on this occasion occurred under upwind conditions. Near ground
winds were very low with background noise levels about 28dB Lagg. This shows consistently it would
normally be relatively quiet absent the wind farm. The wind farm noise increased the Lago double that
intended by ETSU-R-97. There was a 10dBA increase in the underlying noise due to the wind farm noise.
The AM impact was on top of this increase. As in the other examples the impact from AM was not just its
modulation depth, with an average value 3-7dBA and overali energy value of 40dB L s¢q. but its exceedance
of the background noise by 10dBA. The complete dominance and change of the sound environment is
particularly stark. It is notable that in this example aircraft in flight which is normally an intermittent
characteristic of the sound environment would be masked by the wind farm noise.

The three examples above are typical, although under conditions of less atmospheric stability the
differential between the normal sound environment absent the wind farm noise and that with it are less.

3.8. C ottea Farm — Switch on/offtests - Findings.

There was typically a 9dBA increase in the sound environment due to the turbines equating to a
major change even without the presence of AM. The range identified was between 5-10dBA. The
typical or most common modulation depth was in the region of 3-7dBA but at times has reached 13dBA.
Excess AM was very common and an additional impact to the stark increase in sound energy and
dominance of wind farm noise. The change experienced at switchover provided a good method for
perceiving the difference in the soundscape caused by the wind farm noise and it is recommended such
periods are used in any listening tests, where available, to enable judgment of impact.

The ReUK research approach and their proposed penalty permitted all the periods of AM
experienced or tested including the periods of most extreme AM recorded from Cotton Farm WF.  In most
cases there was substantial headroom below the limits and none of the periods of noise causing complaint
would be reduced in level or stopped. In contrast a metric built on the Japanese procedure (1) would be
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more effective provided it did not link to the ETSU-R-97 limits. but addressed it as standalone procedure.
The Den Brook condition would prevent the impact experienced. Upwind and downwind L.y, values
were similar at the measurement distance (600m) but the upwind AM presented different character in the
noise compared to the downwind AM.

3.9. Further evaluation of AM Metrics

A procedure based on the Japanese method (1) appeared to most closely map actual impact as it
varied well with variations in modulation depth. The ReUK method missed significant periods and forms
of AM.  The attached graph presents an example of this. This is outlined in Figure 10 below.

Cotton Farm - 17 Sep 2013
dB
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Figure 10 - Example analysis of ReUK condition versus Japanese method for 2 minute period of AM -
100ms LAeq (black), Japanese study Day (blue), ReUK AM value (brown). Calculated blade passing
frequency (solid beige).

In the absence of SCADA data, the ReUK method value is based on the scenario that gives the
highest figure, that which is the blade passing frequency matching the peak in modulation indicated on the
graph as “Estimated Blade Passing Frequency”. Even at this highest possible value, the ReUK method
understates periods of increased AM and changes in noise are excessively damped. Compare the brown
horizontal lines produced by the ReUK method every 10 seconds with the blue horizontal lines using the
Japanese method'®. The latter reflects the sudden changes in AM modulation depth not found with the
ReUK method.

The graph shows a typical period of AM that has erratic elements of change. Three periods are
identified by red arrows where the modulation depth suddenly increases, potentially due to synchronicity of
the noise immissions from turbines. Not only are there differences in scale of change but the ReUK
method does not always map increasing or reducing AM with an increased or reduced value. The blue
arrow shows a period where one method increases its value when the other reduces. Subjectively the
impact was reducing at this point.

o The method is slightly adapted to enable comparison with the ReUK method.
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Figure 11 - Example tests.

Figure 11 — Reflects the fact extensive comparati vdtests have been u ndertalen using algrithms
which consistently showed the ReUK procedure under stated \impactand regularly presented ‘purious
results which did not reflect the AM experienced. This w ds rarely fou nd-with-the Fapanse proc edure
Neither method can give full weight to changes in characterssucheas-changesin pitch. diStontiity and
rhythm in the noise.

3.1 0. Summay £indhgs from initialdata a mlysis of t ke Reneva bls UK proposed cond ifion.

a. Even when looking at the worst case AM recorded at night, however extreme it was permitted to
continue uncontrolled by the ReUK cond iion. Analysis included 10 months of Cotton Farm data plus
data from two other sites. The results were consistent.

b. Manipulating the data to apply the most extreme 10 seconds ever recorded as if continuous, with
modulation depths up to 13dBA and an average modulation depth of 9.6dBA, it was still permitted by
the ReUK method."

c. There was a lack of transparency with the ReUK process preventing any ability to relate the results to
actual impact.

d. Promotion of a procedure following research has led to an assumption by some that it works and it has
been recommended and applied in cases. It is understood ReUK accept there are difficulties with the
control.

e. The procedure remains highly technical preventing any means of easily isolating and addressing the
areas where it fails.

f. The process is cumbersome and requires judgment checks at several stages. Software has been released
to assi.stbut this similarly renders the process cumbersome and open to judgment at several stages.

g. The procedure remains reliant on manual checks and notwithstanding its failure to be triggered it has
rendered the process far more labour intensive than manual data checks.

h. The primary problem is the method understates modulation depth and in any event cannot assess other
character.

" In this example the ReUK procedure produced an AM value of 6.5dB (3.1dB lower than actual) and applied a penalty of

2.8dB adjusting the limit to 38.5dBA. This still left headroom of 0.7dB before any reduction was required. Even then it
would only require a reduction in overall level and not the modulation depth.
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i. The procedure ignores harmonic noise at blade passing frequency which has varying significance
depending on the type and character of AM being checked.

j- The procedure's error rate changes depending whether wind farm noise is dominated by one turbine at
a location or contributed to by several turbines producing noise of similar magnitude. It falls
substantially short of any level of obvious protection and is partly based on the erroneous idea
principles for benign anonymous noise are transferable to noise with psycho-acoustic character.

k. Averaging effects of the ReUK approach indicate modulation depths of 10-13dBA result in a penalty of
less than 4dBA.

1. Work by the UK Renewable Energy Foundation similarly found significant errors with the ReUK
approach’ and effectively recommended the Den Brook condition. (7)

3.11. Analysis of some ReUK general findings using Cotton Farm data.
The key conclusions in the ReUK report of interest to this research are the suggestions that:

* “Normal™ AM (convective amplification) has a maximum value of SdBA MD close to the turbines
and occurs mainly in a crosswind situation.

* AM greater than SdBA is caused by what ReUK term “Other” AM which they mainly attribute to
“blade stall™ effects.

¢ "Blade stall” is an infrequent condition and possibly rare but when it occurs it has quaquaversal
emission such that it will impact equally in all directions. subject to wind refraction.

* AM impact increases with increasing energy level (L) and not modulation depth increase.

Whilst the ReUK study provides some useful work helping progress, the Cotton Farm data and other
data sets suggest some erroneous conclusions. In particular the common incidence of AM found at Cotton
Farm WF and in various studies including the previous MAS paper (4) dges not Tit“with.the ReUk finding
that AM above 5dBA modulation depth is infrequent. The directionality found in @atagisralso, COMtrary.to
the ReUK work which considers OAM as omnidirectional. '> The Cotton, Farm data and ofhek stidy
suggests most AM impact is convective amplification and this is not limited"te-3dBA in a.cross wind
direction. In these circumstances the ReUK study of “blade stall” assists with one possible meechanism
adding to the occurrence of AM but erroneously concludes this is the main cause of impagtjand that overall
it is infrequent.

Complaints of AM appear to relate more to the audibility of spe¢ific intrusive-charactefistios and not
its average energy level as implied in the ReUK study. The Cotton Farm.data-shows the tests undertaken
in the ReUK study do not reflect what noise impact is received at community locations: Bisregarding the
short periods of exposure used in the ReUK study, their comparison was made by elevating the sound
energy of AM in an otherwise quiet environment rather than testing it in context with the actual effects
found in communities. "

The Cotton Farm data shows that higher sound energy AM (increased Laeg) Occurs on top of the
increased characterless wind farm noise that serves to mask the troughs in the AM reducing its MD.
Comparatively the addition to impact from AM on top of the reasonably steady wind farm noise is
relatively the same even when the average sound energy is greater. This addition is shown by the red
arrow in Figure 8 above. It is likely this context change with the emerging AM fluctuations on top of the
overall wind farm noise is a cumulative effect which generates the community responses and not its
average energy level in isolation which would be much lower absent other wind farm noise contribution.

Complainants appear to object as much when AM is low in level and without it the environment
would be tranquil. The evidence also suggests increased low frequency content can arise when average
energy levels are lower and this change in character is a further factor to be considered but which was
excluded in the ReUK response tests. Testing of response to noise in very short bursts in a laboratory is
unrepresentative of human response in the field. especially when impact response commonly relates to
weeks and months of impact and in some cases it is a matter of years. In our study (4) we found
significant response differences to wind turbine AM listening experiences when they were conducted in an
office compared to a home environment and when conducted daytime compared to late evenings. We also
concluded exposure for a period in excess of an hour was typically required to elicit an appropriate reaction.
Critically we considered it important to use actual AM with background noise such as bird calls to place it
in context and so create a realistic environment. Changes in characteristics over time are also a common

2

Closer examination of the ReUK field work enables alternative explanation for a number of their findings.

" 20 second bursts of artificially gencrated AM were used.
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AM feature that was not tested by ReUK but are found with actual tield data,"
3.12. Pradicted wird fam noise versus me asured b vels- 1SO9d3-2 based p redidions.

Data from Cotton Farm indicates procedures adopted in the UK to predict wind farm noise
understate decibel levels at far field locations. In the UK prediction methods rely on a modified
IS09613-2 procedure developed primarily from research by Bullmore et al in 2009 (8) and latterly by
research in 2011 by Cooper and Evans (9). A number of spot checks by MAS previously found actual
levels under high wind shear conditions higher than those predicted by Bullmore et al. Concern also
arises as the predictions rely on averaging. but compliance under ETSU-R-97 requires selection of specific
circumstances of complaint. These conditions, normally relating to high wind shear. were not factored
into the Bullmore et al study.

MAS has separately concluded the research did not sufficiently support its conclusions long before
the Cotton Farm project commenced due to anomalies within the work: however, Cotton Farm WF's
predicted noise was decided on the basis of the current ISO9613-2 method following the Bulmore et al
work. It is considered the work by Cooper and Evans (9) indicates higher levels than the adopted UK
method as when differences in use of Lagy and height are accounted for to compare the UK methodology.
for flat sites, it suggests the UK method understates values up to 2dBA.

Criticisms arose over the Bullmore et al (8) research due to the high level of filtering of the data that
was not transparent and not all the reported data supported its conclusions. Requests by others to obtain
the data to enable peer review were refused and this remains the position to date (10). A request by MAS
to review the data of the Cooper and Evans study was similarly refused in 2013.

The data expert who requested the Bullmore et al data reve re engineered some of the published
information and concluded downwind angles were incorrectly reported in the study (10).  The sites used in
that study remain anonymous but their descriptions have enabled their identification. No response has
been received from the authors. In these circumstances and in light of the findings from Cotton Farm WF
reported below and at other sites, it is concluded little weight should be given to that research and
additional study is required.

Long term Cotton Farm WF measurements compared to predictions are presented in Figure 12
below.”” Compare the purple predicted level for the turbines actually installed with the grey circles
showing wind farm noise and the green line showing the average wind farm noise for a standardised wind
speed. The values indicate average levels were typically 3-4 dBA higher than those predicted and during
periods of worst impact levels were of the order of 5-9dBA higher than predicted. More than 85% of the
calculated wind farm noise levels exceeded the predicted values.'®

' The lead rescarcher has confirmed acceptance their analysis understates likely responses when presenting the evidence at
an JoA seminar March 2014.

" The measurements reported in this section were obtained independently from the operator’s acousticians to avoid any
dispute as to the findings based on 10m height wind measurements and they relate to standardised wind speeds.
1o After deducting background noise contribution.
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Cotton Farm Noise Compliance Assessment
97 Toseland Road - Measured Noise vs Wind Speed
(Night Hours 2300-0400)
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Figure 12 - Predicted turbine L yo v actual Lo

The findings in relation to Cotton Farm WF data comparedstp predictions are ralses supported by data
obtained at the Swaffham II turbine, an Enercon E66. The dita was collected by MAS and reported at the
Shidham public inquiry (10). In that case predicted levels Usifg the ISO9613-2 procedure-adeptel in the
UK understated levels by on average 5.7dBA. No explandtion has been provided for this significant
exceedance. Similar exceedances have been found by others (11).

It is concluded the typical individual complaint event caused by wind turbine noise, which occurs
under high wind shear conditions, may be of the order of 5-8dBA higher than the predicted noise for those
conditions.  This outcome is contrary to the intent of ETSU-R-97, which was designed to limit exceedance
of the background noise as measured using the L,g index to 7dB Laeq. It is concluded the increase in
impact compared to historical wind farms in the UK arises as a result of the adoption of hub height wind
speeds standardised to 10 metres rather than comparison with measured wind speeds at 10 metres as
originally identified in ETSU-R-97 and this follows published research by MAS and others comparing the
two methods (12) (13). The adoption of what is effectively hub height wind speeds as found in the UK
IoA Good Practice Guide 2013 is a deliberate change effectively increasing the level of noise permitted
near residential property through change of procedure. It is considered this is partly the reason for an
increase in problems and complaints in the UK and especially excess AM problems as they now impact
dwellings under upwind as well as downwind conditions partly because separation distances are reduced.
Propagated levels increase with wind shear increase and they exceed the UK predicted levels by large
margin.

MAS are unaware of any cases where predictions have overstated impact once adjusted for the
turbine operational mode, complaint conditions and appropriate wind direction. It is concluded a review
of the procedure is warranted. It is of note that had the higher sound energy levels identified post
development of the Cotton Farm WF been predicted it is likely the development would have been
recommended for refusal on noise grounds.

4.0. SUMMARY FINDINGS - What the Cotton Farm WF data shows

a. Far field AM follows predictions of convective amplification most of the time.
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b.

8

m.

Far field AM with a modulation depth of 5dBA and higher is very common. It is not infrequent as
suggested by ReUK and is not found mainly under cross wind as they state but at downwind angles.

It is not normally experienced directly downwind of a turbine. "7 The spread of turbines in a wind
farm usually means a receptor is at an appropriate downwind angle to be affected by convective
amplification for a wide range of wind directions.

Convective amplification AM theory as explained by Lee et al 2013 (5) is supported and the concept
that modulation depth can be much greater than SdBA at distant receptors is also supported by the
measurements.

“Other” AM. primarily related to blade stall, in the ReUK research December 2013 is not the primary
cause of far field impact. albeit important, but an extra mechanism leading to impact.

Findings of ReUK of increasing impact with increasing average noise (L) fail to address context/
ambient change and therefore rely on incorrect assumption.

Excess audible amplitude modulation is the primary characteristic causing complaint. Where tonal
noise also arises it sometimes also modulates.'® Impact appears less related to average sound energy
but its relative loudness considered in context and other wind farm noise contributions that are
cumulative and separately its characteristics.'’

AM exhibits a range of features and characteristics that constantly vary-and are different from site to
site and under different meteorological conditions.

AM impact can be as great under upwind conditions at distances of 600m as it is under downwind
conditions.

Upwind and downwind AM characteristics differ.

Predictions using IS09613-2 understate sound energy levels when applied using the procedure as set
out in the UK ToA Good Practice Guide 2013. This finding is also supported by independent evidence.
The understated average level is typically 3-5dBA at 600m and under certain conditions is much
greater. This outcome follows similar findings at a range of other sites including the Swaffham II
wind turbine where detailed comparisons were made with the turbine operational data.

AM impact occurs under a wide range of wind directions as illustrated in terms of distance and
direction resulting in heightened noise zones. The actual spread of these zones can be complicated by
the spread of turbines producing overlapping zones.

AM with regular peak to trough greater than 5dB occurred more than 54%of the time at 600m from
the nearest turbine.

During a 2 month period 82¢¢ of nights experienced AM with modulaiion.depth.in.excess.ot-5dBAand
up to 13dBA. Severe AM occurred for 30% of nights, four of thenico nsegutisehy:

At a distance of 600m, in the case of Cotton Farm WF AM in exc ¢ss of 5dBA modulaton depth
occurred more commonly under upwind angles than downwind anglésfiiit both’ incidenééy were High.
Incidence of objection to the noise appears to increase with time wth increas ing awarenessand an
apparent sensitisation over time.

1. Additiond findirgs indicatd by the Cotton Fa rmd ata and its analysis

Propagated levels increase with wind shear increase and exceed thoseipredi cted bythe IoA ad opted
prediction method by a significant margin. These increased v alues foltow thescrence and what s
been found by some other researchers.

As wind shear increases masking noise reduces (WT and non-WT) leading to greater context
differences and impact as a result.

As masking noise reduces modulation depth increases. This is logical as the troughs in the noise are
no longer masked. This indicates any proposed control based on LA90 values reduce protection as
modulation depth increases.

Modulation depth is mainly limited by other wind turbhe noise and not the background noise in an
environment.

Switch off tests should be closely monitored and provide a good method of measuring the true change
in a sound environment.

There are a wide range of characteristics where subtle differences change the impact. It can be highly
erratic, repetitively similar or with repetitive changes. Variations can occur rapidly. Character change
moment by moment is a significant factor. These are all significant factors in the intrusiveness of the
noise.

Community monitoring is a valuable assessment tool empowering the community. can be achieved at
reasonable cost and operated by the community in many cases.

19

Zero degrees to the wind direction or 90 degrees to the angle of the turbine where there is no yaw error.
This is thought to be due to the noise radiating from specific blades.
Relative loudness was not examined in the ReUK study.
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w. The occurrence of when and where AM will impact is reasonably predictable depending on the
particular circumstances relating to a site.

X. The defining factor as to the level of impact is meteorology and the extent of upward or downward

atmospheric refraction.  Small changes can lead to large differences in effects.

Nearby locations can experience wholly different noise levels and character depending whether they

are in a heightened noise zone.

2. Complaints are unrelated to individual attitudes to wind farms and have arisen due to actual impact and
not perceived impact.

o
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ABSTR ACT

In the UK many wind farms cause complaints of noise despite complying wi the ontrol ifiiits=Problamisrelate
to reliance on the Ly index, failure to consider or apply ratings on the context of the sound characteristics
and actual human responses due to complex characteristics. In general in the UK low frequency and very low
frequency sound effects are either ignored or denied. The complex interrelationship of features within this
noise and difficulties in quantifying and qualifying noise impact and inappropriate comparison with other
sources of noise renders the effects difficult to investigate or quantify with contradictory outcomes possible
using the same data sets. Claim and counterclaim of health and adverse effects complicate the analysis. This
paper explores some of the interrelating characteristics of wind farm noise measured and observed in the field
that appear to influence complaints made by communities. Cumulative effects occurring in environments
normally dominated by natural sounds and both audible and inaudible elements remain alien sounds which
are not habituated to. It appears that sensitisation arises. The physical reason for the failure to appropriately
identify modulating noise effects and in particular low frequency modulating noise problems are explored.

Keywords: Wind farm, Complaint, Noise character I-INCE Classification of Subjects Numbers: 14.54,
63.7.66.1,66.2

1. INTRODLCTI ON

Human reaction to noise is influenced by a large number of objective and subjective factors.
Perception and interpretation of these factors is highly individual and individual differences can be
difficult to account for in any metric aimed at assessing the general population. As a result, analysis
tends to focus on physical, easily measurable properties of sound. Subjective assessment of noise
character is often neglected. The majority of guidance relates to noise that is considered benign and
anonymous and does not contain specific character features. Where character is considered this tends
to be limited to a simplistic, objective assessment of tonality and / or impulsivity.

In the UK noise nuisance assessment establishes whether a state of affairs exists where there are
periods of intrusive noise that are unreasonable and excessive to the extent that they affect the use of
enjoyment of a property in a material way. It requires a broader assessment approach that includes
consideration of loudness, time of occurrence, duration, character of the noise. character of the area,
message imparted by the noise, variation in noise over time. spectral content of the noise, frequency of
occurrence, regularity / predictability of the noise, respite from the noise, length / duration of respite,
how easily the noise can be avoided., impact of the noise on basic needs such as sleep or
communication, the necessity of the noise in relation to greater society etc. That all these factors are
deemed important for considering whether a noise constitutes a nuisance highlights the complexity of
noise perception and impact, and arguably the oversimplification of these factors at the planning stage.

Noise assessment at the planning stage reduces assessment of acceptability to decibel levels and
limits. In wind farm assessment in the UK, acceptability is for the most part judged against absolute
limits or relative limits with an absolute lower threshold. Development can always be permitted if
these lower thresholds are met, regardless of noise character or character of the area.

As wind farm noise is typically predicted at lower decibel levels than other industrial noise sources,
comparisons are often made in noise impact assessiments to ‘contextualise’ the level of impact being
permitted. A wind turbine noise level of 35dB(A) is frequently asserted as equivalent to the noise level
in a library or a quiet whisper (1). The 43dB L.go UK night time limit is often compared to the noise
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level generated by a fridge (2). These comparisons and the focus on decibel levels can present a highly
misleading impression of noise impact to the lay person.

An experienced acoustician always questions the noise levels and comparisons quoted, but this may
not be obvious to a less experienced reader. A commonly quoted example in the media is that of the
impact of military sonar on whales. "Sonar systems... generate slow-rolling sound waves topping out
at around 235 decibels: the world’s loudest rock bands top out at only 130" (3). Are the quoted figures
sound power levels or sound pressure levels? At what distance were the noises measured? Are the
figures A weighted? Do the figures account for the effect of propagation (speed of sound in water /
air)? What is the frequency content? Is the noise level quoted a short term, average or maximum level?
These same questions are relevant for assessment of wind turbine noise. A wind turbine may generate
a noise level of 35dB(A) in average propagation conditions. but what about turbulent wind conditions
and high wind shear? Is the noise constant or does it vary? What is the frequency content of the sound
and does the dominant frequency vary? Is 35dB(A) the average level and does the sound vary
significantly from this overall level? These questions are integral to perception and assessment of
noise impact.

Perception of noise is complex and many factors influencing perception can be overlooked or
oversimplified at the planning stage by reliance on absolute decibel limits and objective parameters.
Inappropriate comparisons such as those given above are not only erroneous but the dogmatic
oversimplification of wind farm noise assessment undermines the integrity of the acoustics profession.
This paper investigates noise character and how these characteristics fightecantzibute to the
perception of wind farm noise. It compares detailed analysis of wind farlmigise axgerpts avith other
assessment metrics. It looks for explanation of why so many wind, farms found to be compliant-With
noise limits generate significant complaints.

2. METHODOLOGY

2.1 Brief review of relevant UK guidance

UK wind farm noise is assessed using the guidance ETSU-R497 (4). Wind farm noise ismeasured
and assessed using the Lagg index of 10 minute periods. The guidafice acknoWledgesa-mid.frequency
'swish' component to wind farm noise, 2-3dB(A) modulation around 800-1000Hz, but notes that as
distance increases from the turbine this noise will decrease and masking of the background noise will
therefore reduce any subjective impact (p.12). Tonality is noted in ETSU-R-97 as the main cause of
noise complaints. In the event of complaints of tonal noise a maximum penalty of 5dB can be applied.
The noise limits set in ETSU-R-97 therefore relate only to anonymous noise. Tonality is accounted for
by penalty and amplitude modulation (AM) / blade swish is expected to reduce with distance to the
point that it is not clearly discernible at residential dwellings. There is no further consideration of
noise character.

Perhaps the most commonly used standard in the UK is British Standard 4142 "Method for rating
industrial noise affecting mixed residential and industrial areas'(5). The standard is currently under
review but the approach to noise impact assessment is similar both in the current and draft version of
the standard. The background noise level, Lagg, is measured in the absence of the noise source. The
noise source is measured, accounting for exclusion of extrancous noise. or calculated. A penalty is
applied to the noise source for noise character, tonality, irregularity or any other feature that attracts
attention. Currently the maximum penalty is SdB but in the draft version this could be augmented with
separate penalties for tonality and impulsivity. The background noise level is deducted from the source
noise level plus any relevant penalty to give a complaint prediction level. If this complaint prediction
level is around 5dB, noise impact is considered of marginal significance. If the complaint prediction
level is 10dB or more then noise impact is considered likely to result in complaints. The important
difference between this approach and that of other noise guidance is that it compares the source noise
level to the background noise level occurring at the time of impact; it is not an average background
noise level and there is no lower threshold of acceptability. BS4142 has proved to be a very successful
and reliable judgment of noise impact.

2.2 Other objective assessments of noise character

International standards arguably consider noise character in greater detail than the UK's
ETSU-R-97. The New Zealand Standard (NZS) 6808:2010 also measures wind farm noise using the
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Lo parameter but takes account of character under ‘special audible characteristics' (6). It notes that
wind farms should be designed so that no special audible characteristics arise, but where they do a
maximum penalty of 6dB can be applied. This penalty is the maximum penalty to be applied regardless
of the number of characteristics. e.g. tonality. amplitude modulation, impulsivity etc. The New South
Wales draft wind farm guidance measures noise using the L., parameter and similarly to the NZS a
maximum 5dB penalty is applied for the presence of tonality. low frequency noise or amplitude
modulation (7). Danish guidance measures turbine noise using the L., parameter and has a separate
limit for low frequency noise: tonal penalties are also applicable (8).

As with ETSU-R-97. international guidance tends to relate noise impact to absolute decibel levels.
affording a maximum reduction of 5-6dB for noise character. Of note, amplitude modulation is
recognised internationally as an adverse noise characteristic of wind farm noise. in the UK this is'still
a matter of debate. It is the authors’ experience that amplitude modulation is the main cause of noise
complaints from large wind farms in the UK.

At the end of December 2013 Renewable UK, a UK wind industry body, published the findings of
research in to the cause and effects of amplitude modulation (9). Despite concluding that amplitude
modulation was infrequent. attached to the main publication was a template noise condition for control
of amplitude modulation. The current notion is that a maximum penalty of 5dB would be applied to the
noise limit of a wind farm where amplitude modulation was found. The effectiveness and workability
of the condition is still a matter of debate. Many working for the wind industry are still unwilling to
accept controls on amplitude modulation. relying on assertions that it is a rare occurrence ata minority
of wind farms.

Other methods for assessing wind farm noise character, specifically amplitude modulation. have
been pursued independent of penalties and noise limits. A large study funded by the Japanese Ministry
of the Environment resulted in three papers published in August / September 2013 (10) (11) (12).
Recognising that amplitude modulation is a common feature of wind farm noise that causes serious
annoyance, a method to evaluate the magnitude of AM was derived, Dau. The onset of fluctuation
sensation was confirmed at around 2dB modulation depth. equivalent to a Dy of 1.7dB. Perceived
noisiness increased as AM depth increased.

The Nordtest method is designed to assess the prominence of impulsive sounds and also proposes
an adjustment criterion for the measured Laeq of an impulsive noise (13), This method was adopted by
DiNapoli to investigate complaints from a single turbine in Finland (14). The Nordtest method derives
a prominence value 'P' from the onset rate of the modulation peak and the difference in level between
peak and trough. A graduated adjustment K; based on the prominence, P, can be made to the Laeg. The
standard also notes that when K,>3 this can be used as support for application of a 5dB penalty made
from subjective assessment of noise character.

In the UK another metric for establishing reasonable / unreasonable AM has been widely debated.
The method is detailed in the ‘Den Brook AM condition’ but essentially looks for a regular rise and fall
in sound energy of 3dB (15). Sound energy levels investigated must be greater than 2 88 L, 1 mim.
If wind turbine noise modulates regularly by 3dB or more, at averag §1eV¢ls more than 28dB L s, it
can be deemed 'greater than expected’ and considered unreasonable.

There are many other metrics proposed for assessing AM modulat idn depth Review of th ejffaent
methods to assess AM is outside the scope of this paper. which dimgs to l00K-at-someof-the waysin
which AM can be assessed and whether these methods can appro pridtely addresgesyt he Qharadis of
wind farm noise.

2.3 Subjective assess mat of noise ch aracter

The importance of psycho acoustical factors in perception and ass¢sment of wind farm noise was
discussed in greater detail in a previous paper by the authors (16). In b Fief-the-perceptual-emviramument
is constantly appraised and reappraised. Sensory information is judge dagainst previous experiences
and expectations. Much of this sensory information is ignored but there are other aspects that are either
voluntarily or involuntarily focused upon. In relation to seund it is often sudden or unexpected sounds
that attract attention, for example a door slamming. However. attention can also be drawn to subtle
changes in our sound environment as well described in the extract below (17).

Suppose you hear the sound of a refrigerator pump — a series of noise bursts of a certain
duration, spectral distribution, onset. offset envelope, location in space, cycle time, and
so on. If the sound is not painfully loud, people will tend to lose awareness of it rather
quickly, but they will tend to be conscious of the noise again as soon as any parameter of
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the sound changes: The noise can become louder or softer, the time between the noise
bursts can change, the intensiry envelope can change, or the noise bursts can Jjust stop.
Any of these changes will trigger a new OR [orientating reflex], just as we may become
aware of the noisy refrigerator as soon as the noise stops.

The capabilities of our hearing system are well exemplified by our ability to analyse music. even by
the untrained listener. We can listen to a piece of music and ascertain the basic rhythm. regular 1. 2, 3.
4 counts or a dance, for example a waltz which counts 1. 2. 3. 1. 2, 3. We can make a judgement of the
tempo, whether the music is fast or slow, and whether the tempo varies (accelerate / decelcrate).
Musical descriptors can be used to portray a message. emotion or character. The loudness of the music
is a simple judgement and often conveys the energy of the music. Something that is loud or has sudden
differences in loudness often represents lots of energy. The frequency content of music, differences of
pitch. are also commonly used to convey a message. In Prokofiev's Peter and the Wolf the flute and
oboe, higher frequency woodwind instruments, represent the bird and the duck as smaller docile
animais. The hunters and the wolf are characterised by the timpani / bass drum and the French horns.
These are lower frequency instruments with a harsher sound and represent more dangerous characters.

Simple messages portrayed by music can be extended to messages conveyed by noise. Many of the
features used in music to attract attention, variance in loudness and pitch, may also explain why some
noise is considered benign and other noise more annoying or difficult to habituate to. A more musical
analysis of noise can highlight different aspects of sounds that are easily distinguished by the auditory
system and colour our perception of the environment. Approaching analysis of noise with character
from a musical perspective might enable better understanding of wind farm noise annoyance.

2.4 Assessment approach

The remainder of this paper presents several examples of wind farm noise that have been found to
comply with the noise limits set according to UK guidance. The excerpts presented are judged
‘compliant’ and in many cases complaints and enforcement action has been dismissed as a result of this
compliance. The character of the noise will be discussed and analysed from a musical perspective,
exploring the interrelating features and how these might be perceived. Different assessment metrics
described above have also been applied to the extracts. Where necessary a description of how metrics
have been calculated is provided in footnotes accompanying the results table for each example. A
prominence (P) value has been determined according to the Nordtest method for three representative
modulation peaks in each example. these are marked 'P1'. 'P2" and 'P3’ in the figures and tables.

3. FINDINGS

3.1 Swaffham Il - 30th September 2013 - 1 x 1.8MW turbine

The graph below shows clear amplitude modulation noise. With the exception of some insect noise
(around 12.5kHz) the wind turbine noise is the only and dominant noise source. The noise level varies
in loudness throughout the extract. The shape of the noise trace varies in waves but without regularity.
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Noise Data Graph - 30 Sep 2013
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Figure 1: Swaffham II turbine - 30th September 2013

Increases and decreases in noise level and modulation peaks are followed by sudden reductions in
noise level and modulation strength. The variances in loudness and clarity of modulation peaks can be
compared to someone twisting the volume control on a music player or a radio station coming in and
out of frequency range. The dynamics of the piece are very erratic and convey an image of something
that has significant potential energy but is also highly changeable and unpredictable. Figure 2 below
shows how the first minute of the above extract could be marked musically.

Noise Data Graph - 30 Sep 2013
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Figure 2: Musical description of first minute of figure 1
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Where the listener is not in control of sudden or unpredictable change these changes are often ill
perceived. The constant variance in clarity and loudness in the above extract could therefore attract
attention and be perceived as annoying or unpleasant.

The character of the modulation also varies throughout the extract. Both the shape and the rhythm
of the modulation varies. At the beginning of the extract there is a single defined beat, the third
modulation splits in to two and a double beat is heard in place of the single defined beat. The first 20s
of the extract is shown below with the rhythmic element imposed at the top of the graph. J indicates

a single beat and ﬂ a double beat. The varying beat is likely to attract and hold attention. The lack of
pattern and regularity is likely to be perceived as annoying as patterns and expectations are broken and
as the beat is difficult to ignore.
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Figure 3: Extract of figure 1. variance of rthythm / beats shown
The table below assesses the example shown in figure 1 against five of the criteria discussed above.

Table 1: Assessment of turbine noise from Swaffham II turbine

Method Criterion Calculation Result
N Compliant with
ReUK /ETSU  5dB penalty to Ly ! 3447 +5=394dB Ly ETSU-R-97 43dB lower

night time noise limit

Complaints likely (see

BS4142 Lacqg (+5dB) - Lagy  (37.9" +5) - 34.3* = 8.6dB footnote)
Fluctuation sensation
Japanese Dy when greater than AL4s (3.3) - ALags (-4.4) 7. 7D anm
1o7DAM .....
P1=6.3
Nordtest Prominence, P 7P=310g(0nse.t rate/[dB/s]) + P2=6.5
2log (level difference /[dB})
P3=6.0
Regular 3dB Lacqg=38.2
Den Brook modulation >28dB Peak to trough range 4-11dB,  Greater than expected AM
Laeg regularly above 3dB

It is assumed in each assessment that the maximum 5dB penalty would be applied. Separate long term tests have demonstrated this
is not the case and at most even in extreme cases of AM it is likely a 3dB penalty would be applicable (see reference 19).
* The 10 minute period including figure 1 is contaminated by nearby road traffic noise. This 2 minute period is representative of the
turbine noise during the 10 minute period in the absence of road traffic noise.
¥ This is based on a 5 minute period. which includes the 2 minute period shown in figure 1. All noise during this 5 minute period is
dominated by wind farm noise.
* Strictly this should be the background noise level in the absence of wind farm noise. In this case the turbine was operational
throughout the measurements and a true background noise level could not be determined. As a best case the Lagg for the
measurement period is used, background noise levels would be lower in the ahsence of wind turbine noise and the true complaint
prediction level much higher.
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3.2 Ke ssingand turbines - 1 0June 2012 - 2 x 2.05 W turlines

The noise data graph below is taken from two turbines at Kessingland. The beginning and end of the
extract show clearly defined modulating noise which also has a strong rhythmic element. Modulation
is still apparent in the middle of the extract but has a less clearly defined. muddied modulation sound
similar to a tumble dryer noise, a descriptor often used by residents to describe the noise character of
wind farm noise. The noise in the middle of the extract is more continuous and undulating compared to
the defined modulation that fades in and out (at the end and beginning of the extract) as if the turbines
were moving in and out of synchronisation with each other. That the noise is less variable during the
middle period and its likeness to a common noise source (tumble dryer) could suggest that this middle
period isless intrusive. more easily habituated to. However. the change in noise character to a strongly
rhythmic. irregular noise just after half way through the period creates a stark and noticeable change
that draws attention. A listeners attention might wander from the wind farm noise as it becomes less
prominent and more subdued but refocus on the noise when the strong modulation returns.

Noise Data Graph - 10 Jun 2012
aB

Kessingland
“30 ms LRea
45 G ms _Aec cuiated Aeq
1000rs JAeg Cacdated WASD
4C
LAeg 42 4cBIA P3
LASO =29 7dBIA, P2

a0

002917
00.29:19 |
00,2922
002924 |
002927 |
002920
00 29.31
002934
002936
0029239 |
00.29.41
002943 1
00 2946 |
002948 |
02951 1
002955
00 2985
10 2359 |
303000 §
03003
00 30.05
0 3007 1
3030 22 |
00.30 24 1
00.70 27 |
00.30.29
003031

Figure 4: Kessingland turbines - 10th June 2012

The frequency content of the noise also varies throughout the extract. The dominant frequencies are
centred around the 315Hz, 400Hz and 500Hz third octave bands. The dominance of these frequencies
arc constantly changing and increases and decreases in loudness are not necessarily perfectly
synchronised, thus creating a "Mexican wave' type effect through the third octave bands. Some of the
dominant frequencies of the modulation peaks are labelled on figure 5 below to demonstrate the
variability. There is also variable low frequency content, indicated by the 125Hz and 100Hz third
octave band content in figure 5 below. Periods of lower frequency rumble are particularly noticeable
during the middle section of the extract, though there are no obvious difference in low frequency
content compared to the beginning or end of the extract. The increase in low frequency content
contributes to the changeable character of the noise. Subjectively the noise varies between a whoosh,
swish and tumble dryer type noise. The range of different and varying pi thes adds body to the sound
and creates a broader multi-dimensional sound, for example the difference between a strong quartet
and the string section of an orchestra. This feature could be attributed to descriptions from affected
residents that they feel surrounded by the noise.
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Noise Data Graph - 10 Jun 2012 oc ms _Ang
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Figure 5: Kessingland turbines - 10th June 2012, frequency analysis and dominant frequencies

As noted above there are very strong rhythmic qualities to the turbi
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Figure 6: Extract from figure 3. strong rhythmic elements
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Rhythml Rhythm2

Figure 7: Dominant rhythms in figure 6

Whilst rhythmic attributes of noise are not uncommon the rhyt hmis usually regular, constant and
predictable. in this case it is randomly variable. This could create a subjectively unpleasant noise
character as the noise lacks pattern or symmetry and so is not consistent with expectations. The
changes in rhythm and / or the attempt to try and look for a rhy thmic pattern could make this character
feature annoying, intrusive or difficult to ignore.

Numerous complaints have been received from the turbines at Kessingland. Despite the Council
admitting that the noise is a statutory noise nuisance they refuse to take action against the turbines.

The table below assesses the extract shown in figure 4 against five of the criteria discussed above.

Table 2: Assessment of turbine noise from Kessingland turbines
Me hod Criterion Calculdion Result

Compliant with
ETSU-R-97 43dB lower
night time noise limit (NB
also compliant with
simplified 35dB Ly ETSU

ReUK /ETSU,  5dB penalty to Lagg 29.7° +5=347dB Ly

| o dimiy
i Complaints likely (see
4142 5dB) - La 2.4° 2262 =11.2
BS414 Laeq (+5dB) - Lago (32.4° +5)-26.2" =11.2dB ~foomotey
Fluctuation sensation
Japanese Day when greater than ALas (2.2) - ALAys (-2.8) 5.0D Ay
1.7Dan e -
P1=6.0
Nordtest Prominence, P P—310g(onse't rate/[dB/s}) + P2=5.6
2log (level diffcrence /[dB]) P3 =58
Regular 3dB LAeq =324 -
Den Brook modulation >28dB Peak to trough range 4-9dB,  Greater than expected AM
L e remlarl yabove 3dB

“ This is based on a 2 minute period. It is assumed the 2 minute period conthued in a similar manner for 10 minutes. The four
minute 1.occovering this extract was 29.8dB, at the beginning and end of the four minute extract the noise trace is affected by road
traffic noise.

€ This is based on a 2 minute period. It is assumed the 2 minute period continued in a similar manner for 5 minutes. The four minute
Laeq covering this extract has an Lag of 33.2dB, at the beginning and end of the four minute extract the noise trace is affected by
road traffic noise.

" The turbine was operational throughout the measurement period. The Lagq s taken from a five minute period approximately 20
minutes prior o extract shown in figure 4 when the turbines are still operational but at a slightly lower level. True background noise
levels would be lower in the absence of wind turbine noise and the likelihood of compiaints higher.
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3.3 Site F - 31 December 2013 - 1 x 275kW turbine
Site F remains anonymous due to potential nuisance action. It is a single 275kW turbine that
operates in two different gears. The extract below, figure 8, is a 10 minute period which shows the
operation of the turbine in the lower gear at the start of the period. a change up to the higher gear in the
first third of the period and change back down to the lowen gearjustafier half wav through the period.
Noise Data Graph - 31 Pe¢'2012
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Figure 8: Site F - 31 December 2013

The turbine noise is highly tonal and an element of tonality is always present when the turbine is
operating. When operating in the lower gear the turbine produces a humming noise which is mid
frequency in pitch though there is also a quieter higher frequency tonal whine. In the higher gear mode
the tonality of the turbine is much stronger and is better described as a dominant high pitched whine.
The turbine also generates AM. In the lower gear blade swish modulates at a reasonable pace and has
a more subdued character. The modulation of noise is much greater in the higher gear and this is caused
both by variances in the tonality but also by a harsh whipping / scraping blade swish noise. The
operation of the turbine in the higher mode generates a much harsher sound resulting from a
combination of a highly tonal high pitched whine and violent (whipping / scraping) modulating blade
noise. Noise generated by the turbine in the higher gear is likely to be perceived as unpleasant and
disturbing due to the harsh characteristics. These characteristics are unlikely to be accustomed to
because of the constant variability both in noise level and character and also due to frequent
unpredictable gear changes.

Periods of tonal 'resonance’ also occur in the data. This is when the tonal noise generated by the
turbine becomes louder and more dominant, for example when resonance is reached from running a
finger round the rim of a wine glass. The noise is comparable to the sound of a distant train passing.
The similarity and dissimilarity to an existing environmental noise source could create a negative
reaction to the sound. Whilst the turbine noise sounds familiar it does not behave as expected, tonal
resonances return without warning, they do not appear and disappear as would be expected if the noise
was caused by a distant train. This aspect of the noise is also likely to draw attention back to the noise.

Figure 9 below shows an excerpt from figure 8 as the turbine changes from the lower gear operation
to the higher gear operation. There is an increase in loudness, modulation, tonality and blade swish
noise as described above. Inset in the left hand corner of figure 9 is an A weighted frequency analysis
of the lower and higher gear operation of the turbine shown in figure 9. It confirms the mid frequency
and higher frequency tonality of the lower gear operation (blue trace at 01 :40:53.600) and the strong
higher frequency tonality of the higher gear operation (red trace at 01:41:48). Changes in gear occur
throughout entire night time periods. They occur often but with no predictability or regularity.
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Noise Data Graph - 31 Dec 2013
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Figure 9: Site F - 31 December 2013, extract showing ¢ ‘Haraeigi-mnd frequency content

The table below assesses the noise from the turbine at site Fagainst fiye of theeritei adiscussed

above. The Dy, Nordtest and Den Brook assessment are based m the peri od shown'in figure9 above,
3 minutes in length.

Table 3: Assessment of turbine noise f rdm'site F turbine

Method Criterion Calculation Result
10 minute period: 22.3. + 5= Compliant with ETSU-R-97
. . 27.3dB Lay 43dB lower night time noise
ReUK /ETSL 5dB penalty to Laso High gear operation only®: limit (and simplifieq 35dB
25.8 + 5 = 30.8dB Lagy Lago ETSU limit)
BS4142 Lacg (+5dB) - Lagy  (29.3° +5)-23.0" = 11.3dB Complaints likely
Fluctuation sensation
Japanese Day when greater than ALAs (2.5) - ALays (-3.9) 6.4D v
1.7DA:\,{
P=3log( /[dB/s]) g
. . =3log(onset rate s]) + ”_
Nordtest Erominencen B 2log (level difference /[dB]) 1;‘3‘ B ;(5)
Laeg =24.2/30.6 o S
Regular 3dB Acq Greater than expected AM
Den Brook modulation >28dB Peak to trough range 3-15dB, caused by higher gear only
Laeq regularly above 3dB ;

® Worst case assumption that the higher gear operation, see figure 9, occurs for an entire 10 minute period.

¥ Based on a 5 minute period which in ciides the lower and higher gear operation shown in figure 9. Strictly BS4142 cuts off at a
rated level of 35dB(A): however, it also advises that the principles are generally applicable and as the elevated period of noise gives
a rating above 35dB it is considered appropriate for use in this case.

" The Lagg is taken from the same 5 minute period as the Las; it is determined by the lower gear turbine noise. background noise
in the absence of turbine noise would be lower and complaint prediction levels higher than indicated in the table.
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3.4 Cotton Farm Wind Farm - 3rd February 2014 - 8 x 2.05MW turbines

MAS have set up a permanent monitoring station with significant help from local residents to
measure community noise levels from the Cotton Farm Wind Farm. Residents complain of a loud
'whoomp' / 'whoosh' noise, which is prevalent in much of the data. The excerpt below is taken from a
night time period entirely dominated by wind farm noise. Whilst the noise trace is consistently affected
by AM. the shape of the noise trace does not vary in a wave-like shape to the same extent as the
examples above. For example, a flat line can be drawn underneath the troughs of the data whereas the
excerpts above follow waves of increases and decreases in the trough level. The number of turbines at
Cotton Farm is much ﬁredtcr than the above examples and this flat lower level is likely the ‘general’
wind farm noise level''. The noise is far from characterless and significant variation is still observed
and heard.

Nolsé Menitoring Graph - 03 Feb 2014
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Figure 10: Cotton Farm Wind Farm - 3rd February 2014

The character of the noise at Cotton Farm is quite different to the above examples. Modulation is
slower paced but has a 'big’ roar' like sound and lower pitched in character. The main variable in the
noise trace is the constant change in loudness. When there are higher modulation peaks this generates
an unexpected element to the noise as the noise level continues to rise above that expected, more noise
for longer.

Figure 10 below shows the first minute of figure 9 above. Changes in loudness and modulation
depth continue without regularity throughout the extract. As with the first example of wind turbine
noise at Swaffham the dynamics of the noise are highly variable. The beginnings of patterns can be
observed in the data. increases in loudness (crescendo) and decreases in loudness (diminuendo) are
marked on the figure.

' This has been separately confirmed by switch off tests where the turbines were stopped and is reported by the authors ina
separate paper (19).
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Noise Monitoring Graph - 03 Feb 2014
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Figure 11: Extract of figure 9 showing patterns and changes in loudness

Figure 12 below demonstrates the varying frequency content of the wind farm noise. Most of the
modulation is broadband and mid frequency, perhaps causing the 'big’ sound, though a definite lower
frequency rumble is also present. As with Kessingland, this could cause residents to feel 'surrounded’
by the noise. Some peaks have a definite lower pitched / frequency ‘whoomph' character, see for
example the end of the period peaks 2 (blue) and 4 (black) evaluated in figure 12 below. The spectrum
graph inset in figure 12 shows the presence of the rumble at around 100Hz, more 400Hz content in
peaks 2 and 4 ('whoomph"), and more 630Hz noise in peaks 1 (red) and 3 (green),
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Figure 12: Extract of figure 9 showing differences in frequency content (pitch)

The table below assesses the noise from the turbine at Cotton Farm agaimnstfivéspfthe criteria
discussed above. The ReUK / ETSU-R-97 assessment is based on the 10 minute period from which
figure 10 is taken. The BS4142 assessment is based on background noise levels measured prior to the
crection of the wind farm. The 10m height wind speed measured at the monitoring location (Toseland

Road, Gravely) during the above noise measurements, figures 10

- 12

“y

was 4m/s. The prevailing

background noise level at 4m/s as measured at the application stage at 97 Toseland Road was 27dB(A).

Table 4: Assessment of turbine noise from Cotton Farm Wind Farm

Method

Criterion

Calculation

Result

ReUK /ETSU

BS4142

Japanese Dawm

Nordtest

Den Brook

5dB penalty to Lagy

L:‘\eq (+5dB) - L\9U

Fluctuation sensation
when greater than

1.7Day

Prominence,

P

Regular 3dB
modulation >28dB

LAeq

10 minute period: 38.8. + 5 =

(41.4'% +5)-27.0=19.4dB

ALAas (2.3) - ALags (-3.5)

43.8dB Lago

Laeq = 414

P=3log(onset rate/[dB/s]) + 2log
(level difference /[dB])

Peak to trough range 4-11dB,
regularly above 3dB

0.8dB breach of 43dB L a4

limit.

At most de-minimis breach:

unactionable.

Complaints likely -
significantly exceeds onset
point of complaints

(+10dB)

5.8Daw

Pl =6.0
P2=56
P3=6.1

Greater than expected AM

© The 5 minute Lae, which includes the extract shown in figure 10, was 41.8dB La...

Page 14 of 20

Inter-noise 2014



Inter-noise 2014 Page 15 of 20

NOTE: Whilst the ReUK / ETSU. approach does indicate a breach, thel cuffént.appraach to
application of this metric is to average this result with a longitudinal stud y/d n ofses impact™Fhe
averaging effect combined with a minor exceedance results in easy complian ge.It'1s also noted that
this assessment assumes that the maximum 5dB penalty would be applicab Icw héreas nsearch has
shown this is unlikely to be the case (19).

3.5 Sumnary
The table below summarises the assessments of the four examples ab oye.

Table 5: Summary of assessments at four examples

~ Method S waffham II Kessing Imd Site F Cotton Farm
Strongly rhythmic. Highly variable,
Waves of noise. Chgnges betwegn ighlyptonals Constant lower
N defined modulation subdued . .
erratic dynamics, . . fevel of noise
highly chs ) (swish / whoosh) modulation, hum, . =
ighly changeable / . . . (constant din), ‘big
. ] and muddied tumble  violent whipping / : =
Subjective unpredictable, . sound, 'roar’ like,
dryer sound, scraping ;
changeable . - lower pitch rumble,
: unpredictable modulation, harsh, o o
modulation beats / e . ) variable dynamics
patterns, 'big’ sound.  whine, resonance :
rhythm Nl . . and pitch
i changes in pitch (distant train),
highly changeable
ReUK / ETSU Compliant Compliant Compliant Borderline
BS4142 Complaints likely Complaints likely Complaints likely Complaints likely
- (8.6dB +) (11.2dB +) (11.3dB +) (19.4dB)
Japanese DAM 7.7 D.—‘\M 5.0 D.\M 6.4 D\\i 5.8 DAM

Nordtest P=6.3/6.5/6.0 P=60/56/5.8 P=6.0/51/6.1
Greater than Greater than Greater than Greater than
Den Brook expected AM expected AM expected AM expected AM
(4-11dBy"* (4-9dB) (3-15dB) (4-11dB)
dB Laeg 1 38.2 32.4 27.5 (24.2/ 30.6) 41.4
dB Lagot 344 29.7 22.3(22.1/25.7) 38.2

4. DI SCUSSION

This paper looks primarily at the character of wind farm noise and how this relates to assessment of

impact, particularly where noise has been found compliant with limits but causes complaints. The
above analysis raises many questions that relate to this assessment as outlined below.

41 Isit appropriateto compare whd fam ndise levebk to other ndise sourcel evel®?

As noted in the introduction, wind farm noise levels are often compared to other noise sources, the
noise level in a quicet library or the noise level of a fridge. WHO guidelines are similarly often quoted.
Assessors commonly state that as noise is below either 40dB L;gn: ouncce (lowest observed effect level)
0r 30dB Ly;gn;,cuise (N0 Observed effects level) the noise cannot be considered an adverse impact (20).
With reference to the summary table above, the noise levels from the four examples evaluated are
similar to the noise level that might be measured in a quiet library / office or the noise of a refrigerator
hum in the kitchen. The majority of levels are below an Ly,gnounsye 0f 40dB and some below 30dB
Lonignt outisge- Are these comparisons fair?

The noise in a quiet library will typically be dictated by heating and ventilation urits. A steady,

" Modulation level, peak to trough.

Inter-noise 2014 Page 15 of 20



Page 16 of 20 Inter-noise 2014

broadband generally anonymous noise. As there 'isiiftle yariance in this type of noise it is easily
pushed to the back of consciousness. There mav he intermittent noisgssfrom those using the library.
footsteps, page turning, coughing. These tend=ta bhe.single, isolated eveats, They do not occur
frequently and in many cases they are predictable with vistal=afigzaudible cues that Thform that the
noise will happen, when it will happen and when it will cease. In contrast, afft"as-demeistrated above,
wind farm noise is constant but highly changeable and variable, without predictability or regularity. At
night time, inside the dwelling and when trying to sleep there are no visual cues for wind farm noise.
Audible cues can often be misleading, for example periods of lower modulation and lower wind farm
noise levels indicate that the noise is going away, but quieter periods are often followed by increases in
noise / modulation or sudden louder modulation peaks, see the above examples.

The noise level of a fridge might also be similar to wind farm noise level, but as with the library it
is entirely different in character. The noise from a fridge might have a tonal element. but this is
unlikely to modulate to the extent that wind farm noise tonality modulates, particularly in third octave
band analysis. The noise from a fridge is often constant and regular with limited variation or change. It
is also important to consider the context of each noise in the surrounding environment. A fridge,
presumably located in the kitchen, is likely to be the least dominant noise source in this location. Other
noises will either mask the fridge noise or attract attention away from the noise. Fridge noise is similar
to other noises likely to be found in a kitchen, it is not unexpected or alien and usually within the
control of the occupant. Wind farm noise is typically the dominant noise source where there are no
other dominant man made or industrial noises. Particularly at night time there are few other sources
that could either mask or divert attention from the wind farm noise. Wind farm noise is typically
obtrusive in what is otherwise a quiet rural environment, dominated by wildlife sounds which are
entirely different in character to that of wind farm noise.

Whilst the average Ly or Lago level of wind farm noise might be similar to the average Ly, o1
Lago level of noise from a fridge or in a quiet library, this is demonstrably the end of any likeness.

It is clear from review of the WHO night time noise guidelines that the vast majority of research
upon which effect levels are based relates to transportation noise. Can transportation noise be fairly
compared to wind farm noise? As above, the character of the noises are entirely different. Studies have
already shown that wind farm noise is perceived as more annoying (21). Transportation noise is
predictable and much less variable. It does not contain changing rhythmic or tonal features.
Transportation noise is typically found in urban areas, wind farms are more often located in quiet rural
environments.

The focus on decibel level again draws focus away from the noise character and noise context. Such
comparisons are at best tenuous and the appropriateness of such comparisons is seriously questioned.

4.2 Is asingle figure parameter appropriate for assessing impact? Would multiple

parameters be more appropriate?

The Lagg of the excerpt from Cotton Wind Farm is 41.4dB and the L a9g 38.2dB. This is considerably
louder than the excerpt of the two turbines at Kessingland, 32.4 dB Laey and 29.7dB Lagg. The noise at
Kessingland should supposedly be half as loud as that from the Cotton Farm Wind Farm. Does this
mean that those complaining of noise from Kessingland have half the right to complain, or half as
strong a case as those complaining of noise from Cotton Farm? Would the Cotton Farm residents
accept twice as much of the Kessingland noise before they complained?

Whilst there is clearly a significant difference in decibel level between the two sites, assessment
based on different metrics leads to different conclusions on acceptability than review of decibel level
alone. The prominence rating, P, of modulation peaks is very similar both at Cotton Farm and at
Kessingland, P=6.0/5.1/6.1 and P=6.0/5.6 /5.8 respectively. The noise modulates with a similar
peak to trough range. 4-11dB and 4-9dB, both would be considered to generate unreasonable, greater
than expected amplitude modulation. The Dy rating of the noise from Cotton Farm and Kessingland.
5.8 Day and 5.0 Dy respectively, is also not dissimilar. These metrics suggest that impact of noise
character from Cotton Farm and Kessingland is comparable.

Review of decibel levels suggests Kessingland impact to be considerably more tolerable than
Cotton Farm impact. Review of prominence, P, modulation peak to trough level and Day rating
suggest that impact is comparable at both locations. Detailed examination of the noise character might
again change the decision.

Noise from Cotton Farm wind farm and from the Kessingland turbines is highly variable in
dynamic and there are unpredictable changes in peak to trough level. However, the Cotton Farm
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modulation is a single modulation peak withone beat grmodulation pise per p ¢ak and this is
generally consistent throughout the data. The Kessing Tand ‘modulation is hig hly rhythmic and
randomly alternates between different rh_vthnis throughout the extract. There are ofténtwo or three
beats or pulses within each modulation peak. Subjcctivélythe Kessuiglardnoise mi glitbe considered
more likely to attract attention. more difficu If tgigrore and pote ntidly more anfiovimg

Where noise has character a single nu mberparaimeter-cannotadeguately-deseribe impct. Even if
multiple parameters are used this can often result in conflicting conclusions o f inpact. There are
situations and character features which, as demonstrated by the rhythmic quality of the Kessingland
turbines, would be entirely neglected from assessment even if using multiple assessment parameters.

4.3 Do noise readings reflect human perception?

It is asserted above that a single noise level cannot adequately assess the impact of noise character.
Description of noise using multiple parameters can also be contradictory. Does ¢ en a detailed
assessment of noise character presented by noise readings accurately reflect human perception?

The four examples above were recorded external to the dwelling. The above assessment metrics
also relate to externally recorded noise levels: How is impact perceived internally? Complaints of wind
farm noise are commonly received at night time and residents often complain of sleep disturbance. To
reflect this in noise measurements there is a strong argument to require internal noise measurements.
Notwithstanding the potential difficulties of access, there are also difficulties with instrumentation.
Most type 1/ class 1 sound level meters have a noise floor of around 18-20dB(A), Specialist low noise
microphones are needed to accurately measure internal noise levels, which in rural areas can be as low
as 12dB(A).

The accuracy of A weighting to reflect the human hearing sensitivity might also be questioned.
particularly in very low noise environments or where noise, especially low frequency noise, is close to
perception thresholds. There may be internal room effects that further influence the perception of
noise, but how could such a variable be accounted for in a general assessment of impact?

Self reported health effects can also prove problematic when assessing noise solely using recorded
noise levels. Residents affected by wind farm noise often report ear pressure effects or liken impact to
other hearing impairments such as tinnitus or ringing; they often question whether they are hearing,
feeling or imagining the noise. These reports can lead assessors to dismiss impact as a hearing defect
rather than a feature or symptom of the wind farm noise. This is particularly the case where there are
no obvious identifiable causes in the data, where low frequency noise levels are below thresholds or
where low frequency noise is at lower levels than other sources of environmental low frequency noise.
The middle section of figure 5, Kessingland, has a lower pitched character but there are no obvious
changes in the third octave band frequency data. In many cases residents leave their homes either
temporarily or permanently to find respite elsewhere, action that does not suggest imagined effects.

Rather than question the reliability of those reporting annoyance and health effects assessors
should perhaps be questioning the reliability of the data to accurately portray what is being heard by
those affected.

44 Canshortterm assessments ofno i® level and ¢ harate rrepre sert| mg term impac®

The above examples review only short periods of wind farm noise. The examples are generally
representative of the noise generated at each site and can give an indication of the main character
features, but they do not represent the duration of impact and how character manifests for longer
periods (to which residents are subjected). Can short term analysis fairly reflect what the resident is
exposed to on a daily basis and / or the reaction and perception of the noise after long term exposure?

It is highly likely that residents will become sensitised to noise when they hear it and are affected by
it on a day to day basis. Residents will be able to pick out the source noise where those assessing it,
who are not as familiar with the noise, may struggle to do so. Similarly, the resident will be
acclimatised to the background noise levels in the area whereas the assessor may not be familiar with
the typical noise sources in the area or simply used to louder, bu $ir environments. Is this assessors
judgement therefore fair and representative of what the resident experiences?

4.5 Shoud chaacter be consicere das asi'ngk feature of nois eor do dffe rentfeatures

int arela te and cumulatiely impactperce pion?

The four examples examined above contain a number of noise features that contribute to distinct
noise character. Should each feature be considered in isolation and then assessed cumulatively. should
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each feature be considered in isolation and assessed independently/Ot&houldsall features be combined
in a single ‘character’ assessment? For example. do¢§the modulation of the Cotton Farm noise make it
immediately unacceptable? Would it be equally unacceptable if there was only low frequency noise
and no modulation? Does the addition of low fréguency noise to the modulation make the modulation
more intrusive and is this more or less intrusive than addifg aslgthmic component stch as that found
in the Kessingland data?

At site F there is a very strong tonal character and significant amplitude modulation. but the
character features are different depending on the operating gear. As such there is not a single feature of
noise that describes both operating modes of the turbine. How could these differences be accounted for
as a single character feature? Complaints from the resident affected by site F focus mainly on tonal
noise. Perhaps reported annoyance focuses on the tonal noise as it is more prevalent, it is perceived as
always present compared to the variable presence of amplitude modulation noise. Should annovance
from amplitude modulation therefore attract less of a penalty than the tonal noise? Alternatively, does
the amplitude modulation noise simply draw the residents attention back to the tonal turbine noise?
Perhaps in the absence of amplitude modulation noise the tonal noise would be more easily forgotten?
In this case the amplitude modulation noise is the driver of annovance and so would perhaps warrant a
harsher penalty than the tonal noise. Can the two features be separated? Perhaps the intrusiveness of
the tonal noise is heightened when it resonates’. which most often occurs in conjunction with periods
of erratic and violent blade swish noise. Is the tonal noise more or less annoying in the presence of
amplitude modulation noise? How can these complex interactions be accounted for as a single feature
of noise impact?

Very little is known about how different character features interrelate and are perceived by those
affected. Assessment is problematic as each case is so variable both in terms of the noise, see for
example the different character features of the four examples above, and in terms of individual
differences of residents affected.

4.6 Should wind farm noise character be assessed separately or as part of a total noise

dose?

Many international guidelines for assessment of wind farm noise propose a penalty for prominent
character features that is applied to the overall noise limit. The assessment of the four examples above
shows wind farm noise with highly discernible character features that have resulted in noise
complaints but comply with noise limits even with the maximum afforded penalty deducted from the
noise limit. This demonstrates that the current penalty approach is ineffective.

The average Laeq level or Lag rarely represent the high variability of the noise within the extract
and as such do not fairly represent noise character. If the noise level itself does not reflect noise
character can a penalty applied to this level fairly account for noise character either? If the noise level
was reduced by 5dB would this render the noise acceptable? Comparison of noise levels from the
Cotton Farm Wind Farm and the Kessingland turbines suggests that noise level is not the deciding
factor and noise would still be intrusive at levels 10dB lower. Noise levels from the turbine at site F are
a further 5dB lower than the Kessingland noise levels, yet site F has the highest prominence (P) value
and still generates complaints.

A comparison of the penalty method (ReUK / ETSU) and the penalty / rating method of BS4142
shows a stark difference in acceptability. Complaints were deemed likely from all of the above four
examples using the BS4142 approach whereas the ReUk / ETSU penalty approach only indicated a
borderline situation at Cotton Farm, assuming the full penalty was applied, thus rendering all examples
acceptable, not in need of control. If a penalty approach is favoured, the above examples indicate that
this should only be applied in a context type approach such as that of BS4142.

If the character of wind farm noise is to be considered separately to the overall limits then which
metric is most appropriate and is acceptability decided on a graduated scale or as a simple pass or fail?
The Den Brook condition states that all greater than expected amplitude modulation is unacceptable.
The Nordtest prominence method is proposed as a graduated penalty to be applied to the Lagy. Whilst
the Japanese Dy method offers no guidance on acceptability, the papers do suggest that as soon as
fluctuation is perceived adverse impact arises and that noisiness increases as fluctuation strength
increases. The above examples indicate that each metric will give a slightly different result on
acceptability.

Whilst it is the authors’ opinion that a separate assessment of noise character is favourable, the
assessment metrics used above account only for modulation and fail to consider other factors
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contributing to adverse noise character such a § low fréqueigvnoise, unpredictability of he noise and
changes in noise character. A separate no ise/chdrader assessment wouldcertainly hdp assess the
above examples but considerable thought is still Titedd ta.ascat an how this night beapproached,
which character features it would include and what metric 1s Mostappropriatea nd cffecive,

5. CONCLUSIONS

Wind farm noise character is largely neglected at the planning stage. This appears to be exacerbated
by inappropriate comparisons with noise sources that have a similar noise level but an entirely
different noise character. Noise limits rarely account for noise character and where they do assessment
is typically limited to application of a maximum 5-6dB penalty to the existing noise limits. In cases
where noise complaints have been received from wind farm noise there are distinctive intrusive
character features in the noise, but the noise is found to be compliant with decibel limits. This is
demonstrated in the examples above and is evidence that the current approach to assessing impact is
ineffective.

The above four examples show that wind farm noise character can be unique to each development
and highly variable within each development. Different assessment metrics result in contradictory
outcomes of acceptability at cach site. Whilst one aspect of noise character might be well characterised
by a modulation index another noise characteristic might be better defined by a prominence rating,
other characteristics, such as rhythm. are ignored by all assessment parameters.

The analysis and comparison of assessment methods for each of the four examples confirms that a
single assessment parameter does not reflect impact . The worst metric of assessment for noise
character is that of a penalty applied to a noise limit, as currently proposed in the UK. Even where
multiple assessment parameters are adopted significant character features can still be neglected. The
ability of noise measurements to accurately reflect the perception of the listener, including within the
dwelling, is further questioned.

It is concluded that assessment of character in wind farm noise is in need of serious review by the
acoustics community. The current methods adopted to assess noise impact fail those affected and
suggest compliance where significant adverse impacts exist. The above analysis suggests that metrics
assessing amplitude modulation in isolation will help to provide an indication of intrusive noise
character but still neglect many important characteristics. It is noted that the above examples focus
only on short extracts of wind farm noise. Long term exposure to noise is likely to heighten perception
and annoyance of specific characteristics. Studies investigating how multiple character features
interrelate to judgement of impact and the longitudinal impact of noise with character are
recommended.
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