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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 house.
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.

e What are the duties of a 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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S. 37
File With

SECTION 131 FORM

App,,I NO:_PLa qS /5 a
TO:SEO

Having considered the contents of the submission @d/
from IL)rE-) MX\ Z_/why)

enrOll (raz/& I re,omm,ndth,t „,ti„ 131 ,f th, PI,,.i,g ,,d D,„,I,pm,,tAct, 2000

A)e invoked at this stage for the following

a oh .
% 'aq6 ;3 S Defer Re O/H D

received

-eason(s):. )
(\iD(w Tre

a

8 //o / r /Date:

To EO:

Section 131 not to be invoked at this stage. n
Section 131 to be invoked - allow 2/4 weeks for reply. []

S.E.0.:

S.A.0:

Date:

Date:

Ms . Call in 6

Please prepare BP
submission

• Section 131 notice enclosing a copy of the attached

& z. PHato

Allow 2/3/4+eeks – BP

EO >q/o/n
20' lo' I)_

Date

Date.



S. 37

CORRESPONDENCE FORM
File With

Appeal No: PLa+
M ', , Co IIly.z>

aq',s / S J 4'PLOL) ac/g/33

Please treat correspondence received on as follows

1. Update database with new agent for Applicant/Appellant

2. Acknowledge with BP

3. Keep copy of Board’s Letter

1. RETURN TO SENDER with BP

2. Keep Envelope: a

3. Keep Copy of Board’s letter []

D

Amendments/Comments a

4. Attach to file

D (d) Screening [](a) R/S

(b) GIS Processing [] (e) Inspectorate []

(c) Processing []

RETURN TO EO []

Plans Date Stamped

DateStamped Filled in

0AA 'a
\Date b‘



Noonan Linehan Camoll Coffey
S( )L 1(- f-1-( )RS

54 North \lain Street
('ol-k

1-12 \\’\’:1)

\\'\v\\’. n Icc. ic'\ddrcbscc 1-cIc}rhone II: 1 +:7Ci5 IN
1- ax fi: 1 +=743+T

I-Inl:IiI ittttl (i n]cc.ic
I)\ IIi++ (-i )rk1-he Sccrctar\-

,\n Bt)rd Plean61a

Marlborough Street
I)ublin I

• BY Courier

1 ’1 August 20 17
Our ref: 221)07-16 /JN '’PW

Your refs: Pl.04.2+8152 (24++39) & PI'04.2+8153 (2+5
P.;\ Rce. Ref. 1+"557 & 1+/6760

02
AUG 20/7824)

LTR DATEn

bUnK FROM-PL

lon previously granted under(-onstruction of a substation to replace substa
and all ancillary site development u-orks.
Barnadi\’anc, Knee\’es, Terelton, (-ounty ('ork

219620

&

6 no. It’ind turbines

I.ackarcagh and Garranereagh
1.issarda and Barnadi\’anc, Terelton, County C'ork

I )car Sir’N'ladanl.

W’c refer to recent correspondence from the Board on these t\\=o appeals.

In addition to our clients' Submission enclosed here\\’ith \\’hich refers. \vc \\’ish to make the foIIo\\-ing
additional observations on their behalf

1. .Judicial Review
Our clients continue to rely on thube grounds ad\ anccd in the Judicial Re\-icu- proceedings Iligh
Court Record Number 2016,’614 JR \\’hich u-crc not dealt with u;hen the said proceedings u-ere
compromised by agreement.

2. New’ Substation
1-he Applicant Company and their multiple associated companies appear to ha\-c made ne\\
plans \\-ith regard to the Substation intended to scr\'c their various proposed uindfarnls along
the south of’ the Ri\'er I,cc Valle\-.

.If ;r \r „ I\ \\ :3C'l ' -. IT’., \, . , ttl- i - \T -,k\ 1'I\IH \\ 13(-1. I{ , \Ttl\\ < - \ le ?til I B(-1, 1 1 '13 PlIII.II, (-ttl.[ I \ 13( -1 I I, \I

C-l .\IRI ('r II I.\t,\\ B( 'l_ -I- \k \ CI’Cr ):\\fIR BC-L \’I RfI:\1( A KI.I I\ B.( -tI\ISI



In Jul\- the\' nlcd an application for
Substation next to their proposed Ca
Reference 17 ’43 1 .

iCotPlanning Perlnis gil
rigaricrk \\’ind Farm. Cork CTunt}

nIv Council for a
Council Planning

\\’c have a ccllain synlpath}’ for the Board in attcnlpting to pin do\\-n exactly \\-hat constitutes
the project-- for the purposes of discharging its obligations under lil''\ and ,'\A.

1-he latest application raises at least the possibilit\' if not the probability that the Substation at
13arnadi\-anc ma\’ never in fact be constructed and that the Substation in ('arrigarierk is in
rcalitv intended to serve the proposed 13arnadi\’anc U;ind 1--ann if it secures approval

1-his is ob\-iousl\- a I'undanrcntal issue in terms of the Board-s responsibilities and \vc request
the Board to address it spccincall\’ in its adjudication on the applications currentjy before it.
I':sscntiallv thc Board needs to be able to identify and describe on the record just n’hat "thc
pro jcct" is. This is a matter about which the public and our clients are entitled to know with
precision from thc 13oard.

3. Property Values
It is the case that our clients' properties will be devalued should the proposed \\’ind t’arm and,/or
substation ever be constructed.

\Vc enclose hcrcwith FC-\' \\’orking Paper No. 3 ,'2012 - The Impact of Wind Farms on Property
Values: /\ (icographicdll\’ \Vcightcd Ilcdonic Pricing \’Iodcl by Yasin Sunak and Reinhard
\’ladlcncr. XIa\- 2012. revised XTarch 2013. \\’hich is a detailed StUdY cvidcncinu thc effect of
u-ind turbines on nearby properties.

\Nc submit that this is a matter for the 13oard to assess both in discharging its responsibilities
under the Planning Code and under I'll A. Mere assertions by the Applicant that there u-ill be no
effect have not been substantiated and \vc submit have to be disregarded as such and as contrar)
to available evidence both localjy and internationaljy. If the Board remains in any doubt as to

this important issue. \vc submit that it is required to solicit competent expert valuation advice
before coming to a conclusion.

4 Noise
Our clients address this issue in their enclosed Submission. In its Ardglass planning refusal
(Pl,04 .246824). the Board refused permission on the basis that the local noise environment
u-ould 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 u’ould
be seen at our clients- propcnies and in their environs.

\Vc therefore request the Board to approach this manner u-ith consistency and to give clear
rationale for its conclusion on the noise issue



.'\mplitudc \lodulation has been internally recognised as an ad\’crsc inrpact of noise from
turbines of this scale. N'Icrc assertion by the ,,\pplicant that this is not a frequent occurrence
cannot be sustained and 11 v in the face of international scientific evidence. -l'hc case for
assessing the impact of ,'\lnplitudc \Iodulation is no\\' unans\\-crablc.

\Vc enclose the foIIo\\-ing reports \\’hich docunrcnt the extent and inlpact ol’ .'\nrplitudc
NIodulation at industrial turbines.

a)

b)

C)

Audible anlplitudc modulation - results of Held nrcasurcnlcnts and in\'cstigations
conlparcd to psychoacoustical assessment and theoretical research. Ilike Stig\\’ood. Sarah
l_argc and Duncan Stig\\'nod. .-\ugust 20 13 .
Initial findings of the t-K C'otton l--ann \VincI I--arm long term conlnrunit}- noise
monitoring project, Nlikc Stig\\ c)od: Duncan Stig\\’c)od: Sarah I'argo. November 2014.
1-he noise characteristics of 'conlpliant’ \vincI I'arnrs that ad\'crscl)- affect its ncighbotlrs.
Sarah I.argo: \like Stig\\ ot)d. No\'cnlbcr 2D 14.

I-his research by Stigu'ood and others represents the current state of scientific kno\\-ledge on the
tOPIC

You u-ill be au'arc that the matter is not conditioned at all by the type ol' condition normally
ilnposcd by the Board. Numerous conrnrunitics around Ireland are already suffering as a result
of this lai:una. \\'c therefore require the Board to address it specincall\’ in its conclusion on the
noise issue in these cases. In parlicular. u-c submit that it lnust record its asscssnrent of the
inrpact of „\\1 on ncarb\’ honlcs and farnrs and
into its decision.

it must incorporate the result of that assessment

AN FjejDhIm
TIME BY

02 AUG 2017

LTR DATED FROM

PL

Yours t'aithfull\'.

Joe Noonan,
NOONAN LINEHAX’ (-ARROI,L COFFE\



Response to request for further comment on Barnadivane windfarm and substation proposed

developments Co Cork by Stephanie Larkin and Michael
the nearest wind turbine.

hate home will be 609m from:)’Donov

AN Bo;t==;iT;
yCERNSI TiME BY

02 AUG 2017

LTR DATED FROMU-=-U-Unal.
PL

NOISE RELATED CO

NOISE SENSITIVE RECEPTOR LOCATIONS

We would like to draw the Boards attention to an extract from a recent An Bord Pleanala inspectors

report, ref PA0046, 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 sensitive 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 overriding reason 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 al
number of non stakeholder dwellings in the vicinity of the windfarm. The remaining location 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, including the planning authority, and it is in our opinion a
bizarre choice of location to monitor noise because of its distance from turbines T4, T5 & 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, T5 & T6 are located in a concave valley topography
that is below this location. Therefore at H40 it is not possible in our opinion to measure background

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 Tl, T2 and T3.

We believe that the topography at this proposed windfarm site is critical in determining the
background noise values but this has been completely ignored by the applicant. Turbines Tl, T2 & T3
are located on a hilly plateau but T4, T5 & T6 are located in a concave valley. It is therefore

imperative that reliable and “typical” noise sensitive receptors should be identified within the valley
and as we have already stated, H48 is grossly untypical and unsuitable.

We do not concur with AWN Consultants who determined the noise sensitive receptor locations to

be “typical” for this proposed development. It appears to us that AWN’s peer review was done from
a desktop and included no actual survey/ fieldwork. Therefore we believe AWN Consultants 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 I have reproduced the final conclusions of a research paper from 2012 which was conducted
in the south west of Ireland called “Assessing noi

consideration of critical wind speeds and turbine

e from

choice”
ind farm de' nc

nORD hLEANALA

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

02 AUG 2017

LTR DATED

P
on bot• The critical wind speed is dependent

noise environment. It is a non-transferable value and must be re-calculated if different

#ground

turbines are used for a development or if turbines are used in different background
noise environments.

• 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%20fromc7,20wind%20farmc7,2C)development . . .



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

“Wind farm noise -what is a reasonable limit in rural areas?” Kristy Hansen, Nicholas Henrys, Colin

Hansen, Con Doolan and Danielle Moreau School of Mechanical Engineering, Adelaide University,
Australia.

ABSTRACT Wind farms are a rapidly growing source of renewable energy, but can be a source of
persistent noise complaints, despite compliance with the relevant wind farm noise regulation
being achieved. This paper presents a review of wind farm noise assessment criteria and
methodology with a focus on the South Australian guidelines. The results of this review indicate
that the noise limits may not be appropriate for some locations which are characterised by very
low background sound levels at night time. The assumption in the guidelines that background
noise is capable of reducing annoyance from wind farm noise is also not necessarily borne out in
reality. Measurements of the outdoor-to-indoor noise reduction for a typical dwelling, with the
window open, show that the reduction is slightly lower than assumed by the guidelines, and varies

significantly with frequency. Measured low frequency noise and infrasound complied with all
criteria addressed in the literature with the exception of one. Reliable compliance measurements
are often difficult to achieve for wind farm noise, therefore it seems appropriate to adopt a
conservative approach in setting noise limits and predicting noise emissions.
https://www.acoustics.asn.au/conference_proceedings/AAS20 12/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

RECREATIONAL ACTIVITY

There is signposted walk, which also runs along part of a
western boundary of the proposed development and another walk which bisects
road which goes between T3 & T4 to the east.

There are 2 local walking groups using these walks on a weekly basis. There are also many locals and

more informal walking groups using this amenity. Therefore we ask why a noise 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
2 windfarms, the proposed wind farm and the permitted
on more than one side of their house. This would

amenity of their property as they would effectively be
from turbine noise etc. as they will be exposed to several all wind
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.

SHADOW FLICKER

We note in the PA0046 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 also like to see the correlation of relevant
flicker results as I have been unable to find this
As it stands we are not satisfied with the robustness of

02 AUG 2017
PROPERTY VALUATIONS

1.TR DATl 'ROM

the Board should ask Fehily Timoney W{yrthey ha1 dismt'

auctioneers assessment of valuation of pMnM e

We believe tha'

Mahony Smith
Cork. Fehily Timoney go on to state that the Keane Mahony Smith contribution has not been peer

reviewed or published. Our retort to this is that nothing produced by Fehily 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 offlippancy everything produced by Fehity
Timoney. However, as Fehily Timoney and Keane Mahony Smith are both professional and

registered companies we suggest that their findings should be treated with due respect.

Keane

S in

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 beside one or 2 wind farms (in this case one to the east and

one to the west) is of no consequence to the value 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 were 259 submissions against this development submitted to Cork County
Council. Later in the planning process there were in the region of a further 100 observations. The

Board knows better than anyone that this number of submissions is very significant in a national
context, for any type of industrial development. We can truthfully testify that almost everyone to a
man, woman and child in the vicinity of this proposed development who is not a stakeholder is
firmly opposed to it. We do not feel that this citizens representation has been given due
consideration and weight at any point of the process by either Cork County Council or the Board.



In all aspects of the EIS and RFI’s including the recently circulated information regarding property

valuations, FehilyTimoney have given no regard to the level of opposition to this proposal. To make
it clear to FehilyTimoney 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
lly
I

2020 targets and perceived Government renewable energy obJ

ignoring a large block of citizens’ genuine concerns which the{havdiMI

engagement with the planning process over a number of yea#. ' .t,
3V

PROJECT SPLITTING

rconcern

LTP nA?eR

It is our opinion that the strategy of the developer
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. I 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 European 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 being unverified. I 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 wintering snipe and 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. We are
extremely disappointed that CCC, ABP or F&T cannot take two lifelong 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 lodge a complaint with The European Ombudsman.

USE OF PROPOSED WIND FARM SITE FOR AMMENITY P

In APPENDIX 2 Revised CEMP for Barnadivane proposed
2, 1.3, The Site.

The applicant states “There are no recreational activitie

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 I 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 (Stakeholder) previously.

This sort of misinformation in the EIS has eroded any faith we had in its validity and we have found
misinformation like this to be common throughout. We are subsequently concerned as to why the

Planning Authority or The Bord seem to be apparently unconcerned when this misinformation is
pointed out by an ordinary citizen of the State of Ireland and no action is taken to rectify the matter.
In the above situation, the applicant has succeeded in putting misinformation 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 t 1e SIte

Zone of Theoretical Visibility are Incomplete

Visual impact of cutting of site

Visual impact with regard to human environment not prop :rly assessed

dramatically alter the receiving wTaIntroduction of such a significant industrial installation will

landscape

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). 1 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.

/
II

PLANTING PLAN

We just wish to reiterate what we have already said in this
years’ experience in the industry managing garden centres
landscape designer and hort teacher, I wish to state that
unworkable, inadequate and pointless. It appears to be the work

errors, misinformation, parts of it are senseless and demonstrates a mind

engage with the requirements of the brief. It is not possible to be more negative about
plan. I refer The Board back to my initial submission in this regard where I give a more detailed
analysis of the plan.
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I am therefore mystified as to why the inspector or The Board made no reference whatsoever to the
planting plan or my submission.

Does ABP therefore think that the planting plan had 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 be put before The Board for adjudication and cannot be cobbled together and

agreed afterwards with the 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.



E.ON Energy Research Center

FCN I Institute for Future Energy
Consumer Needs and Behavior

FCN Working Paper No. 3/2012

The Impact of Wind Farms on Property Values:
A Geographically Weighted Hedonic Pricing Model

Yasin Sunak and Reinhard Madlener

May 2012
Revised March 2013

TIME
BY

02 AUG 2017
LTR DATED

L _ FROM
PL

Institute for Future Energy Consumer
Needs and Behavior (FCN)

School of Business and Economics / E.ON ERC

llWIH



fcn Institute for Future

Energy Consumer Needs
and Behavior

FCN Working Paper No. 3/2012

The Impact of Wind Farms on Property Values: A Geographically Weighted Hedonic
Pricing Model

May 2012
Revised March 2013

Authors’ addresses:

Yasin Sunak, Reinhard Madlener
Institute for Future Energy Consumer Needs and Behavior (FCN)
School of Business and Economics / E.ON Energy Research Center
RWTH Aachen University
Mathieustrasse 10
52074 Aachen, Germany
E-Mail: YSunak(aeonerc.rwth-aachen.de, RMadlener(g)eonerc.rwth-aachen.de

AN Bo==T=mTIME
BY

02 AUG 2017
LTR DATED’FROM
PL

Publisher : Prof. Dr. Reinhard Madlener
Chair of Energy Economics and Management
Director, Institute for Future Energy Consumer Needs and Behavior (FCN)
E.ON Energy Research Center (E.ON ERC)
RWTH Aachen University
Mathieustrasse la, 52074 Aachen, Germany
Phone: +49 (0) 241-80 49820
Fax: +49 (0) 241-80 49829
Web: www.eonerc.rwth-aachen.de/fcn
E-mail: post_fcn@eonerc.rwth-aachen.de



The Impact of Wind Farms on Property Values:

A Geographically Weighted Hedonic Pricing Model

y. Sunak'' and R. Madlcncr

Institute for Future Energy Consumer Needs and Behavior IFC-NI

School of Business and Economics E.ON Encrg\

R\\’TH Aachen Univcrsit\-. \lathicl

52074 Aachen. Gcrnran\-

Revised \crsion. March 2013

ABSTRAC-T

IFind power is the most important rent’\table energY source in ntan}- countries today.
characterized bI a rapid and extensive di.t:tilsion since the 199 t>s. Hove\er, it has also
triggered much debate \\it it regard to the impact on tundscape and vista' Tlrcrt’.fore,
siting processes of wind .farm projects are tIt-ten accompanied by massive public

protest, because of visual and aural impacts on the surrounding area. These mobIl)
negative consequences might be re}lected in property values and house prices. The aim
of this paper is to in\estigate the impacts of' \rind .t-arms on the surrounding area
through propeR\ \-alIIes. hI means of a hcdonic pricing model, using both a spatial
tixed (viewshed) effects (accounting .for spatially clustered unobserved influences) and

a Geogruphicall\ \\’eightcd Regression model (accounting 'for spatial heterogeneity).
The anal\sis is the first of its kind undertaken for a local region in Continental Europe
I North Rhine-\\’estphalia, German! ). \’ievsheds are calculated for each property using
a digital surface model. Focusing on proximity tmd visibility qf.{icts caused by \rind

farm sites, \re tlnd that proximih’, measured by the in\-erse distance to the nearest wind
turbine. indeed causes signifIcant negative impacts on the surrounding property values
Thereb\-, local statistics reveal van-ing spatial patterns o.f the coe.{Potent estimates
across and within the citv areas and districts. In contrast, no evidence is found for a
statisticall\- signi ncant impact of the visibility of the wind .farm turbines.

Keywords: \Find po\ver. Hedonic pricing. Spatial fixed effects. Geographically
\Vcighted Regression

JEL Classification: C-3 1. Q2. Q42, R3 1
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1. INTRODUCTION

Against the background of climate change and increasing concerns about security of
energy supply. the expansion of the renewable energy supply and the substitution of fossil
fuel-based energy sources have become key topics on political agendas world\\’ide. 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 substantialjy increased in manv countries since the 1990s.

Although the further expansion and promotion of renew’able energies is crucial with regard to
a substantial transition to a more sustainable future energy mix. reneu'ablc energy projects.
just like conventional ones. often trigger public concern and resistance.

In Germanv, considerable gro\\lh in the share of renewable energies is attributable to the
introduction of the ,'Icf of Gr,llltillg Priorit\ to the Rene\table Energy Sources (Erneucrbarc-
Encrgicn-Gesctz. EEG) in 2000, amended in 2004, 2009, and 2012 (EEG. 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 tadfts guaranteed over 20

years. had a substantial impact on the speed and extent of the diffusion of rcncu'ablc energy
technologies. Particuldrlv. the wind energy sector in Germany sa\\' a rapidly increasing
contribution. with a total of 22.297 installed wind turbines (onshore and offshore) and an

installed capacitv of 29,075 MW by 2011 (Figure 1 ). Although wind energy dlrcady accounts

for the highest
growth rate of
electricity con
(BMU, 20 12 ),
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FIGURE 1

Development of the wind energy sector in Germany. 1990-2011
Source: BYIU (2012). on-n illustration

' n’ind energy accounted for 38.1?'.. biomass energy for 30.3%. hydro power for 16.0':'b and photovoltaics for
15 ,60 b of the total amount of electricity produced by the rene\\’able energy sector in 201 1
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The heavily promoted expansion of renewable energy technologies is mostly justified by
referring to the advantages and benign attributes associated with them. In the case of wind
pon-cr. these attributes are. c.g., a ''green-’ and in particular CO:-free energy generation

without fuel costs as well as reasonable land consumption (Ackcrmann and S6der. 2002:
Vlan\veII. et al.. 2009. pp.443-++7: B\\’E. 2012). However. not only advantages and positive

effects are associated with u’ind farm sites. Firstly. the amount of electricity produced is to
some extent unreliable and unpredictable due to unsteady u-ind conditions. Secondly. the hub
heights of wind turbines. both newjy constructed and after repo\\’cring=. have been increased
over the last years in order to further raise efficiency (Junginger et al.. 2005: Sieros et al..
2012). As a consequence. the upscaling of n’ind turbine naccllcs to heights of 100 m and
more. and corresponding blade diameters. has led to a substantial change of landscape and
\’rsta

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 retlcctcd in property
values and housing prices. Public debates acconrpanying 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.
“NINIBY-' (Not in VIv Backyard) attitudes become increasingjy virulent (Wolsink. 2000: van
der llorst. 2007; \Volsink. 2007). However. with decreasing
decisions. the sound and transparent estimation and
impacts and other acccptance-biasing aspects should play a
process. in order to mitigate public protest and related
(external or internal) project costs.

The aim of this paper is to investigate the impacts of \\'
through property values, by means of a hcdonic pricing
(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.5 Since spatial fixed effects models have been applied to
the case of u'ind farm effects before (c.g. Hcintzclman and Tuttle. 201 1 and Hoen et al.. 2009.

2011 ). \vc improve upon the already applied methodologies in the literature. investigating the

- Repo\\-cring is the replacement of older turbines in favor of ne\\- and more efficient ones. u-hich most often
also have a higher installed capacity (Vladlcner and Schumacher. 20 11 : Sieros et al.. 2012).

3 Visual impacts comprise general visibility and shado\\’ nickcring effects (.'\lvarez-Farizo and Hanley,
2002 )

4 Aural impacts refer to turbine noise and sound pressure (Rogers et al.. 2006: Harrison. 201 ! ).
' The three spatial fixed effects model specifications are varying according to their geographical scale. n'here

smaller scales of the axed effects allow- for tighter control with regard to omitted variable bias (Hcintzelman and
Tuttle. 2011 ). The spatial axed effects included in our analysis are fixed city effects. axed cjty 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 vic\v on the facility by means of a fixed vicwshed effect model

specification. Controlling for visibility effects \\'i II 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) techniqucs6. which allow' for an accurate derivation of vicwshcds7 for each property in
a 3D environment on the basis of high resolution geodata.

In a second step. \vc additionally apply a G\VR 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-stationaritv on the estimation results. To the best of our

knowledge. there is no other hedonic pricing analysis applied to u’ind farm impacts yet that
specifically adopted a (i\VR approach in combination to other regression techniques in order
to cnrphasize 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
pricing 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 vic\v. using survey-based approaches (e.g.
Kn)hn and Damborg. 1999: Wolsink. 2000: Alvarez-Farizo and IIanlcy. 2002). The number
of studies that aim at quantifying economic impacts of \rind 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 (e.g. IIoen et al..
2009; Canning and Simmons, 2010)8. to our knowledge there are only a few analyses in the
peer-reviewed literature so far (Sims and Dent, 2007: Sims
2010: lleintzelman and Tuttle. 2011: llocn et al. 2011 ). \\
follou'ing.

Sims and Dent (2007) investigated the impact of a
house prices, using a hcdonic pricing approach and
straightforward OLS regression. they found some
farm and property values. Due to data limitations. the ov
explanatory power.

Sims et al. (2008) modeled the impact of wind farm proximity to houses for a region near
Cornwall. 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. Hon’ever, the hedonic
analysis, in which standard OLS regression techniques were used. showed no significant
impacts caused by the wind farm

6 GIS soa\\’are is a powerful tool for enhancing the spatial precision of estimation techniques. \\’ith the
capability to capture, store. manage, analyze. and display space-related information. GIS soft\\are systems are
frequently used for underpinning hcdonic pricing models. In this context. implementation possibilities are quite
diverse, such as analyzing spatial heterogeneity (Geoghegan et al., 1997) or developing Digital Elevation Models
( DEM), in order to apply visibility analyses (Paterson and Boyle. 2002: Lake et al.. 2010)

\’icu'sheds display areas of land, u-ater. or other environmental elements that are visible to the human eye
from a fixed vantage point (in our case the considered properties). The visibility of a large-scale u-ind farm in the
close vicinity of a property might have a significant impact on its value.

b There is also research on the impact of u'ind farm proximity. applying a simple quantitative approach
( Sterzinger et al,, 2003), and published in the form of project reports. Stcrzinger et al. (2003) compared property
transactions within a n\-e-kilometer radius around the site, using a group of comparable control transactions
outside of this range. but u-ithout controlling for other factors explaining property prices.

[4]



Laposa and \4tiller (2010) examined the impact of n’ind 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 hcdonic 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 Ne\v York.
US, by means of a axed effects hcdonic pricing model. Heintzclman and Tuttle (201 1 ) found

that nearby \and facilities can significantly reduce property values. Decreasing the distance to

the u'ind farm to one mile indicated a property price devaluation of bet\\’cen 7.73(?/o and
14.87?',. In addition, they controlled for omitted variables and cndogeneity biases by applying
a repeat-sales analysis.

In a peer-review’cd and published version of the llocn et al. (2009) project report. llocn ct
al. (2011 ) investigated 7.459 sales of single-family houses surrounding 24 wind farm sites in

the t’S. They applied various he(ionic pricing model specifications. using spatial axed effects
to account for spatial dependence and spatial

inlpact of \’ie\v and distance to the site. Overall. the)
on property sales prices.

rablc I provides an o\’cr\’icu’ of selected hcdonic
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As most of the hedonic pricing studies on u'ind farms n’ere 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 u'ind farm near the German cities of Rhcine
and Neuenkirchen in the federal state of North Rhine-Westphalia (NTRW). 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 hcdonic pricing model and the
estimation techniques applied. Furthermore. section III presents the dataset and the
description of the estimation variables. Section IV reports on the results obtained from the
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different model specifications. Section \’ concludes and also draws some attention to future
research needs.

II. THEORETICAL BACKGROUND AND 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 u'hosc value is. therefore. not revealed in market prices

(Tietenberg and Lcsi\v, 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 either stated or revealed. Stated

pre.+brence nret+rods . such as contingent valuation or choice modeling. are based on practical

sun;cy techniques. essentially investigating the willingness to pay (\\'-TP) for obtaining a
particular good (Kristr6m. 2002: Bateman. 2010: Tisdel 1. 2010. p.203: Krueger et al.. 2011 ).

Alternatively, revealed pl'qf-et'ence methods rest upon the assumption that individuals

:::::T::I:11: ’; brJ.:A,i',:':Hmm”m
pricing method. I

Rosen ( 1974) pioneered the economic formalization

earlier studies tackled the approach of implicit
relationships between air quality and housing values (

to Rosen ( 1974), hcdonic pricing models seek to
differentiated product that is characterized by a bundle of zz

hedonic JUnction, therefore. results from the market interaction of demand and supply.
Product differentiation implies the availability of alternative bundles, so that in market
equilibrium p equals each consumer's bid for the differentiated product (Rosen. 1974).

In the field of environmental economics. hcdonic 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 disamcnities) and environmental (e.g. noise levels, air quality, and vista)
attributes

Ilcdonic studies show a wide range of application fields. Commonly, they are used for
investigating air quality (Nelson, 1978; Kim et al., 2003; Chay and Grcenstone. 2005), water
quality (Steinncs, 1992: Leggctt and Bockstael, 2000; Poor et al., 2007). noise (Espcy and
Lopez. 2000: Theebc. 2004; Baranzini and Ramirez, 2005: Dckkers and van der Straatcn,
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

Rosicrs. 2002). While the number of studies on the impact of renewable energy technologies.
including \and farms, has been rapidly growing in the past, to date only few peer-reviewed
articles exist in the scientific literature

[6]



III.HEDOXIC

Estimation methods

An attempt to estimate the impacts of \v-

pricing stud\’ has to take into account the possible bias caused by model misspccification.
particularlv 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
\viII likely be biased and. therefore. unreliable (C'hay and Grccnstone. 2005: Grecnstonc and
Gavcr. 2009: Kuminoff et al., 201 0).

The unobserved variables bias can directly be addressed by applying a spatial fixed
effects model specification. Spatial fixed effects basically capture spatially clustered
unobserved inHuences in the considered study area through incorporating a set of dumm)

variables. c.g. representing city districts of thc study area. According to this example. the
axed citv district effect n’ill then implicitly absorb all unobserved factors within the defined
geographical scale of this fixed effect. IIowc\-er. 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 (Hcintzelnran and Tuttle. 2011 ).
Therefore. a higher level of control for omitted variables. i.c. a small geographical scale of the
fixed effect. results in less variation in the explanatory variables due to the limited scope of
the fixed effect (licintzclman 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 axed effects in terms of capturing spatially
clustered unobserved factors

Accompanied by spatially clustered omitted variables. \vc have to be aware of spatial

dependence and spatial heterogeneity. Spatial dependence refers to dependencies among
spatially contiguous observations within the dataset which cause spatial autoconclation
(Anselin and Getis. 2010). Thus, based on Toblcr'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 error terms.9 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

q For further details on the spatial lag and error model see e.g. Anselin ( 1988).
[7]
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less rigid and more flexible structure on spatial relationships b
variables (Kuminot’f et al.. 2010).

The hedonic pricing model in a spatial nxcd effects and a

given by:

In PIT, = ar + ,;„ + IT':;./7 + Si.,y + XI,., J+/7;, '+- q., . [1]

u-here pg, is the sales price of property / in group ] at time f. a/ represents the spatial axed
effects. i, denotes the set of time dummy variables (month and year), III,, represents the wind-

farm-related variables, S,1, describes a set of structural variables. 'V,-,, denotes the neighborhood
variables, Ill, and c„-, are grouped and individual-level error terms. and p . i.' as u'ell as i are the
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. 11

From large to small geographical scale, the first three group the observations u'ith regard to

their location in one of the cities (2 groups). in one of the city districts (4 groups) and in one
of the cadastral districts (39 groups). In a fourth spccincation. the axed viewshed effects
model, \ve group the observations according to the number of visible turbines ( 10 groups).
Compared to the three spccincations first mentioned. the fixed vicu'shed effects are not
deduced from administrational structure, but rather from an underlying spatial structure. The
fixed vicwshcd effects 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

visibilitv, shadow flickering effects and aural impacts. Therefore, applying the fixed \’icu-shed
effect spccincation. 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 \vc should be aware of. Spatial
heterogeneity 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 ct

al., 2002, p.9). There might be various dependencies between spatially nearby observations.
so that spatial relationships may vary across the considered study area. We address one form

of spatial heterogeneity again by using spatial fixed effects. Furthermore, we explore spatial

heterogeneity in our dataset by means of a GWR, as this approach allows for a comprehensive
view on spatial relations providing local statistics.

1 0

"’ \\c 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: Heintzclman and Tuttle, 2011 ).
which allow-s 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-clasticitics if the varIable
does not enter in the log scale (Gujarati and Porter, 2009. p. 162). In the case \there the independent variable is a
dunlmy 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)

1 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 G\VR provides

separate. local rcgressions for each observation. instead of generating a single. global
regression. Therefore. it is possible to account for different local relationships. weighting each
observation adapti\’ely.

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

In pH = FiT:/?( 1/ 1 . 1’: ) + S .7(II. . 1) ) + ,V1,d(z/; . II ) + (, . [2]

where (Ii,.v,) indicates the coordinates of the 7th observation. Again. following Toblcr ( 1970).
the G\\’R has to be calibrated in a n’av that observations near to observation i have more

influence on the estimation of the parameters (BLu ix ,) . ;'(I1,. 1’,). aCu,'. I-,)) than data located
faITher au’av from F. The calibration of the model is

or adapti\’ely nttcd to the spatial distribution of th'
illustrates a spatial kernel and a G\VR with adaptive

14wr

barxlwldth

a
––+––r

X regressIon poInt Wb IS tho weIght of data poInt yat regressIon mInt I x regressIon poInt
• data poInt dj is the dIstance between regressIon poInt I and data poInt / o data point

FICiL:Rl'. 2

A spatial kernel and a GU-R \\-ith adapti\c spatial kernels

Source: Fothcringham et al. (2002 ). pp.44 and 47

The estimation of the parameters for each location depends on the particular u'cighting
function chosen in order to capture the spatial differences in a certain area. According to the
weighting function and its band\\-idth. the u’eight of the data point w',y decreases with
increasing distance to the regression point di,. 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 i n’hh a bi-square dec:a)
function. !! Following Fothcringham et al. (2002 ), p.58, that is.

]: \\’e are a\\-are that the appropriability of the _\’th-nearest neighbor u'eighting is an empirical matter. as this
is a nonparamctric approach. forcing each observation to have the same number of neighbors (Anselin. 2002).
IIon-ever. accounting for spatial variations in the frame\\'ork of a G\\’R. the Nth-nearest neighbor weights
provide a straightforu'ard method capturing the 'bump of influencc' around f. 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,, 'b)= ]- if / is one of the Nth-nearest neighbors of f and

b is the distance to the Nth-nearest neighbor
0 other\\’isc.{

[3]

The determination of the weighting function and optimal bandwidth selection u-as
obtained by minimizing the corrected Akaike Information Criterion (AIC.) (Fothcringham et
al.. 2002. p.61 ).

In summary. \vc address spatial autoconelation caused by spatially clustered unobserved
factors and spatial heterogeneity in the sense of spatial non-stationarity using various spatial
axed effects model specifications. Additionally. we emphasize the relevance of spatial

heterogeneity through the application of a GWR. \Vc
locally varying relationships. exposing additional
statistics compared to global rcgressions.

The data

Investigating the impact of a \and farm site on
focuses on property sales within an area of 1 19 km: in

NR\\7. including parts of the city of Rhcine and the city of Ncuenkirchcn. Both ci lids:
two city districts in the case of Rheinc (X{csum and llaucnhorst). 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 tou'ns.13 in 201 1. a
population of 26.900 lived within d radius of about 5.5 kilometers around the site.

As Figure 3 illustrates. the considered study area contains two cities (the city of Rhcinc
and the city of Ncuenkirchcn). each consisting of two city districts. C-ity districts of Rhcinc
arc Mcs;um and Haucnhorst, and Ncuenkirchen (city area-) and St. Arnold in the case of
Ncucnkirchcn. 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.c. 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 un the specification of the \\ eight rnatrices in spatial anal) bib. For
a detailed discussion on the construction of u'eights see e.g. Smimo\- and Anselin (2001 ) and Anselin (2002).

13 The definition of to\tn-size categories for German cities is taken from Bahr and Jargens (2005). According
to their categorization, ton-ns with a population of about 2,000 to 5.000 are small rural towns. cities u’ith 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 colnprising more than 100.000 inhabitants
Rheine is a medium-sized to\yn with an overall population of about 76,500 in 2011 (IT.NRW, 2012). In 2011.
V[csum's population u’as about 8.400 and Haucnhorst had about 4.500 inhabitants. Neuenkirchen is a small-
sized town with about 14,000 inhabitants in 2011 (IT.NR\V. 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
northerjy direction

[10]



of 1.5 M\\F. have hub heights of 100 meters and rotor sizes of 77 meters. Particularly in view
of the fact that this area of northern NR\V is very flat regarding its relief. with an average

altitude only varying between 30 and 90 m above sea level, the u’ind farm substantiallv
influcnces the landscape. Figure 3 illustrates the study area and the location of the u’ind farm
sltc
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FIGURE 3

Study area
Source: C)un illustration. based on data provided by the Gcodatcnzcntrum NRW {20 11 )

Property market data for the tu’o cities contained 1.405 property sales within the period of
1992 until 2010 and was provided by the Expert Advisory Boards (GIlt uchteruusschiisse) of
the federal district of Stcinfurt 14 and the city of Rhine. The dataset included the sales prices
of the properties. lot sizes. sales dates. and the address-based location. All property prices in

the dataset \vere deflated by the Gcrnran Construction Price Index. published bv the Gcnnan
Federal Statistical Office. with 2005 as the base year. I' The distance of the observations to the
\rind farm site ranges between 945 m to 5.555 m. so that. compared to other hedonic studies
(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, u-ind farm announcement
and construction

A major difference to most of the hedonic pricing studies in the literature is the usage of

availability issues and privacy restrictions of address-based house price data in Germany.
Nevertheless. we assume that properties are like\\-ise suitable for conducting a hedonic pricing
study, as their values are also sensitive to changes in the surrounding location. Only the

16

property values, i.c. prices of parcels of land. and not house prices. This is mainly due to data

4 Rhcine and Neuenkirchcn arc 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:,.,"mvu-.dcstatis.de E\,FactsFigures Indicators ShortTermIndicators Prices bpr
110.html (accessed January 14. 2012)

f’ Re-sales u-cre 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 land (separated from prices for homes)
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selection of the (structural) variables differs. compared to hcdonic pricing studies using house
prices. 18 Furthermore. in our stud\’ \ve only consider developed and undeveloped properties
for residential utilization.1- The regional land use. such as residential utilization. is defined in
the regional development plan.

T'\BI.E 2

Sununary statistics - PropeR)’ sales in the study area. 1992-2010

Pcrcentgi c

Fotal no. of observations 1 .405 100.0

CitY of Rheine
Citv district Haucnhorst
C-itv district \'Icsum

690
220
470

AN BORn FA
TIME jbt

02 AUg 8 p17
IAA"LTR DATED

85.6PL

City of Ncucnkirchen
CitY district Neucnkirchcn (cit\' area)
City district St. Arnold

715

159

1 .202
203
724
68 1

872

l-otal sales
I-otal re-sales

Pre-announcement
Post-announcement
Pre-construction
Post-construction

48.5
62, 1
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 \and farm presence in
different u’avs. First of all. the set includes Euclidean distance measurements as the most

commonly used proxies of u’ind farm effects.al We used the inverse distance from each
property to the nearest wind turbine, which also allowed for the consideration of the date of
construction.21 Besides the inverse distance measure from each 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 ( Ilau, 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

1b Hcdonic 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, u-hich 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,
u hereas more emphasis has to be put on neighborhood variables. capturing locational attributes,

1- in comparison to an untilled parcel. u-e include four t)pes 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

In All distance variables, also those that u-cre used to capture general neighborhood features. \vere calculated
using GIS software. \\’c used the ESRI ArcGIS Desktop software package ( Version 9.3. 1 ). including the Spatial
Analyst Tool. Spatial Statistics Tool. and the 3D Analyst Tool.

LTsing inverse distance measures to the nearest turbine. the measured values increase with decreasing

house

distance. Note also that values for property sales with sales dates before the turbines’ existence measure the
inverse distance to the next existing u'ind farm in neighboring regions at that time
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diameter and the positions of the sun during a day. Identifying the affected areas. \ve n’crc
able to determine the temporary presence of shadow flickering effects for each property

during the year.:: in this context. \vc tested a simple dummy variable as u’eII as a variable that
explicitly takes into account sha(lou’ flickering caused by multiple turbines.

FABLE 3

Descriptive statistics

Variable Units

In in

dummy

dummy

dummy
dummy

dunlnrv

dummy

dummy

d ummv

dummy

dummy

classes

classes

dUInnr\-

dummy
In f
In m?
dummY
dummv
dummy
dummy
dummy
In in
In nI
In nI
In ni
In nl
In in
In Ill
classes
In nI
In rn
In nI

Mean Std. dev. \lin \lax
In Inverse It’ind f-arm distance
Distance 0,S - 1 km

Distance 1 - 1.3 km

Distance 1.5 - : km
Distance : - :.5 kIll
Distance :. S - 3 km
Distance 3 - 3,i km

Distance i.5 - + kIll

Distance + - 4.5 km

Distance 4,5 - 5 km

Shadow flickering
Shadow flickering (no. of turbines )
\lsibilit\ ( no, of visible turbines I

-9.26

0.OC

0.0

0

r6

r04re

LH
\\'ind-farm-

related

o. 09

o.03

0.08

0.29

0.45

0.38

10,43

6.18
0.00
0.55
o. 1 7

0.02
0.02

-6.83

-6,28
-7.36
-6.41
-5.29
_5.25

-2.48
1.07

-7.53
-6.85
-6.40

0.18

0.47

o.99

0.50

0.49

0.84
0,70
0.07
0.50
o.38
o. 15

L).15
1.12

0.60
0.88
o.60
0.90
0.89
0.42
0.38
1.28
0.74
0.73

()

0

O

0

4.34
1.10

O

0

0

0

O

1,28
-7.45
-8.56
-8,01
-6.5+
-6.72
-4,53

1

-8.91
-7.72
_7 52

3

9

1

1

12.59

9.83
1

1

1

1

1

2 30
_1 52

-3.71
-4.25
2.30

-2.11
-0.02

S

-3.54
-3.47
-3.23

'tnnounccmcnt effect

Constn+ction effect

In p
In L€>1 size

IT'are rfir)nr

T\-pe single-f-unlilv house
Tvpe duplex house

T\-pc rt)v house
Type nrulti-faIntly house
In CBD

In Supermal-kc’t
In C(>nlmel'ciu I area
In Schot)I
In Forestland
In Major road
In R€>dd

Street noise
In Railroads
In TraIls III issit in line
In Lake

Structural

Neighborhood
Spatial

To measure the visibility of the wind farm site. u’e calculated vicwsheds for each
property. \’icwshcds refer to the visible area from an observer’s pcrspccti\'c. 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 vie\\’. The view of a certain feature
in the landscape might be hindered by heights, slopes, vegetation, or buildings. In order to
calculate view’sheds as precisely as possible. \ve applied a digital surface modcl2' with an

-- \Vc consider properties as impacted by shadou' 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 u-eII as the z-value. referring to longitude. latitude, and height. The surface model for the u-hole study regions
[13]



accuracy of one meter, which \vas provided by the Geodatcnzentrum NRW.:4 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. \vc were

able to conduct a \-iewshcd analysis using the ESRI ArcGIS Spatial Analyst and 3D Analyst
tool. Figure 4 illustrates the results of the \’icu'shed analysis, indicating the areas u'ith a view‘
of the wind farm. Overall. for 128 properties in the dataset at least one turbine u-as visible.:5
The calculated viewshcds n’ere used to specify the fixed \’iewshed effects model described in
the estimation methods subsection above.
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FIGURE 4
Visibility anajysjs

Source: C)\tn calculation ,md illustration. based on data provided by the Gcodatcnzcntrum NR\\' (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 construction ( August 2002), respectively.

Substantial aural impacts of wind turbines that result in an increase of the dB-level above
the average ambient noise level in urban or semi-urban regions:6 are only measureable within
the immediate vicinity of a turbine of about 350 m (llau. 2006: Rogers et al., 2006: Harrison.

consists of about 120 million data points. For reasons of data operability, the multipoint surface information \vas
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. \Ve are
an'are of the suggested potential inaccuracies using predicted \’iewshed pointed out in the GIS literature {Vlaloy
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, which, dependent un the data resolution. might produce inaccuracies. Howe\ cr. \\ e do bclie\c that in
our case a sufficient degree of accuracy of the vieu'shed 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

:4 The Geodatenzcntrum NRW provides geodata on the basis of the ordnance sun-cv. Available online at
u-\\-\v. geodatenzentrum.nru'.de/ (accessed November 2. 2011 ).

:’ The visibility analysis only included properties that \vere sold after the construction of the \and hrm
:6 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, respectivejy (1-lau.
2006)
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2011 ). As in our case the shortest distance to a property is 945 m. aural impacts are not
considered

The structural variables. such as the sales price. the lot size. and the four types of
development statuscs of the properties. u'ere directly taken from the property sales dataset
provided by the Expert Advisory Board. We investigated the impact of different development
statuscs. compared to an undeveloped. untilled parcel. The waterfront variable \vas derived
using data services of the Topographic Information Management of the federal state of NR IV
(Topographisches Informationsmanagement NR\V).: \lost importantly. u-e 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
disamenities in the surrounding area. e.g. shopping opportunities or proximity to the road
network. Data on the nejghborhood features and their location u-as obtained from statistical

offIces on the state. district. and CitY level.:8 Commonly used data on neighborhood variables
such as crime rates, uncInploymcnt or income distribution n’as only available at the city

district level or even city level. As these variable
city districts (or t\vo cities). effects are implicitly
dummies.

IV. RES

In this section. u’c firstly discuss the rcsul
effects model specifications. focusing on the
further investigate wind farm proximity and \'isib

Spatial fIxed effects

Table 4 provides an oven’icu’ of the estimation results obtained from applying different
spatial fixed effects spcciHcations.

According to the overall model performance. \vc find that all four spatial fixed effects
specifications perform very \veII with regard to the adjusted R2 obtained.:9 The spcciHcation
with the tightest controls for spatially clustered omitted variables, the nxcd cadastral district

specification. performs best. Overall, we obtained mostly consistent results across all
specifications regarding the expected signs.

We use a step\Use procedure of introducing the wind-farm-related variables in order to
prevent multicollincarity. particularly in the case of the different distance measures.

: Available online at http:''www.tim-online.nr\t,de tim-online'nutzung’index.html (accessed February 2.
2012)

! The data u-as obtained upon request from the federal statistical offIce of NR\V. the federal district
administration of Steint'urt and the cjty administrations of Rheinc and Neucnkirchen

:- \\’e tested for autocorrclation. multicollinearitv and heteroskcdasticity by applying the Durbin-\\’atson test.
variance inflation factor (VIF) and the \Vhite test. respectively,
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TABLE 4

Estimation results for the different spatial fixed cffecl/s , PL
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+. ** and *+* indicates signiHcancc at the 1 o'? b. 5o’b and 1 ub levels. respectively
; Following the regression procedure of Hcintzclnran and Tuttle [:011), the n'ind-famr-related variables (in Inverse H-ind farm
distance, Shadow .flickering. Shadow pickering (no. of' turbines). Announcement effect and Consnrrction effect) \vere included
individually to the set of structural, neighborhood and spatial variables. Tbe set of the nine distance variables \vere included jointl}

Because of high consistency in the estimates for the structural. neighborhood and spatial variables. nz have taken the coefTicients from
the in in verse lt-illdfalrn distance regression representati\'ely. In the bottom part of the table \re present the ranges for the adjusted R
and the Alt-=. respectively.

Regarding the u’ind-farm-related variables, most importantly, the inverse distance to the
nearest turbine is negatively significant across all models. Therefore, a 1% increase in the
inverse distance (i.e. a decrease of distance to the nearest turbine) decreases the property sales

price by -.047% to -.098%.'I) Taking into account the different geographical scales of the
fixed effects. tighter controls lead to less significance and lo\ver coefficients. confirming the

'f1 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 ''a decrease of distance to the nearest turbine
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mentioned tradeoff between control for omitted

effect model yields the highest coefficient (-.098 at the
distance variable. Therefore. controlling for visibility

proximity measured by simple distance.

Further. investigating the distance to the u
variables. negative u-ind farm impacts are mostly detectabl8
first 1.5 km around the site. lience. within the first kilometer around the

decreased by 21.5cli to 29.7':/. according to the cstimations. In case of the Hxcd cadastral

district model. the estimate of -29.7 qb 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 locl'a level in the
case of the fixed city effect and fixed cadastral effect model (-15.3 and -17.5. respectively).
The negative impact u-ithin 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% signiHcancc level only.31
Based on the shadow flickering variables. the estimates hardly allow’ a clear

intclpretation. The coefficients of the shadow flickering dumnry are quite diverse across the
different spatial fixed effects models. ranging from -.022 to -.157. Furthermore. the estimates
onIY became signifIcant in the fixed city effects ( at the 5(?’b level) and fixed view-shed effects

(at the Iq'a level) model. respectively. As the measurable effects 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 cocfncicnt in the
nxcd vicwshcd effects model. might be that, in essence, the shadow flickering dummy is quite
similar to a small-scale distance dummy. The same argumentation applies 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 citv district effects and fixed cadastral district effects
model specifications. Despite a small negative effect (-.077%) at the 10% level in the fIxed
view’shed 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. nth significance levels of 1% (fixed city district
effects) and 10% ( fixed cadastral effects), respectively. Thus. properties that \vere sold after
the construction of the wind farm showed price decreases between 10.8% and 1 1.9%. Despite

the different significance levels, there is evidence for a negative construction effect,
particularly as we used time dummies for years and months to capture annual and seasonal
\-arratlons

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 19%. Positively related to the property

prices is also the development status compared to an undeveloped or untilled parcel

Le

It

V

t r1 (=

rlces

'1 \otc that the number of transactions within each 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 fen- transactions. therefore. implying a limited interpretabiIity. Table
A 1 in the Appendix provides an overview over the distance dummies’ statistics.
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The proximity to the city 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 forcstland \vas found to be negatively correlated to property values. with
significance at the 59’b level in the case of the Hxcd 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. n'hcrcas the proximity to roads is positively significant across all models. \Vhile the
proximity to a major road implies negative effects of high traffic density (in \Tuiol' road\. the
proximity to the cities' road net\\-ork indicates positive effects, such as a higher degree of
accessibility ( in Road) .

The proximity to railroads. which is also frequently investigated by means of hcdonic

pricing studies (e.g. Bo\vcs and Ihlanfeldt. 2001 : Thecbc, 2004). only appeared negatively
signinczmt in the fixed city effects and city district effects models (at the 1c)b and 10t?/, level.
respectively). L’sing axed cadastral district and axed vic\\’shed effects. the railroads variable
turned out to be insignificant and changed sign as u=11. In this case. the results obtained
barely allow for a clear interpretation.

No statistical evidence was found for the impact of p
lines, lakes as well as for higher street noise or the availabili

Geographically weighted regression

In a similar model setup. compared to specifications
specifically regarding the composition of the included \’aria
estimate local coefficients and significance levels for the two variables in Inverse \rind f-drIll

distance and \'isibilit\ (ilo. o/- visible turbines ) . The inverse distance to the u’ind 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 provided by the variable \’isibilit}
(no. of visible turbines) u’as used to specify the fixed \'ieu’shed 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 R2 (.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 tu’o 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
In\'erse \rind fUt'Itt distance . we can identify strong spatial variation within the study area. The
strongest impacts are located predominantly in N’eucnkirchen (city area) and not. as expected,

in areas which are in the immediate 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 stud)

area. particularly in \lesum. the inverse distance variable mainly becomes significant only at
the 10o’i level or even not significant at all. On the contrary. properties located in the u-est.
especially in Neuenkirchcn (city area) and St. Arnold. are negatively influenced with
significance levels at 196 and 5%. respectively. Properties in the immediate vicinity of the
u’ind farm (St. Arnold and Hauenhorst) are also significantly negatively affected (mainly at
the 5':b level). In the city district Neucnkirchcn (cjty area). ut can identify the strongest
significance. u'hercas the significance decreases towards the city center. Overall. the local
cstimations for the inverse distance to the u-ind farm provide evidence for a stronger negative
impact on the city ofNeucnkirchen than on the city of Rhcine.
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FIGURE 5

GWR model coefflcients (a) and significance levels (b) for variable in l11\-el'se \rind '.I'arm distance

Figure 6(a) maps the G\VR model coefficients for the variable \-isibilit\ bIO. of visible
turbines ) . Thus. negative coefficients are solely located in the immediate vicinity of the u'ind
farm site. As the properties in the close neighborhood to the site likely have an unimpaired
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vic\v on several turbines. these findings seem reasonable. But considering the local
distribution of the significance levels of the visibility variable (Fig1rrc 6(b)). no statistical
signitlcancc 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 u-ind farm visibility.
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FIGURE 6

G\\’R model coefficients (a) and signifIcance levels (b) for variable \'isibilit\- luo. tIf visible turbines )

In summary, the negative impact of n’ind farm proximity (measured 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, \vc found that
proximity effects vary substantially across and within the cities, contrasting the estimated
results of the distance dummy variables. The investigation of the local coefficients of the

visibility variable revealed that visibility has no significant impact on property values.
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V.

In order to investigate the impacts of wind
current public debates associated u'ith siting
pricing model to the property market of the two neighboring cities
in the northern part of NTRW. \Vc investigated u’ind farm proximity by means of different
spatial fixed effects model specifications. addressing spatial autoconelation through spatiall}

clustered omitted variables and spatial heterogeneity. and a local G\VR model in order to
further account for spatial heterogeneity caused by spatially varying relationships in the
underlying data. As many hcdonic pricing analyses investigating \and farm impacts focus on
distance measures as a proxy for wind farm proximitv. we also included variables capturing

potential shadow flickering and visibility effects. \Ve applied GIS techniques on the basis of
high resolution gcodata for the implementation of these vdriables.

\Ve used four different spatial fixed effects models accounting for the underlying
administrational and spatial structure of the study area. with a particular focus on a fixed

\’icwshed effects model specification. Comparing the models. the specification u-hh the
lightest controls for spatially clustered omitted variables performed best.

According to the estimation results provided by the spatial fixed effects regressions. there
is statistical evidence for a negative impact of wind farm proxinrity measured by the inverse
distance to the nearest turbine. Various distance dummies also indicated that negative impacts

are mainly limited to properties in the immediate vicinity within 1.5 km. Due to lower
significance levels of the distance dunrmy variables. local variations of coefficients and
signifIcance levels needed further consideration, Properties that were sold after the
construction of the u’ind farm showed lower values cornpared 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 vicwshed 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 u’cighting 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 Hxcd \'iewshed effects model specification. Against this
background. the results obtained by the fixed viewshed effects model remain ambiguous.

Nonetheless, fUrther investigation of \rind farm proximity and specifically visibility. also
combining global and local spatial regression techniques. is needed. particularlv to derive
general conclusions and reliable recommendations u’ith regard to the impact of wind farm
siting in Germany. As social acceptance aspects of the siting of energy facilities become more

important. especially with regard to the increasing relevance of decentralized energy supply
from rene\\’ables, research on external effects of these technologies is crucial.

Future research on the impacts of u’ind farm proximity should essentialIY 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 effects. and spatial weighting approaches. Further research incorporating local
statistics, such as the G\VR. alongside with established spatial models is needed. in order to
underline the relevance of geographical techniques in economics.

As local authorities are increasingly aware of social acceptance problems in Germany,
projects that involve civic participation in the planning process become increasingjy important
in order mitigate public protests. Therefore, it might be interesting to comparatively
investigate wind farm projects that were planned with and u'ithout civic participation by
means of the hc(ionic pricing approach.
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APPENDIX

FABLE .\ I
Statistics of the wind farm distance dummy variables

Total number of Transactions after
transactIons announcenlent

Distance dummies
Transactions after

construct lon

Distance fl.5 - 1 km

Distance 1 - 1.5 km

I)istdnce 1.5 - 2 km
Distance : - :.5 km

Distance 2.5 - 3 kIn
Distance 3 - i.i km

1)is lance i.i - 4 km

Distance + - 4.5 km

77

74

139

74

119

336

275

66

21

108

18

61

45

16

89

17

56

I)istanct’ 4.5 - 5 kn, 296

In Io/ si:c

It'd tclfi-out

Type single-family house

Type duplex ht)use

Type row house

Type multi-family house

In CBD

In Superlnarket
In L-nnnnerc idl II red

In Schtit>I

In Forcstlund

In Major road
In Road

Street noise

In Railroads

In Transmission line

In Luke

919

-.061

115

200

159

1 70

.oo 1

-.OO I

-.066

-.o 13

-,069

-.040

03 1

-. 139

-. 185

-.050

-.045

948

.011

145

.23 1

188

1 .056

.037

164

.:60

194

.341

.032

.074

006

-.008

-.037

-.006

.076

-.052

-.036

018

-.012

1.080

113

170

,271

] 99

.359

.065

089

. 023

.061

-,006

005

,088

-.042

020

071

004

1 .087

147

184

282

216

.428

.082

110

.036

117

012

.012

103

-,019

.044

189

022

006

.o 12

-.041

-,006
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-.024
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-.028
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Summary LTR DATED FROM

In the UK the cause of
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 wind 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.

amDlitude modulation le ability to predict its

Introduction

In the UK denial continues that AM is other than rare with reliance placed on a 2007
report prepared for Defra1 by the University of Salford which found low incidence of

' UK Government Deparlment for EnvIronment, Food & Rural Affairs
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AM (Moorhouse et al, 2007). Re-analysis of
were missed (van den Berg, 2009). We and
2009) have also found that the Salford report
we have now identified at least seventy UK
the cause of complaints. Many of the wind
situated in isolated locations with few residential neighbours.
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
measurements2. 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

2 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.

2



I
trough typically of 5dB and up to 12dB. Greatest
decreases in wind speed and occurring towards
speed and blade rotation speed. AM with a
The importance of measurement in the correct
time of day is again noted in Di Napoli (2011).
turbines generated significant AM. Impact from
AM pulses and low wind speeds at the immisston point.
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
(2012) 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 1 km from
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 (201 1).

Lee and Lee (2013) also found that 'at long distances from the wind turbine, the
amplitude modulation is hardly perceived in the upwind, downwind, 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)3. The differences in findings appear in part

J in general this agrees with many of our field measurements but is not always the case
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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
research

In summary the following assertions regarding the cause
factors can be made: I

I

11
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–> All turbines, including single turbines can cause AM. 02 ,
Trailing edge is the main source of noise on a turbine 4qqiQg, AM. FROM
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–> Meteorology affects propagation of AM.

–> Inflow turbulence caused by meteorological
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

4



decibel levels at distant receptors than atm
refraction. It is also clear from research ('
changes from upward refraction to downward
in sound speed with height, which in turn i
small changes in meteorology.

In their long term study Larsson and Ohlund
wind turbine noise at lkm of 6-14dB(A). At
meteorological effects from wind direction. ThI
must be taken into consideration starting at d
1000 m ... the enhanced AM sound is influ€

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 (201 1) 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
properties under worst case impact, often between 00:00 and 04:00 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 locations5 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 parameters

Low interference from the sound level meter floor, especially when undertaking
internal measurements, is critical 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,

4 These findings concur with our own field measurements which we have conducted over the last 7 years
' Those in excess of 500m
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preferably every 100ms6, 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 software7 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, corpplianee ohacl£s fre.qyently

understate the impact of AM and wind farm noise leadi@ to &MdMBdrPEvhN.ii- i
a

Findings in relation to field measurements ;

The following charts represent a small sample of the data .meqsured from a number i
of wind erIe;by developments in and around the UK.khbf©s presen@dlbelow ;
aim to provoke discussion on the various causes of AM'and_[[sq important issues
regarding psycho-acoustic aspects of AM perception.Weasuremen8 M._ . ,
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.

u / AUG 2017

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)

6 We have found no benefits uslng shorter time periods than 100ms and the large data handIIng requirement becomes an
Lmpediment.

For example, Spectral Plus.
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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 weighted 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.

dB Noise Data Graph . Deeping St Nicholas Wind Farm
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.
made approximately 1000m from the wind farm.
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Noise Data Graph - Red Tile Wind Farm
24th April 2009
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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 1 kHz 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 level.
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61

Noise Data Graph . Red nIe Wind Farm
24th April 2009
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Although the AM peak often consists of two or multiple
character and peak to trough difference is consistently in the region
Average sound energy spectral content is shown, in the top right hand graph, to be
dominated by 400Hz third octave band energy; however, the top 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 Pickenham Wind Farm, Norfolk, England

AM measured from this site, approximately IOOOm from the nearest turbines, is fairly
erratic. The chart below shows approximately 1 minute of AM with peak to trough
values typically of 4dB. The spectral content of the period is dominated by 400Hz
third octave 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 noise is more broadband in nature and could be Interpreted as more

9



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 specific frequency content.

dB

Noise Data Graph . North Pickenham Wind Farm
15th August 2009
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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
32 Om. closer than the majority of measurements presented. The mea: ments we

taken on the same night as those at North Pickenham }/Vin6iFWE)RD PI„E ANAL A

02 AUG 2017



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.

dB

55

Noise Data Graph . Swatfham turbine
15th August 2009
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Although a peak in the spectrum graph for the period is observed in the 1 kHz 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 1 kHz 125ms third octave band time
trace added. The lkHz third octave band energy follows the main shape of the
125ms LAeq trace but does not modulate to the same extent as the 40C)Hz and
500Hz energy, shown in the main graph, and does not contribute signIficantly to AM
peaks

Site C, D & 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
below were measured on three separate occasions in

at the sites. The three extracts
2012 I
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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
201 2
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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.
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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 ldB greater. The internal spectrum graph is shown in
the top right hand corner of the chart above8. 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

E

TIME BY

02 AUG 2017
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PI.

8 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.
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The 1 OC)ms 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.

Knabs Ridge Wind Farm, North Yorkshire, England

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 with the noise trace. Two distinct types of AM can be
heard and seen in this period, described as 'lashing' and 'thumping'.

dB CAR ON ROAD . SOME AM
THUMP DISCERNABLE

Noise Data Graph - Knabs Ridge Wind Farm
8th March 2012
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The thumping AM has a clear single peak with
octave band. Whereas the lashing AM sounds more
is a 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
several third octave bands. The
third octave band energy that is often
when examining the average spectrum
need to look at the spectrum during each peak.

Noise Data Graph - Knabs Ridge Wind Farm
8th March 2012
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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-
IOdB

’ The DTI report and Freedom of Information releases on the ren)rt COnfIrm thIs
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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 samp Xe from the middle of the above period. The expanded
100ms LJ\eq 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
10th June 2012
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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 levello

dB
Noise Data Graph - Kesslngland Wind Farm

28th June 2012
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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
cornrrion source. m)==u
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o The sequence of a strong pulse followed by a pulse lower in level 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.
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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
merged and heard as one sound event with two
example image below where for illustration
have the same sound energy emissions but one is
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Single uniform AM peaks of greater amplitude may occur when AM from the two
turbines is synchronised. These characteristics are considered to exacerbate the
impact

11 Ibis 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
23rd July 2012 -– :o: rCS LAeq I
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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 in 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 with
a constantly changing character.

Wadlow Wind Farm, Cambridgeshire, England

Located close to the A1 1 road, when there is a westerly 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 few other sources of noise in
the area. The site is located in eastern England, characterised by fIat 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 generally 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.
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On occasions a lower frequency thumping element to the AM sound is discernible
with significant contribution from the 100Hz third octave band and which at times
occurs as the peak subsides. Aural assessment of the sound in the field indicated
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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.
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Noise Data Graph - Wadlow Wind Farm
3rd April 2013
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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
IOOms traces for dominant third octave bands, whilst the 400Hz, 509Hz and 630Hz
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be seen to dominate certain AM peaks. ! TIME
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Cotton Farm Wind Farm, Cambridgeshire, England
U / All: r19nr7

AM has been measured from Cotton Farm on two occasIons,
recently become operational. On 3rd April 2013 AM was meal
turbines under downwind conditions at a distance of 1200m from the nearest turbind
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.

LFR DATI IN
:hq wind

3 thw©aLQnrl

Frequency dorninance within the peaks varied such that there were periods of 1 25Hz
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.
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Noise Data Graph - Cotton Farm Wind Farm
3rd April 2013
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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
was focused 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
lst May 2013dB
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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
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A period from earlier on in the night presented below shows that the AM was slightly
more erratic, with periods of AM of higher peak to trough differences phasing in and
out
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Noise Data Graph - Delabole Wind Farm
20th May 2013

– is::.rE.
F ' i snHz tAt I

4): I A

It 315U(A) J

p--
1"

r B

I \
! : f $ 1 – 1'o"= "'q I

4 1

39

37

35

31

23

27

gIg ; ; b : Big 3 gB 8 : : : gtR be iCSI gg ; : bS : ${ gg BE : : Egg: be gi ii 8 FiT : ; gP :i BegBB babE bbb 888 : 888888888 EggS 8888888888888888888 gB 88 : :88888888888888888888 88888888888888888888 : 8888888888

5

25



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 syncoF
attention to the beats.

Psycho acoustical factors

Wind farm noise is widely acknowl
lower decibel levels than other type
Although attitudes towards wind
perception of wind farm noise (Van
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. 1 187). 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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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 were 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
after periods 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 & vastfjall (2008) our
body will react accordingly. This effect can also be seen in the Cotton Farm AM
measured on 15th April, which displays 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 difference 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'2. 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 meter13 (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

TIME BY

02 AUG 2017
LTR DATEDL _ FROM
PL

12 Consider for example the theme tune to the film Jaws,
1 d A rhythmic element as measured by division Into pans of equal tlrne value
http: ' dictionary.reference.com ’browse meter?s=t )

28



AN BaRD PLEANALi

;

; taxrr!! :aJ ka: :g f _ TlfI

The

E

it
lg

i
I

[

j g 1111

r• nUn ••H• • n
Time

E
re
LL
la
C
g
g
S

g

I
e > 315

g Fia–t
g ' 2–60– '

E g 160gElIi--t
'1® T - L

! ! i RTI : IIli F’a~:_lp _tl:l+]+R•l

Bar-B a'IE
Time

-+

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 word map above. Terms such as 'whirring
(constanty 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
Wind 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 is. 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 with a regular periodicity of just under
2s. Each AM peak consists of a dominant double pulse; however, there is also a third
weaker pulse before the main AM peak. 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 is. 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
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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 (rhythmy may relate to the entrainment between the AM beat and
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biorhythms. As noted above, the AM peaks at site C regularly occur at intervals of
approximately is. This interval is not uncommon in the measured AM data. The
timing between each AM group in the Kessingland data from 10th June is 1 s 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 Experience

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 homes14

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
two opposing acousticians present different arguments

4 A typical playlist schedule is provided on our website along with some of
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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.
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We have sought to create a relaxed listening experience which is outside of the court
room or inquiry building. Previously we 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.15 The room should reflect a rural bedroom / living room
environment including typical reverberation times.16

Low-noise equipment

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
reverberation times and are normally devoid of
used, soft chairs and possibly curtains are
situation as best as reasonably practicable.

The process and setup adopted 02 AUG 2017

In most rooms external noise mainly enters
therefore arranged in a “U” shape equidistant
window (or with one in view) and two powered monitor speakers with a flat response
down to 40Hz placed either side of the window setup. 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 within 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.
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During test playback the sound trace and spectrum are compared with the 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 mp:3 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 1 6 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 d provide comparison

b) Several recordings are played starting
inside different dwellings through the

In
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Procedure adopted 2 AUG 2017

The room is softly lit and this is switched off
Questions and commentary are kept to a
interactive graph with a moving curser is
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 1 C)dB 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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Use of headphones

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 fIat 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 direction of
the speakers gives a greater sense of reality in the sound.

Anechoic chambers

Whilst the noise floor of any anechoic chamber is normally good, the highly artificial
situation in an anechoic chamber leads to
used

Equipment used and settings

–> Norsonic 140 Type 1 SLM.

–> 40HL Gras microphone.

–> Laptop wIth Adobe flash player an

–> Rokit powered professional studio

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

–> Audio recording standard = 24 bit, 48Kz standard. 16 bit 44KHz still provides
a reasonable reproduction.

–> Mp3 compression = 320 kbps for the listening room experience.

Variation in the room

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
by us. It is also confirmed mathematically.

AM appears to occur in heightened noise zon€
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 1 km
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 downward 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 unacceptably 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
understand 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
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Measurements versus predicted levels 02 AUG 2017
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Analysis of the sound speed gradient data in the work by Larsson & e)hlund (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 individuals 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 near 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 from pressure groups and it is not always clear which 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
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ABSTRACT
This paper pi

and uses of the data obtained. A continuousIY recorded database of noise collected under different
meteorological conditions has allo\red detailed anal\’sis of particular characteristics such as amplitude
modulation and also the reliability of assessrnent methodologies for predicting and quantifying irnpact.
Surprising t)utct)mes are explored including upn-ind inlpact. In 2013 MAS En\'ironnlental established a
permanent nlonitoring stati(nl to record and publish data online located 60(im from the nearest turbine to
corTClate the inrpact upon the conrmunitv and provide an extensive database. This paper maps the evolution
of the project. Online data enables a u'ider study of the effect of Ineteorological change on noise imnrission
in a Hat eastern area of the UK. Anyone can independently observe and listen to the audible elements of the
noise thaI people colnplain about. This tool aids understanding as u'ell as predicting times of likelv adverse
inrpact. The database has enabled testing of proposed controls, pallicularly in relation to audible anrplitude
nlc)dulation and demonstrated the recent Renewables UK proposed control nrechanisn1 fails. Data obtained
challenges blade stall research claims as the prinrarv cause of far Held AbI and u-ind farnr noise prediction
nrethod(>logics.

Keywords: \VincI farnr, Community inrpact. data anajysjs. database, control lnechanisnrs. prediction
1-INCE Classification of Subjects \-umber s,: 14.5.4. 63.7. 66.1 . 66.2

1. INTRODUCTION and DISCUSSION
This paper outlines the Cotton Farm Wind Farm comlnunitv noise nronitoring project u'here real

time sound and u'eathcr data is continuously gathered at a representative colnmunitv location and provided
on-line for anyone to research. evaluate and improve their understanding of \rind farm noise. The Cotton
1;arm \VF project conrplinlents measurements made by MAS Environmental (MAS) of anlplitude
modulation ( ANT) and other elements of u-ind farm noise at over 1 8 sites.

The provision of the equipment u’as funded by local conrmunity donations. The conlnrunity n’ere
cognis;ant of the likely adverse impact. MAS undertook all the research, soft\x-are development. s)’stem
installation. maintenance and calibration, data processing and analysis. As the funding is limited
substantial potential anajysjs and research remains to be undertaken. In particular there is extensive
conlplaint evidence that can be correlated u-ith 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. Difficujty arises as tu'o 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 t\-pe of AM. for example an erratic or double peaked modulation.

In the same \ray t\to 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. AVI is viewed by some as
related to the total sound energy emitted. This paper explores our tlndings u-hich differ from this \ten
and identify it is more a response to the psycho-acoustical characteristics contained within the noise.
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1.2. Cotton Farm \VincI Farm and its locality.

Cotton Farm \VF comprises 8 Sen\-ion {fonnerl\- REpo\ver) \IN192 2.05NI\V turbines with a total
capacity of 16.4\nv located between the villages of Gravelev to the east. Great Paxton to the u-est and
Toseland to the south in Canlbridgeshire UK. The nearest db'elling I., are approximatelv 600 nletres. See
Figure 1 belou

The permanent monitoring station nas established on the outskirts of Graveley. \Ye have non
collected over 17 nronths, data and consider the research unique as \ve are able to test noise level and
character against conrnrunitv response as it occurs. b{uch of the data is presented online so that all can see
what inrpact arises. experience itunderstand the regularity t)f impact and its degree. In pmlicular this
allo\vs analysis of meteorological conditions related to impact.

\\*cb link u \vu.maserrv.co.uk/-remote data/

1.3. The \lonitoring Station.

This includes a 10 rnetre meteorological mast recording wind speed, u'ind gusts, \rind direction.
ternperature. barometric pressure, humidity and rainfall in 10 minute periods \\-ithin 20nl 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 u’ithin a nearby dwelling

Noise is recorded in a free field location at the boundary of residential property at a height of 1.5nr
above ground level using a Larson Davis double skin external nlicrophone enclosure. The nlicrophone
has a noise floor of 17dB A and is connected via a 30m cable to an internaljy located 1,ars;c)n Davis I_XT
sound level meter.

1 o(ims L;\.a and 1/3fd octave data is recorded along u'ith 1 0 minute values and statistical parameters.
Audio is also recorded which can be post processed to undertake nano\r band analysis if required. Data is
directly streamed to a laptop computer which processes the information and uploads via a wireless internet
link using the resident-s broadband connection. Data is also backed up to a hard drive and nranually
downloaded on a monthly basis. It is output in CSV format and converted into tables and graphs using
in-house programs constructed on an Excel platforn1.

Toseland

, ?Ii\,,it

Figure 1 sho\\-ing turbines & monitoring station. 1-8 = turbines & blue dot = station
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Figure 3 – Post-wind farm shou'ing anemonreter ( anon-ed blue) & lnicropt
n rear garden c)f du-elling

Continue to the data >

Figure 2 – Pre- u’ind farm with dwelling to right u-here station no\v located.

Cotton Farm Wind Farm 2 AU(

Permanent Noise Monitoring Exercise FR DATE

The aim of the long term noise monitoring exercise is to ensure that the Cotton Farm Wind Farm

operates within the noIse conditIons set at appeal by the Inspector and to record and observe the

range of noIse characteristics and haw it aReas resIdents.

The Cotton Farrn noise monItorIng exercise is the
fIrst in the country to contInuously monitor noise
output from a nearby WInd farm

The potentIal intellectual value of this research is
far-reachIng and WIll heP to guide future
understandIng of ofnrabonal WInd fam noise
especially as it relates to community impact

Wherea prevbusty data assocIated WIth

operatIonal wand farms has been the undISCIOsed

property of developers and often falls to record

noise character, lmporlantly this InformatIon will be
pUbIICly avaIlable for all to see and use

The measurements of WInd farm noise along WIth
feedback from local resxlents WIll IdentIfy if there
are perIOds when wind farm noise is Intrusive and
whether thIS results in a breach of IImits

Figure 4 – Start of website front page.
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Noise and Met data for Cotton Farm
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Figure 5 – \\’ebs,ite data page open with interactive graph at top and data tables below.

1.4. Development difficulties with the monitoring system and data uploading.

Very occasionally the sound level meter crashes and requires resetting. When this occurs
individuals within the community have been trained ho\v to reset the meter and recordings continue.
Calibration is undertaken through monthly site visits u’hen the entire equipment is checked. The
meteorological mast is on a pivot and can be lou'ered to the ground to clean and adjust the anenlometer as
necessary. The microphone wind shie]d 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 u’eather station has shown to be stable with fe\v 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 prinrarily 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 development – low cost systems.

We are currently uialing 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 f Skype)
supervision to ensure correct calibration and location. The hard\rare enables recording for up to 3 months
without don’nload but equaljy data can be automatically uploaded to “Cloud- storage for viewing and
interrogation. Costs are expected around 10-20 S7, of the existing system making it widely available. The
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main technical problem is obtaining a suitable external u eatherproof microphone enclosure / u-ind shield.

Positive outcomes of the u-ork include:

The ability to research the actual inrpact arising under various meteorological conditions
Evidence based tests of predictions and theoretical concepts proposed for \rind farm noise. 1
C'oInparison ofconlmunitv responses with measured sound energy values and sound character.
Determination of contributions from extraneous noise sources.

Imnrediate evidence correlating with complaints at the time of occurrence
Development of an online subjective rating of the AXI which is moderated.:
Transparenc\- of actual impact versus decibel parameters.

•
•
8

•

•

•

•

•

•

•

•

•

•

1 .6. Renewables
(

.eL'K) researc]into Amplitude Modulation

The Cotton Farm \\’F database has been instrumental in testing the theories and ideas put forward in
the ReLTK research program that \vas itself based on smaller data sets. Whilst the ReUK research is
extensive in text. it is based on limited data and Held anajysjs. Some silnple checks u-ere able to test slorne
of the theories put forward in their research but they are not supported by the Held data suggesting false
assunrptions. This requires a separate paper but some fIndings are addressed in this paper.

2. BACKGROUND to the Cotton Farm Wind Farm project.

The Cotton Farnr \Find Farm development u’as permitted at a public inquiry in Decenrber 2010.
The local authoritY concluded there uould not be excess noise and did not support objections based on
noise. bIAS concluded from in\estigation>, at a number of other sites that AM u-as a common and serious
problem and sought its control. Additionally MAS \vere of the opinion the prediction nlethods applied. as
no\v adopted by the UK Institute of Acoustics (IoA). understated noise inrpact and the pre-development
assessments also overstated the background noise environment.

In the UK the positive decision of the Cotton Farnr public inquiry not to control ANI was used in
other decisions to foster the conclusion there n’as not a need to control excess AM and also that the
prediction methodology adopted in the UK u'as 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 stud\1 than on the reseaTCh carried out b) Mr
Stigwood ... it is simpt\ not possible to predict in advance . . . stcltisticall\ the odds are vet) much
against it being a probleln crt Cotton Fantr. I appreciate that some similarit\ with problem siTes
but not to the extent that it can reasonabl\ be regarded as a distinct possibiliT), let alone a
probabilit)

The wind farm's acoustician'i who gave evidence at the Inquiry stated:

"GI ven the ven snrall nrmlber of’ occurrences of increased levels of 'blade s\visIt’ or ANI, it is in)
vie\t that an appropriate \va\ to control the potential for the noise front a \rind fann to contain

Exanrple findings discussed in this paper include support Rv l£e et al 2013 and con\'ecti\c anrplification as a phnrar} cause of A\1 and
ReL'K \\'ork on 'other' AXI u'hich is contradicted b) the Cotton Farm and c)ther data,
2 \lost residents/ site visitors rate the impact ut)rsc than the acousticians I researchers mt>derating thc 'ite.
3 TIre site is frequently used to judge appropriate times to visit and monitor at other sites.
+ Dr Andre\\ Bullmore of Hoare l£a,
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increased levels (>fAll is in \tax c)f sTcllutolr- lrrlisclnce clrfi(>It

\1 AS stated:

the risk of All \ras high and Ilos long been lulder-esrinlclred. A ct)ltdititltt to conlrcll The Ir(>tse \t'cz£
essential .

Post operation of the u'ind farm the community response is:

“A c(lnsiderablc ltulllbcr of noise c(ttnplcrints bx residents hcl\-e been tIrade in the Elt\-irc)lrltlclrrcll
Health OffIcers. Each village appears to be affected at different times depending on the \rind
clircrtion cmd speed ...The Action Group is also au-are of residents \tho haxe been a#ected in turbine
noise but have not fonnall} complaincd'‘

The industry acoustician's erroneous vic\v prevailed and has been commonjy repeated and adopted
by decision makers in the UK up to the current time and post work in 2013 shou'ing A\t u-as 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 . Decision to continuousjy monitor the noise.

The local community u-ere unhappy u-ith the decision after funding the presentation of detailed
evidence sho\\’ing the need for AM control and decided to fund the installdtion of a permanent monitoring
station. At Nl AS u’e sa\v this as an opportunity to expand our research and dedicated resources into the
project

Despite the Cotton tUrIn daily on-line data provided by M AS and c!
for over 17 nronths. no action to address the main problems have been inI]
considered. Cotton Farm WF is on-ned bv Greencoat UK \\’ind PLC a
(3overnlrlt-nt.

complaints of residents
being

l
3. RESULTS and detailed data analysis

This paper includes data analysis from the nra 10 months of
analysis of a 2 month period from DeceInber 2013-January 2014.
this stage is on amplitude modulation occurrence cornpared to its
actual noise levels.

3.1. NIethods of data processing and analysis.

Various algorithms have been considered and produced to anajyse the data and these have been
conrpared to see ho\v u'ell they determine amplitude modulation including those procedures developed b\
ReLTK u’hich is reliant on FFF6 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. Nlethod of data analysis adopted by AIAS.

\\’e have found the quickest and most effective method of analysis remains the processing of 100ms
LA,q 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 primaril}
focused on 21 :00-05:00 hours as an initial period for analysis when extraneous noise is infrequent. As
u-ith 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 ANI 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

5 TIle slatutor} nuisance procedure in the LK has failed every case so far and appears administratively incapable of
addressing the issues and >uch an approach leaves colnmunities, unprotected.

D A number of methods have been developed using the Fast Fourier Transfer approach. potentialjy with the hope of
automating data anajysjs.
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for clear signs of AM in each 10 nrinute period and verifving 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 visuallv scanned in less than 10 nrinutes
and conrnronly half that time. A secondary alter then is solnetinres applied to identify dominant third
octave bands that are also recorded everY 1(Jams in order to assess their rnoduldtion. Where specific
community complaints are recorded. these periods are scrutinised and u-here a clear AM trace is not
obtained then spectrographs may be used or the audio checked. Spectrographs have been found
particularly helpful for nlodulating tones or drones that span a number of frequencies or where harmonic
frequencies are nreasured. In this manner \ve have been able to check long periods of data in a short
period of time, before deciding u-hat other processing might be relevant. Visual checks have also rapidl)
identified periods of AM ilnpact missed by automated processes such as that proposed in the ReUK
mechanism.( 2 )

The RIAS analysis also attempted to quantify the degree of ARt Inonitored u-ithout the need for exact
peak to trough level analysis. Therefore positive periods u-ere divided into 3 sub-categories. An)
periods with clear nrodulation of approxinlatelv fIdB and above \vere indicated as positive results. Periods
u'here the AM appeared rnonlentary or there \vas anv doubt over the modulation being 5dB or above for a
signitlcant amount of time. \vere indicated as -'borderline". Periods where AXI had regular peaks of 10dB
\vere recorded as -severe-. Periods \\’ere a]u'a}-s verified bv audio and categorised conger\'ativel\-. Man}
periods u-cre disregarded conrpletely due to other environmental activity or extremely irregular behaviour.
This u-ill have resulted in some periods of occurrence being
HInes u'herc it would appear the turbines \\-ere switched off;
included as periods u-itIl absence of ANI.

3.3. Limit of unacceptable AXI.
/

11

Scientitlc discussion continues over u-hat is an
terms of modulation depth. This is discussed further in our
onlv on lnodulation depth fMD ) is considered a misleading
of intrusive characteristics arise that do not necessarijy relate

weighted values. Impact relates also to frequency of
consequences / effects of the intrusion.

Since 2009 MAS have used a criterion of repetitive 3(IB A modulation depth ilnpact values as an
indicator there is likely to be adverse impact from A\1 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 u’ind turbine
noise and effectively is equivalent to an industrialised sound environment. There are no longitudinal
studies of the effects on conrrnunities of AM at the boundary of acceptability and this would be inrpractical
due to the scale of such a stud\; and because levels at the boundary are only one cornponent of inlpact.

There is repeated evidence that except in locations more distant from a \rind farm where ANI impact
is of reduced regularity and has a smaller peak to trough range. occurrence of 3dB A modulation depth \viII
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 irnpact 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 ARt
observed at other sites for much of the time and also many common features. For example. the AM
measured adjacent Cotton Farm \VF could reasonabjy be described as erratic in nature u'ith 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. Historicallv it is our tlnding that
when 3dB A modulation depth is comnlonl)- experienced communities u-ill experience adverse impact to
varying degrees.

3.4. Use of >5dBA modulation depth data.

In order to avoid problems of including ANI 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 regularjy exceed 5dB A. This approach ensures arguments of extraneous
noise inclusion are minimised. Our approach to data analvsis is therefore considered conservative.

3.5. Data availabilitY for research by others.
M AS have made some of the Cotton Farm \VF data available to others for responsible research:

hou'ever. in vie\v of the on-going costs to the local community there is non- a need to charge for data except
for exceptional research projects of merit which are considered on a case by case basis.

3668 PRELIXII\ARY DATA FINDINGS
Analysis of 10 months data including shut don-n periods is considered. This resulted in 10.030 ten

nHnute periods analysed and included. Overall during that period 54% of nights \vere signincantl}
affected by periods of ANI with MD of +5dBA. A further more detailed anajysjs of 2 months
( 2/1 :/13-3/02/14) 56 days provided the foIIo\\’ing results:

Table 1 - Cotton Farm: Total periods MD+5dB A v \rind direction @Wu
% of ANI occurring for each wind direction (Degrees from North)

45 90 1 113 : 135 180 : 203 248 1 270 1 293 1 315 338

0 1 1 oq 1 8q ! oc} 1 22q I oq : 1 25q 1 67c; 1 1 0q 1 1 4q

0.4 1 0% 1 Jq 1 Qq : 5 CI 1 17% 1 179 i 17c7c 1 25 9 1 29q i ISg 11% 1 29C} I O“c 1 11'( 1 9%

o.9 1 19'} 1 11'} i log : 17“, 1 +8% 1 23£} i 28', 1 16q 1 7'} i log 1 23q 1 36% 1 4g 1 20% 1 og l15q

1.3 20ql 1 28£, 1 280, 1 54% 1 35% 1 39% 1 38% 1 20q 19q 1 20q I 19q 1 26c} 1 24% 6cc ()q

1.8 : 24q 1 36% 1 35% 1 91 % 1 87 c} 1 85ci 1 60% 1 53% 1 20q i 29% 1 19£} 1 11 % 9c,I 1 32% 1 15't 1 22g,
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An added point is that the Re UK research suggests convective amplification which they call ''nornral" AXI does not exceed
5dB A modulation depth and that this onjy occurs under cross \and conditions close to the turbines. Thus their theor}
suggests this form of AM should not be experienced other than rarely, close to the turbines and u-hh biden a)'s dircctionalit)
This \vas not the reason for comparing above iidBA but is a coincidental benetlt.

b Note the background noise level during this period and as innuenced by the wind farm noise u-as 3 IdB LAy(,( 10 minutes'I
and modulation peaks \vere up to 50dBA
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Table 1 compares the percentage of time excess Ahl with a modulation depth greater than 5dB A
commonIY occurred for different measured 10m height \rind speeds and directions. The extent of up\and
ANI \vas unexpected as u-as the modulation depths and overall 1,4.q values. Commonly decibel levels
u-ere of similar magnitude u hen upu'ind and don’n\\-ind u-hen AXI \ras occurring.

\Then considered along with previous Held measurements by \IAS (4) the CoTton Farm data
indicates a directionalitv pattern to AXI that fits reasonablv with the theory of l'ee et al r5) for convective
amplification. \\’hen factollng in the refraction effects. the variable pitch and shape of blades and that
convective amplification is generated bv different parts of the rotor disk in different directions. a pattern is
produced that approxirnates in an illustrative fc)nn to the diagram in Figure 6 belt)\\-.

The Cotton Farm \\’F and data for other sites contlrnls a directionalitv effect \\-hich has been tested
bv moving measurement locations around turbines when the wind direction is relatively steady. 9 This
pattern is not entirejy clear in Table 1 u-hich is due to the array of turbines meaning the nlonitoring station
is aIn-avs at different angles to different turbines.

Schematic illustration of directionality and
distance effects for convective AM

=)=pGTNALA
BYTIME

02 AUG 2017
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LTR DATED.

Reduje91d
MWDIa

*~?
A

WIND
lg/
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AM Noise

Zones -\x
upwind impact zone

for excess AM

Figure 6 – Schematic representation of apparent \rind turbine AM due to convective arnpliHcation.

Analysis of sound energy changes during switch off tests.

As a consequence of the community complaints. operational checks u-ere undertaken and turbines
u-ere switched off for periods to enable measurement of the background noise contribution. These switch
off tests \vere recorded by our continuous monitoring and provided valuable data on the changes to the
sound environment. Examples are included below’ u-ith some of the findings discussed. Above each
main graph is an expanded section of the varying sound sho\\-ing the RID and its variations.

9 Dircctionalit\- \vas tested at a number of sites including Dclaho Ic. Kcssingland and \\-adlo\v as \\ cII as Cotton Farm

Inter-noise 20 14 Page 9 of 19
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•
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•
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Change in 1,Aq I value = 9dB
MD 3-C)dBA and erratic in nature.
The nrininruIn headrooln before any penalt\' applied to the l:
curtail the noise = 7.1 dB
This noise is not prevented by the RetTK proposed penalty.
This noise is prevented by the Den Brook AM procedure ( 6

02 AUG 2017
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its would start to
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Observations – The impact recorded \vas under down\rind conditions. Near ground winds \vere
lou- b-ith background noise levels of 28-29dB I_ign. The area is relatively quiet absent the \rind fIInn
noise u-hich increased the L',vx) almost double that intended by ETSU-R-97. The AM impact was on top
of this increase. Thus the inrpact from AM \vas not just its modulation depth. with an average value of
3-6dB A and average energy value of 39dB L.\., but other \rind farm noise exceeding the background b)
9dB A. with the ANI greater than this and both completeIY donlinant.
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Cotton Farm - 08 May 2013
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Fig 8 - Example 2 Cotton Farm 8th \lay 2013 – Su'itch on/off effect
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•

•

•

•

•

Change in l_AtxJ value = 9dB
\ID 4-8dB A and classic in nature
The nrininrunr headroonr before anY penalty applied to the E-FSU-R-97 limits uc>uld start to
curtail the noise = 4. 1 dB.

This noise is not prevented by the ReLTK proposed penalt)
This noise is prevented by the Den Brook AM procedure.

Observations – The inrpact on this occasion occurred under upn-ind conditions. Note: average
decibel values are higher than in example 1 and wind speeds are lo\ver. Near ground winds \vere very lou
with background noise levels of 30dB 1'\q,. As before it sho\\-s the area would normally be relirtivel\
quiet absent the \rind farnr. The wind farm noise increased the 1,vt, alrnost double that intended b)
ETSU-R-97. There nus a 9dB A increase in the underlying noise due to the u-ind farm noise. The ANI
impact n’as on top of this. Thus the AM nrodulation of +-8dB A \vas on top of a 9-10dBA increase in
levels \\-ith an overall energy value of +OdB l„\.,. As previously in exanlple I, there is conrplete
dominance and change in the sound en\'ironnrent.

AM
ERiain--b\\87
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dB
Cotton Farm - 28 May 2013
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Figure 9 - Example 3 - Cotton 1:arm 28th NIa\- 2013 – Su-itch off effect
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•

Change in L
MD
The mininrum headroonr before any penalty applied to
curtail the noise = 5.4dBA.
Controlled bv the ReUK proposed penaltY = No
Controlled by the Den Brook wind farln penalty = Yes

10dB A double intended by ETSLT-tq) value
3-7dB A. Classic and erratic in nature

th

02 AUG 2037

Observations – The inlpact on this occasion occurred under upn-ind conditions. Near ground
u'inds \vere very low with background noise levels about 28dB I,AW,. This shows consistently it would
normally be relatively quiet absent the \and fann. The \and farnr noise increased the L.\,o double that
intended by ETSU-R-97. There was a 10dB A increase in the underl\’ing noise due to the \rind farm noise
The AM impact was on top of this increase. As in the other examples the impact from AM \vas not just its
modulation depth. with an average value 3-7dB A and overall energy value of 40dB LA„, but its exceedance
of the background noise by 10dB A. The conlplete dominance and change of the sound environment is
particularly stark. It is notable that in this example aircraft in flight u’hich is normaljy an intermittent
characteristic of the sound environment would be masked by the \rind 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. Cotton Farm – Su’itch on/off tests - Findings.

There u-as typically a 9dB A increase in the sound environment due to the turbines equating to a
major change even without the presence of AM. The range identified \vas between 5-10dBA. The
typical or most common modulation depth \vas in the region of 3-7dBA but at times has reached 13dB A.
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 ANI recorded from Cotton Farm \VF. In most
cases there was substantial headroom below the limits and none of the periods of noise causing conlplaint
would be reduced in level or stopped. In contrast a metric built on the Japanese procedure ( 1 ) would be

Page 12 of 19 Inter-noise 20 1 +
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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 u-ould prevent the impact experienced. Up\rind and don-n\rind I_A„o values
u-ere sinrilar at the measurement distance (600m) but the upu'ind AXI presented different character in the
noise compared to the dou'n\rind AM

3.9. Further evaluation of AXI XIetrics

A procedure based on the Japanese lnethod (1) appeared to most closely map actual inlpact as it
varied u-ell u'ith variations in modulation depth. The ReL'K method missed significant periods and forms
of ANI. The attached graph presents an cxanrple of this. This is outlined in Figure 10 below’.

dB
Cotton Farm - 17 Sep 2013

8 BC 8 : = t be Fj : :iRq Egg: ; ; 6 + = 3 Lq $ 8 : 8 ! : 3 : Lie qa kEy PgP: ; ; $ SEiZES 8
RgB # 8Tag PIg Egg &I ? By :j gPI # # :I gIg PPg ; BEEF ; 88 gB :; B BEEBE ;iF gEE ;iF? !
EID bug gg 8 egg gIg BIg dr tug gB doggy\ 8 BaggIE BE! Bag gag Be : gIBB : gZ 8 S) 8g 8'2

q 0

Figure 1 o - l-:xalnple analysis of ReLTK condition versus Japanese method for : nrinute period c)f ANI -
100ms 1_Aeg (black). Japanese study D.\\1 (blue). ReUK AM value (bro\\-n). Calculated blade passing
frequency ( solid beige ).

In the absence of SCADA data. the ReL'K method value is based on the scenario that gives the
highest tlgure. that u-hich is the blade passing frequency nlatching the peak in modulation indicated on the
graph as "Estilnated Blade Passing Frequency-'. Even at this highest possible value, the ReUK method
understates periods of increased ANI and changes in noise are excessively damped. Conlpare the brown
horizontal lines produced by the ReUK method every 10 seconds with the blue horizontal lines using the
Japanese methodlo. The latter reflects the sudden changes in AM modulation depth not found with the
ReUK method

The graph shows a t\Tical period of AM that has erratic elements of change. Three periods are
identified by red arrou's u'here the modulation depth suddenly increases, potentially due to synchronicit)' of
the noise immiss;ions from turbines. Not onjy are there differences in scale of change but the ReUK
method does not aIn’avs map increasing or reducing
arrow sho\vs a period where one method increases
impact \vas reducing at this point.

AN/1 with an increased or reduced value. 'l'he blue
ts value u’hen the other reduces. Subjectively the

AN BCM

02 AUG 2017
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!o The method is slightly adapted to enable comparison with the RcL'K method.
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Figure 1 1 - Example tests.

Figure 11 – Reflects the fact extensive
which consistently sho\red the ReUK procedure
results which did not reflect the AM experienced. This
Neither method can give full weight to changes in
rhythm in the noise.

thms
IOUS

and

3.10. Summary findings from initial data analysis of the Renewables UK proposed condition.

a.

b

Even when looking at the worst case AM recorded at night. how-ever extreme it was permitted to
continue uncontrolled by the ReUK condition. Anajysjs included 10 months of Cotton Farm data plus
data from tu’o other sites. The results %’ere consistent
Manipulating the data to apply the most extreme 10 seconds ever recorded as if continuous, with
modulation depths up to 13dB A and an average modulation depth of 9.6dB A, it was still permitted by
the ReUK method. ' 1
There \vas a lack of transparency with the ReUK process preventing any ability to relate the results to
actual impact.
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

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

The process is cumbersome and requires judgment checks at several stages. Soft\rare has been released
to assist but this similarly renders the process cumber>,UIne and open to judgrnent at several stages.
The procedure remains reliant on manual checks and notwithstanding its failure to be triggered it has

control

rendered the process far more labour intensive than manual data checks.
The primary problem is the method understates modulation depth and in any event cannot assess other
character.

C.

d

e.

f.

(Jb'

h.

In this example the ReL:K procedure produced an AM value of 6.5dB 13.IdB lower than actual) and applied a penalty of
3.8dB adjusting the limit to 38.5dB A. This still left headroom of 0.7dB before any reduction \vas required. Even then it
would only require a reduction in overall level and not the modulation depth

Page 14 of 19 Inter-noise 20 14
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1.

J.

The procedure ignores harmonic noise at blade passing frequency which has varying signitlcance
depending on the t\-pe and character of AM being checked.
The procedure’s error rate changes depending whether u'ind farm noise is dominated bv one turbine at
a location or contributed to bv several turbines producing noise of sinrilar magnitude. It falls
substantially short of any level of obvious protection and is partl\- based on the erroneous idea
principles for benign anonynrous noise are transferable to noise with psYCho-acoustic character.
Averaging effects of the ReL"K approach indicate modulation depths of 10- 13dBA result in a penalty of
less than 4dBA
\York by the L’K Renewable Energy Foundation similarjy found significant errors u'ith the ReUK
approach’ and effectively reconrmended the Den Brook condition. 17 )

k.

1.

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- AXI (convective anrplitlcation) has a nlaxiInunr value of 5dB A MD close to the turbines
and occurs nrainlv in a cross\\-ind situation
AM greater than 5dB A is caused by what ReL’K term "Other" AM which they mainly attribute to
'-blade stdll" effects
Blade stall" is an infrequent condition and possibjy rare but u-hen it occurs it has quaqua\-crsal

emission such that it n’ill impact equaljy in all directions. subject to \rind refraction.
ANI inrpact increases with increasing energy level (LI.q ) and not nrodulation depth increase

Whilst the Rc UK study provides some useful \york helping progress. the Cotton Farm data and other
data sets suggest solne erroneous conclusions. In particular the common
Farn1 \\’F and in various studies including the previous M AS paper (4)
that AM above fidB A nlodulation depth is infrequent. The
the ReUK \york u-hich considers OAI\I as omnidirectional
suggests nlos,t AM impact is convective amplification and this is not
direction. In these circumstances the ReUK study of "bladc stall-

adding to the occurrence of AM but erroneously concludes this is the
it is infrequent.

lts average
in the ReL=K study do not reflect what noise imDact is received at community locat
shorT periods of exposure used in the ReUK study, their comparison u’as made by elevatiQ
energy of AM in an otheru'isc quiet environment rather than testing it in context u-hh the actual effects
found in conlrnunitiey,.

Conrplaints of AM appear to relate more to the audibility of

The Cotton Farm data sho\vs that higher sound energy AM (increased L'\.,) occurs on top of the
increased charac[erles,s \and farm noise that serves to mask the troughs in the AM reducing its \ID.
Comparatively the addition to impact from AM on top of the reasonably steady \and farm noise is
relati\'elv the same even when the average sound energv is greater. This addition is shown by the red
arrow in Figure 8 above. It is likely this context change with the emerging AbI 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 \you Id be much lower absent other \and farm noise contribution.

Complainants appear to object as much \then AXI is lo\r in level and without it the environment
u-ould be tranquil. The evidence also suggests increased low frequency content can arise u'hen average
energy levels are lou-er and this change in character is a further factor to be considered but which was
excluded in the ReL-K response tests. Testing of response to noise in very short bursts in a laboratory is
unrepresentative of human response in the field. especially u'hen impact response commonly relates to
u'eeks and months of impact and in some cases it is a matter of years. In our study ( 4) \ve found
significant response differences to u'ind turbine AXI listening experiences u'hen they \vere conducted in an
oftlce compared to a home environment and when conducted daytime compared to late evenings. \Ve also
concluded exposure for a period in excess of an hour was typically required to elicit an appropriate reaction.
CriticaIIv \ve 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

': Closer examination of the ReL-K Held \york enables alternative explanation for a number of their tlndings
’ 20 second bursts of artificially generated A\1 were used
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AXI feature that was not tested by ReL’K but are found \\-ith actual Held data.1-

3.12. Predicted wind farm noise versus measured levels - IS09613-2 based predictions.

Data from Cotton Farrn indicates procedures adopted in the L’K to predict \rind farm noise
unders,tate decibel levels at far field locations. In the L-K prediction methods rely on a modified
IS09613-2 procedure developed prirnarily from research by Bullmore et al in 2009 (8) and latterly b)
research in 2011 by Cooper and Evans (9). A number of spot checks by M AS previously found actual
levels under high u-ind shear conditions higher than those predicted by Bullnrore et al. Concern also
arises as the predicTions rejy on averaging. but compliance under ETSLT-R-97 requires selection of specific
circumstances of conrplaint. These conditions. normally relating to high u-ind shear. \vere not factored
into the Bullmore et al study.

hI AS has separatejy concluded the research did not suftlciently support its conclusions long before
the Cotton Farm project commenced due to anomalies wIthin the \york: ho\re\'er. Cotton Farm WP-'s
predicted noise \vas decided on the basis of the current IS09613-2 method t-ollouing the Bulnrore et al
work. It is considered the work bv Cooper and Evans (9) indicates higher levels than the adopted UK
method as u-hen differences in use of L.\.o and height are accounted for to compare the UK nrethodolog}',
for nat sites. it suggests the UK method understates values up to 2dB A

Criticisms arose over the Bu]lmore et al (8) research due to the high level of filtering of the data that
u-as not transparent and not all the reported data supported its conclusions. Requests by others to obtain
the data to enable peer review’ \vere refused and this remains the position to date ( 10). A request by bIAS
to revie\\ the data of the ('ooper and Evans study \\-as similarly refused in 20 13.

I'he data expert \rho requested the Bullmore et al data reverse engineered some of the published
information and concluded downwind angles \vere 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 tlndings 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
halo\\-." Compare the purple predicted level for the turbines actually installed with the grey circles
sho\yjng n’ind farm noise and the green line ',ho\ang the average \rind farm noise for a standardised \rind
speed. The values indicate average levels \vere typically 3-4 dBA higher than those predicted and during
periods of u-orst impact levels \vere of the order of 5-9dB A higher than predicted. bIore than 85Cf of the
calculated \rind farm noise levels exceeded the predicted values.’ '

AN BoapTEiliT;
TIME

BY

02 AUG 2017

LTR DATED: _ FROM
PL

14 The lead researcher has conhrmcd acceptance their analysis underbtates likely responses u-hen presenting the evidence at
an loA scnlinar \larch 20 14
15 The measurements reported in this section u-crc obtained indcpcndcntl) from the operator-s acousticians to avoid an)
dispute as to the findings based on it)m height wind measurements and they relate to standardised \and speeds.
10 After dcducting background noise contribution
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Cotton Farrn Noise Cornpliance Assessment
97 Toseland Road . Measured Noise vs mnd Sped
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Figure 1 2 - Predicted turbine 1_ \qI v actual L.\.,I 02 AUG 2017

The findings in relation to Cotton Farm \VF data
obtained at the Swaffbam II turbine. an Enercon E66. The
Shidhanr public inquiry ( 1 0). In that case predicted levels
UK understated levels by on average 5.7dB A. No
exceedimce. Similar exceedances have been found by others f 11 ).

iNn supported Ly data'tIll'DJCOII

:AS at thed report.ta \\'as
in theb (IIth

for this s,ignitlcanttIll tI WWexD

It is concluded the typjcal individual complaint event caused by wind turbine noise, which occurs
under high u-ind shear conditions. may be of the order of 5-8dB A higher than the predicted noise for those
conditions. This outcome is contrary to the intent of ETSU-R-97, which nus designed to lirnit exceedance
of the background noise as measured using the Lx,XJ index to 7dB LA.q. 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 \and
speeds standardised to 10 nletres rather than comparison with measured wind speeds at 10 metres as
originally identified in ETSU-R-97 and this follow-s published research by MAS and others comparing the
tun methods ( 12) ( 13). The adoption of what is effectively hub height u’ind speeds as found in the UK
Io,\ Good Practice Guide 2013 is a deliberate change effectivejy 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 ANI problems as they no\\’ impact
dwellings under upu'ind as \yell as downwind conditions partly because separation distances are reduced.
Propagated levels increase u’ith wind shear increase and they exceed the UK predicted levels by large
marg in

MAS are unau'are of any cases u-here predictions have overstated impact once adjusted for the
turbine operational mode. complaint conditions and appropriate \and 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 \\’F been predicted it is likely the de\’elopnrent u-ould have been
recommended for refusal on noise grounds.

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

a. Far field AM foIIo\vs predictions of convective amplification most of the time.
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b Far Held AM with a nlodulation depth of 5dB A and higher is very common. It is not infrequent as
suggested by ReL’K and is not found nrainlv under cross \rind as they state but at don-nu'ind angle-,.
It is not normall\- experienced directly downwind of a turbine. ' ' The spread of turbines in a wind
t-ann usually means a receptor is at an appropriate down\\-ind angle to be affected by convective
anlplitlcation for a \ride range of \rind directions
Convective dmplincation ANI theory as explained by Lee et al 2013 (5) is supported and the concept
that modulation depth can be much greater than 5dB A at distant receptors is also supported by the

C,

d,

e.

f

irreasurenlents .
Other- AM. primarilv related to blade stall. in the ReU K research December 201 3 is not the primar)

cause of far field inrp,ICt. albeit important. but an extra nrechanism leading to impact
Findings of ReUK of increasing inrpact with increasing average noise ( I';\., ) fail to address context /
ambient change and therefore reI\' on incorrect assumption.
Excess audible amplitude modulation is the primary characteristic causing conrplaint. \\'here tonal
noise also arises it sometimes also modulates.'- Inrpact appears less related to average sound energ}
but its relative loudness considered in context and other \rind farm noise contributions that are

Iq
cumulative and separately its characteristics.
ARt exhibits a range of features and characteristics that constantIY var\- and are different from site to
site and under different meteorojogjcal conditions
AM impact can be as great under up\rind conditions at distances of 600m as it is under down\rind
conditions
Upwind and downwInd AM characteristics differ.
Predictions using ISC)9613-2 understate sound energy levels u-hen applied using the procedure as set
out in the UK IoA Good Practice Guide 2013. This fending is also supported bY independent evidence.
The understated average level is typically 3-5dB A at 600In and under certain conditions is nruch
greater. This outcome follow-s sinrilar tlndings at a range of other sites including the Su-affbanr ll
\rind turbine where detailed comparisons were made with the turbine operational data.
AM impact occurs under a \ride range of u'ind directions as illustrated in terms of distance and
direction resulting in heightened noise zones. The actual spread of these 70nes can be cc>nrplicated by
the spread of turbines producing overlapping zones.
AM u-hh regular peak to trough greater than 5dB occurred nrore than 5+q of the tinre at 60C)m from
the nearest turbine.
During a 2 month period 82% of nights experienced ANI uith rn
up to 13dB A. Severe AM occurred for 30£4 of nights. four of tha
At a distance of 600m. in the case of Cotton Farm \VF AM in ex
occurred more commonly under up\rind angles than downwind
Incidence of objection to the noise appears to increase with time
apparent sensltlsatlon o\'er tlrne.
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4.1. Additional findings indicated by the Cotton Farm dab and it{ arM’Ah;n
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Propagated levels increase with \rind shear increase and exceed tF
prediction method by a significant nrargin. These increased valul
been found by some other researchers.
As wind shear increases masking noise reduces (\VT and non-\VT) 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 turbine noise and not the background noise in an
en vironnrent .
Switch off tests should be closely monitored and provide a good method of Ineasuring the true change
in a sound environment.
There are a wide range of characteristics where subtle differences change the impact. It can be highl\
erratic. repetitivejy similar or u'ith repetitive changes. Variations can occur rapidjy. Character change
moment by moment is a significant factor. These are all significant factors in the intrusi\eness of the

Community monitoring is a valuable assessment tool empt)u-ering the conrrnunity, can be achieved at
reasonable cost and operated by the community in many cases.

noise

lptpredicted by the loA adopted
;uiluw SL'lellc't: iI

\

Zero degrees to the \and direction or 90 degrees to the angle of the turbine where there is no \a\r error.

' ’IIli\ is thought to be due to the noise radiating from specific blades,
; ’ Relative loudness \vas not examined in the RcL'K study
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The occurrence of u'hen and where ANI \all inTact is reasonabjy predictable depending on the
particular circumstances relating to a site.
The defining factor as to the level of impact is meteorology and the extent of upn-ard or downward
atmospheric refraction. Small changes can lead to large differences in effects
Nearby locations can experience wholly different noise levels and character depending u-hether thc)
are in a heightened noise zone,
Complaints are unrelated to individual attitudes to u-ind farnr'; and have arisen due to actual irnpact and
not perceived impact.
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ABSTRACT

In the L'K many \and farms cause complaints of noise despite compjyjng with cty
to reliance on the L_Ago 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 lo\v frequency and very low
frequency sound effects are either ignored or denied. The conrplcx interrelationship of features within thi\
noise and difficulties in quantifying and qualifying noise inrpact and inappropriate comparison with other
sources of noise renders {he effects difficult to investigate or quantify with contradictory outcomes possible
using the same data sets. Claim and countcrclainr of health and adverse effects conlplicatc the analysis. This
paper explores some of the intcrrclating characteristics of wind farm noise measured and observed in the field
that appear to innucncc colnplaints made by communities. Cumulative effects occurring in en\-ironInents
nt)rInall\' dominated by natural sounds and both audible and inaudible elements remain alien sounds ulrich
are not habituated IO. It appears that sensitisation arises. The physjcal reason for the failure to appropriatcl}
identify nlodulating noise effects and in particular lo\v frequency modulating noise problems are explored.

111

Keywords: Wind farnr, Complaint. Noise character I-INC-E C'lassification of Subjects \uInbcrs: 14.5.4.
63.7. 66.1 , 66.2

1. INTRODUCTION

Fluman reaction to noise is influcnccd bv 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 nrcasurablc 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. \Vhere character is considered this tends
to be limited to a sinrplistic. objective assessment of tonalitY and / or impulsivity.

In the UK noise nuisance assessment establishes whether a state of affairs exists u-here 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 u’av. 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.
ho\\' 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 oversiInplifieatior1 of these factors at the planning stage.

Noise assessment at the planning stage reduces assessment of acceptability to decibel levels and
limits. In \rind 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 lo\ver thresholds are met. regardless of noise character or character of the area.

As \rind farm noise is typically predicted at lower decibel levels than other indus£rial noise sources,
comparisons are often made in noise inrpact assessments to ’contextualisc' the level of impact being
permitted. A \rind turbine noise level of 35dB(A) is frequcntlv asserted as equivalent to the nt)isc level
in a library or a quiet whisper r I I. The 43dB Lx.„ L'K night time limit is often compared to the noise
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level generated bv a fridge ( 2). These comparisons and the focus on decibel levels can present a highly
misleading inrprc s,sion of noise iInpact to the lay person.

An experienced acoustician alwa} s questions the noise levels and coInparis.ons quoted. but this ma)
not be obvious to a less experienced reader. A commonly quoted cxanlple in the media is that of the
inrpact of nlilitar\- sonar on whales. ':Sonar systems... generate slow-rolling sound \raves topping out
at around 235 decibels: the u odd-s loudest rock bands top out at onIY 130" f 31. Are the quoted figures
sound po\ver levels or sound pressure levels? At what distance \vere the noises measured? Are the
figures A weighted? Do the figures account for the effect of propagation I speed of sound in water /
air )? \\'hat is the frequency content? is the noise level quoted a short term. average or maximuln level'?
These same questions are relevant for assessment of wind turbine noise. A \rind turbine may generate
a noise level of 35tIB( A) in a\-eragc propagation conditions. but u hat about turbulent wind conditions
and high \rind shear'.) is the noise constant or does it var) ? \That is the frequency content of the sound
and does the dominant frequencv var\ ? is 35dB(A) the average level and does the sound \-ar}
significantly fronr this overall level? ’fl lose questions are integral to perception and assessment t)t
Ilt)ISC lnrpact.

Perception of noise is complex and nran}' factors influencing perception can be overlooked Ol
oversimplif-icd at the planning stage by reliance on absolute decibel lilnits and objective parameters.
Inappropriate comparisons such as those given above are not only crrt)neous but the dogmatic
o\-ersinrplification of u'ind farm noise assessment undermines
I-his paper investigates noise character and ho\v these
perception of \vinci farm noise. It conrparcs detailed anal) his
asscsslncnt Inctrics. It looks for explanation of \\-h)' so inan}
noise linlits generate significant conrplaints

2. METHODOLOGY

2.1 Brief review of relevant UK guidance
L’K wind farnr noise is assessed using the guidance ETS

and assessed using the 1_ IL,o index of 10 minute periods. 'I-heT
's\vis,h' component to wind farm nc>isc. 2-3dBI A 1 modulatic)n around 800- 1 00C)ll/. but
distance increases from the turbine this noise \all decrease and nrab)king of the background noise \till
therefore reduce any subjective impact ( p. 12 ). Tonality is ni)led in E-FSL’-R-97 as the main cause of
noise complaints. In the event of colnplaintb of tonal noise a nraximunr penalty of 5dB can be applied
The nt)i,e limits set in E'FSL'-R-97 therefore relate onjy to anon\ mous noise. Tonality is accounted for
by penalty and amplitude modulation I 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 t)f
noise character

Perhaps the most commonjy used standard in the LK is British Standard +1+2 '\lcthod for rating
industrial noise affecting mixed residential and industrial area I,'I-51. The standard is currently under
rcvie\\' but the approach to noise impact assessment is similar both in the current and draft version of
the standard. The background noise level, LA.o. is measured in the absence of the noise source. The
noise source is measured. accounting for exclusion of extraneous noise. or calculated. A penalty is
applied to the noise source for noise character, tonality. irregularity or any other feature that attracts
attention. Currentjy the maximum pcnalt\- is 5dB 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 cc)nbidered 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 lo\ver threshold of acceptability. BS 4142 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 LK's

ETSL’-R-97. The Ne\r Zealand Standard ( NZS ) 6808:2010 also measures wind farm noise using the
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1-.\q„ parameter but takes account of character under 'spccial audible characteristics,' ( 6). It notes that
\\ ind farms should be designed so that no special audible characteristics arise. but where the\' do a
nla\imun1 penalty of 6dB can be applied. This penalty is the maximum penalty to be applied regardless
of the number of characteristics. c.g. tonality. amplitude modulation. impulsivjty etc. The \c\v South
\\’ales draft u-ind farm guidance measures noise using the 1,4.q paranretcr and similarly to the NZS a
nlaximun1 5dB penalty is applied for the presence of tonaliL\-. lo\v frequency noise or amplitude
modulation f 7 1. Danish guidance measures turbine noise using the 1_4,\ parameter and has a separate
limit for lo\r frequency noise: tonal penalties are also applicable 1 8).

As with ETSL’-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. anlplitude modulation is
recognised internationall\- as an adverse noise characteristic of \rind farm noise. in the L’K this is stil
a matter of debate. It is the authors' experience that amplitude modulation is the main cause of noise
complaints from large \rind 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 arnplitudc modulation f 9). Despite concluding that amplitude
modulation \vas infrequent. attached to the main publication \vas a template noise condition for control
of anrplitude mt)du]ation. The current notion is that a maximum penalty of 5dB would be applied to the
noise limit of a \rind farm where anlplitude modulation \\-as found. The effectiveness and workabilit}
of the condition is still a matter of debate. Many working for the wind industry are still unwilling to
accept controls on anrplitude modu]ation. relying on assertions that it is a rare occurrence at a minorit\
of \\-ind farms

Other methods for assessing wind farm noise character. specifically amplitude modulation. ha\-c
been r>ur\ucd independent tif penalties and noise linrits. A large study funded by the Japanese \linis,try
of the Environment resulted in three paper', published in August / September 2013 ( 1 0 ) { 11 ) ( 12)
Recognising that anrplitude modulation is a common feature of u'ind farm noise that causes serious
annoyance. a method to evaluate the nlagnitudc of A\1 \vas derived, D.\\1. The onset of tluctuation
sensation \vas confirnlcd at around 2dB Inr)dulatit)n depth. equivalent to a D .nl of 1.7dB. Perceived
n(>isiness increased as AVI depth increased.

The Nordtest nlcLhod is designed to assess the prominence of inrpul>,ive sounds and also propc)scs
an adjustment criterion ft)r the measured I=\.q of an inrpulsive noise f 1 3 ). This method \ras adopted b\
DiX’apc)li to investigate conrplaints, from a single turbine in Finland ( 14). The N’ordtest 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 adjustlnent K, based on the prominence, P. can be made to the L.\.,. The
standard also notes that u-hen K,>3 this can be used as support for application of a 5dB penalty made
from subjective assessment of noise character.

In the L’K another metric for establishing reasonable / unreasonable AM has been widejy 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 energv levels investigated must be greater than 28dB L
If wind turbine noise modulates regularly by 3dB or more. at averagHVI
can be deemed 'grcatcr than expcctcd' and considered unreasonable.

There are many other metrics proposed for assessing AXI lnodulat'
methods to assess AVI is outside the scope of this paper. which aimgt
which AXI can be assessed and whether these methods can aDDroDriltelv
u-ind farm noise.

1 min
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2.3 Subjective assessment of noise character
The importance of psycho acoustical factors in perception and ass

discussed in greater detail in a previous paper by the authors ( 1 6). In b
is constantly appraised and reappraised. Sensory information is judged against 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 sound 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 cnvironnrent as well described in the extract belt)\\- r 17 )

Suppose you hear the sound o.f a refrigerator pump – a series of noise bursts of a certain
duration, spectral distribution, onset. offset envelope, location in space, c)cIe tinte, and
so on. if the sound is no! painfully loud, people \till tend to lose awareness of it rather
quiettI), but the) will tend to be conscious of the noise again as soon as an) parameter of
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The sound changes: The noise can bert)Inc louder or sofTer. The lime bct\teen the noise
bursts can change. the inlcnsil} cnvcl€)pe can change, clr the noise bursts can jusT srtrp.
An1,' vf these chanqcs \till trigger a nt'\t OR [oricntatinq reflex] , iust us \\-e lrta\ become
a\rare of the n(IiS) ref-rigerufor cls scion as lhc noise srftps

The capabilities of our hearing s) stem are well excnrplified bv our ability to analyse music, even b)
the untrained listener. \Ve can listen to a piece of music and ascertain the basic rh\'thm. regular 1. 2. 3.
4 counts or a dance. for c\alnp Ic a \\-alt/ which counts 1. 2. 3. 1. 2. 3. \\'c can make a judgement of the
tcnrpo. u'hcthcr thc music is fast or b,lo\r. and uhethcr thc tempo varies laccelcratc / dccelcratc I.
\lusical 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 energv. The frequency content of music. differences ol
pitch. are also commonly used to convey a message. In Prokol-iev's Peter and the \Volf the flute and
oboe. higher frequency wot)du-ind instruments. reprt-\cnt the bird and the duck as smaller docile
animals. The hunters and the \rolf are characterised bv the tinrpani / bass drum and the French horns
Fhese arc lo\vcr frequency instruments with a harsher sound and represent more dangerous characters

Simple messages portrayed by music can be extended to lnesb,ages conveyed by noise. Many of the
features used in music to attract attention. variance in loudness and pitch. ma\- also explain \rh) borne
nt)isc is considered benign and other noise mt)rc anno\ ing or difficult to habituatc to. A more musical
anal) sis tIf noise can highlight different aspects of sounds that are easijy distinguished bv the auditor)
system and colour our perception of the en\-ironnrent. Approaching analysis of noise with character
fron1 a nlusical perspective might enable better understanding of u-ind filrnr noise annoyance

2.4 Assessment approach
The rcnraindcr of this paper presents be\ L’raI cxarnples of \rind farm noise that have been found to

cc)nlply u-ith Lhc noise linlits, set according to (’K guidance. The excerpts presented are judged
ct)mpliant' and in many cases complaints and enforcement action has been disnlis,sed as a result of this
conlpliance. The character of the noise will be discussed and ilnalvs,cd from a musical perspective.
exploring the intcrrclating features and ho\v these Inight be perceived. Different assessment nretrics
described above have also been applied to the extracts. \There necessary a description of ht>\v lnetrics
have been calculated is provided in foc)tnotcs acconlpanving thc results table for each example. A
prominence IP) value has been determined according to the Nordtcst method for three representative
modulation peaks in each example. these are lnarkcd 'P I '. 'P2' and 'P3' in the figures and tables.

3. FINDINGS

3.1 Swaffham 1l - 30th September 2013 - 1 x 1.8MW turbine
The graph below sho\\’s clear amplitude modulation noise. \Vith the exception of some insect noise

t around 12.5kliz ) the wind turbine noise is the onjy 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 : Swafnlam ll turbine - 30th September

Increases and decreases in noise level and lnodulation peaks are followed by sudden reductions in
noise level and lnodulation strength. The variances in loudness and clarity of !nodulation peaks can be
rolnpart’d to someone twisting the volume control on a music player or a radio station coming in and
t)ut 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 : belo\\
sho\vs ho\v the first minute of the above extract could be marked musicaljy.
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Noise Data Graph . 30 Sep 2013
Swa#ham II Turbine

' cl: nbL;e+ 1

animated

a7rimat o
loud quiet

fy
loud

f
quiet subdued

p sotto
46 J

„ II{},
1

36 1

gg PS : eRa 8: & HR 888 nBa 8 Fl 88 ; gg 8 gb $ BE GIRI! iS baBa BBB BE
db

Eg ages iS a BB BBB giBBS Basis Bias as BaGS BiasES BaBa
25

Figure 2: Musical description of Hr 3,t minute of figure 1
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\\’here 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 annoyjng 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 t\vo and a double beat is heard in place of the single defined beat. The first 205
of the extract is sht)u-n below with the rhythmic element imposed at the top of the graph. J indicates

a single beat and JI a double beat. The varying beat is likcl\ to attract and hold attention. The lack of
pattern and regularity is likel\ to be perceived as annoying as patterns and expectations are broken and
as the beat is difficult to ignore

SO n

JJ JIll JIlln J J J J JJIIIJIJI

Figure 3: Extract of figure I . variance of rhythm / beats short'n

1-he table belt)\v assesses the cxaInplc shun-n in figure 1 against five of the criteria discussed abt)\-c.

Table 1 : Assessment of turbine noise from Su-affbam ll turbine

\Iethod Criterion Calculation Result
C(>nrpliant with

E'I-SLT-R-97 43dB loner
tIght tjm_c pc!!!g Jilpj !
Complaints likely r see

footnote )

ReL'K / ETSL' 5dB penalty to 1.4.,,1 34.4- + 5 = 39.4dB Ll.!,

BS4 142 1,.\., (+5dB) - L\,„, (37.93 + 5 ) - 34.34 = 8.6dB

Japanese D.\\I

Fluctuation sensation
u'hen greater than

1.7D \\1
AL 4q 13.3 ) - AL ,\9 s ( -4.4 ) 7.7D\\I

\ordtest Prominence. P P=31og(onset rate/IdB/s J ) +
21og f level difference /[dB] I

Pl = 6.3
P2 = 6.5
P3 = 6.0

Den Brook
Regular 3dB

modulation >28dB
1-Aug

LI., = 38.2
Peak to trough range +-lldB.

regularly above 3dB
Greater than expected AXI

It is assumed in each assessment that the minimum 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 penalt} u ould be applicable t see reference 19 i.
' The 10 minute pericxl including figure 1 is contaminated b) nearby road traffic noise. This 2 minute period is represcntati\'e of the
turbine noise during the 1 o minute period in the absence of road traffic noise.

This is based on a 5 minute period. uhich includes the 3 minute peritxi shou'n in figure 1. All noise during this 5 minute period is
dominated b\ \\-ind fann nt)ise
I Strictl} this should be the background noise Ie\ el in the absence of wind farm noise. In this case the turbine \vas operational
throughout the measurements and a true background noi,e level could not be determined. As a best case the 1.'\90 for the
measurement period is used. background noise level\ would be lo\ver in the absence of wind turbine noise and the true c(implaint
prediction level nruch higher.
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3.2 Kessingland turbines . 10 June 2012 - 2 x 2.05MW turbines
Fhe noise data graph below is taken fri)in t\vo turbines at Kessingland. The beginning and end of the

extract sho\v clearl} defined modulating noise which also has a strong rhythmic element. \lodula tion
is still apparent in the middle of the extract but has a less clcarl\' defined. muddicd modulation sound
sinlilar to a tumble dryer noise. a descriptor often used by residents to describe the noise character of
\\ ind farm noise. The noise in the middle of the extract is more continuous and undulating conrparcd to
the defined modulation that fades in and out rat the end and beginning of the extract ) as if the turbines
\vere moving in and out of s}nchronisation with each other. That the noise is less variable during the
middle period and its likeness to a common noise source I tumble dryer) could suggest that this middle
period is less intrusive. more easijy habituatcd to. Hon-ever. the change in noise character to a sLrongl\
rh)-thInic. irregular noise just after half \va\' through the period creates a stark and noticeable change
that draws attention. A listeners attention mjght wander from the \rind farm noise as it bcco incb less
prominent and more subdued but refocus on the noise when the strong modulation returns.
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Figure 4: Kcssingland turbines - 10th June 2012

The frequency content of the noise also varies throughout the extract. The dominant frequencies are
centred around the 3 15Hz. +00Hz and 50011z third octave bands. The dominance of these frequencies
are constantly changing and increases and decreases in loudness are not necessarily perfect1)
s}-nchroniscd, thus creating a '\lexican \va\-c' 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
variabilitv. There is also variable low frequency content. indicated by the 125Hz and 100Hz third
octave band content in figure 5 below. Periods of lou’er frequency rumble are particularly noticeable
during the middle section of the extract. though there are no obvious difference in low frcquenc}
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.
s\ash and tumble dryer type noise. The range of different and varying pitches adds bud) 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 atuibuted to descriptions from affected
residents that they feel surrounded by the noise
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Noise Data Graph - 10 Jun 2012
Kessingland
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l-lgure 5: Kcssingland turbines - 10th June 201 2. i-nqucncy analysis and dominant frequencies

As noted above there are very strong rhythmic qualities to the
6 and 7 below. In western music there is a preference to hear sound
strong and weak beats. Entrainment describes the interaction of t\vo
a comnlon phase. liuman cntrainmcnt to rh\-thms is observed from
strong and weak beats in the excerpt below changes \\-ithin thc
distinct rhvthlns in the extract.
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Figure 6: Extract from figure 3. strong rhythmic elements
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Figure 7: Dominant rh\ thnrs in fIgure 6

\\’hilst rh) thmic attributes of noise are not uncoinlnon the rhythm is usuall\- regular, constant and
predictable. in this case it is randoml\ variable. This could create a subjectivejy unpleasant noise
character as the noise lacks pattern or s\mmctr}- and ',o is not consistent with expectations. The
changes in rh)-thIn and / or the attempt tt) try and look for a rh)-thnric pattern could make this character
feature annoying. intrusive or difficult to ignore

\unrerous conrplaintb, have been received from the turbines at Kcssingland. Despite the (’ouncil
adlnitting that the noise is a btalutorv noise nuisance thc) refuse to take actic)n against the turbines.

Fhc table below assesses the extract shou'n in figure 4 against five of the criteria discussed above

Table 2: Assessment of turbine noise fronr Kessingland
Criterion Calculation

turbines

Result
Compliant u'ith

E'FSLT-R-97 43dB lou-er

night tinre noise limit ( \B
also compliant with

simplified 35dB LA,o ETSL
li Init )

Complaints likely (see
footnote I

Method

ReL-K / ETSL- 5dB penalty to 1, \.o 29.7' + 5 = 3+.7dB Lq„,

BS 41+2 Lq.q t+5dB ) - L \or, 132.46 + 5) - 26.2 =11.2dB

Japanese D,\\r
Fluctuation sensation

u-hen greater than
1.7D.\u

AL \s ( 2.2 ) - AL ,\qq f - 2.8 ) 5 .OD .\ \I

Xordtcst Prominence. P P=31og(onset rate/[dB/s] ) +
21og {level difference /[dB ] )

Pl = 6.0
P2 = 5.6
P3 = 5.8

Den Brook
Regular 3dB

modulation >28dB

LAc,i

LA„ = 32.4
Peak to trough range 4-9dB.

regularly above 3dB
Greater than expected AN

This is bdseL] on a 2 lrlilluLe perIod. It is bsuIned the 2 minute period ct)ntinued in a sirni lirr manner for IO lninutes. The four
minute 1.Aq{} co\ ering thi' extract was :9.SdB. at the beginning and end of the four minute extract the noise trace is affected by rtlad
trafflc noise

6 This is based on a : minute period. It is a',burned the 2 minute period continued in a similar manner for 5 minutes. The four minute
1..4,q co\ering this extract has an 1.4,q of 33.2dB. at the beginning and end of the four minute extract the nt)ise trace is affected b)
road traffic noise

The turbine \vas operational throughout the meibunnrent period. The LA90 is taken from a n\ e minute period approxinratcl} 2f)
minutes prior to e\tract \how’n in figure 4 uhen the turbines are still operational but at a slightl} II)wor level. True background noise
levels \\ ould be loner in the ab',,ence of \\ind turbine noi.e and the likelihood of complaints higher.
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3.3 Site F - 31 December 2013 - 1 x 275kW turbine

Site F remains anonynlous due to potential nuisance action. It is a single 275k\\' turbine that
operates in t\ro different gears. The extract below. figure 8. is a 10 minute period which sho\vs the
operation of the turbine in the loner gear at the start of the period. a change up to the higher gear in the
first third of the period and change back do\rn to the

Noise Data
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Figure 8: Site F - 31 Deccnrbcr 2013

FIle turbine nt)isc is highjy tonal and an element I>f tonality is always present u-hen the turbine is
tipcrating. \\’hen operating in the lower gear the turbine produces a humming noise which is mid
frequency in pitch though there is also a quieter higher frcqucnc\- tonal \rhine. In the higher gear mode
the tonality of the turbine is much stronger and is better described as a dominant high pitched \\hine
I-he turbine also generates AXI. In the lou'cr gear blade s\\ish modulatcs 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 bv 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 highjy tonal high pitched u-hine and violent 1 u-Flipping / 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 unlikejy to be accustomed to
because of the constant variability both in noise level and character and a]so 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 \vine 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 u'arning. they do not appear and disappear as u-ould be expected if the noise
\vas caused by a distant train. This aspect of the noise is also likely to draw attention back to the noise.

Figure 9 belou’ sho\vs an excerpt from figure 8 as the turbine changes from the lou’er 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 sho\rn in figure 9. It confirms the mid frequency
and higher frequency tonality of the lower gear operation ( blue trace at 01 :+0:53.600) and the strong
higher frequency tonality of the higher gear operation fred trace at 01 :41 :48). Changes in gear occur
throughout entire night time periods. They occur often but u-ith no predictability or regularit}

Page 10 of 20 Inter-noise 20 14



Inter-noise 20 14 Page 1 1 of 20

dB
Noise Data Graph . 31 Dec 2013

Site F LE -'S J&3

q J: aS Jog ChICo a tea ,bAe: + q

1 00 ns leg CJcJ atcla LAg: Im
< == T S JpI C& Cd atec nNt a : HI ! =

q ={ vis iea Ca, Ca atM dg: 2n ' + =
deg - 3: 6dB' A
J9Q - 25.TdB A

I

LAeq . 24 2aB' Al
:390 22.1 dB A

3:
b

II 1 ' t I'
li

i

I

I
+1

}\ . I; I
!.',..
1 1

IF+
1 ' .1

I

I

&I 1 / 1 1# ! i s r I i ! )

;i = : a g 8 E e = 1si : : : i
; 'AM:BB Hill
fWnd frc’q

tIc’nc\’ contcirt
BY

I--igurc 9: Site F - 31 Dccclnbcr za 13. extract showing cl

I-he table below assesses the noise from the turbine at site
above. The D,\\1, Nordtcst and Den Brook assessment are
3 rninutcs in length.

LTR DATED FROM

naIC EturbineFable 3: Assessment of turbine noise

\Iethod Criterion Calculation

1 0 minute period: 22.3. + 5 =
27.3dB Lv,"

High gear operation onlvb:
25.8 + 5 = 30.8dB Lq9,1

Compliant with ETSL'-R-97
43dB lo\vcr night time noise
limit ( and silnplificd 35dB

L,,I,I, ETSI,’ limit)

RcL'K / E-l'SL 5dB penalty to L.\,„,

BS4 142 Li,q t+5dB) - LA.o (29.39 + 5) - 23.0lc’ = 11.3dB COInplaints likely

Japanese D,,I,I

Fluctuation sensation
when greater than

1 .7Dq\I
ALas ( 2.5 ) - AL .\ljs ( -3.9 ) 6.4D.\\I

P=31ogf onset rate/[dB/s] ) +
21og f level difference /[dB] )

Pl = 7.4

P2 = 7.0Nord test Prominence. P

P3 = 7.5

Den Brook
Regular 3dB

modulation >28dB
1'Aeg

LA,q = 24.2 / 30.6
Peak to trough range 3-IfidB.

regularly above 3dB

Greater than expected AM
caused by higher gear onI)

- \\bn,t case assumption that the higher gear operation. see figure 9. occur. for an entire 10 minute period,
’ Based on a 5 minute period which includes the lower and higher gear operation shown in figure 9. Strictl) BS4 142 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 l_ Aq(1 is taken from the same 5 minute period as the 1,Ax: it is determined b) the lo\ver gear turbine noise. background noise
in the absence of turbine noise u ould be lower and coInplaint prediction le\eIs higher than indicated in the table.
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3.4 Cotton Farm Wind Farm - 3rd February 2014 - 8 x 2.05MW turbines

M AS have set up a permanent monitoring station u-ith significant help from local residents to
measure ,'omnrunit\- noi\c levels from the Cotton Farm Wind Farm. Residents complain of a loud
u'hoonlp' / 'whoosh’ noise. which is prevalent in much of the data. The excerpt below is taken from a
night time period entircl\ dominated b\ wind farm noise. Whilst the noise trace is consistently affected
b\' AXI. the shape t3f thc noise trace does not vary in a u'a\-c-like shape to the same extent as the
examples above. For cxanlple. a flat line can be drawn underneath the troughs of the data whereas the
excerpts above follow u- lives of increases and decreases in the trough level. The number of turbines at
Ct)tton Farm is much greater than the abo\-c examples and this flat lo\ver level is likely the 'gcneral'
\rind farm noise lcvcl11. The noise is far from charactcrlcs,s and significant variation is still observed
and heard.
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Figure 10: Cotton Fiun1 \VincI Finnr - 3rd Fcbruar\ :014

I-he 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 lo\vcr 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 Swafflram the dynamics of the noise are highjy variable. The beginnings of patterns can be
observed in the data. increases in loudness 1 crescendo) and decreases in loudness rdiminucndo) are

marked on the figure

This hib been separatel} confIrmed b) switch off tests u'here the turbine- u cre :-topped and is reported b\ the authors in a
\eparate paper f 1 91.
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Figure 11 : Extract of tlgurc 9 sho\ring pattern', and changes in loudness

Figure 12 below demonstrates the var)-ing frequency content of the wind farm noise. \lost of the
modulation is broadband and mid frequency. perhaps causing the 'big' sound. though a definite lo\vcr
frequency rumble is also present. As with Kcssingland, this could cause residents to feel 'surroundcd
by the noise. Some peaks have a definite lo\vcr pitched / frequency ’\\-hoomph' character. see for
cxanrplc the end of the period peaks 2 1 blue ) and + t black ) c\ aluated in figure 1 2 belt)\\. The spectrum
graph in set in figure 12 sho\vs the presence of the rumble at around 100 ll/, more 4001 lz content in
peaks : and + t 'whoomph' I, and more 63011/ noise in peaks 1 (red) and 3 (green).
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Figure 12: Extract of figure 9 sho\\-ing differences in
The table hclo\v assesses the noise frc)in the turbine at Cotton Farm

discussed above. The Rct’K / ETSL’-R-97 assessment is based on the 10 minute period’
figure 10 is taken. The BSI 142 assessment is based on background noise levels measured prior to the
erection of the \rind farm. The I Om height wind speed measured at the monitoring location (Toscland
Road. Gravel\') during the above noise measurements. figures 1 0 - 12, \vas +nl/s. The prevailing
background noise level at 4nr/s as measured at the application stage at 97 Tost-land Road \vas 27dB(A)

Table 4: Ass,cssmcn{ of turbine noise from Cotton Farm \\;ind Farm

NIethod Criterion Calculation Result

ReL’K / ETSt 5dB penalty to L.\.t,
10 minute period: 38.8, + 5 =

43.8dB I,.\.,,.

0.8dB breach of +_;dB I_xl,,
linrit.

At most dc-minimis breach
unactionable.

Complaints likely -
significantly exceeds onset

point of complaints
r +10dB)

BS 4142 L.\,q 1 +5dB) - L\„o ( 41.41: + 5) - 27.0 = 19.4dB

Japanese D4u
Fluctuation sensation

when greater than
1.7D'\\I

AL_\s r2.3 ) - Al_495 ( -3.5 ) 5.8 DAy

P=31og(onset rate/[dB/s] ] + 21og
f level difference /[dB] I

PI = 6.0

P2 = 5.6
P3 = 6.1

X-ordtest Prominence. P

Den Brook
Regular 3dB

modulation >28dB
L_.\eq

LA.q = 41.4
Peak to trough range 4-11dB,

regularly above .;dB
Greater than expected AXI

- The 5 minute 1.\x. \\-hich includes the extract sho\rn in figure 10. was 4 1.8dB I,;,_
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NOTE: \\’hilst thc ReL-K / ETSL' approach does indicate a breach.
application of this metric is to average this result \\-itIl a it)ngitudinal
averaging effect combined \\-ith a minor cxcecdance results in cab)
this assessment assunlcs, that the maximum 5dB penalty would be
sho\\-n this is unlikejy to be the case 1 191.

th
stud

co mpI ia

applicab

lroaclr to

02
AUG 20/7

LTR DATEDabI)
PL

3.5 Summary
Fhc table belt>\\ s,urnlnaris,es the assessments of the four exanlples

Table 5: SUInnrar\ of assessments at four exanlples

Method Swaffham II Kessingland
Stronglv rhythmic.
changes bet\teen

defined modulation
t su'ish / n’hot)sh )

and muddied tumble
dr\'cr sound
unpredictable

patterns. trig’ stlund.
changes in pitch

Site F Cotton Far

liighly variable.
highjy tonal.

subdued
modulation. hum
violent whipping /

scraplrlg
modulation, harsh.
u-hine. resonance

( distant train I

highly changeable

\Va\-cs cif noise,
erratic dynamics

highl\ changeable /
unpredictable.

changeable
modulation beats /

rhvthnl

Constant lou-er
level tif noise

I constant din). 'big
sound. 'roar' like.

lower pitch rumble.
variable dynamics

and pitch

Subjective

ReL’K / Bl’SL (-ompliant Compliant Compliant Borderline

BS41+2 C'omplaints likely
f8.6dB +)

Complaints likt’1)
(11.2dB +)

Conrplaints likely
(11.3dB +)

Complaints likel}
( 19.4(IB )

Japancsc DAI,1 7.7 D_\\I 5.0 D \\I 6.4 D.\\I 5.8 D.\\1

NordIc>,t P = 6.3 / 6.5 / 6.0 P = 6.0 / 5.6 / 5.8 P = 7.4 / 7.0 / 7.5 P = 6.o / 5.1 / 6.1

Den Brook
Greater than
expected A\1

(4-11dB)

Greater than
expected A\1

t4-9dB )

Greater than

expected AXI
13-15dB )

Greater than

expected AXI
(4-11(IB)

dB 1_.\.q.T

dB 1_ .\qt, T

38.2 32.4

29.7

27.5 (24.2 / 30.6) + 1 .4

34.4 22.3 r22.1 / 25.71 38.2

4. DISCUSSION

rhis paper looks primarijy at the character of wind farm noise and how this relates to assessment of
impact. particularlv \there noise has been found compliant with limits but causes complaints. The
above anajysjs raises many questions that relate to this assessment as outlined below’.

4.1 is it appropriate to compare wind farm noise levels to other noise source levels?
As noted in the introduction. wind farm noise levels are often compared to other noise sources. the

noise level in a quiet library or the noise level of a fridge. WHO guidelines are silnilarly often quoted
Assessors commonjy state that as noise is below either 40dB L„,h,.,.d, ( low-est observed effect level)
or 30dB L„,h,..,.,d, t no observed effects level) the noise cannot be considered an adverse impact ( 20).
\\’i th reference to the summar\' 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 L=„b,..,„.d, of +0dB and some below 30dB
L.„h,',,,c*d,. Are these comparisons fair?

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

\lcrdulation level. peak to trough

Inter-noise 20 14 Page 1 5 of 20



Page 16 of 20 2014

broadband generally anonymous noise. As thJeGC8a&#Ariance in th-ii type of noi J it is easil\-
pushed to the back of consciousness. There mJy& intcrl;#MLrB)iscpMIP: 'those usi4, the librar\ ’.
footsteps. page turning, coughing. These tee, isil-;Ted-';{Tm&Jhev Io not occur
frequently and in many cases they are predictable witf{-isual arcues lh'R"'#form that the
noise will happen. when it will happen and \then it will cease. In contrast. aid-hdastratcd above.
\rind farm noise is constant but highly changeable and variable. without predictabi iit\Gr rcgularit\. At
night time, inside the dwelling and u-hen tr) ing to sleep there are no visual cues for \rind farnr noise
Audible cues can often be misleading. for example periods of Io\ver modulation and lower wind farm
noise levels indicate that the noise is going a\ray. but quieter periods are often followed bv increases in
noise / nrodulation or sudden louder modulation peaks. see the above examples

The noise level of a fridge might also be similar to u-ind farm noise level. but as with the librar\ it
s entirely different in character. The noise fron1 a fridge might have a tonal element. but this is

unlikely to modulate to the extent that u-ind farm noise tonality modulates„ particularjy 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.
prcsunlabl}’ located in the kitchen, is likcl\ to be the least dominan{ noise source in this location. Other
noises \\ ill 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 usualIY within the
control of the occupant. \VincI farm noise is typjcally the dominant noise source where there are no
other donlinant man made or industrial noises. Particularl\ at night time there are fe\r other sources
that could either mask or divert attention from the wind farm noise. \\’ind farm noise is tvpicall}
obtrusi\-c in what is otherwise a quiet rural environment. dominated by wildlife sounds which are
entirejy different in character to that of \\’ind farm noise

Whilst the average L \'q or Lx.o ]c\'el of \rind farm noise might be similar to the average I,\.q c)r
1-.\,c, level of noise frc)in a fridge or in a quiet library. this is demons,trabl) the end of any likeness.

It is clear from review of the WHO night time noise guidelines that the vast majority of research
upon u'hich effect levels are based relates to transportation noise. Can transportation noise be fairlv
conrpared to \\-ind farm noise? As above. the character of the noises are entirejy different. Studies have
already shown that \rind 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
Fransportation noise is t)pically found in urban areas, \rind farms are more often located in quiet rural

C lr\'lronn1 ents .

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

4.2 is a single figure parameter appropriate for assessing impact? Would multiple

parameters be more appropriate?
The LI,q of the excerpt from Cotton \Find Farm is 41.4dB and the L.\,„, 38.2dB. This is considerabl)

louder than the excerpt of the t\vo turbines at Kcssingland. 32.4 dB L \., and 29.7dB L.4,b. The noise at
Kessingland should supposedly be half as loud as that from the Cotton Farm \\’ind Farm. Does this
mean that those complaining of noise from KessingIand 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 tu-ice as much of the Kessingland noise before the\' complained?

\Vhilst 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
Kcssingland. 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. 4-11 dB and +-9dB. both would be considered to generate unreasonable. greater
than expected amplitude modulation. The DAy rating of the noise from Colton Farm and Kessingland.
5.8 Dx XI and 5.0 D.\u 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 Kcssingland impact to be considerably more tolerable than
Cotton Farm impact. Rc\-ie\v of prominence. P, modulation peak to trough level and DIV rating
suggest that impact is comparable at both locations. Detailed examination of the noise character might
again change the decision.

Noise from Cotton Farm \and farm and from the Kcssingland turbines is highly variable in
dynamic and there are unpredictable changes in peak to trough level. However. the Cotton Farm
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nrodulation is a single modulation peak \r
generally consislent throughout the data.
randomjy alternates between different rh\-

beats or pulses within each modulation peak.
more likel\- to attract attention. more

Where noise has character a single numbMHctmpact. Even if
multiple parameters are used this can often result in connicting conclusions of impact. There are
situations and character features which. as demonstrated b)- the rhythmic quality of the Kessingland
turbines. would be entirely neglected from assessment even if using multiple assessment parameters

b c
aa"iTEL:

Eh

and this is
rhythmic and

t\to or three
be considered

difficult tcl ignore and potentially

4.3 Do noise readings reflect human perception?
It is asserted above that a single noise level cannot adequately assess the inlpact of noise character,

Description of noise using multiple parameters can also be contradictory. Does even a detailed
assessment of noise character presented b) noise readings accurately rcflect human perception?

The four examples above \vere recorded external to the dwelling. The above assessment metrics
also relate to externally recorded noi'Ie levels. Ho\\' is impact perceived intcrnallv? Conlplain ts of wind
farm noise are colrlmonly received at night time and residents often complain of sleep disturbance. To
retlect this in noise measurements there is a strong argument to require internal noise measurements
\’otwithbtanding thc potential difficulties of access. there are also difficulties with instrumentation.
\lost type 1 / class 1 sound level meters have a noise floor of around 18-20dB(A). Specialist lou- noise
nlicrophoncs are needed to accuratejy measure internal noise levels, u-hit’h in rural areas can be as lou

Fhc accuracy of A weighting to reflect the human hearing sensitjvjty might also be gut’stioned.
particularly in very lo\r noise environnrcnts or where noise. especially lo\v frequency noise. is close to
perception thresholds. There may be internal room effects that further influence the perception of
noise, but ho\v could such a variable be accounted for in a general assessment of impact?

Self reported health effects can also prove problenratic u'hen assessing noise solely using recorded
noise levels. Residents affected by u-ind farm noise often report car pressure effects or Iikcn inrpact to
other hearing impairments such as tinnitus or ringing; they often question whether Lhcv are hearing,
feeling or iInagining the noise. These reports can lead assessors to dismiss inrpact as a hearing defect
rather than a feature or s) nrptonr of the u-ind farm noise. This is particularly the case where there are
no obvious identifiable causes in the data. where lo\\' frequency noise levels are below’ thresholds or
where low frequency noise is at lo\vcr levels !han other sources of environmental low frequency noise
Fhc middle section of figure 5, Kessingland. has a lower pitched character but there are no obvious
changes in the third octave band frcqucncv 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 accuratejy portrav what is being heard b)
those affected.

IS 1 2dBl Al

4.4 Can short term assessments of noise level and character represent long term impact?
The above examples review only short periods of wind farm noise. The exalnp Ies 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 ho\r 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 u'ill become sensitised to noise when they hear it and are affected b)
it on a day to day basis. Residents will be able to pick out the source noise where those assessing it.
\rho are not as familiar with the noise, may struggle to do so. Sinlilarly. 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 \imply used to louder. huqjer environments. Is this as\cssors
judgement therefore fair and representative of what the resident experiences?

4.5 Should character be considered as a single feature of noise or do different features

interrelate and cumulatively impact perception?
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 asses Id indenendEnavalhoaIafgt features;l combined
in a single 'charactcr' assessment? For example. Jo€f PpP+aulation of th&7i6tton Farm +isc make it
immediatejy unacceptable? Would it be cqualIJup.acceptable jf there .WA£nly Io\r frejucncy noise
and no modulation? Does the addition of Io\r freqllcncLJloise to th6'’hlodulation make It+ modulation
more intrusive and is this more or less intrusive than IIMn gt mponcnt sUdas that found
in the Kessingland data'?

At site F there is a very strong tonal character and significant amplitude moaination. but the
character features are different depending c)n 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
aIn-avs present compared to the variable presence of amplitude modulation noise. Should annoyance
from arnplitudc modulation therefore attract less of a penalty than the tonal noise? Altcrnati\-ely. does
the amplitude modulation noise simply draw the residents attention back to the tonal turbine noise'.’
Perhaps in the absence of amplitude mc>dulation noise the tonal noise u'ould bc nrc)re easily forgotten?
In this case the anrplitudc modulation noise is the driver (if annoyance and so would perhaps warrant a
harsher pcnalt\- than the tonal noise. Can the t\vo features be separated? Perhaps the intrusivcness ot
the tonal noise is heightened when it 'rcsonates,', which most often occurs in conjunction \\-ith periods
of erratic and violent blade swish noise. Is the tonal noise more or less annoying in the presence of
amplitude modulation noise? Ho\v can these complex interactions be accounted for as a single feature
of noise inlpdct'?

Very little is known about ho\v different character features intenclatc and are perceived by those
affected. Assessment is problematic as each case is so variable both in terms of the noise. sec for
example the different character features of the four cxanlplt’s 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?

Man\ international guidelines for assessment of n'ind farm noise propose a penalty for prominent
character features that is applied to the overall noise limit. The assessment of the four cxanrp]es above
shows wind farm noise with highjy- discernible character features that have resulted in noise
coInpIaints, but conlplv with noise linlits even with the maxinruln afforded pcnalt} deducted from the
noise limit. This demonstrates that the current penalty approach is ineffective

The average LA,q level or Lq,,o rarely represent the high variability of the noise within the extract
and as such do not fairIY represent noise character. If the noise level itself does not reflect noise
character can a pcnaltv applied to this level fairly account for noise character either? if the noise level
\\-as reduced by 5dB \\-ould this render the noise acceptable? Comparison of noise Ie\cls from the
Cotton Farm Wind Farm and the Kcss,ingland 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 tP) value
and still generates complaints.

A comparison of the penalty method r ReL'K / ETSL) 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 ReL-k / ETSL penalty approach only indicated a
borderline situation at Cotton Farm, assuming the full penalty \vas 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 \rind 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 \ordrest prominence method is proposed as a graduated penalty to be applied to the 1_x,.. Whilst
the Japanese D4\1 method offers no guidance on acceptability. the papers do suggest that as soon as
fluctuation is perceived adverse impact arises and that noisincss increases as fluctuation strength
increases. The above examples indicate that each metric will give a slightly different result on
acceptabilit}

Whilst it is the authors’ opinion that a separate assessment of noise character is favourable. the
assessment metrics used above account onI\- for modulation and fail to consider other factors
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contributing to adverse noise character such
changes in noise character. A separate
above examples but considerable thc)ugllt is
\\-hich character features it would include and w’hat metric-
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noise and
assess the

approached.
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5. CONCLUSIONS
Wind farm noise character is largejy neglected at the planning stage. This appears to be exacerbated

b\ inappropriate colnparis,ons with noise sources that have a similar noise level but an cntirel}
different noise character. Noise limits rarcl\' account for noise character and where they do assessment
is typjcaljy limited to application of a maximum 5-f)dB penalty to the existing noise limits. In cases
where noise cornplaint!, have been received from \\ind 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 cxanlples, above and is evidence that the current approach to assessing ilnpuct is

I-he above four cxanrplcs sho\\- that \vinci farm noise character can be unique to each development
and highl\' variable within each development. Different assessment metrics result in contradictor}
outcomes of acceptability at each site. Whilst one aspect of noise character might be well characterised
bv a nrodulation index another noise characteristic might be better defined by a pronlincncc rating.
other characteristics, such as rhythm. are ignored by all assessment parameters.

Fhc analysis and cclnrparis,on of assessment methods for each of the ft)ur cxanlplcs confirms that a
single assessment parameter does not reflect impact. The worst metric of assessment for noise
character is that i)f a pcnaltv applied to a noise limit. as currently proposed in the UK. Even where
multiple assessment paranlctcrs arc adopted significant character features can still be neglected. The
ability of noise nrcaburcnrcnts, to accuratejy reflect the perception of the listener. including within the
dwelling. is further questioned.

It is concluded that assessment of character in \rind farm noise is in need of serious review bY the

acoustics community. The current methods adopted to assess noise inlpact fail those affected and
suggest compliance where significant adverse irnpacts exist. The above anal) sis 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
onjy on short extracts of wind farm noise. Long tcrnl exposure to noise is likely to heighten perception
and annoyance of specific characteristics. Studies investigating ho\r multiple character features
interrelate to judgement of impact and the longitudinal impact of noise with character are
rcconlmendcd.

ineffective
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