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Thank you for the invitation to provide a submission to this enquiry. My submission is relevant to 
items (c), (d), (e) and (f) in the terms of reference, as these relate to my areas of expertise which 
include acoustics, vibration, and noise measurement and assessment. As you will be aware, the 
recent NHMRC study concluded that “there is currently no consistent evidence that wind farms 
cause adverse health effects in humans”. However, there are also no studies that show that wind 
farm noise does NOT cause adverse health effects in humans, but this seems to have been forgotten.  

The NHMRC information paper on which the NHMRC conclusion was based is flawed for a number of 
reasons which were pointed out to (but ignored by) the NHMRC. Some of these reasons are listed 
below. More details are provided in my review of the NHMRC draft information paper (included as 
an appendix to this document). 

1. The criteria used in the information paper to decide which research papers were worthy of 
being included in the study are obviously flawed as papers by many well-known scientists 
published in internationally recognised journals were rejected, yet one report by a resident 
near the Waterloo wind farm who has had no research training was included. Even the 
included papers were labelled as “poor in quality”, which then leads to the inevitable 
conclusion that there is “no consistent evidence that wind farms cause health effects in 
humans”. 

2. The assumption that wind farm noise is like any other noise of the same A-weighted decibel 
level is flawed. The authors of the information paper used this to justify why in the absence 
of high-quality studies on wind farm noise, they could use “studies on the health effects of 
similar emissions from other sources to inform its consideration of the direct evidence and in 
forming its overall conclusions”. Our measurements of wind farm noise in and around 
residences in the vicinity of wind farms indicate that wind farm noise is very different to 
other environmental noise such as traffic noise at the same A-weighted noise level (which I 
assume is the measure used by the information paper authors to define a “similar emission”) 
The difference lies in the low-frequency dominance of the noise produced in residences by 
wind farms, which is not quantified very well by the A-weighting metric. The other problem 
is that wind farm noise is highly variable and in many cases it varies at a regular rate so it 
sounds like “pulsing” or “thumping”, much like the bass sound from a party people may be 
having next door. Unfortunately this does not stop at midnight but may continue all through 
the night for several nights in a row before there is any respite. It is well known that this type 
of noise is annoying. It is also well known that some people annoyed by noise have difficulty 
sleeping and that sleep deprivation can lead to health effects, yet the authors of the 
information paper could find no evidence to support these well known facts. 

3. The assumption that the A-weighting measure can be directly related to the effect that noise 
has on people. This assumption showed no appreciation of the fact that the A-weighted 
noise level typically reported is a level that has been averaged over a period of time, usually 
between 10 and 15 minutes. Wind farm noise varies considerably over short periods of time 
and the peak levels can be much greater than levels averaged over 10 to 15 minutes. 
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4. The assumption that A-weighted levels recommended by the World Health Organisation to 
avoid sleep disturbance, which were derived from traffic noise studies in urban areas would 
also apply to wind farm noise in rural areas. This ignores the fact that background noise 
levels in rural areas (especially in Australia) are well below background noise levels in urban 
areas and wind farm noise has entirely different characteristics to traffic noise, which makes 
it more intrusive and annoying.  

Wind farm noise has the potential to be an even more serious problem in Australia than in Europe or 
the USA, because in Australia, rural environments in which wind farms exist are inherently very 
quiet. Current regulations in Australia allow for 40 dBA of noise to be produced at the nearest rural 
residence as a result of a wind farm. Although there is a 35 dBA limit for rural townships, this does 
not apply to farmers’ residences outside of the township zone. The 40 dBA allowable level is not an 
upper limit that cannot be exceeded by the wind farm. Rather, it is based on severe averaging. First, 
the data used are LA90 levels (the A-weighted level exceeded 90% of the time). This assumes that 
wind farm noise does not fluctuate, clearly an incorrect assumption, so the 90% of the time that the 
wind farm noise is above the allowed level is ignored. Next, the LA90 data are averaged for 10 
minutes and each 10-minute average data point is plotted on a graph of LA90 vs wind speed at 
turbine hub height. Then a line of best fit (polynomial regression) is drawn through the data and 
compared to the 40 dBA recommended level. So there can be many data points, each of which 
represents a 10-minute average, that are characterised by noise levels above 40 dBA. In conclusion, 
the 40 dBA limit for wind farm noise is not sufficiently low to ensure that rural residents will not 
suffer from sleep disturbance. Also the 40 dBA limit does not account for the increased annoyance 
of a noise dominated by low-frequencies. 

One problem with current compliance assessment procedures using unattended monitoring is that it 
is easy to state that any levels that were measured above the allowed limit may not have been due 
to the wind farm – could be wind in the trees or insects or vehicles or animals. Thus any compliance 
measurements must be based on the recording of time series data that can be replayed in the lab 
for periods when the noise level exceeded the allowed level, so that extraneous noise sources can 
be ruled out. Measurements between 11pm and 5am are preferred as that is when people are trying 
to sleep and when extraneous noise sources are not likely to be a problem. In fact it would be better 
if any measurements of existing background noise levels before the construction of the wind farm 
were made between 11pm and 5am, rather than averaging over day and night, as it is the night time 
when the wind farm noise is most intrusive. 

There is also a considerable amount of controversy surrounding whether or not infrasound can be 
adversely affecting the health of some people directly, making them suffer symptoms similar to sea-
sickness. There are many case studies of people who have seasickness like symptoms in their homes 
near a wind farm, but who become symptom free when they leave their homes for a few days. The 
skeptics among us like to say that these people have symptoms even when the wind farm is turned 
off for a short time. However, I wonder how many people suffering from sea-sickness when on a 
boat, feel 100% well immediately they step on to shore.  It is also interesting that a well-known 
Australian acoustician has found that wind farm generated infrasound exists even when the turbine 
blades are turned off and stationary (paper by Les Huson to be published in the Proceedings of Wind 
Turbine Noise April, 2015, Glasgow). This is a result of wind blowing past the tower and blades, 
causing them to vibrate at resonance and radiate infrasound. 

Accusing people adversely affected by wind farm noise to be suffering from the “nocebo” effect, as 
you will no doubt see on many web sites and blogs, is selling them short, but not surprising if one 
appreciates the billions of dollars at risk for the wind farm industry. However, I am appalled by the 
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level of emotion and personal attacks on people who express concern about wind farm adverse 
health effects, which are exhibited on some blogs, especially by university researchers who ought to 
have an open mind. The fact is that the jury is still out on the effects of infrasound on some people – 
no-one knows for sure, although there is plenty of anecdotal evidence that wind farms make some 
people feel ill. This is why the NHMRC has stated that they will soon be calling for research grant 
applications to address the lack of evidence. However, the $500,000 they have set aside will not be 
sufficient to fund a comprehensive interdisciplinary study and certainly not the sort of study that will 
satisfy all the barely possible criteria set by the authors of the NHMRC information paper (see 
https://www.nhmrc.gov.au/_files_nhmrc/publications/attachments/eh57a_information_paper.pdf). 

 An interesting report concerning a study funded by the wind farm company, Pacific Hydro, which 
demonstrates the effects of inaudible noise on some residents near the Cape Bridgewater wind farm 
is available from http://www.pacifichydro.com.au/english/our-communities/communities/cape-
bridgewater-acoustic-study-report/?language=en. If infrasound is a problem, it will have 
ramifications for the recommended set back distance for wind farms. It will also require research to 
identify the mechanisms responsible for the noise and to devise ways to ameliorate it once its 
mechanism is properly understood. Even if the problem is the low-frequency thumping noise (which 
I suspect is at least an important part of the problem), its generating mechanism will need to be 
understood and again means for its amelioration devised. However, while the wind farm industry 
and its vocal supporters continue to claim that any perceived noise problem is “all in residents’ 
heads”, much needed research will continue to be unfunded and wind farms will continue to ruin 
the lives of a significant percentage of rural families. The exact percentage is hard to quantify but for 
some wind farms it could be as high as 10 to 20% or more.  

One method that has been used in the past to obtain social survey results that hide the true story of 
the problems experienced by people living near wind farms is to study a cohort of people living 
within 10 km of a wind farm and then compare them with another cohort not living near a wind 
farm. The area surrounding a wind farm at a distance between 5 and 10 km is much greater than the 
area between a distance of 1 km and 5 km (no-one has to live closer than 1 km if they are not a host) 
and there will be at least 4 times as many people in the distance between 5 km and 10 km (for a 
uniform population density) where the problems are very much smaller. Therefore a study that 
concludes that only a small proportion of people living within 10 km of a wind farm are annoyed or 
highly annoyed or suffer adverse health effects is really a skewed study unless it takes into account 
the distance of each residence from the nearest turbine. 

The undue influence that a large multi-billion dollar industry, such as the wind farm industry, can 
exert, is evidenced in the sacking of Professor Henrik Møller, a highly regarded acoustics professor 
from Aalborg University in Denmark, who has published, in high-quality international scientific 
journals, many peer reviewed papers on wind turbine noise and the effects of low-frequency noise 
on people. The publication of his results led to the Danish turbine manufacturer, Vestas making 
number of complaints to the university about his work, as his results were not in the best interests 
of the wind farm industry. Prior to his sacking, Prof Moller developed a low-frequency noise meter 
that people could take into their houses to detect levels of low-frequency noise for comparison with 
the Danish standard of 20 dB.  However, the project making use of this meter has been discontinued, 
as Prof Moller’s colleagues are worried about losing their jobs if they continue with this work.  One 
would hope that the situation does not deteriorate to this level in Australia. However, no researcher 
has the resources to engage in a court case should the wind farm industry decide to sue for 
damages.   
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SUGGESTIONS FOR THE FUTURE 

1. Fund research to 

a. properly evaluate the effect of infrasound and low-frequency noise on residents in 
the vicinity of wind farms, by playing recorded wind farm noise for long periods of 
weeks and months in bedrooms many rural residential properties a long way from 
any wind farm; 

b. determine what parts of the noise spectrum cause the most annoyance and adverse 
effects on people by selectively removing various parts of the noise spectrum for 
residences nearby a wind farm and residences far away from any wind farm; 

c. determine what physical mechanisms are responsible for the undesirable noise 
components by theoretical analysis, laboratory experiments and on-site 
measurements; 

d. determine on the basis of the results of (b) and (c) above, what changes to turbine 
design and wind farm layout can be made to minimise the generation of the 
undesirable noise components. 

2. Publicly state how much collateral damage is acceptable, in terms of the percentage of 
people that the wind farm is permitted to affect adversely, and admit that wind farms will 
cause adverse effects in some people. It is irrelevant whether these effects are directly 
attributable to a physiological response or whether they result from stress and sleep 
deprivation. The simple fact is that some people are affected so badly that they have had to 
leave their homes. Denying that this is happening doesn’t help us to find a solution to the 
problem. 

3. Provide a compensation fund that can be used to purchase residents’ properties at the 
market value prior to the establishment of the wind farm, should they decide that they can 
no longer live there without any adverse effects on their health or quality of life. This should 
be part of the true cost of wind energy. 

4. Re-visit Australian regulations and guidelines to  

a. more accurately link the metrics being measured and assessed to annoyance; 

b. separate out night time noise levels from daytime and evening in terms of 
establishing background noise levels, setting allowable levels and compliance 
checking; and 

c. specify in detail where, when and how compliance measurements are to be made.  
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Appendix 

 

Expert Review of the NHMRC Draft Information Paper, 
“Evidence on Wind farms and Human Health” 

Emeritus Professor Colin H Hansen 
University of Adelaide 

April 10, 2014 

Summary 

The NHMRC Draft Information Paper: “Evidence on Wind Farms and Human Health”, is a document 
that seems to be predisposed to the notion that noise from wind farms has no direct or indirect 
effects on the health of people living in their vicinity. This conclusion is reached on the basis that no 
evidence in the numerous studies published on the subject is of sufficient scientific merit to be 
considered reliable and thus taken into account. Based on the evidence or supposed lack thereof, it 
would be equally valid to conclude that there is no evidence that wind farms do not have a 
substantial impact on the health of some people who live in their vicinity. However, this notion is 
never mentioned in the paper, which could lead to the unfortunate conclusion that the paper is 
biased towards the interests of the wind farm industry. 

Another unfortunate conclusion that one may reach on reading the Draft Information paper is that 
suggestions of associations between environmental noise and adverse health effects “are based on 
limited evidence.” This is in direct contravention of what is stated in the 2009 WHO report titled,  
“Night Noise Guidelines for Europe”, which states, “While noise-induced sleep disturbance is viewed 
as a health problem in itself (environmental insomnia), it also leads to further consequences for 
health and wellbeing” and “For the primary prevention of subclinical adverse health effects related to 
night noise in the population, it is recommended that the population should not be exposed to night 
noise levels greater than 40 dB of Lnight,outside during the part of the night when most people are in 
bed”. 

The Draft Information Paper contains a few errors of fact and also seems to not appreciate the 
current state of the art in noise surveys. This results in incorrect conclusions being made and these 
are outlined in some detail in the following discussion. The Draft Information Paper is based on the 
document, “Final Report: Systematic review of the human health effects of wind farms”, which has 
excluded, on questionable grounds, many important studies that show a link between wind farms 
and health effects. 

The discussion of the need for further research to properly evaluate the effect of wind farm noise on 
the health and well-being of people in surrounding communities is relegated to Appendix C. This is 
perhaps the most important outcome of the review and should occupy a more prominent place in 
the Draft Information Paper.   

Introduction 

In undertaking this review I note that the systematic review of the literature, Final Report: 
Systematic review of the human health effects of wind farms, which has been finalised, also 
underpins the Draft Information Paper. Therefore I begin my review with some brief comments on 
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the systematic review document in so far as they are relevant to my “evaluation of the 
appropriateness of the conclusions made in the Information Paper regarding the potential health 
effects of wind turbines”. 

There seems to be a misunderstanding in the systematic review document regarding the current 
state of the art in noise surveys. The state of the art for community surveys of noise from sources 
other than wind farms has been well established by extensive peer review (see Schomer and 
Parmidighantam, 2013) and such studies do not necessarily meet the general criteria specified for 
inclusion in the systematic review. For example it is not generally possible to hide the purpose of a 
noise study; aircraft noise studies are invariably done in the vicinity of airports, traffic noise studies 
are invariably done where there is a significant amount of traffic and military noise studies are done 
near military bases, with little chance of hiding the purpose of the survey. In addition almost all 
noise studies are necessarily cross sectional studies as it is generally not possible to predict 
sufficiently far in advance when and where a particular noise source may arrive. Nevertheless, this is 
the state of the art of noise surveys and as such should be applied to selecting appropriate studies 
for the systematic review of wind farm noise.   

It is also unfortunate that studies by medical researchers such a Pierpont (2009) were excluded on 
the basis that they were case reports and case series studies. It is difficult to justify such exclusions, 
especially in the case of Pierpont whose work involved comparison studies (before and after 
turbines were operating as well as before and after relocation of residents).  

An important study by Moller and Pedersen (2011) clearly establishes that as wind turbine power 
generating capacity increases so too do the LFN emissions and therefore it is predicted that so too 
will their effects be increased on residents in their near vicinity. This study was not mentioned in the 
systematic review. However, it has great importance to the conclusions drawn in the Draft 
Information Paper, as many current wind farms contain turbines of much greater generating 
capacity than turbines that were the basis of many previous studies, and it is generally expected that 
future wind farms will include turbines of even higher generating capacity than is the current case, 
leading to even more serious health effects on surrounding communities. 

The 7 studies that met the criteria listed in the systematic review were all rated by the document as 
“D, The body of evidence is weak and findings cannot be trusted.” This effectively implies that no 
studies that have ever been done on the health effects of wind farm noise provide any useful 
information. This is an extraordinary result considering the extensive peer review undergone by 
numerous articles not included in the above mentioned seven, which were rejected on the basis of 
not satisfying some very strict criteria, but which have been published in reputable international 
journals. Rejection of all of these peer reviewed papers is the main limitation of the systematic 
review and this has led to the Draft Information Paper reaching incorrect conclusions. 

The following paragraphs document specific comments in response to the review request from 
NHMRC in which I was asked whether: 

� the rationale applied in examining the evidence on the potential health effects of wind 
turbine noise is understandable and clearly explained; 

� the evidence has been accurately translated into the messages in the draft Information 
Paper; and 

� the conclusions in the documents align with my understanding of the latest evidence in my 
area of expertise (i.e. acoustics). 
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Rationale applied in examining the evidence on the potential health effects 
of wind turbine noise is understandable and clearly explained 

Although the rationale applied to examine the evidence is understandable and has been explained 
reasonably clearly, this does not mean that the rationale is logical or acceptable. As explained above, 
the rejection of peer reviewed papers in reputable international journals, which clearly show a link 
between wind turbine noise and adverse health effects has not been sufficiently well justified. Also 
the rejection of case series studies has not been sufficiently well justified. In addition, the argument 
that any health effect claimed to be due to noise has to have a direct physiological link with noise in 
order to be considered, is also flawed, as there is no logical reason to exclude indirect effects such as 
adverse health effects due to stress and disturbed sleep, which in turn have been shown in many 
studies to be directly linked to excessive wind turbine noise. 

The evidence has been accurately translated into the messages in the draft 
Information Paper 

In Sections 3.2 and 3.3, of Draft Information Paper the selection of evidence and included studies 
are discussed. As mentioned above, the main limitation of the systematic review procedure is that it 
rejected peer reviewed papers in reputable international journals, which clearly demonstrated a link 
between wind turbine noise and health effects (e.g. Phillips, 2011) and this has led to the Draft 
Information Paper reaching some incorrect conclusions.  

In section 3.4, under the heading, study design, the Draft Information Paper states, “All seven 
studies that met the inclusion criteria for the systematic component of the independent review used 
a cross-sectional design. Cross-sectional studies examine the relationship between an exposure (in 
this case wind turbines) and specific health outcomes in a defined population at a single point in 
time. Because the health outcomes were assessed at a single point in time, none of the included 
studies were able to provide any indication of the order of events — that is, whether a health 
outcome first occurred before or after the exposure began. This might mean that a person’s self-
reported health outcomes were present prior to the person’s exposure to wind turbines.” 

The above statement shows a lack of appreciation of the current state of the art in noise surveys. As 
discussed in Schomer and Parmidighantam (2013), where the lead author is an expert in such 
surveys, almost all noise surveys are cross-sectional studies, as it has not been possible to predict in 
advance where and when an annoying noise source would be located. Schomer and Parmidighantam 
(2013) write, “cross-sectional is the state-of-the-art in acoustics. There are hundreds of refereed 
papers on cross-sectional surveys in acoustics.” They go on to point out that of the 43 international 
surveys undertaken for aircraft noise, 42 were cross-sectional studies, of the 37 international 
surveys for road traffic noise, 37 were cross-sectional studies and of the 11 international surveys of 
railroad noise, 11 were cross-sectional studies. If we use the same logic as the Draft Information 
Paper is applying to wind farm noise, then we would conclude that there is no valid scientific 
evidence that aircraft noise, traffic noise and railroad noise adversely affect the health of 
communities and that for all we know, any reported adverse health effects may have been there 
before the noise was. We could further conclude that all the militant communities around airports 
are making it up and further, that the curfew for many airports around the world should be lifted, as 
airport noise studies are not “scientifically sound”. Of course these conclusions would be in direct 
contravention with the conclusions reached by international experts responsible for the 2009 WHO 
document, which states categorically that transportation noise is responsible for a range of serious 
adverse health effects. 
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Under the heading, selection bias, in Section 3.4, the Draft Information Paper states, “There is a high 
risk of selection bias in a study with a low participation rate, as those who chose to participate in the 
study may have different exposure and health outcomes to those who did not participate.” One 
would have thought that the whole purpose of the review was to determine if wind farms caused 
adverse health effects so one would expect that those most exposed or affected would be those 
most likely to participate in studies. The logic for excluding such studies is flawed, as they provide 
excellent evidence that there are adverse health effects from wind farm noise. 

Under the heading, selection bias, the Draft Information Paper states, “In many of the studies, the 
purpose of the research was not masked (i.e. hidden) from participants. Where the studies did 
attempt to hide the intent of the study from participants, this may not have been effective. A lack of 
successful masking of a study’s purpose can contribute to selection bias by making it more likely that 
a person who is concerned about wind farms will take part than a person who is not concerned about 
wind farms.” As pointed out by Schomer and Parmidighantam (2013), this is an argument that 
ignores the state-of-the-art in noise surveys for which it is virtually impossible to mask the intent of a 
survey. One may ask how well an aircraft noise survey is hidden in a survey near an airport for which 
the answer is invariably “not very well”. 

Under the heading, information bias, in section 3.4, there is a very unbalanced discussion 
attempting to explain why surveys may show that people living near wind farms suffer worse 
adverse health effects than those living further away, when in fact their health outcomes may be the 
same. The same argument could be used for any noise survey, including all the transportation noise 
surveys that have been used to shape government policy. Again this statement is in direct 
contravention to what is argued by other international experts and the World Health Organisation.  

The same argument as above can be applied to the statements made under the heading, 
confounding factors in Section 3.4. It would be virtually impossible in practice to take account of 
every possible confounding factor and again this argument would null the results of almost every 
noise survey taken to date. 

Under the heading, consistency in Section 3.4, the Draft Information Paper states, “Among the seven 
studies reviewed, there was no consistency in finding an association between wind turbine exposure 
and self-reported physical or mental health outcomes. However there was some consistency in 
showing associations between wind farm exposure and annoyance, disturbed sleep and poorer 
quality of life.” Perhaps it would be helpful if the link between disturbed sleep / annoyance and 
adverse health effects were made at this point in the document, rather than waiting until Section 7. 
This would also be a good place to reference the 2009 WHO report on night noise levels. 

Under the heading, overall quality rating in Section 3.4, the Draft Information Paper states, “the 
body of evidence is weak and cannot be trusted), following NHMRC criteria for assessing the quality 
of evidence. This grading is largely due to the methodological weakness of the cross-sectional design 
used by all studies.” For reasons discussed above, cross-sectional studies are the state of the art in 
noise surveys. Almost all peer reviewed and published papers are cross-sectional as it is generally 
not possible to predict sufficiently far in advance the location and installation date of a future noise 
source. 

The summary dismissal of all published evidence of sleep deprivation and health effects could 
indicate bias in favour of finding that wind farms do not adversely affect the health of neighbouring 
communities.  

In Section 4, the Draft Information Paper states, “In addition, it examined whether any health or 
health-related effects have been observed from these emissions when produced by sources other 
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than wind farms (parallel evidence).” It is not sufficient to just examine the level of a noise when 
comparing two different exposures. Also important are the frequency content, variability and 
impulsive nature, as well as the duration and time of day or night that it is experienced. It is unlikely 
that any studies of noise other than wind farm noise would be suitable for comparison with a wind 
noise study. Note also that the 2009 WHO document has already reported on the health effects of 
relatively low-level night-time environmental transportation noise. 

In Section 5, the Draft Information Paper states, “Deciding whether an association between wind 
farm exposure and a particular health outcome is causal — that is, wind farm exposure causes the 
health outcome — requires more evidence. First, it must be clear that the exposure (to wind turbines) 
preceded the outcome (the health or health-related effect).” Although this is a desirable 
requirement, it may not be a very practical one. In cases where the adverse health effect is due to a 
wind farm, there will obviously be no evidence of such an effect prior to the wind farm being 
constructed. However, obtaining this evidence through medical records of participants may be 
problematic and so the proposed requirement in itself may not be achievable. 

In Section 5, the Draft Information Paper states, “Second, it must be possible to rule out alternative 
explanations for the association, including both: bias resulting from the design of the study or the 
way the study was conducted; and causation by one or more confounding factors associated with 
wind farm exposure.” When one looks at all the possible confounding factors listed in the systematic 
review, one could easily conclude that it would not be possible to eliminate all of them 
simultaneously. It would be more helpful to examine the accepted state of the art for the numerous 
published surveys of other noise sources such as transportation noise and use those requirements 
and methods of analysis. 

In Section 5, the Draft Information Paper states, “Third, it should be shown: that the association is 
consistent with other evidence on the effects of the exposure (e.g. noise from some other source); 
and ideally, that there is a biological mechanism by which the exposure could cause the health 
outcome with which it is associated.” It would be clearer if it was pointed out that “exposure” refers 
to the character of the noise (impulsiveness, frequency content etc.), and its duration in addition to 
its level. It is unlikely that one would find groups exposed to such noise, except in the vicinity of wind 
farms, so this requirement may be impractical to satisfy. Likely biological mechanisms have been 
suggested in the scientific literature (e.g. see Salt and Lichtenhan, 2014), even though the Draft 
Information Paper implies that no such mechanisms exist. More importantly, if a noise source leads 
to sleep disturbance on a prolonged basis, it is well known that adverse health effects are likely to 
result. This effect is discussed in some detail in the 2009 WHO report. 

In Section 5, the Draft Information Paper states, “NHMRC found no consistent direct evidence that 
exposure to wind farms was associated with any health outcome. The few associations reported by 
individual studies could have been due to chance. Therefore NHMRC concluded there is no reliable or 
consistent evidence that wind farms directly cause adverse health effects in humans.” This is written 
in a way that could indicate bias. A more balanced version would be “NHMRC found no consistent 
direct evidence that exposure to wind farms was or was not associated with any health outcome. 
The few associations reported by individual studies may or may not have been due to chance. 
Therefore NHMRC concluded there is no reliable or consistent evidence that wind farms directly 
cause or do not cause adverse health effects in humans.” 

In Section 5, the Draft Information Paper states, “Therefore even though there was support for some 
of these associations in studies of effects of noise from other sources, NHMRC could not conclude 
that exposure to wind farm noise causes annoyance, sleep disturbance or poorer quality of life.” This 
statement is written in a way that could indicate bias. To make it more balanced, the following 
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statement should be added. “On the other hand, NHMRC could not conclude that exposure to wind 
farm noise does not cause annoyance, sleep disturbance or poorer quality of life.” Of course a result 
such as this only occurred because all of the evidence pointing to health effects was rejected during 
the systematic review. 

The conclusions in the documents align with my understanding of the latest 
evidence in my area of expertise (i.e. acoustics) 

Regarding Section 7.1, in the Draft Information Paper, it seems that the statements are written with 
a clear bias towards the belief that wind farm noise does not cause adverse health effects. The first 
dot point states that “there is no reliable or consistent evidence that proximity to wind farms or wind 
farm noise directly causes health effects.” This statement could also be written as “there is no 
reliable or consistent evidence that proximity to wind farms or wind farm noise does not cause 
health effects.”  The two statements effectively state the same thing but with a different bias. To 
eliminate any unintended bias, the word “cause” in the original statement should be replaced with 
“causes or does not cause”. 

To remove bias in the second dot point which states, “Finding an association between wind farms 
and these health-related effects does not mean that wind farms cause these effects” the following 
words should be added at the end, “nor does it mean that wind farms do not cause these effects”. 
The statement “These associations could be due to selection or information bias or to confounding 
factors.” Should be replaced with “These associations may or may not be due to selection or 
information bias or to confounding factors.” 

The fourth dot point which states, “It is unlikely that substantial wind farm noise would be heard at 
distances of more than 500–1500 m from wind farms” is incorrect. I have many measurements 
showing that wind farm noise can be heard at distances up to 8 km from a wind farm. There are 
many factors that contribute to how far away a wind farm can be heard, including wind farm layout 
and size (number of turbines), individual turbine size, terrain and atmospheric conditions. Regarding 
wind farm layout, it is well documented that some wind farms produce a low-frequency thumping 
noise that can disturb people several kilometres away and this is likely to be worse if turbines are 
located too close together so that some turbines are in the wake of upstream turbines in some wind 
directions. 

The fifth dot point states, “Noise from wind turbines, including its content of low-frequency noise and 
infrasound, is similar to noise from many other natural and human-made sources. There is no 
evidence that health or health-related effects from wind turbine noise would be any different to 
those from other noise sources at similar levels.” The first part of the statement may be true of some 
mining noise sources but is certainly not true of surface transportation noise which has been the 
subject of most of the health impact studies. The second sentence in the above statement ignores 
the completely different character of wind farm noise when compared with surface transportation 
noise and should be removed from the document. This is discussed in more detail earlier in this 
review. 

The sixth dot point which states, “People exposed to infrasound and low-frequency noise in a 
laboratory (at much higher levels than those to which people living near wind farms are exposed) 
experience few, if any, effects on body functioning” is misleading. First, there is no quantitative 
definition of how much higher the words “much higher” mean. Second there is no distinction 
between acute and chronic exposure. As shown by Swinbanks (2012), the length of exposure to 
infrasound is important, with effects becoming more pronounced as the exposure duration 
increases. Typical laboratory exposures are of very short duration (less than 1 hour), whereas wind 
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farm exposures prior to adverse effects can often (but not always) be measured in terms of weeks or 
months. Also, the above statement does not take into account the differences in character of wind 
farm infrasound and the character of the sound typically used in laboratory tests. As explained by 
Salt and Lichtenhan (2014), there are a number of physiological mechanisms whereby infrasound 
and low-frequency noise from wind farms can adversely affect human health. The fact that all 
people are not affected does not diminish the importance of recognising these mechanisms in 
people who are affected and who are physiologically more disposed to being affected. 

Under the Annoyance heading in Section 7.2.1, the Draft Information Paper states, “The five studies 
all reported an association between annoyance and higher estimated levels of wind farm noise or 
living closer to a wind farm.” And then goes on to state, “Factors other than the noise produced by 
wind farms, such as the participants’ demographic, psychological and biological factors, their 
attitudes and perceived degree of control, and situational factors (including day and time, activity 
disturbance, type of area and features of the dwelling) may have contributed to the annoyance 
reported by participants.” I find it puzzling that consistent results from five different studies can be 
so easily discarded. All those other factors mentioned should even out when looking at the effect of 
distance from a wind farm and clearly the most likely effect on annoyance is the wind farm, when it 
is shown that annoyance decreases with distance. 

Under the Sleep heading in Section 7.2.1, the Draft Information Paper states, “Six studies reported 
poorer sleep (mostly disturbed sleep and poor sleep quality) among people exposed to higher 
estimated levels of wind farm noise or living closer to wind farms.” And then goes on to state “The 
reported associations of wind turbine noise with sleep quality were generally weak.” Again, it is 
difficult to justify this statement given that six different studies all reported that people living closer 
to wind farms had poorer sleep. Under the same heading is the statement, “The studies did not 
assess whether poorer sleep associated with wind farm noise might have had any effect on health.” 
One would have thought that the effect of poor sleep on health was well understood and did not 
need to be further considered in these studies, as this consideration would make the studies more 
complicated and expensive to undertake. So it would be better if this statement were removed or 
qualified. Another statement, “participants who did not economically benefit from wind turbines 
reported more sleep interruption than others” is made without any mention of the other differences 
between the groups which could represent equal or more important confounding factors (see page 
61 of the referenced paper). 

Under the Quality of life heading in Section 7.2.1, the Draft Information Paper points out that all 3 
studies that assessed quality of life, found that it decreased following the construction of a nearby 
wind farm. The last sentence in this section attempts to explain away this association and is not at all 
helpful. It could be construed as significant bias in favour of the wind farm industry and should be 
deleted. 

Under the Noise in other environments heading in Section 7.2.2, the Draft Information Paper states 
“The World Health Organization reported a number of effects on sleep when night noise is in the 
range of 30–40 dBA (measured outside)”. This statement is correct. However, later statements, 
“There is no evidence that health or health-related effects from wind turbine noise would be any 
different to those from other noise sources at similar levels. Based on the studies referred to above, 
wind turbines would be unlikely to cause any direct health effects at distances of more than 500 m. 
At 500-1500 m from a wind farm, wind turbine noise levels are generally in the range 30–45 dBA. At 
these distances, effects on sleep are likely to be modest, if any,” are incorrect on a number of levels 
(see below) and again indicate the possibility of bias by the writers of the document. 
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� If noise levels supposedly vary from 30 to 45 dBA at distances of 500—1500 m from a wind 
farm, then why is it stated that wind farms “are unlikely to cause any direct health effects at 
distances of more than 500 m” and that the effects on sleep will be modest, if any? One 
would assume that in the above statement, 30 to 45 dBA corresponds to the distance range 
of 500 to 1500 m, so one would expect 30 dBA at 1500 m and 45 dBA at 500 m so the 
statement should read, “are unlikely to cause any direct health effects at distances of more 
than 1500 m”. 

� I do not agree that wind farm noise will be below 30 dBA at 1500 m. Of course it depends on 
the size and layout of the wind farm, individual turbine size, terrain and atmospheric 
conditions as well as distance to the nearest turbine. I have data taken in high wind shear 
conditions, when background noise levels are low, that show noise levels above 40 dBA at 
distances over 2000 m. I also have seen noise predictions made by acoustical companies 
working for wind farm developers that show estimated noise levels of 37 dBA at 1670 m. So 
the estimated noise levels given in the Draft Information Paper are way too low. 

� Wind turbine noise does not have the same character as transportation noise. By the time it 
reaches residents located more than 1 or 1.5 km away, it has a much higher dominance of 
low frequency noise and infrasound. The A-weighted noise level underestimates the 
importance of low-frequency noise and infrasound (Salt and Lichtenhan, 2014) and it is 
incorrect to state that “there is no evidence that health or health-related effects from wind 
turbine noise would be any different to those from other noise sources at similar levels”. This 
is because the level referred to here is the dBA or A-weighted level and this is not a good 
measure of the effects of environmental noise on health as it does not adequately take into 
account the effect of infrasound and low-frequency noise, nor does it account for variability 
or amplitude modulation associated with the noise. 

Under the Noise in other environments heading in Section 7.2.2, the Draft Information Paper states, 
“the noise in the studies discussed above would have included infrasound, which is considered by 
some to be an important component of the noise from wind farms. The infrasound from these other 
noise sources would be at similar levels to that from wind turbines. Therefore the evidence 
summarised above applies as much to infrasound as it does other sound frequencies from wind 
farms.” The effect of wind farm infrasound and low-frequency noise on people is a far more complex 
phenomenon than implied by the Draft Information Paper (see Salt and Lichtenhan, 2014). 

The laboratory studies referred to in Section 7.2.2 of the Draft Information Paper are not relevant to 
wind farm noise. The studies involved higher level and much shorter exposure durations and neither 
the wind farm noise spectrum nor crest factors (ratio of peak to rms levels) were duplicated. 

Comments on Section 6 of the Draft Information Paper 

I have the following comments regarding section 6 on noise in the Draft Information Paper, which is 
directly in my area of expertise.  

In Section 6.1, it is implied that the A-weighting scale adequately takes into account the lower 
sensitivity of the ear at low frequencies. However, the A-weighting scale is a very inaccurate 
estimate of the loudness of a noise at low levels and low frequencies. It is an even more inaccurate 
estimate of the annoyance of low-frequency sound. It is well known that low-frequency noise is 
more annoying than noise characterised by a balanced frequency spectrum with the same overall A-
weighted level. Although the generation of wind farm noise may be characterised by a relatively 
well-balanced spectrum, by the time it propagates the 2 kilometres or so to a residence and then 
passes through walls and windows to reach the inside, it becomes dominated by low frequencies 
below 200 Hz, which are much less attenuated by ground, atmospheric and building transmission 
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effects. Thus, wind farm noise is more annoying than one may expect from the A-weighted level, 
especially in quiet rural environments where noise from other sources is very low, and especially late 
at night and in the early hours of the morning when people are trying to sleep. 

In Section 6.1, the Draft Information Paper states, “Wind turbines produce mechanical sound at a 
frequency of 20–30 Hertz (for a 1500 kilowatt turbine) and a “whooshing” aerodynamic sound in the 
range of 200–1000 Hertz. Noise from wind farms is mostly aerodynamic.” This is an over-
simplification and not quite right. Noise from modern wind turbines (which are now all 3 MW in size 
or greater for recent and proposed wind farms in Australia) is mainly aerodynamic in nature and 
covers the frequency range from below 1 Hz to 500 Hz. Although aerodynamic sound is also 
produced at higher frequencies, these higher frequencies do not propagate sufficiently well for this 
higher frequency sound to be detectable at residences located 2 or more kilometres away. Low 
frequency aerodynamic sound is mostly a result of in-flow turbulence and possibly stall (see Laratro 
et al. 2014). It has been suggested that stall noise becomes more significant when there are high 
levels of wind shear, such as in the early hours of the morning. It has been further suggested that 
this type of noise is what appears as a “thumping” noise (Oerlemans, 2013), which can be very 
annoying when one is trying to sleep. However, more research is needed to properly demonstrate 
the link between blade stall and thumping noise. Aerodynamic noise generated by in-flow 
turbulence is worse when turbines are located in hilly terrain and also when they are placed in the 
wake of other turbines. This latter situation occurs more often in wind farms where turbines are 
placed closer together than recommended by the manufacturer. In addition, it is not definitively 
known how much the aerodynamically generated vibration of the tower and blades contribute to 
the noise levels experienced at residential locations.  

In Section 6.1, the Draft Information Paper states, “It is difficult to estimate the level of noise from 
wind farms in the presence of background noise.” This is true but it is not impossible if the wind farm 
operator cooperates by shutting the wind farm down at various times so background noise levels 
can be established. 

In Section 6.1, the Draft Information Paper states, “As the sound level decreases with distance, it is 
unlikely that substantial noise would be heard at distances of more than 500–1500 m from wind 
farms.” This is not correct. See the first two dot points on the previous page. 

 In Section 6.1 the Draft Information Paper states, “Infrasound is considered by some to be an 
important component of the noise from wind farms. Evidence suggests that levels of infrasound are 
no higher in environments near wind turbines than in a range of other environments. For example, a 
South Australian study observed similar levels of infrasound at rural locations close to wind turbines, 
rural locations away from wind turbines, and at a number of urban locations.” Wind turbine 
infrasound has very specific characteristics. Its frequency content is the blade pass frequency and its 
harmonics (usually around 0.8 to 1 Hz and multiples thereof, respectively). In addition it varies in 
intensity over a turbine blade revolution and also over longer time frames. The periodic nature of 
the noise means that it could possibly have a different effect on people than noise that is random in 
nature, such as other environmental infrasound. There are experts in this area (e.g. Salt and 
Lichtenhan, 2014) who have demonstrated that one does not need to be able to “hear” infrasound 
or low-frequency sound for it to have a physiological effect on some people, causing them to have 
similar symptoms to motion sickness. There is still much to be understood about the effects of low-
level infrasound and low-level, low-frequency noise on people, as well as the effects of the 
infrasound frequency content and peak to average levels. There is a well-founded suggestion that 
increasing the exposure duration can also affect the response of a subject (Salt and Lichtenhan, 
2014), as can the presence or absence of noise in the audio frequency range (Swinbanks, 2012). It is 
also possible that low-frequency sound can have similar effects to those attributed to infrasound 
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(Salt and Lichtenhan, 2014). Much more work needs to be done on the effects of infrasound and 
low-frequency sound on people before any definitive statement can be made. 

Considerations that Appendix B suggests I should have been asked to provide 

In Appendix B, the Draft Information Paper states, “Expert reviewers have been asked to consider a 
number of factors, including: the comprehensiveness of the literature reviewed; the validity of 
conclusions drawn from the evidence and any alternative conclusions that could be drawn”. This 
does not seem to agree with the review request that I received. To be consistent with what I was 
asked to comment on, the word “validity” in the above statement should be changed to 
“appropriateness”. The request that I received did not ask if I could draw any alternative conclusions 
as mentioned in the above statement. I was also not asked to comment on the comprehensiveness 
of the literature reviewed. Assuming that I should have been asked to consider the factors outlined 
in Appendix B, I have the following comments. 

� I do not consider that the literature reviewed was sufficiently comprehensive as it stopped 
before the end of 2012 and did not include references to many surveys of transportation 
noise which would have informed the current state of the art for noise surveys. In addition, a 
number of relevant papers have been published since November 2012 and these should be 
included in the review prior to it being finalised. The references listed in the papers under 
the heading “References” below should be reviewed. Also, no reason has been given for 
omitting series case studies from the review. There are a number of this sort of study that 
show a definite link between wind farm noise and health effects and if included in the 
review, may have resulted in the NHMRC arriving at a more balanced conclusion such as, 
“There is some evidence that wind farms can cause adverse health effects in nearby 
residents. However, more research is needed to properly quantify these effects.” 

� I believe that the conclusions drawn are written in a very unbalanced way that could suggest 
bias in favour of the wind farm industry. The conclusions are written in a way that implies 
that the NHMRC is already predisposed to believing that wind farms pose no threat of 
adverse health effects, even though the statements in Appendix C call for more research to 
be done in order to be able to provide a definitive answer. I have made many suggestions in 
the preceding paragraphs regarding how the conclusions could be written in a more 
balanced way. 

Other General Comments 

I could find no evidence of any effort in the systematic review to determine whether there was any 
source of bias by the authors of any of the seven studies that were deemed to have met the criteria. 
In cases where such studies are funded by the wind industry, it would not be surprising to find 
outcomes that suggest no adverse health effects, in a similar way that many early medical studies on 
the effects of smoking that were funded by the tobacco industry found no adverse health effects for 
smokers. Thus any studies funded by the wind farm industry should have been excluded due to the 
potential for bias. 

In appendix C, there is the statement, “Given the lack of objective health measurements in these 
studies, information bias cannot be excluded as an explanation for any apparent association.” This 
sort of statement in itself is unhelpful and insulting to all of the researchers who have undertaken 
these studies and found a link (either direct or indirect) between wind farms and health. The 
statement should be removed or at the very least changed to “Given the lack of objective health 
measurements in these studies, information bias, however unlikely it may be, cannot be excluded as 
an explanation for any apparent association.”  
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Much is made of the need for longitudinal studies. Given the difficulty in undertaking such studies, it 
is surprising that nothing is mentioned about giving people with reported health problems 2 weeks 
holiday far away from any wind farm and checking their symptoms then. There are many reported 
cases where this sort of break has resulted in the cessation of symptoms and one would think this 
would be an acceptable alternative to a longitudinal study and in many cases it would clearly 
demonstrate the influence of the wind farm on a person’s health. 

In addition to the research areas discussed in Appendix C, research is needed to develop more 
accurate noise propagation models so that the expected range of noise levels over the entire 
frequency range can be accurately predicted at each residence likely to be affected. The single 
number A-weighted time averaged values provided by current models do not adequately relate to 
the disturbance of the noise. There are factors other than the noise level, such as crest factor (ratio 
of peak to average (or rms) noise level), frequency content, variability over the short and medium 
terms, difference between the intrusive noise level and ordinary background noise levels, especially 
at night, which determine how disturbing a noise will be. More research is also needed to establish 
suitable metrics that take into account the low-frequency nature and variability of the noise from 
wind farms that is experienced at residences (Salt and Lichtenhan, 2014). 

In the Glossary, the definition for decibel is given as, “A unit of measure used to express the loudness 
of sound, calculated as the logarithmic ratio of sound pressure level against a reference pressure”. 
This is incorrect. The decibel rating of a sound pressure is not a measure of loudness – the Phon 
measures loudness. So the words “A unit of measure used to express the loudness of sound” should 
be replaced with “A unit of measure used to express the sound pressure amplitude associated with a 
sound in the form of a more manageable logarithmic scale, in place of using the linear scale of 
Pascals. It is calculated……”  

In the glossary, the definition of “A-weighting” is missing. It is a weighting applied to a measured 
sound pressure level that reduces the importance of low-frequencies and high-frequencies when 
calculating an overall sound pressure level. It is supposed to approximate the response of a normal 
ear but it does a very poor job of this. 

There is no mention anywhere in the document of the effect of wind farm size (ie number of 
turbines), wind farm layout, terrain in the wind farm vicinity, atmospheric conditions (including wind 
shear) and the size of the individual turbines within a wind farm. All of these factors influence noise 
levels that will be experienced by communities in the vicinity of wind farms. Differences in these 
factors between some recent wind farms in Australia and wind farms studied in Europe mean that 
conclusions of earlier studies may not necessarily apply to more recently installed and planned wind 
farms in Australia. 

It is unfortunate that the argument for further research and the suggested areas of further research 
are relegated to Appendix C, where it is unlikely that any policy makers will find it. Surely the 
conclusion that further evidence is needed “to explore the relationships between noise at varying 
distances from wind farms and other health-related effects such as annoyance, sleep and quality of 
life” should occupy a prominent place in the Information Paper. This should be included in an 
executive summary which unfortunately seems to be missing at the moment. 

As stated by Nancy Timmerman and repeated by Salt and Lichtenhan (2014), “the time has come to 
acknowledge the problem and work to eliminate it”. 
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