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                Emeritus Professor Colin Hansen 
                School of Mechanical Engineering 
                University of Adelaide 

                February 25, 2014 

 

Dear Ms Morris 

I  am writing  to provide my opinions  concerning  some of  the problems  associated with  the 2009  SA 

Guidelines for wind farm noise and in particular I am writing in support of the comments made by the 

well‐respected acoustical  consultant, Mr Les Huson  in his February, 2014  report  reviewing  the Flyers 

Creek wind farm approval and his November, 2011 report for the Cooranga North Community in which 

he described his outside to  inside noise reduction measurements. The opinions  I express here are my 

own and are not necessarily endorsed by The University of Adelaide. 

One of the more important incorrect assumptions implicit in the guidelines is that there is a substantial 

reduction  in  noise when  travelling  from  outdoors  to  indoors.  To  satisfy World  Health  Organisation 

(WHO) Guidelines, the maximum allowable noise  level  in a bedroom at night  is 30 dBA  if the sleep of 

90%  of  people  is  not  to  be  disturbed.  This  implies  that  to  protect  90%  of  people,  there must  be  a 

minimum noise reduction from outdoors to  indoors of 10 dBA  if the allowed outside noise  level  is 40 

dBA. The validity of this assumption is discussed below.  

The  A‐weighted  noise  reduction,  from  outside  noise  levels  to  inside  noise  levels,  that  will  be 

experienced by any dwelling will depend on the following factors: 

1. The construction of the dwelling (wall materials, number of windows, roof materials etc). 

2. The area of openings due to windows being open, particularly in walls facing the source of the 

sound. 

3. The  character  of  the  noise:  low‐frequency  noise  is  less  attenuated  by  houses  than  high‐

frequency noise. Thus if the noise consists of mainly low‐frequency components (as does wind 

farm noise at distances of 1 km or more  from  the nearest  turbine  in a wind  farm),  then  the 

noise reduction from outside to  inside will be much  less and sound will  intrude through open 

windows that are not even facing the turbines. 

During the course of undertaking our Australian Research Council funded project on the impact of wind 

farm noise on rural communities, my research team has made a substantial number of measurements 

of  the  reduction  in wind  farm noise  levels  from outside  to  inside  for  a number of  residences  in  the 

vicinity  of  the Waterloo wind  farm. All  of  our measurements  have  been  for  the  situation where  all 

windows  and  doors  were  closed.  For  this  case  we  have measured  between  12  and  15  dBA  noise 

reductions  at  times during  the night when  it was  clear  that  the wind  farm was  the dominant noise 

source. However,  if windows were open, the noise reduction would be substantially  less than this and 

this  is  supported by  the measurements  taken by Mr  Les Huson and  reported  in his November, 2011 

report. Especially at  low frequencies,  inside noise  levels are very dependent on where  in a room they 

are measured,  which means  that  there  would  need  to  be multiple  inside measurements  taken  to 

properly define an average outside to inside noise reduction and the noise source would need to have a 

similar frequency content as the predicted wind farm noise at each particular location. 
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It is clear that specification of 40 dBA of allowable outdoor noise levels is no guarantee that noise levels 

indoors will not exceed 30 dBA at night so it would be safer to specify average indoor noise levels and 

the  number  and  location  of  measurement  microphones.  During  compliance  checking  it  would  be 

preferable  to measure  indoor noise  levels during  times when  the  local wind  strength  is  low  to avoid 

contamination of the data due to noise generated by wind blowing past vegetation and other objects. 

Taking  measurements  indoors  would  also  mean  that  large  microphone  wind  shields  would  be 

unnecessary.  To  avoid  contamination  of  the  data  by  internal  noise  sources  in  a  residence,  the 

measurements would need to be attended. If this caused problems, compliance checking could consist 

of outside to  inside noise reduction measurements using an artificial sound source and outdoor noise 

measurements with just the wind farm noise. 

A complicating factor that should be mentioned here is that the 30 dBA limit recommended by WHO for 

people to not suffer sleep disturbance  is based on the noise being dominated by traffic noise which  is 

not  so heavily weighted  towards  low‐frequencies as wind  turbine noise  is.  It  is well‐known  that  low‐

frequency noise  is more annoying than noise spread over  low, mid and high frequencies for the same 

total  A‐weighted  level  (dBA).  Thus  30  dBA  of  predominantly  low—frequency  noise  as  produced  at 

distant residences by a wind farm will cause more annoyance than 30 dBA of traffic noise. The 30 dBA 

limit proposed by WHO is also based on the response of people living in the suburbs of European cities 

where levels of background noise experienced and accepted by residents would be much greater than 

experienced  in  an Australian  rural  environment. Of  course  there  are  always  a  certain percentage of 

individuals even  in  an urban environment who will be disturbed  at  levels of 30 dBA.  Finally, distant 

traffic noise  is not modulated, does not vary rapidly over short periods of time and  is thus much  less 

likely to cause annoyance than noise of the same average level produced at residences by wind farms, 

which does vary substantially over very short time periods as well as over long time periods. 

The SA EPA wind farm guidelines also suffer from the additional limitations listed below. 

1. Compliance checking  is based on  the measurement of LA90 noise  levels, which are  the noise 

levels that are exceeded 90% of the time. Reporting these measurements thus misses the 90% 

of  the data  that exceed  the  reported  level. Typically, average LAeq  levels would be at  least 2 

dBA above  the LA90  levels  (much more  for modulated sound which often characterises wind 

farm noise) and it is the average levels (over a 10‐minute time period) that are used in the noise 

level prediction process specified  in  the guidelines. Compliance checking also  implements  the 

dubious process of fitting a regression line to a large number of data points of measured noise 

level vs wind speed at the turbine nacelle height. There is usually a large spread in these data of 

at  least 20 dBA. This means that there can be many 10‐minute periods for which the average 

noise  level  exceeds  the  allowed  exterior  noise  level  by  a  very  large  amount,  resulting  in 

excessive interior noise levels for significant periods of time, even though the wind farm will be 

deemed  compliant.  Thus  compliance  checking  is  over‐generous  to  the  developer  and  the 

process  is unfair  to  the residents as  it overlooks extensive  time periods where  the wind  farm 

noise  levels exceed  those  that are allowed. Therefore  I believe  that  the guidelines  should be 

changed  so  that  the  allowable noise  levels  are  “not  to  exceed”  average  indoor noise  levels, 

rather  than  regression‐line  fitted  outdoor  noise  levels.  This  is  particularly  important  for  the 

night time, when there is a risk of people being awakened by a loud event. After such an event, 

the person may have trouble going back to sleep and may lie awake in anticipation of the next 

noise event. 
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2. Although there  is a penalty of 5 dBA to be added to the measured noise  levels  if the noise  is 

shown to be “tonal” in nature, there is no consideration of any penalty to be applied if the noise 

is excessively amplitude modulated (AM) or if it varies substantially over short time periods or if 

it  is predominantly  low‐frequency  in nature. The methodology used to determine  the  level of 

AM should be clearly specified and should be based on the results of  listening tests. It may be 

necessary to consider AM of specific third‐octave bands rather than the overall  level. Findings 

from the Renewable UK report released in 2013 could provide a basis for an acceptable criteria 

and method of establishing and quantifying AM. 

 

3. Another limitation is associated with the method of tonality assessment which according to the 

SA  guidelines  should  follow  the method  recommended  in  the  standard,  IEC  61  400‐11.  This 

standard suggests that the assessment should be based on measurements made near a turbine, 

but  it would seem more appropriate to make the measurements near houses where residents 

are subjected to the noise. The guidelines should also include a requirement to use night‐time 

as well as day‐time measurements and should analyse data  from all wind directions, not  just 

downwind. In addition all data should be assessed, rather than just the 2 minutes closest to the 

integer wind speed, all wind speeds should be investigated rather than focusing on only 6 – 10 

m/s at 10 m height and instructions should be given on whether to apply the 5 dBA correction 

to  the affected measurement only or  to apply  it  to  the value  calculated  from  the  regression 

curve. 

 

4. Another  limitation of  the SA guidelines  is associated with  the establishment of  the allowable 

levels  when  the  wind  speed  becomes  sufficient  that  background  noise  levels  exceed  the 

specified allowed  level (35 or 40 dBA, depending on whether the site  is zoned “rural  living” or 

“rural industry”). One aspect of the problem is that, especially in conditions of high wind shear, 

wind at the residence location is not necessarily related to the wind speed and direction at hub 

height. A second aspect  is that according to the guidelines, night‐time data are averaged with 

day‐time  data  to  provide  a  single  regression  curve  which  represents  the  “measured” 

background noise levels that will be used in compliance checking. A serious draw‐back with this 

approach  is that the night time background noise  levels are generally substantially  lower than 

day‐time  levels,  so  as  a  result  of  day‐time  and  night‐time  averaging,  residents  are  being 

subjected  to excessive noise  right at  the  time  they are  trying  to  sleep. Thus  there  should be 

different  regression  curves presented  for day‐time and night‐time. Also  the night‐time hours 

should be specified to be between midnight and 5am as this is usually the quietest time period. 

 

5. The  guidelines  do  not  address  the  issue  of  the  noise  spectrum  being  dominated  by  low 

frequency  noise  at  the  location  of  the  affected  residences.  To  address  this  highly  probable 

event,  limits  should be provided  that are directed at  the  low‐frequency part of  the spectrum 

such as the DEFRA guidelines published in 2005. 

 

6. Another limitation is associated with the development assessment in many cases, and this is the 

classification of rural residences as “rural industry” if they produce goods that they sell, rather 

than the much more reasonable “rural living”, as people need to be able to sleep in these “rural 

industry”  zones,  something  that  is  not  generally  a  requirement  in  other  industrial  zones.  In 

terms of allowed outdoor noise levels, the difference in the above‐mentioned classifications is 5 

dBA.  As  the  aim  of  the  specification  of  acceptable  noise  levels  in  the  case  of  wind  farm 
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developments  is primarily  to ensure  that  the majority of people exposed do not  suffer  sleep 

disturbance, and  in Australia all wind farm developments are  in rural areas, the use of zoning 

does not make sense – there should just be a single number specified that ensured that people 

could sleep without being  interrupted by wind  farm noise. The selected noise  limit should be 

based on a dose response study specific to South Australian rural areas. 

 

7. If on/off testing is to be done to assist in determining compliance, it should be done according 

to  Australian  Standard,  AS4959:2010  at  the  “critical wind  speed”, which  is  the wind  speed 

associated with the predicted smallest margin of compliance. 

 

8. Implicit  in  the EPA guidelines  is  the assumption  that external background noise  is capable of 

masking wind farm noise provided that wind farm noise does not exceed the background noise 

by  more  than  5  dBA.  However,  there  is  no  evidence  in  the  literature  that  supports  this 

assumption.  Further  work  is  required  in  this  area,  including  the  analysis  of  the  masking 

potential of background noise in relation to typical indoor wind turbine spectra, to determine a 

suitable threshold. 

 

9. Since measurements of wind farm noise are often required in windy conditions, the guidelines 

should  include  specifications  for  secondary windshields  for microphones, which will minimise 

the  contamination  of  the  data  from  noise  resulting  from  atmospheric  turbulence  as well  as 

noise produced by wind blowing across the measurement microphones. 

 

10. The effect of air density, wind shear,  inflow turbulence and  inflow angle at hub height on the 

turbine sound power levels should be included in the noise predictions so that an upper bound 

to the turbine sound power is used rather than the values measured in flat terrain with little in‐

flow turbulence and negligible wind shear. Alternatively an acceptable safety margin could be 

applied  to  the  sound  power  levels  provided  by  the  manufacturer  that  takes  into  account 

variations between turbines as well as the effects mentioned above. 

 

11. More recent sound propagation models such as Nord2000 and harmonoise are now available 

and should be  investigated for their suitability. In particular, the guidelines should address the 

uncertainty associated with use of a particular model and the allowable predicted noise  levels 

should take this uncertainty into account. 

In  conclusion,  I  believe  that  there  is  a  strong  case  for  revisiting  and  modifying  the  2009  SA  EPA 

Guidelines for wind farm noise. 

 

Emeritus Professor Colin Hansen 
University of Adelaide 
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ABSTRACT 

Wind farms are an important part of the renewable energy strategy; however with the developments predominantly 

occurring in rural areas with low background noise levels, they can significantly alter the existing noise environment 

creating considerable impacts for the affected sensitive receivers. The South Australian EPA "Wind farm environ-

mental noise guidelines" and New Zealand Standard NZS 6808 "Acoustics – Wind farm noise" are the predominant 

environmental noise assessment methods employed in Australia and New Zealand. Both of these documents have un-

dergone recent revisions along with the introduction of Australian Standard AS 4959 “Acoustics – Measurement, 

prediction and assessment of noise from wind turbine generators”. This paper investigates and assesses the recent 

changes in methods with a particular focus on addressing the effect of atmospheric stability on the developed noise 

criteria.  

 
INTRODUCTION 

Wind turbine generated noise levels are unique when com-

pared to standard industrial noise sources as they are highly 

dependant on the local wind conditions. The emitted noise 

levels are a function of the wind speed experienced by the 

wind turbine generator (WTG). The general relationship can 

be summarised that as the wind speed increases, the sound 

power of the WTG increases up to a rated power wind speed 

at which the WTG emits the maximum noise. Figure 1 below 

shows a typical sound power curve for a WTG. 
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Figure 1. Wind turbine generator sound power curve 

As such, this requires a different approach to develop appli-

cable design noise criteria for wind farms, compared to the 

usual industrial developments because as the wind speed 

increases it has the potential to create background noise at the 

sensitive receivers leading to a masking effect of the WTG 

noise. Standard methods require measurement of noise levels 

at the sensitive receivers in conjunction with wind speeds at 

the WTG location. They aim to determine the variance in the 

background noise environment at the receiver with respect to 

the changing wind speeds at the WTG site. This is a consis-

tent approach across all of the main assessment methods 

utilised in Australia and New Zealand as outlined in South 

Australian EPA "Wind farm environmental noise guidelines", 

New Zealand Standard NZS 6808 "Acoustics – Wind farm 

noise" and the newly  introduced Australian Standard AS 

4959 “Acoustics – Measurement, prediction and assessment 

of noise from wind turbine generators”.   

Previous versions of these guidelines and standards have not 

taken into account the van den Berg effect (van den Berg, 

2003) when developing noise criteria. This relates to the fact 

that the relationship between hub height wind speeds at the 

WTG and ground level wind speeds at the sensitive receiver 

will be different based on the applicable wind profile which 

is dependant on the atmospheric stability. 

This paper investigates the recent changes in the assessment 

methods outlined in the local guidelines with a particular 

focus on the benefits of incorporating atmospheric stability 

into criteria development and thus taking into account the van 

den Berg effect. 
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METEOROLOGY 

Atmospheric Stability 

The degree of stability in the atmosphere is determined by the 

temperature difference between an ‘air parcel’ and the air 

surrounding it. This difference can cause the air parcel to 

move vertically, and this movement is characterised by four 

basic conditions that describe the general stability of the at-

mosphere. In stable conditions, this vertical movement is 

discouraged, whereas in unstable conditions the air parcel 

tends to move upward or downward and to continue that 

movement. When conditions neither encourage nor discour-
age that movement beyond the rate of adiabatic heating or 

cooling they are considered neutral. When conditions are 

extremely stable, cooler air near the surface is trapped by a 

layer of warmer air above it, with this condition being called 

an inversion which results in virtually no vertical air motion. 

These conditions are favourable for noise propagation as the 

density of the changes increases with altitude which alters the 

speed of sound creating a refractive effect, which leads the 

sound waves that would normally radiate out to space to re-

fract back down to surface of the earth leading to an in-

creased experienced noise level at the receiver. 

The Pasquill-Gifford (P-G) (Pasquill, 1961) stability category 

scheme is normally used to describe atmospheric stability. 

Stability class under the P-G scheme is designated a letter 

from A-F (and sometimes G), ranging from highly unstable 

to extremely stable, with class D symbolising neutral condi-

tions which are the most prominent day time conditions. 

van den Berg Effect 

While assessing complaints of noise from wind turbines, van 

den Berg originally demonstrated the well known fact in 

meteorology (and in particular atmospheric boundary layer 

physics that effects many disciplines) that wind profiles 

change significantly with atmospheric stability. This is shown 

below in Figure 2, with the exponent of a logarithmic or 

power law expression for the velocity modified under differ-

ing stability conditions (see for example Irwin, 1979). Prior 

to this work the wind profile had been assumed to be constant 

for varying meteorological conditions when considered in 
environmental noise assessments.  

It is apparent from Figure 3 when the velocity profile is ref-

erenced to hub height that low ground level wind speeds and 

therefore low background noise levels can correlate with high 

upper level wind speeds under stable conditions, and there-

fore potential exceedance of noise criteria derived from 

background noise levels correlated to ground level wind 

speeds (as shown in Kochanowski et al, 2008). 
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Figure 2. Wind speed profile variation with stability 
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Figure 3. Velocity profile referenced to hub height 

The van den Berg effect has been recognised recently by 

Land and Environment Courts in New South Wales, Victoria, 

and New Zealand. This paper reviews the updated guidelines 

and standards to assess in what steps have been taken to take 

into account this effect. 

 
ASSESSMENT GUIDELINES AND STANDARDS 

SA EPA Guidelines 

The SA EPA Wind farms – environmental noise guidelines 

are the only state developed guidelines currently available 

and enforce in Australia relating to noise assessments of wind 

energy projects. The guidelines have been also adopted as the 

preferred assessment method by other states such as New 

South Wales and Western Australia. The 2009 revisions of 

the guidelines supersede the original 2003 version. 

The noise criteria are set out for two types of receivers which 

are outlined in the Table 1 below. 

Table 1. Receiver types 

Receiver type Relationship with wind farm project 

Relevant The landowner is unconnected with the 

wind farm project 

Non-relevant The landowner has entered into an 

agreement with the wind farm devel-

oper and is a beneficiary of the project 

For the relevant receivers the following predicted noise levels 

from a wind farm development should not exceed:  

• LAeq, 10 35 dBA in localities which are primarily intended 

for rural living, or  

• LAeq, 10 40 dBA, in other zones, or 

• The background noise level (LA90,10) by more than 

5 dBA. 
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Rural living zones are considered to be “rural-residential 

lifestyle” areas which are not used for primary production 

other than for the occupiers’ own use. 

Criteria for non-relevant receivers are in accordance with the 

World Health Organization (WHO) Guidelines for Commu-

nity Noise and which recommend noise levels of 30 dBA for 

internal areas and 45 dBA for outdoor areas. 

The 2003 version of the SA Guidelines provided a base crite-

ria of LAeq, 10 35 dBA for all relevant receivers. Through the 

distinction of the different rural zones in the 2009 update of 

the Guidelines, a higher allowable noise level has been set for 

areas which contain some rural industry noise. 

Background noise measurements should be carried out within 

30 m of a house and in the direction of the wind farm ensur-

ing that the position is not sheltered from the wind farm by 

any elements. In cases where microphone wind levels have 

exceeded 5 m/s manufacturer windshield specifications have 

to be provided to display the validity of the data otherwise 

measurements at wind speeds in excess of 5 m/s need to be 
discarded. As per standard noise survey methodology, rain 

affected samples are also to be removed from analysis. A 

total of 2,000 valid measurement intervals, where at least 500 

points are collected for the worse case wind direction, are 

required for the regression analysis to develop background 

noise levels at integer wind speeds. Worse case wind direc-

tion is defined as a spread of 45° either side of the direct line 

between the nearest wind turbine and the relevant receiver.   

The SA Guidelines have been updated to carry out the regres-

sion analysis relative to hub height wind speeds at the turbine 

location instead of previously relaying on wind speeds at 

10 m above ground. Should the wind data be only available at 

lower levels the Guidelines state that: 
Atmospheric stability conditions should be taken 

into account to assure accurate conversion of the 
data from the different height.  

The SA Guidelines also recommend the use of ISO 9613-2 or 

CONCAWE noise propagation model with the following 

conservative inputs: 

• Atmospheric conditions at 10°C and 80% humidity   

• Weather category 6 (if CONCAWE method utilised) 

• Hard ground (zero ground factor) 

However, the updated SA Guidelines do not give considera-

tion to the effect of atmospheric stability on the noise propa-

gation nor is there any potential allowance for the generation 

of time specific or wind direction specific criteria especially 

if distinct groups of data are present in the scatter plots. The 

introduction of relating wind speeds to hub height rather than 

to data at 10 m above ground will only reduce the error pre-

viously associated with estimating the wind shear model for 

the site. 

New Zealand Standard NZS 6808 

The current version of the NZS 6808:2010 supersedes the 

original issue of the Standard which was published in 1998. 

The assessment initially requires a prediction of the noise 

emissions from the wind farm to identify the location of the 

L90,10 min 35 dBA noise contour. This can be carried out using 

the full ISO 9613-2 noise propagation algorithm in noise 

modelling software or utilising simpler scaled down version 

of the ISO 9613 which can be calculated by hand. If sensitive 

receivers are identified within the 35 dBA contour, noise 

monitoring should then be carried out.  

The Standard sets acceptable noise limits (at sensitive loca-

tions and at any wind speed) at a level which should not ex-

ceed the background noise by more than 5 dB or level of 

L90,10 min 40 dBA, whichever is greater. For the 2010 version 

of the standard a “High Amenity Area” criteria was intro-

duced lowering the criteria to background noise + 5 dB or 

L90,10 min 35 dBA, whichever is lower. This was introduced to 

allow for special circumstances where a more stringent level 

may be justified especially when predicted wind farm noise 

levels are on average more than 8 dB above the existing 

background noise during evening and night times.  

The noise monitoring in the Standard requires the correlation 

of background noise data with wind speeds at the wind tur-

bine location for a minimum of 10 days which is equivalent 

to 1440 data points. A regression analysis is to be carried out 

to determine whether any relationship between the two is 

present. The 2010 version of the Standard requires wind 

speeds to be referenced to hub height. This reduces the error 

of assuming a constant wind profile for various atmospheric 

stabilities when the wind speeds were referenced to 10 m 

above ground and then extrapolated to hub height.  

The Standard highlights that: 
If there are markedly different groups within the 

scatter plot then separate scatter plots may be re-

quired for different conditions, including wind di-

rection and times-of-day. 

This allows for the potential to develop criteria that could be 

restricted to various time periods or to develop atmospheric 

stability specific criteria. If it is impractical to accommodate 

the multiple criteria into the operation strategy of a wind 

farm, the more stringent and most conservative criteria 

should be applied for the whole project.  

However there is no guidance to specific meteorological 

criteria or reference to atmospheric stability conditions and 

when these separate regression analyses should be developed. 

It is essentially left up to the discretion of the acoustic engi-

neer carrying out the assessment whether such criteria are 

applicable for a given site. 

Australian Standard AS 4959–2010 

The Australian Standard AS 4959–2010 has been developed 

in an effort to standardise the measurement, prediction and 

assessment methods used to assess the noise emissions from 

wind farms across Australia. Input is required from the Rele-

vant Local Regulatory Authority to determine what is consid-

ered a minimum noise level limit based on the existing ambi-

ent noise environment at the affected receivers. The Relevant 

Local Regulatory Authority should allow the minimum noise 

level limit to be exceeded provided the background noise 

level is not exceeded by a certain amount.  

At each nominal wind speed, the noise limit should be the 

higher of: 

• Minimum noise level limit 

• Background noise levels plus the specified amount 

This allows for individual council or state bodies to deter-

mine what are deemed as appropriate noise criteria for their 

specific areas while applying standardised measurement, 

prediction and assessment methodology for Australia-wide 

wind energy developments. 

Similar to the NZS 6808, an indicative noise prediction equa-

tion is specified (which is the same as per NZS 6808:1998). It 

is explicitly stated that all analysis should be referenced to 

hub height wind speeds, with an explanation (as provided 

above) that the… 
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…actual wind speed that would be measured at 

10m AGL varies from site to site and in different 

atmospheric conditions. 

The noise monitoring requirements are consistent with the 

SA Guidelines (2009), requiring at least 2000 valid data 

points which cover the required range of wind speeds and 

directions. Exclusions are required of rain affected samples 

and wind speeds at the microphone in excess of 5 m/s with-

out specially built microphone windshields for higher wind 

speeds. A regression analysis as per the other guidelines is to 

be carried out relating to hub height wind speeds.  

As outlined in NZS 6808, the Australian standard similarly 

states that: 
Where regression curve analysis does not conform 

to the expected trends, i.e. there is not a clear rela-

tionship between increasing wind speed and in-

creasing background noise levels or there appears 
to be more than one distribution, then further inves-

tigations are necessary to determine possible 

causes. 

Further on in the Standard it is emphasised that: 
Consideration should be given to carrying out sepa-

rate correlation of background sound levels with 

wind speed for different directions and/or times of 

day, particularly where atmospheric stability issues 

are apparent or are suspected. 

By separating the collected data into different times of day 

and/or wind directions, specific criteria can be generated 

which apply to the particular conditions.  

Unfortunately no guidance is provided on the minimum sam-

ple sizes of the separate regression analyses as well as when 

should they be undertaken, i.e. what is considered a sufficient 

occurrence of atmospherically stable conditions and/or down 

wind conditions such that separate analysis is required. 

 
DISCUSSION 

It is unfortunate that the updated versions of the guidelines 

and standards only provide minimal guidance if any, in rela-

tion to the effect of atmospheric stability on wind farm noise 

emissions.  

Based on the above assessment techniques, only the AS 4959 

explicitly mentions the possibility of carrying out separate 

correlations of background noise for different wind directions 

and/or times of day particularly where atmospheric stability 

issues are apparent or suspected. 

One other particular observation is the lack of guidance in the 

guidelines and standards as to when such an assessment is 

deemed appropriate, along with what is considered a suffi-

cient and practically obtainable sample data size to carry out 

the correlation studies of noise levels versus hub height wind 

speeds at the WTG site.  

The NSW Industrial Noise Policy notes that atmospheric 

stability represents a significant noise impact and calls for 

additional assessment when instability occurs for 30% or 

more of the total night-time during winter (June, July and 

August), a similar threshold level should be adopted for wind 

farm noise assessments. The occurrence of various atmos-

pheric stability classes can be easily calculated from long 

term collected proponent wind mast data based on the stan-

dard deviation of the change in wind direction as outlined by 

the Sigma Theta descriptor. 

Splitting up the correlation analysis into individual Pasquill 

Stability Criteria can lead to very small sample sizes espe-

cially if stable conditions were not prevalent during the car-

ried out noise survey. Should a minimum sample size be 

introduced, this then has the potential to significantly in-

crease noise assessment costs, as well as delay project dead-

lines. This would likely be due to the fact that the noise sur-

vey would have to be carried out during a site-specific time 

of year when the stable conditions would be most prevalent 

(usually the night time during winter months). 

There is also the issue of the practical application of these 

criteria, i.e. when should one set of criteria begin to apply 

compared to another during shoulder periods when there is a 
change in the atmospheric conditions. This would have sig-

nificant implications on the WTG programming should dif-

ferent operating modes be required for different stability 

noise criteria. As outlined in the NZS 6808, the most conser-

vative criteria should be applied for the whole project how-

ever this has the potential to unfairly limit full capacity op-

eration of the wind farm especially without explicitly outlin-

ing when such measures should be applied. 

Developing regression curves between day and night times 

can provide significantly increased sample sizes from the 

noise survey, thus the determination of specific criteria for 

each time of day. This will potentially take into account the 

occurrence of most of the stable conditions at each site as 

they predominantly occur during the sunset hours. Based on 

seasonal analysis on the likelihood of stable conditions occur-

ring, specific criteria could be applied to certain times of year 

when there is an increased likelihood of stable conditions 

occurring at regular intervals. 

Another benefit of time specific criteria is that they are easier 

to understand for the general public (especially the affected 

receivers) as it would clearly state at what time of day and/or 

year specific criteria would be applicable. Implementing 

stability specific criteria leaves the public confused as to 

when certain criteria apply, since it is generally very difficult 

to determine in what current stability state the atmosphere is 

in without meteorological monitoring equipment. This leaves 

affected receivers with no option but to trust the wind farm 

operator that they are correctly monitoring atmospheric con-

ditions and applying control measures to reduce noise emis-

sions as outlined per the applicable development conditions. 

This is not a desirable situation for sensitive receivers which 

do not have a good relationship with the wind farm operators, 

based on the fact there is regular opposition to wind farm 

developments. 

 
CONCLUSION 

This review of the updated Australian and New Zealand 

guidelines and standards for the assessment of noise from 

wind turbine farm developments has identified the need to 

take into account some of the effects relating to atmospheric 

stable conditions as part of the assessment process. 

A strength of the updated versions of these documents, is that 

they have reduced the potential error associated with wind 

shear approximation by referencing all wind measurements to 

wind turbine hub heights rather than 10 m above ground 
level. However these assessment methods do not take into 

account the potential atmospherically stable effects during 

the criteria generation process.  

The AS 4959 and NZS 6808 provide clauses for the potential 

to develop condition or time of day specific noise criteria, yet 

it’s shortfall is that there is no explicit method outlined. 

It is the opinion of the author that future updates of the re-

viewed documents should include explicit and detailed meth-
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odology on when and how atmospheric effects should be 

taken into account as part of the assessment, as well as the 

generation of atmospherically stability specific criteria - 

whether they are relative to individual stability classes or 

relating to times of day and year when stable conditions have 

been determined to be most prevalent for the specific devel-

opment site Such an approach would result in the develop-

ment of more accurate and realistic criteria and allow for the 

improved operation of WTGs . 

 

REFERENCES 
 

Australian Standard AS 4959, 2010, Acoustics- Measure-

ment, prediction and assessment of noise from wind turbine 
generators 

 

EPA (SA), 2003, Wind farms – Environmental Noise Guide-
lines, Environmental Protection Agency 

 

EPA (SA), 2009, Wind farms – environmental noise guide-
lines, Environmental Protection Agency 

 

EPA (NSW), 2000, NSW Industrial Noise Policy, Environ-
mental Protection Agency 

 

Irwin, J.S., 1979, A Theoretical Variation of the Wind Profile 

Power Law Exponent as a Function of Surface Roughness 
and Stability, Atmo. Env., Vol. 13, pp. 191-194 

 

Kochanowski, R., Mackenzie, N., 2008, Atmospheric Stabil-

ity Specific Noise Criteria and Noise Predictions for Wind 
Farms, Acoustics 2008 

 

New Zealand Standard NZS 6808, 1998, Acoustics-

Assessment and Measurement of Sound from Wind Turbine 
Generators 

 

New Zealand Standard NZS 6808, 2010, Acoustics- Wind 
farm noise 

Pasquill, F., 1961, The estimation of dispersion of windborne 
material, Meteorological Magazine, vol 90(1063), pp 33-49 

 

van den Berg, G. P., 2003, Effects of the wind profile at night 

on wind turbine sound, Journal of Sound and Vibration, El-
sevier Ltd. 

 

World Health Organization, 2001, Fact Sheet No. 258 “Oc-
cupational and community noise”, WHO 

 

 



Objections to the siting of 26 wind turbines on the Flinders Ranges as a component of the Crystal 

Brook Energy Park. 

1. As a frequent visitor to the Mid North and Flinders Ranges I object to the negative visual 

impact which 26 turbines 240 m high will have on the iconic Flinders Ranges. 

 

2. Similarly, I object to the sub-audible sound emissions and amplitude modulation which will 

make it unpleasant, even unbearable for me and my daughter to visit friends and family in 

this area if the turbines are built and operating. 

 

3. Current SA EPA environmental wind farm guidelines 2009 (SA2009) are overdue for review 

and do not adequately protect the amenity and sleep of the nearby community from 

adverse impacts.  (see Attachment:  Emeritus Professor Hansen guidelines discussion) 

 

4. SA2009 are based on ETSU R-97, written in 1996 when the tallest turbine height was 63 

metres, 40 m hub height and 23 m blades producing 660KW of power.  It is unthinkable that 

the SA  guidelines which are over 20 years old are relevant for turbines 4 times this height 

and many times the blade swept area. (Attachment: Danish Energy Agency Comparison of 

sizes) 

 

5. SA2009 and SONUS do not address Amplitude Modulation which is a major source of 

disturbance for residents at other Mid North wind farms despite “statistical compliance” 

with the 40 dB(A) limit.  

 

6. SA2009 do not address the effect of atmospheric stability on wind farm noise emissions. Ie 

Van den Berg Effect. (See Attachment:  Kochanowski 2010) 

 

7. SA2009 and SONUS do not address vibration or excitation of the building fabric or low 

frequency noise inside residences even though Hansen has shown that LFN levels can be 

greater inside dwellings due to room resonances and standing waves. (Hansen attachment) 

 

8. SONUS have carried out their background noise measurements at nearby homes in the 

Summer months of December and January and as such this data is not representative of the 

background noise at other times of the year. Eg stable conditions in winter when the 

presence of inversion layers increases noise levels for residents.  

 

9. NHMRC funded studies are currently underway to investigate the impacts of wind turbine noise on 

sleep. It is irresponsible of planning authorities to approve further wind farms before the results of 

these studies are known.  

 

10. The Precautionary Principle should be used to refuse the wind turbine component of the proposed 

Crystal Brook Energy Park. 

 

 

Mary Morris PO Box 188 EUDUNDA SA 5374 
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