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Welcome to the second edition of New Zealand Acoustics 
for 2020. 

With a difficult few weeks of lockdown behind us, and 

likely more challenges facing us all in the coming times 

ahead, we are hopeful to resume in one way or another 

more familiar work, social and recreational activities. 

Due to the current COVID-19 situation, we are diverting 

away from our normal format of Editors and President 

write-ups to bring a united message from the Council 

following the latest council meeting held in mid-April. 

It is no secret that 2020 was planned to be a very big 

and exciting year for acoustics both in New Zealand 

and internationally. However, changes have had to be 

made. 

With the evolving pandemic, and consideration of all 

circumstances including travel restrictions, it was with 

some sadness that the Organising Committee made 

the difficult decision to postpone 'Acoustics 2020'. 

However, the health and well-being of our members, 

delegates and sponsors has always been the highest 

priority, and to ensure that the conference is safe and 

successful for all parties involved. 

The joint Australian and New Zealand conference 
will now take place from the 31 st of October to 2nd 

of November in 2022 and has been rebranded to 
'Acoustics 2022'. The conference will still be held at Te 

Papa in Wellington, where we look forward to hosting 

our Australian friends. Please sign-up at 

www.Acoustics2022.com to receive updates. 

The Committee has recognised that the delay to the 

joint conference would result in a four year hiatus 

between conferences for ASNZ. An ASNZ conference in 

Auckland in early 2021 is proposed. We acknowledge 

this will be outside the typical rotation of cities, but 

we ultimately made this decision based on where 

most of our members and sponsors are located, and 

minimising travel. In consideration of the current 

economic market however, this conference will be a 

scaled-back event. The Committee is working to make 

this happen, so please stay tuned for further updates 

which will be posted on our website and Linked In page, 

and emailed to you. 

You may have also seen other recent updates from our 

Secretary James Whitlock, including a recent message 

from Mike Stinson advising us that the International 

Year of Sound (IYS) celebrations have been extended 

into 2021. Check out www.sound2020.org for more 

information. 

To keep up to date with all the news and events please 

visit the ASNZ webpage at www.acoustics.org.nz. 

We wish you all good health and please keep safe. We 

know that during these unprecedented times there will 

be extra pressures and stress on you and your family. 

We encourage you all to be kind to each other and 

patient. Kindness and a smile cost nothing. 

New Zealand Acoustical Society Committee Members 

- Jon Styles (President), James Whitlock (Secretary), Siiri 
Wilkening (Treasurer), Lindsay Hannah, Tracy Hilliker, Tim 
Beresford Grant Emms, Mathew Legg, Neil Jespen, Mike 
Kingan, Robbie Blakelock and George van Hout. 
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Purpose 

world Health organization Guidelines on 

community Noise 1999 to 2018: PART II 

NZ Perspective 
Lindsay Hannah 1, Wyatt Page2 

'Acoustic Engineer, Cardno, Petone, Wellington New Zealand 

2Schaol of Health Sciences, Massey University, Wellington, New Zealand 

The purpose of this paper is to provide an overview of the World Health Organization (WHO) guidelines for noise. It 
includes a review of the 1999 WHO Guidelines for Community Noise (GCN 1999), 2009 Night Noise Guidelines for Europe 
(NNGfE 2009) and the recently released Environmental Noise Guidelines for the European Region (ENGER 2018). The paper 
provides the reader with an overview of key areas of these WHO guidelines and related background research papers. 
This is the second (Part II) of two technical papers on the World Health Organization Guidelines for Community Noise to 
be published in New Zealand Acoustics. The first paper (Part I) was published in the previous issue (No 1, Vol 33, 2020). 

New Zealand context 

Currently in New Zealand, there are eight acoustics standards for the measurement and assessment of environmental sound, 
including ones for specific situations, such as wind turbines, airports, heliports and roads. There are no New Zealand standards for rail 
noise, however agencies such as Kiwi Rail and the New Zealand Transport Agency (NZTA), do promote their own environmental noise 
standards for reverse sensitivity. There are no standards or guidelines in place for leisure noise. A list of the current New Zealand 
environmental noise standards is as follows: 

NZS 6801 :2008 Acoustics - Measurement of Environmental Sound 

NZS 6802:2008 Acoustics - Environmental Noise 

NZS 6803:1999 Acoustics - Construction Noise 

NZS 6805:1992 Airport Noise Management and Land Use Planning 

NZS 6806:2010 Acoustics - Road Traffic Noise - New and Altered Roads 

NZS 6807:1994 Noise Management and Land Use Planning for Helicopter Landing Areas 

NZS 6808:201 O Acoustics - Wind Farm Noise 

NZS 6809:1999 Acoustics - Port Noise Management and Land Use Planning 

The age of the standards ranges from the youngest at 10 years (NZS 6806:2010 and NZS 6808:2010) through to 28 years 
(NZS 6805:1992). 
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Reverse sensitivity - A Uniquely New Zealand Perspective 

Reverse sensitivity is the term used in the New Zealand planning system to describe the sensitivity of some activities to other 
lawfully established activities in the vicinity. Reverse sensitivity is the vulnerability of an established activity to objection from a 
new land use and typically arises where incompatible land uses are located in close proximity to each other, resulting in the 
potential for conflict and complaints from the more sensitive activity. Complaints and adverse reactions by residents can adversely 
affected the on-going viability of the legitimate activities. Many regional and district plans include provisions relating to reverse 
sensitivity. Noise setbacks or setting a required level of sound insulation for a noise sensitive space within a building or even an 
indoor sound level may be required in such provisions. Councils are often asked by the New Zealand road and rail authorities 
(New Zealand Transport Agency and KiwiRail) to include within District Plans land use planning measures to address noise and 
vibration effects to address what are termed 'reverse sensitivity' effects on the operation of the road or rail transport system. 

Resource Management Act - New Zealand's Principal Environmental Legislation 

New Zealand's primary environmental legislation which provides a framework for managing the effects of activities on the environment 
is the Resource Management Act 1991 (RMA 1991) and amendments to it such as the Resource Management Amendment Acts (1993 
onwards). The RMA 1991 replaced many of the then existing regulations such as the Town and Country Planning Act 1977 and Noise 
Control Act 1982. The Noise Control Act states that the act shall be read together with and deemed part of the Health Act 1956. 

To achieve its goals, the RMA 1991 provides the process of planning and mechanisms for controlling potential or actual effects on 
the environment, including noise and vibration. The RMA 1991 aims to 'promote the sustainable management of natural and physical 
resources'through sustainable management which involves balancing the use of resources with the need to protect the environment 
and to provide for the needs of future generations. To attain this, the RMA 1991 sets up mechanisms to control among other things, 
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noise effects. Territorial Authorities such as City, District or 
Regional Councils, are mandated under Section 31 (d) of the 
RMA 1991 to have the primary function for managing the effects 
of land uses, including noise and vibration. The over-riding 
requirement under the RMA 1991 is for the noise producer to 
recognise the general duty to avoid 'unreasonable noise'. Usually 
this entails both physical precautions and management-based 
methods. The specific level of control is set out in detail in 
Plans (district or regional for example) prepared by Councils 
which set noise limits, usually based on the NZS 68XX standards. 
However, the noise limits in plans vary across districts, are not 
always consistent in setting levels or use of noise descriptors, and 
often to reference to older versions of NZS 6801 and NZS 6802. 

comparison 01 GDG and New Zealand 
standard Descriptors 

Many different sound descriptors (metrics or indices) have been 
defined and the traditional standard unit of a sound pressure 
level descriptor is the decibel (dB). For example, the time­
average, A-(frequency) weighted sound pressure level (LAeqltJ dB) 
or the NO/o exceedance sound pressure level (LAN dB). Some of 
the most commonly used descriptors for environmental sound 
within the NZS680X series of Standards are the LA90, LAeqltJ' LA,max' 
and Ldn · Due to the age of the standards, Lden and Ln;ght are not 
used, however components of Lden such as Lday' Leven;ng and Ln;ght 
indicators are described in NZS 6801 :2008 and NZS 6802:2008. 

NZS 6802:2008 adopted the assessment approach of ISO 1996-
2:2007 'Acoustics - Description, assessment and measurement 
of environmental noise - Part 2: Determination of environmental 
noise levels'. The new (at the time), concept of a "Rating Level"was 
defined as a derived level used for comparison with a noise limit. 
The 'Rating Level' (L") is used to rank the potential subjective 
response to the sound environment. The 'Rating Level' process 
has three main steps. The first step in the process is to obtain the 
Rating Level from measured LAeq sound levels via the applicable 
'simple' or 'detailed' method, outlined below. This provides a 
measure of the overall magnitude of the sound. The second step 
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is to apply any applicable adjustments to the LAeq· NZS 6802:2008 
contains adjustments to LAeq for features which are likely to affect 
the subjective acceptability of the sound. The third and final 
step is to compare the Rating Level to the permitted noise limit. 

Guideline Limits tor the Proieclion 01 Health and 
Amenity Value 

The NZS 6802 series have since 1977 provided recommended 
criteria or noise limits for the protection of Health and Amenity. 
These recommended limits are provided as guideline residential 
upper noise limit values using LA,max and LAeq in the latest 2008 
version of NZS 6802. The standard states the guidelines are 
generally acceptable noise limits and communities can make more 
or less stringent limits to suit their particular circumstances. The 
standard states such limits when adhered to provide "reasonable" 
protection of health and amenity. The 2008 version of the 
standard introduced an evening time frame with limits between 
the day and night limits if Local Authorities wished to incorporate 
such in their rules. NZS 6802:2008 sets out the recommended 
Guideline Residential Upper Noise Limits. A daytime level of 
55 dB LAeq{15 m;nJ is set while a night time level of 45 dB LAeq{15 m;nJ 
and 75 dB LAFmax is set for the protection of health and amenity. 

NZS 6802:2008 and WHO Guidelines 

NZS 6802:2008 was published after the WHO GCN 1999 but 
prior to NNGfE 2009 and ENGfER 2018. The limits recommended 
in NZS 6802:2008 are consistent with the guideline values for 
community noise in specific environments published in the 
GCN 1999, which states that during the daytime, few people are 
seriously annoyed by activities with levels below 55 dB LAeqI16h1• 
The night-time limit recommended should not exceed 45 dB 
LAeq{BhJ outside dwellings so that people can sleep with windows 
open for ventilation and achieve the desirable indoor 30 to 35 dB 
LAeqishJ level as a design level to protect against sleep disturbance. 
The GCN 1999 recommends various guidelines for specific 
environments. In the case of bedrooms, the critical effect is sleep 
disturbance, where guideline indoor limits are 30 dB LAeqis hJ for 
continuous noise and 45 dB LAFmax for single sound events. The 
GCN 1999 does however acknowledge that lower sound levels 
may be annoying, depending on the nature of the sound source. 

To protect most people from being 'moderately annoyed' 
during the daytime, GCN 1999 recommends the outdoor 
sound level should not exceed 50 dB LAeq 116 hJ" The night-time 
sleep disturbance threshold set were re-examined by the WHO 
Regional Office for Europe in NNGfE 2009. In this document, 
"Interim targets" were defined to encourage countries to 
gradually reduce the percentage of the population exposed 
to levels above specified targets expressed as Ln;ght. ours;de' but 
these values are yearly averages and should not be directly 
compared with LAeqis hJ values. The NNGfE 2009 are considered 
by WHO to be an extension of the GCN 1999. WHO guidelines 
have always been used in New Zealand Standards as the basis 
for protection of health and amenity values for an 'average' 
person's sensitivity. But currently New Zealand does not use the 
newer Ln;ghr noise descriptor in its standards. Also, the current 
ENGfER 2018 are focused specifically on the four specific types 
of noise source (traffic, aircraft, rail, wind and leisure) as opposed 
to generic environmental noise which NZS 6802:2008 covers. 
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Airport Noise 

Generally, airport hubs are located close to cities and their 
large populations with airports being surrounded by various 
land-based activities including noise sensitive sites. There must 
therefore be a balance struck between the operation of the 
airport as an important transportation hub and the people that 
live around them. The standard 'NZS 6805:1992 Airport Noise 
and Management and Land Use Planning' is used as a basis 
for both managing maximum (long term) noise from airports, 
while also providing guidance on land use planning controls to 
deal with effects of aircraft noise on noise sensitive activities 
establishing within noise affected areas surrounding airports 

NZS 6805 does state that if an airport is operational at night 
(some airports are subject to night-time curfews on flights) then 
night-time operations should be considered. The standard 
also recognises individual aircraft noise events at night could 
potentially cause sleep disturbance effects if not adequately 
managed. Although the standard does recommend a day/night 
Ldn limit, the standard does not include a limit on individual 
events. Some District Plans have adopted a night-time sleep 
disturbance 95 dB LA, contour. As with the Ldn contours, this 
generally means that the airport operator must manage 
single aircraft movements that do not exceed 95 dB L 

Aeq,1s· 

Part 1 of NZS 6805 is the main focus of this review and sets 
out airport noise management using the 'Airnoise Boundary' 
concept. In order to plan the use of the areas around airports, 
the establishment of a buffer zone (a large distance) between 
the noise source (the aircraft) and noise sensitive sites, such as 
residential dwellings or other noise sensitive locations, would be 
the most obvious solution. However, because land near airports 
is generally already highly developed and rezoning this land in 
District Plans to exclude certain development is not always possible, 
such buffer zones are generally unrealistic and unachievable 
in many cases. Therefore, it is the case that for most existing 
airports, noise sensitive locations must be catered for, bringing 
a balance between the airport and surrounding environments. 

Overall the standard is designed to provide guidance for making 
rules in District Plans and Designations and managing airport 
noise. Non-flight related noise is outside the scope of the 
standard, being subject to NZS 6802. NZS 6805:1992 promotes 
land use planning which uses the 'Air Noise Boundary' to set 
long term limits on total noise emitted by aircraft activities at 
airports. It is recommended in this Standard that the controls 
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are implemented via District Plan policies and rules. Planning 
instruments are envisaged that provide for efficient aviation 
activity at the airport and the need to protect community 
health and welfare, consistent with the RMA 1991. The 
formal determination of airport planning involves the public 
process set out in the First Schedule of the RMA 1991. 

NZS 6805:1992 utilises a system in which a limit is set for the 
average daily amount of aircraft noise exposure that is permitted 
in the vicinity of an airport, and only inside a fixed working area 
defined by the 'Airnoise Boundary' is the noise exposure allowed 
to be greater than this. In this working area there are supposed 
to be rules for compatible land use, and periodic aircraft noise 
monitoring at the 'Airnoise Boundary' to ensure that the noise 
exposure is kept within the prescribed limits. The standard 
states that in the planning steps the sound exposure predictions 
for the setting of contours should be based on an average day 
flight operations during the busiest three month (90 days) of the 
year. The standard states that the contour predictions should 
be based on minimum 10-year period (or long term projection) 
using the FAA (Federal Aviation Administration) Integrated Noise 
Model (or similar) and must take into account a number of things, 
including but not limited to, aircraft types (current and future), 
flight frequencies and seasonal effects among many other things. 

The standard guidance is for land use planning measures to define 
areas of land in District Planning Maps which show areas which 
require special control provisions and these areas are different 
from noise controls applicable in other parts of the District Plan. 
It is understood that this Standard was the first national standard 
to introduce a linear noise descriptor (not in dB), 'sound exposure', 
measured in pascal-squared-seconds (or pasques). The standard 
defines the "night-weighted sound exposure" (En) descriptor as the 
key descriptor with approximate values provided for comparison 
purposes only, using the traditional Ldn descriptor in dB. The two 
control boundaries recommended in NZS 6805 are the 1 O Pa2s 
En (about 55 dB Ldnl contour (outer control boundary) and the 
100 Pa2s En (about 65 dB Ldn) contour (inner "Airnoise Boundary"). 

Certain land use planning rules have been developed in relation 
to these contours. The standard states that after considering 
the matters in the standard pertaining to incorporating the 
boundaries, the local authority should incorporate into its 
District Plan a map showing the projected exposure contours 
showing the Air Noise Boundary and Outer Control Boundary. 

www.aeservices.co.nz 

acoustic 
engineering services 
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The recommendations of NZS 6805:1992 also include land 
use planning measures in areas around the airport affected 
by aircraft noise. NZS 6805:1992 recommends that noise 
sensitive uses (such as residential uses, schools and healthcare 
facilities) not be permitted in a District Plan on sites located 
within the 100 Pa2s En contour area but maybe permitted in a 
District Plan within the 10-100 Pa2s En (about 55 to 65 Ldn) area 
(Outer Control Boundary) so long as suitable methods such as 
acoustic insulation is incorporated within new buildings housing 
noise sensitive activities such as sleeping areas. The standard 
recommends for sound exposure En > 1000 Pa2s (about 70 dB Ldn)' 
that consideration should be given to purchasing existing homes, 
or relocating residents, and rezoning the area to non-residential 
use only. Regarding sound exposure, En > 1000 Pa2s (above > 75 
dB Ldn), the standard recommends that "there is a high possibility of 
adverse health effects - Land shall not be used for residential or other 
noise sensitive uses". There are no aircraft noise recommendations 
applying to areas receiving less than 10 Pa2s En (about 55 dB Ldn). 

The 'Airnoise Boundary' is a critical contour as it defines the total 
measured exposure to noise emitted by aircraft using the airport. 
According to NZS 6805:1992, the objective of the 'Airnoise 
Boundary' is "avoiding, remedying or mitigating any adverse effects 
on the environment, including effects on community health and 
amenity values whilst recognising the need to operate an airport 
efficiently". Controls associated with the Air Noise Boundary 
are therefore intended to manage the effects of aircraft noise 
associated with the movement of aircraft to and from the airport 
while providing for the safe and efficient operation of the airport. 

In regards to the management area, the standard states that 
the airport operator shall manage its operations so that the 
three (3) month (90 days) average 24-hour night weighted sound 
exposure does not exceed the limit or are outside the air noise 
boundary, this is where Parts 2 and 3 of the standard apply as the 
airport operator must therefore be able to site and specify the 
required air noise monitoring system on the air noise boundary. 

The standard also includes information on airport noise 
management. The standard states that only the Civil Aviation 
Authority (CAA) of New Zealand noise abatement procedures 
may be considered when using the Standard. One such 
example applies at the Wellington International Airport where 
New Zealand Civil Aviation Rule Part 93 Subpart C specifies 
the noise abatement requirements for Wellington Airport. 
Appendix B of that document shows a map for Wellington 
Airport identifying the noise abatement area. CAA rules state 
that no aircraft shall be flown over this noise abatement area 
at an altitude lower than that required by Civil Aviation Rule 
Part 91 (generally 1000 ft AGL (Above Ground Level) for flight 
over a populous area) or 1500 ft, whichever is the higher. 

Application of the standard throughout New Zealand has been 
relatively consistent through adherence to the advice in the 
standard, but rules about acoustic isolation vary. Ultimately it 
is anticipated that the former Building Industry Authority and 
Environmental Sound Project's(') outcome now under the building 
division of Building Group Ministry of Business Innovation 
and Employment and expressed through amendments to 
the Building Act and Building Code and its related documents, 
will standardise all acoustic isolation measures and related 
ventilation provisions. The same will probably apply to equivalent 
provisions in, Helicopter, Road traffic and port noise standards. 

For the control of airport noise. 

Establishes maximum acceptable 
levels of aircraft noise exposure 
around airport and aerodromes for 
the protection of community health 
and amenity, whilst recognising the 

Purpose requirement for the airport to operate 
effectively. 

For use by local or regional 
government to control airport noise. 

Establishes maximum acceptable 
levels on noise for the protection of 
community health. 

Only noise resulting from aircraft 

Applications operations shall be considered when 
determining sound exposure contours 
and the air noise boundary. 

Sound from airport activities except 
from aircraft taxing and in-flight. 

Restrictions Light aircraft flight and ground 
movements not at airports should be 
assessed using NZS 6802. 

E - Sound Exposure (Pa2s) 
En - Night-weighted Sound 
Exposure (Pa2s) 
Se - Single Event Sound Exposure 
(Pa2s) 

Noise Descriptors LA,ma, - Maximum Sound Level 
LAeq - Equivalent continuous 
sound level 
LAE - Sound Exposure Level (SEL) 
Ldn - Day Night Level (dB) 

Service Age Approx. 28 years 

Table 23 - NZS 6805.· 7 992 Airport Noise Management and 
Land Use Planning 

Helicopter Landing Noise 

'NZS 6807: 1994 Noise Management and Land Use Planning for 
Helicopter Landing Areas' was produced to provide guidelines for 
controlling helicopter landing area noise in the context of the 
then newly enacted RMA 1991 and after a series of contested 
cases. The purpose is to assess noise from helicopter landing 
areas and the foreword specifically states that the assessment 
of noise from airports for fixed wing aircraft is included in NZS 
6805. This is because of the distinctive character of helicopter 
noise and the nature of helicopter operations chiefly being 
able to depart or arrive on a vertical slope, enabling helicopters 
to be much closer in proximity to noise sensitive sites. 

The daily sound exposure from flight operations for any landing 
site depends upon the sound contributed by each helicopter 
landing and take-off, the number of these movements per 
day, and time of day that movements occur. Noise from any 
movements taking place between 10.00 pm and 7.00 am the 
next day are automatically penalised in the Ldn calculation so 

B 
' The 'Environmental Sound Project' starred in 1998 w develop immission criteria where RMA 1991 requirements required habitable building spaces w meet ocouscicol criteria for 
RMA 1991 purposes. The project tracked parallel with the New Zealand Building Code Clouse G6 'Airborne and Impact Sound' Working Group revising the original inter-tenancy 
noise controls in the Building Code. In 2000 the pro1ects were combined into one smaller commitcee. The work under Building Institute Authority then continued wich consultation in 
2004 with the Building Code Clouse G6 Airborne and Impact Sound Consultation. It is understood thoc work continues at the time of writing (September 2013) under the Building 
Group Ministry of Business Innovation and Employment. 
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Purpose 

Applications 

Restrictions 

Noise Descriptors 

Service Age 

Details procedures for the 
measurement and assessment of 
noise from helicopter landing areas 
and recommends land use planning 
measures where necessary to mitigate 
the adverse effects of noise on land 
uses surrounding the helicopter 
landing area. 

Provides details for the measurement 
and assessment of noise from existing 
or proposed helicopter landing areas 
and recommends land use planning 
measures under the Resource 
Management Act 1991, where 
necessary. 

Only applies to helicopter landing areas 
used for ten or more flight movements 
in any month or where flight moves are 
likely to result in LA,ma, levels exceeding 
70 dB at night-time or 90 dB day-time 
in any residential zone or rural dwelling 
notional boundary. 

Only noise resulting from helicopter 
operations shall be considered. 

Considers the distinctive character 
of helicopter noise and the nature of 
operations from helicopter landing 
area. 

Does not apply to emergency 
operations: 

1. Auxiliary operations such as 
ground maintenance which 
are outside the scope of the 
standard (NZS 6802 shall be used 
to assess these noise sources); 

2. Sound from airport activities 
except from aircraft taxiing and 
in-flight are within the scope of 
NZS 6802; 

3. Light aircraft flight and ground 
movements not at airports 
should be assessed using 
NZS 6802. 

E - Sound Exposure (Pa2s) 
E

0 
- Night-weighted Sound 

Exposure (Pa2s) 
Se - Single Event Sound Exposure 
(Pa2s) 
LA,max - Maximum Sound Level 

LAeq - Equivalent continuous 
sound level 
LA, - Sound Exposure Level (SEL) 
Ldn - Day Night Level (dB) 

Approx. 26 years 

4. Table 24 - NZS 6807: 1 994 Noise Management and Land Use 
Planning for Helicopter Landing Areas 

that one movement taking place during this noise-sensitive 
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period is equivalent to the sound energy produced by 1 O 
of these movements taking place during daytime. This is 
consistent with international practice where Ldn has been 
used to describe aircraft noise for more than 30 years. 

The standard is not intended to apply to infrequently used 
helicopter landing areas or to emergency operations such 
as search and rescue including training. This provision is 
intended to recognise the vital role for society's benefit of 
helicopters as emergency vehicles. However, this exemption 
is not intended to apply to bases solely for emergency 
purposes. In mixed usage bases, noise during emergency 
flight operations has been regarded by the Courts as being 
excluded from sound exposure calculation and assessment. 

The standard, is however, intended to apply to helicopter landing 
areas used for ten or more flight movement in any month or 
where flight movements are likely to result in a maximum sound 
level (LA,maxl exceeding 70 dB at night time or 90 dB during day 
time in a residential zone or within the notional boundary of 
any rural dwelling. The LAFmax noise descriptor provides for 
night-time sleep protection for these low usage landing areas. 

The approach of NZS 6807:1994 is to assess helicopter noise 
on a 24-hour basis (using Ld0

) with a separate consideration 
of the maximum levels due to any night-time operations 
(using LA,maxl- The standard allows for a relaxation of the 
limits by 5 dB where background sound levels (LA95 under 
this standard) exceed threshold levels set in the standard. 
Hence, if this criterion is met, a limit of 50 dB Ldn would be 
permitted to be relaxed by +5 dB and becomes 55 dB Ldn· 

comparison with WHO Guidelines 

NZS 6805:1992 and NZS 6807: 1994 were both published before 
the WHO 1999, 2009 and 2018 guidelines. The current ENGfER 
2018 guidelines strongly recommends reducing noise levels 
produced by aircraft below 4S dB Lden' as aircraft noise above this 
level is associated with adverse health effects. This is 10 dB lower 
(a 1 O times reduction in sound exposure) than is used in both 
New Zealand air noise standards. For night noise exposure, the 
GDG strongly recommends reducing noise levels produced by 
aircraft during night-time below 40 dB Ln;ght' as night-time aircraft 
noise above this level is associated with adverse effects on sleep. 

Road Traffic Noise 

Transport noise and vibration can cause a range of impacts 
on people and communities from general interference with 
everyday activities to more significant effects such as sleep 
disturbance. Environmental noise due to road traffic is not 
specifically managed and monitored in New Zealand. As urban 
centres have grown, more and more residential development 
has become closely located to major road transport corridors. 
For new residential developments near high noise routes, 
controls are usually put in place in the district plan on the 
building design so that the noise levels in all habitable rooms 
are at the levels recommended in GCN 1999. While this 
provides mitigation while indoors, it does not address day­
time noise while outside in areas around the dwelling, where 
there will be a significant loss of amenity and noise annoyance. 

For major roads where road traffic noise has increased over time, 
existing residents currently have no legal standing to stop/manage 
traffic noise near their homes. However, if the road is a new or 
altered state highway, then it is covered by the Standard 'NZS 
6806:201 O Acoustics - Road-traffic noise - New and altered roads'. 
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NZS 6806:201 0 is a multifaceted document over 1 20 pages long 
and representative of a modern technical environmental acoustic 
standard. Persons using the standard are assumed to have a 
good understanding of the science of acoustics as well as a good 
understanding of RMA 1 991 and other legal and policy context in 
terms of New Zealand Transport Strategy and land use planning. 
Importantly, its application is restricted to the assessments 
required to obtain planning approvals under the RMA 1 991 for 
new or altered roads and does not deal with noise emitted by 
the existing roading network (which is responsible for most if not 
all noise effects caused by vehicles operating on public roads). 

One of the interesting things about this standard is that it 
represents only one element in a programme developed by 
New Zealand Transport Agency (NZTA) for assessing noise and 
vibration from new or altered roads. For example, the Agency has 
a standalone document entitled "Guide to assessing road-traffic 
noise using NZS 6806 for state highway asset improvement projects". 
There is also a web site developed by NZTA intended to provide a 
range of information and tools to help ensure that traffic noise is 
managed in an effective and efficient manner, and to assist with 
the adoption of the new road-traffic noise standard NZS 6806. That 
approach is fairly unique to this standard in the NZS 680X series. 

NZS 6806 aims to "control" traffic noise from new and altered 
roads to reasonable limits by providing noise criteria to address 
the adverse effects of this noise on people. It provides consistent 
procedures and requirements to measure, predict, assess, and 
mitigate road traffic noise establishing reasonable criteria for road 
traffic noise, taking into account hea Ith issues associated with noise, 
the effects of noise on people and communities, and the potential 
benefits of new and altered roads to people and communities. 

The Standard does not address noise from existing roads except 
in relation to situations where new or altered roading projects 
interact with existing roads. Noise criteria are set based on the 
adoption of the "Best Practicable Option" (BPO) which integrates 
the approach of the RMA 1 991 with the cost benefit approach used 
by roading authorities such as NZTA to justify spending on noise 
mitigation measures. While this represents a flexible approach, 
it means that a set of noise mitigation measures achieving 
appropriate noise limits in one roading project may be found 
to be unsustainable when applied to another project that has a 
different layout and regime of affected sites. The basis of the cost­
benefit procedures is set out in Appendix D of NZS 6806, which 
provides a basis for calculating the costs and benefits of mitigation 
for various engineering designs for projects across New Zealand. 

One of the perceived "weaknesses" by some parties of the 
past guidelines such as the draft Transit Guidelines was "rigid 
technical compliance noise limits" hence mitigation and related 
design solutions were not always what could be described as 
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good economic value, that is the cost benefit in some instances 
resulted in construction of substantial barriers for the sake of say 
1 dB attenuation, which has no definable benefit. Past guidelines 
also were perceived as failing in some cases in terms of planning 
and urban design outcomes. For this reason, NZS 6806 does not 
set rigid technical compliance requirements for noise, but instead 
provides "Categories" referred to as A, B and C of noise criteria. 

As partofthedetailed assessment process, NZS 6806:2008 requires 
ambient sound levels in the existing environment to be measured 
at representative noise sensitive sites. The aim is to quantify, in 
acoustical terms, the existing noise environment at a location of 
interest, however such data has no bearing on what will ultimately 
be determined as the BPO for noise mitigation associated with 
any roading project. The BPO concept is used within the NZS 
6806:201 O to identify the most efficient noise mitigation option. 

Noise mitigation options are assessed under the standard and if 
practicable, the "Category A" criterion (Primary Free Field External 
Noise Criterion) should be achieved. Category A sets a design 
noise level of 64 dB LAeq(24h1 for an altered road or a new road with 
traffic volume > 75,000 AADT (Annual Average Daily Traffic) at 
Design Year'. For new roads with volume of 2000 to 75,000 AADT 
at Design Year, the "Category A" design noise level is 57 dB LAeq(24h1• 

The standard states that if it is not practicable to meet the 
"Category A" criterion, then mitigation should be assessed 
against "Category B", however, if mitigation is still not practicable 
to comply with Categories A or B then the standard states that 
mitigation should be implemented to ensure the internal criterion 
in "Category C" is achieved. Separate criteria apply to "new roads" 
as opposed to "altered roads". Noise Criteria from NZS 6806:201 0 
requires assessment for the design year which is a point in 
time no less than 1 0 years but not more than 20 years after the 
opening of the new road, or alteration of an alter road is expected. 

The standard requires assessment at "protected premises and 
facilities" (PPFs) which represent noise sensitive locations where 
road-traffic noise is assessed and for which noise mitigation 
measures may be required. NZS 6806 does not apply to PPFs in 
urban areas that are located more than 1 00 m from the edge of the 
closest traffic lane for the new or altered road, or PPFs in rural areas 
located more than 200 m from the edge of the closest traffic lane. 

As a limited example, NZS 6806 lists Maraes, overnight 
medical care, teaching (and sleeping) in educational facilities, 
playgrounds that are part of educational facilities that are 
within 20 m of buildings used for teaching purposes as PPFs. 

Residential activities are also listed in the definition of PPFs 
such buildings used for residential activities including (but 
not limited to) boarding establishments, homes for elderly 
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persons; teaching spaces and so on. The standard also lists 
a number of situations which PPFs do NOT include, such as 
residential activities which have predominately other uses such 
as industrial premises, garage or ancillary buildings or premises 
not yet built other than those which have a Building Consent. 

As recommended within NZS 6806:2010, PPF assessment 
locations are grouped geographically into "clusters" where 
the PPF assessment locations are located within 100 
metres of each other. The reason is to ensure only the 
most cost-effective mitigation options are considered. 

The relevance here is for example an isolated dwelling (not 
forming clusters) roadside barriers may be considered ineffective 
as structural mitigation assessed as per NZS 6806:2010. This 
is because the barriers or screens may for example fail to 
provide the required 5 dB of attenuation. The control of noise 
from individual vehicle movements is beyond the control 
of the standard but prescribed in the Land Transport Rules. 

The standard also advises that noise assessment should be 
undertaken by suitably qualified and experienced persons. 
This is the standard's way of advising persons wishing to use 
the standard and apply it that the standard and its application 
is very technical in content and persons using the standard are 
assumed to have a thorough understanding of the science of 
acoustics, including measurement, assessment, monitoring and 
analysis of traffic and related topics covered under the standard. 

Purpose 

Applications 

Restrictions 

Recommends noise criteria to be 
applied to road traffic noise from new 
or altered road received at protected 
premises and facilities. 

Sets out procedures and requirements 
for the prediction, measurement, and 
assessment of road traffic noise for 
new and substantially altered state 
highways and local roads. 

Intended to be used primarily by 
Local Authorities and road controlling 
authorities and seeks to promote 
quicker and consistent decision-making 
nationally regarding the management 
of road traffic noise. 

Provides best practice guidance and 
advice on methods for mitigating 
reverse sensitivity situations and 
the environmental effects of noise 
exposure on nearby noise-sensitive 
activities. 

Where any project includes a mixture 
of new and upgraded existing roads 
the roading authority shall determine 
the relevant criteria to be applied to 
each section of the road for traffic 
noise mitigation. 

New and altered roads of scale and 
state highways. 

Generally, not recommended to apply 
to low volume roads. 

Lists 15 detailed restrictions, the 
following is a sample of several (not all) 
restrictions 

Existing roads . New and altered roads predicted 
to carry less than 2000 AADT; 
PPFs located in urban areas and 
located >1 00m from the edge of 
the road 
PPFs located in rural areas and 
located >200m from the edge of 
the road . The control of noise generated 
by an individual vehicle; 
Noise from the construction or 
maintenance of roads (refer to 
NZS 6803); 

Vehicle induced ground borne 
vibration; 
Vehicle noise from land that is 
not road (refer to NZS 6802); 
Development of noise sensitive 
activities which will or may give 
rise to reverse sensitivity effects; 
and . Private ways . 
Premises other than PPFs 
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Noise Descriptors 

LAeq124 h1 - main descriptor, long-
term over 24 hours 
LA10 (18 hour) - 10% centile level 
based on LpAF or short LAeq 
LAeq. t - time-average A-weighted 
sound pressure level 
Dnrw + C,, - standardised level 
difference as defined in ISO 717-
1 using A-weighted traffic noise 
spectrum 

Service Age Approx. 1 O years 

Table 25 - NZS 6806:20 1 O Acoustics - Road-traffic Noise - New and 
altered Roads 

comparison with WHO Guidelines 

NZS 6806:2010 was published after the 1999 and 2009 WHO 
guidelines but prior to ENGfER 2018. The WHO environmental 
noise guideline values for outdoor living a reas a re 50 to 55 dB 
LAeq116h1 for moderate and serious annoyance respectively. This 
guideline value is set at the level of lowest adverse health effect 
and is intended to address various sources of environmental 
noise including annoyance effects, speech intelligibility and 
communication interference, disturbance of information 
extraction, sleep disturbance and hearing impairment caused by 
various sources of environmenta I noise, including road traffic noise. 

The 'Category A' criteria in NZS 6806:201 O for new roads with 
medium traffic volumes of between 2,000 and 75,000 AADT 
is set at 57 dB LAeq124hl' while for roads with high traffic volumes 
it is 64 dB LAeq124hl' Firstly, these limits use a different noise 
descriptor than the WHO guidelines and so direct comparison 
is difficult. Having said that, using the ENGfER 2018 long-term 
guideline values for road traffic noise values of 53 dB Lden and 45 
dB Ln,ght' with the standard 10 dB night penalty, an estimate of 
LAeq124h1 was calculated as 49-50 dB. This is 7 dB lower than the 
'Category A' medium traffic flow criteria in NZS 6806:2010 and 
14 dB lower than the higher traffic flow criteria, representing a 
substantial difference in noise levels and potential health effects. 

So why are the criteria levels in NZS 6806:2010 substantially 
higher than the ENGfER 2018 environmental noise criteria for 
road traffic noise outdoors? Health of people and communities 
is part of sustainable management enabled by the application 
of the RMA 1991. Introduction of noise criteria in this standard 
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recognises the WHO concern about increase in traffic noise 
and that growth in urban environmental noise pollution is 
unsustainable, because it creates adverse effects on health. 
Increase in traffic noise also adversely affects future generations 
by degrading residential, social and learning environments, 
with corresponding economical losses. Based on this, we 
expect the noise criteria in NZS 6806:201 0 have been selected 
to limit adverse effects of road traffic noise on people above 
a 'reasonable level and health criteria', recognising as does 
WHO, that the evaluation of control options must consider 
technical, financial, social, health, and environmental factors. 
Whereas the ENGfER 2018 long-term guideline values for road 
traffic noise values seek a much higher level of protection. 

WHO calls for precautionary action in any environmental planning 
situation as traffic noise is a global health problem. Precautionary 
measures in this NZS 6806:2010 include emphasis on land use 
planning, and isolation of buildings from traffic noise sources. 

In GCN 1999, guideline long-term noise value for 
industrial, commercial and traffic areas is 70 dB LAeq124hl' 
This criterion is intended to prevent hearing loss due to 
long-term exposure at this level. The high traffic volume 
road criteria in NZS 6806:201 O is well below this level. 

New Zealand Transport Agency INZTAJ 

The New Zealand Transport Agency (Waka Kotahi) is a New Zealand 
Crown entity tasked among other things to administer the New 
Zealand state highway network. The NZTA has obligations under 
the RMA and the Land Transport Management Act to manage 
noise and vibration from the state highway network. There 
are no National Environmental Standards, or other mandatory 
regulations, prescribing how the Transport Agency must meet 
these obligations. The NZTA has therefore developed its own 
policies and (reverse sensitivity) guidelines for the protection 
of the roading network by avoiding inappropriate development 
near state highways. This means the NZTA, territorial authorities, 
landowners and developers must all assume some level of 
responsibility for managing reverse sensitivity effects. To 
address noise and vibration reverse sensitivity issues, the NZTA 
requests District Plan rules and resource consent conditions 
for new and altered Protected Premises and Facilities (PPFs) 
near state highways. These requirements generally require 
the building design to achieve appropriate internal sound 
levels through directly setting an internal design sound level 
(indoor noise level) for example a design sound level of 40 dB 
LAeq124h1 for residential living and sleeping spaces (bedrooms). 
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External sound Insulation 

The New Zea land Bu i ld ing Code, Clause G6 - Airborne and impact 
sound ( 1 995) is  designed to prevent undue noise transmiss ion 
in bu i ld ing e lements between occupancies or common spaces 
in household u n its. The bu i ld ing e lements that a re common 
between occupancies a re requ ired to be constructed to prevent 
undue noise transmiss ion from other occupancies or common 
spaces in  household un its. It requ i res a Sound Transmiss ion 
Class (STC) for wal ls, floors and  cei l ings of no less than 55, and 
an  Impact Insu lat ion Class ( I I C) for floors of no less than 55. 

A proposed amendment to G6 has been underway s ince 2008 
with the i ntention of introducing a new c lause to G6, 'Protection 
from Noise' to replace the exist ing c lause, 'Air and impact sound'. 
It was to inc lude a new verification method, with a change 
in ph i losophy from the performance of the materia l s  to the 
performance of the bu i ld ing. The proposal would provide greater 
protection to occupants of new household un its, from a range 
of sources, inc lud ing external noise, not just noise from abutted 
occupancies. There was to be a change in the descriptors from 
Transmiss ion Loss (TL) to NR (Noise Rating) and from STC to 
Rw ( lab rated sound reduction index) and Dnr.w (on-site sound 
insu lation performance). The expected overa l l  improvement was 
3 - 8 dB Uames Whitlock, Acoustics 1 0 1  - and the NZ Building Code, 
NZAS 39th Annua l  Conference, Ju ly 201 5). However, five years 
later after it was expected to be confi rmed by M B I E  (M in i stry of 
Bus iness, I nnovation and Employment) and 1 2  years after the 
process was in itia l ly begun, there i s  sti l l  no sign of the revised 
c lause.  In the meantime, some Counci ls have set rules or resource 
consent condit ions setti ng a m in imum sound insu lation design 
criterion for the fa�ade of the bui ld ing, in add ition to setti ng 
internal sound levels for the protection of health and amen ity. 
Such criteria as D,,.2m,nTw > X d B + c,, or  DnT,w + c,, > Y  dB, a re used. 

An example  where DnT,w . c,, criteria may be used inc lude a new 
or a ltered dwe l l i ng adjacent a he l iport where the dwel l ing is 
located with in a noise control boundary. Sound insu lation is 
the ab i l ity of the bu i ld ing's fa�ade (floor, wa l ls, cei l i ng, roof, 
windows, doors etc) to reduce sound transmiss ion from outside 
to ins ide.  The Dnr,w rating can be defi ned as the 'standard ised 
level d ifference' (outdoor to i ndoor). DnT,w is technica l ly room-to­
room not fa�ade performance and  thus assumptions must be 
made when undertaking assessment. I n  the case of assessi ng 
Dnr.w many rules or p lans refer to ISO standards. The spectrum 
adaptation term (C,,) i s  genera l ly used in  connection with the Dnr.w 
sound insu lation rating. The spectrum adaptation term when 
used in  connection with the DnT,w sound insu lation rating places 
further emphasis on low frequency sounds. By add ing the c,, 
adaption term to a sound insu lation rating (D,,.2m,nTw or Dnr,wl' the 
total sound insu lat ion rating i s  i ncreased when compared to just 
adopt ing the DnT,w or D,r,2m,nTw ratings on their own . Applying the 
spectrum adaptation term a long with the Dnr,w sound insu lation 
rating this can make a noteworthy d ifference to level (and cost) 
of construction requ i red for sound insu lation .  In New Zea land 
the most common ly  adopted fa�ade insu lation levels a re Dnr.w 
+ c,, > 30 d B  or DnT,w + c,, > 35 dB.  The DnT,w criteria norma l ly 
results in the habitab le spaces with in bu i ld ings requ i ring 
mechanica l  or forced venti lation so windows can be kept closed. 

' The ETSU working group was made up of independent experts being established by the Depart­
ment of Trade and Industry of the United Kingdom Government (now the Department of Business 
Industry and Skills, UK Government) 
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Wind Turbine Noise 

In New Zea land there are currently in excess of 1 6  wind farms 
in  operation with just under 500 wind turbine generators, 
producing a total energy capacity of just below 700 MW. 
They supply around 6% of New Zea land's annua l  e lectricity 
generation, which is about the same amount of e lectricity as 
300,000 kiwi homes use in a year. In addit ion, there a re p lans 
proposed for over 1 5  more wind farms developments to be bu i lt. 

The cu rrent New Zea land wind turbine acoustic standard is 
'NZS 6808:2010 Acoustics - Wind Farm Noise'. NZS 6808:20 1 0  
was prepared under the supervision of the P6808 Committee 
of the Standards  Counci l ,  after its predecessor NZS 6808 : 1 998 
havi ng first been considered for review in  2004, was 
subject of another review in 2007. A technica l  committee 
was formed in 2008 to conduct a fu l l  techn ical  review and 
the resu lt  was the release of the current 201 0 standard .  

Wind fa rm development i n  New Zea land has been controvers ia l  
at t imes, with numerous Resource Consent Appl ications 
that have been granted being appealed in the Environment 
Court. In some cases, Environment Court decis ions 
have been appea led on 'poi nts of law' i n  the H igh Court. 

NZS 6808 was developed specifica l ly for the measurement and 
assessment of sound from wind turb ine generators and wind 
farms in New Zea land condit ions. It provides deta i l s  on pred iction ,  
measurement and assessment with the stated purpose be ing to 
a id both wind fa rm development and  Local  Authority p lann ing 
procedures by provid ing a suitable method for the measurement 
and assessment of sound from wind turbine generators. The 
standard provides specific guidance on l im its of acceptab i l ity 
for sound received at residential and noise sens itive locations 
emitted from both wind farms and s ingle wind turbine generators. 

The origi na l  1 998 vers ion of the was partly based on work 
done in  the Un ited Ki ngdom by the Working Group on Noise 
from Wind Turb ines, documented i n  the report entit led 'The 
assessment and  rating of noise from wind farms", ETSU-R-97, 
1 996'(2). However, there were differences between the New 
Zea land Standard and ETSU documents, such as ETSU had day 
and n ight l im its whi le  NZS 6808: 1 998 took the variable approach 
of background sound level +5 d B. The 1 998 version of th is 
standard was written prior to sign ificant wind fa rm development 
in New Zea land .  The basic methodology proved robust, but 
experience and research over the fo l lowing decade s i nce its 
introduction, brought to l ight numerous refi nements and 
enhancements which were addressed i n  the revised 201 O version.  

The term ino logy and  format of the NZS 6808:20 1 0  were updated 
in l ine with i nternationa l  standards and the 2008 edit ions of NZS 
6801 and  NZS 6802 which inc ludes adopting LA90 in place of LA95 

as a measure of background sound levels - referenced in NZS 
6808:201 0 as LA901

, omin> for background and wind farm sound levels.  

Although other standards reference NZS 6801 for the 
measurement of noise, it is important to note that it is not 
appropriate to apply a l l  parts of NZS 6801 for the measurement 
of wind fa rm noise. NZS 6801 refers to a "meteorological 
window"' under which normal noise measurements should 
be conducted, however th is is  not su itable for measuring 
sound from wind turbine generator(s) because wind turbines 
operate in  wind speeds typica l ly from 5 m/s to 25 m/s with 
sound pressure leve ls  changing as a function of wind speed. 

13 
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NZS 6808 requires background sound levels be measured 
LA901, o m,ni at relevant receiving locations with noise level data being 
measured concurrently with wind speed and directions. Once 
background sound levels are measured at relevant receiving 
locations, a direct correlation of wind speed versus background 
sound level is made for each receiving location by using a 
regression curve which describes this relationship (taking account 
of day and night and different wind directions if required. This 
data is then used to derive the recommended 'design limits' such 
as 40 dB or 5 dB above the measured background sound level (the 
greater of the two). Once the known limits are set, they can then 
be compared to the predicted wind turbine (predicted as LAeql or 
wind farm sound pressure level at the relevant receiving site from 
the wind turbine(s) to allow for a statement regarding compliance 
with the recommended limits to be made. NZS 6808 states that 
there is no need to consider noise sensitive locations outside 
the predicted 35 dB LA9011 0  mini wind farm sound level contour. 

The 2010 version of the standard also includes a provision for a 
higher degree of protection of acoustic amenity in an area. The 
new limits are referred to as the 'High Amenity Area' noise limits. 
NZS 6808:1998 did not assess or comment on cumulative wind 
farm noise effects from one or more wind farms or a single wind 
farm installation completed over several stages, this is addressed 
in NZS 6808:201 0with thestandard stating that all cumulative wind 
farm sound affecting any noise sensitive site shall be assessed. 

Like PPFs in NZS 6806, NZS 6808:2010 provides details on 
'noise sensitive locations'. In regard to NZS 6808, the location 
of a noise sensitive activity associated with a habitable space 
or education space in a building not on the wind farm site are 
listed under NZS 6808 including (but not limited to) any part of 
land zoned predominantly for residential use in a District Plan. 

In some instances, holiday cabins and camping grounds might be 
considered as noise sensitive locations. Matters to be considered 
include whether it is an established activity with existing rights. 
The standard also states that residential buildings designed for 
permanent habitation on land zoned for predominantly rural or 
rural-residential use are not classified as commercial or industrial 
for the purposes of this Standard. The standard acknowledges 
that wind farm sound may be audible at times at noise sensitive 
locations; however, the Standard does not set limits that provide 
absolute protection for residents from audible wind farm sound. 

comparison to WHO Guidelines 

NZS 6808:201 0 was published after the GCN 1999 guidelines, 
about the same time as NNGfE 2009 and prior to ENGfER 2018. 
The ENGfER 2018 guidelines conditionally recommend that 
policy-makers implement suitable measures to reduce noise 
exposure from wind turbines in the population exposed to levels 
above the guideline values for average noise exposure being 
< 45 dB Lden· As this limit uses a different noise descriptor to NZS 
6808:2010, direct comparison is not possible. However, assuming 
a 'design limit' of 45 dB LAeq124hl' the calculated Lden would be 
52 dB, which is 7 dB higher than the ENGfER 2018 guideline value. 

No recommendation is made for average night noise 
exposure Ln,ght of wind turbines as the guidelines state 
the quality of evidence of night-time exposure to wind 
turbine noise is too low to allow a recommendation. 
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Provides suitable methods for 
the prediction, measurement and 
assessment of sound from wind 
turbines. 

Purpose 
Provides reasonable protection for the 
health and amenity and noise sensitive 
locations consistent with the RMA 
1991. 

Generally, applies to wind farms 
consisting of wind turbines with a 
swept rotor area greater than 200 m2 

(eg. individual blade lengths greater 
than approximately 8 m). 

Includes Wind Turbine Generators 
Applications located on land or sea (both horizontal 

and vertical). 

A wind farm is described as a wind 
turbine or a group of wind turbines 
installed near one another and 
electrically interconnected to a 
common grid. 

Does not cover: 

1. Small wind turbines less than this 
size are covered under NZS 6801 
and NZS 6802; 

2. Sound from mechanical or 
electrical systems connected to 

Restrictions wind turbines used for other 
purposes (such as pumping or 
milling); 

3.  Sound from on-site sources 
other than wind turbines (such 
as substation equipment or 
machinery used for construction, 
servicing and maintenance. 

LAeq - Time-average A-weighted 
sound pressure level (dB) 

Noise Descriptors LA90(, o m,nJ - Background Sound 
Level and wind farm sound levels 
(dB) 

Service Age Approx. 10 years 

Table 26 - NZS 6808:20 I O Acoustics - The Assessment and 
Measurement of Sound from Wind Turbines 

Leisure Noise 

The concept of leisure noise is not new in New Zealand. The joint 
Australasian standard series on occupational noise management 
(AS/NZS 1269:2005), considers 'non-occupational noise exposure' 
and states that "People who have significant occupational noise 
exposure should be informed that noise exposures are culminative 
and it is in their interest to limit noise exposure ... ". In the context of 
this standard, leisure noise is non-occupational noise exposure. 
However, as the standard is focused purely on hearing protection 
in the workplace and not the wider adverse effects of excessive 
noise, the limits are consistent with those used internationally 
of 85 dB LAeq,sh and 140 dB Lcpeak' This is supported with a 
guidance value of 75 dB LAeq,sh above which employees should 
be provided with information and training on noise awareness. 

3/06/2020 I 0,20,51 AM 



In New Zea land 'recreationa l  noise' is synonymous with le isure 
noise, a lthough this may not a lways inc lude noise exposure from 
personal  listen ing devices (PLDs), which in  the younger populat ion 
has become a sign ificant source of noise exposure internationally. 

The Accident Compensation Corporation (ACC) is the New 
Zea land Crown entity responsible for admin istering the 
country's no-fault accidental i nju ry compensation scheme. 
The pr imary focus of ACC with respect to noise, has been 
in the workplace, reducing the inc idence of Noise I n duce 
Hearing Loss ( N I H L) and help ing compensate those with N I H L  
that can b e  proven t o  b e  caused by occupationa l  exposure. 

The M i n istry of Hea lth (MoH) on its website under 'envi ronmental 
hea lth', briefly covers noise and has created an education 
pamphlet tit led "Noise around the Home" (HE1 1 22). This 
pamphlet provides guidance on the early signs of heari ng 
damage, how sound is  measured (with example sound pressure 
levels for common sources around the home), and how to 
protect your fam i l ies hearing at home. It also states that: 

"Many teens and adults set their personal listening device's 
headphones/ear buds at volumes that can cause hearing 
damage. Typically, a person can tolerate about two hours of 9 1  
dB (LAeq) per day before risking hearing loss. " 

Both the MoH and  the ACC has provided guidance 
va lues for hearing protection, referencing the 
conti nuous occupational  noise l im it of 85 dB L

Aeq
.a

h 

New Zea land adopted the ISO Standard for 'safety of toys', as 
AS/NZS ISO 8 1 24. 1 :201 3.  The acoustic requ i rements of th is 
standard a re reasonable extensive, with exposure of close-to­
the ear toys specified as not to exceed 65 dB L

Ae
q and a l l  other 

toys 85 dB L
Ae

q· Peak sound pressure levels us ing (-(frequency) 
weighting a re also specified; 95 d B  Lcp

e
a, for c lose-to-the e a r  toys, 

1 1 5  d B  Lcp
e
ak for general toys and  1 25 d B  Lcpeak for those us ing 

percussive caps or other explos ive action.  This is supported 
with a note that if  1 1 5  d B  Lcp

e
ak i s  exceeded, the potential for 

heari ng l oss should be drawn to the attention of the user. 

comparison to WHO Guidelines 

Li ke the leisure noise recommended va lues in ENGfER 201 8, the 
various gu ideline and standard va lues relating to recreational 
noise exposure in New Zea land a re based a round the international 
occupationa l  noise l im its, with some adaptat ion of the l im its for 
noisy toys that a re designed to be used c lose-to-the ear by ch ildren. 

The 'non-occupational noise exposure' statement in (AS/NZS 
1 269:2005), expl icitly acknowledges that noise exposures are 
cu lm inative, and thus recreationa l  and occupational noise 
exposure need to be considered together. Whereas elsewhere 
this is  generally absent in the guidance on noise, much l i ke it 
appears to be in the ENGfER 201 8 recommended guide l ine 
exposure level of 70 dB L

Ae
q_24h yearly average from a l l  le isure 

noise sources combined. If, for example, an  adu lt was exposed 
at work to 85 d B  L

Aeq
.a

h 
for five days a week over a working year 
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and in add it ional  had a leisure noise exposure of 70 d B  L
Ae9•24h 

yearly, the effective total exposure is li kely result in NI HL. 

Railway Traffic Noise 

KiwiRa i l  Ho ld ings Lim ited (kiwiRail) is a New Zea land state­
owned enterprise responsib le for rail operations in New Zea land.  
Noise em itted from tra ins (other than at a station or in  yards) 
a re specifica l ly exc l uded from the excessive noise provis ions of 
the RMA 1 991 s.326(1 )(c). Other exc lus ions inc lude vehic les on 
a road or a i rcraft operating (during or immediately before or  
after flight). Un l ike other transportation methods such as road 
and a i r, ra i l  noise is not covered by any existing New Zealand 
standard .  The issues relating to ra ilways and tra in-based noise 
a re genera l ly for noise from reverse sens itivity issues such as 
new dwe l l i ngs being located c lose to existing main trunk  ra i l  
l ines. Kiwi Rai l  undertakes s im i l a r  procedures t o  NZTA in  that they 
request District P lan ru les and resource consent condit ions for 
acoustic insu lation for noise sens itive sites near ra i lway corridors 
or rai lway l i nes be adopted. Commonly adopted criteria set 
by KiwiRa i l  for reverse sens itivity often relate to setting indoor 
sound levels for example  a des ign sound level of 35 dB L

Aeq(l hl 
for bedrooms or 40 d B  L

Aeq(l hl 
for other habitable spaces. 

comparison to WHO Guidelines 

Since New Zea land does not have an envi ronmental acoustics 
standard for ra i lway traffic noise, no d i rect comparisons 
can be made to the ENGfER 201 8 recommended va lues. 
However, the commonly adopted criteria by KiwiRail for 
reverse sens itivity of a design sound level for bedrooms of 
35 dB L

Aeq(l hl 
or 40 dB L

Aeq(l hl 
for other habitab le  spaces, which 

is in  l i ne with the general gu idance for indoor noise levels. 

Additional WHO Guidelines and Research 

Biological mechanisms related to cardiovascular and metabolic 

effects by environmental noise (2018) 

The ENGfER 201 8 focus on several non-aud itory health outcomes, 
inc lud ing sleep d istu rbances, annoyance, card iovascu lar  
and metabol ic  d iseases, adverse b irth outcomes, cogn itive 
impa i rment, mental health and wel l -being. This paper primari ly 
dea ls with biological mechanisms related to card iovascu lar  
and metabolic effects by envi ronmental noise. It focuses on 
etio logical  pathways related to stress mechanisms and  the role 
of effect mod ification by perceptual and  psychologica l factors. 
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Methodology for systematic evidence reviews - WHO 
environmental guidelines for the European Region (2018) 

Exposure to environmental noise has been demonstrated 
to have adverse effects on health. WHO has developed new 
environmental noise guidelines for the European Region, 
based on the latest scientific evidence retrieved and assessed 
using predefined systematic review methodology. This paper 
includes a description of the methodology used to conduct these 
systematic evidence reviews. It includes two protocols: one for the 
systematic review of health effects resulting from environmental 
noise and one for the systematic review of noise interventions. 

t,�\ World Health 
� Organization 
--... Europe 

METHODOLOGY FOR 

SYSTEMATIC EVIDENCE REVIEWS 

FOR THE WHO ENVIRONMENTAL 

NOISE GUIDELINES FOR THE 

EUROPEAN REGION 

., 
�hrie-Eve H l!-rou•, WHO Ree,onal Off,ce for Europe; 

Jos Vubf!ek, finnish I Mlitutl! of Occupational Hnlth 

Results from search for available systematic reviews and meta­
analyses on environmental noise (2018) 

In the context of the development of the WHO environmental 
noise guidelines for the European Region, this paper 
includes a description of the methodology used to search, 
select and assess the quality of available systematic 
reviews and meta-analyses on environmental noise. It 
presents the search strategies employed for the different 
databases and the list of included and excluded studies. 

� World Health 
�Organization 
--- Europe 

RESULTS FROM THE SEARCH 

FOR AVAILABLE SYSTEMATIC 

REVIEWS AND META-ANALYSES 

ON ENVIRONMENTAL NOISE 

,, 
Marie-Eve H Houx, WH O Retio na l Offlc, for Europe. 

Jos Verbeek, Finnish Institute of Occup11tion1I Health 
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Assessment of needs for capacity-building for health risk 

assessment of environmental noise: Case studies (2012) 

A group of international experts met in Bonn in October 201 O to 
define and agree on the assessment of the burden of disease from 
environmental noise, with a focus on cardiovascular disorders 
and sleep disturbance, and to promote knowledge transfer and 
capacity-building in European countries in the area of health risk 
assessment of environmental noise. The needs for awareness­
raising and capacity-building in new EU member states, south­
eastern European countries and newly independent states were 
studied on the basis of reports of experts from Albania, Belarus, 
the Czech Republic, Georgia, Serbia, Slovakia, Slovenia and the 
former Yugoslav Republic of Macedonia. The following common 
needs were identified: harmonization of the implementation 
of the Environmental Noise Directive 2002/49/EC, especially 
for strategic noise mapping and noise action plans, human 
resources development through education and training in health 
risk assessment, and provision of methodological guidelines for 
health risk assessment of environmental noise exposure. WHO, 
the European Commission and expert networks are important in 
promoting the transfer of knowledge and building human and 
institutional capacities for environmental noise risk assessment. 

World Health d.. L I Organization - ��1=::: 
Gllllt.RlfOI Europe 

Assessment of needs for 
capacity-bui ld ing for health risk 
assessment of environmental 

noise: case stud ies 

Editedby: 

Goran Belojevlc, Rokho Klm and Stylianos Kephalopoulos 
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Methodological guidance for estimating the burden of disease 

from environmental noise (2012) 

The World Health Organization, supported by the European 
Commission's Joint Research Centre, is issuing this technical 
document as guidance for national and local authorities in 
risk assessment and environmental health planning related to 
environmental noise. The principles of quantitative assessment 
of the burden of disease from environmental noise, the 
status of implementation of the European Noise Directive, 
and lessons from the project on Environmental Burden of 
Disease in the European countries (EBoDE) are summarized, 
together with a review of evidence on exposure response 
relationships between noise and cardiovascular diseases. Step­
by-step guidance is presented on how to calculate the burden 
of cardiovascular diseases and sleep disturbance. The limitations 
and uncertainties of estimating disability-adjusted life years and 
the usefulness and limitations of noise map data are discussed. 
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Burden of disease from environmental noise. Quantification of 
healthy life years lost in Europe (2009) 

The hea lth i mpacts of envi ronmental noise a re a growing 
concern. At least one m i l l ion hea lthy l ife years a re lost every 
year from traffic-related noise in the western part of Europe. 
This publ ication summarizes the evidence on the relationship 
between envi ronmental noise and hea lth effects, inc luding 
card iovascu lar disease, cognitive impa i rment, s leep d isturbance, 
t inn itus, and annoyance. For each one, the envi ronmental 
burden of d isease methodology, based on exposure-response 
re lationsh ip, exposure d istri bution, background preva lence 
of d isease and d isabi l ity weights of the outcome, i s  appl ied to 
calcu late the burden of d isease in terms of d isab i l ity-adjusted 
l ife-years. Data a re sti l l  lack ing for the rest of the WHO European 
Region .  This publ ication provides pol icy-makers and their advisers 
with technica l  support in their quantitative risk assessment of 
envi ronmental noise. I nternationa l ,  nationa l  and local authorities 
can use the procedure for estimating burdens presented here 
to prioritize and p lan envi ronmental and publ ic  health pol ic ies. 

18 
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Environmental burden of disease associated with inadequate 
housing (201 1) 

A method guide, to the quantification of hea lth effects of 
selected housing r isks in the WHO European Region. Summary 
report: This summary report presents key fi ndings of the report 
"Envi ronmental burden of d isease associated with inadequate 
housing". It provides evidence that the hea lth consequences of 
inadequate hous ing are substantia l .  I mproving hous ing in a way 
that removes or m in im izes the negative impact on health and 
safety and promotes a healthier l iv ing envi ronment is good for 
the res idents and benefic ia l  for society. Reducing the burden of 
responding to the demands on the hea lth system attri butab le  
to inadequate hous ing i s  an  obvious publ ic  health priority, but 
also something that makes economic sense. The fi nd ings set 
out in the fu l l  report provide ample justification for the pr inc ip le 
that hea lth shou ld be at the centre of hous ing pol icy. Making 
housing hea lthy, affordable and susta inab le should be a pr ime 
objective of a l l  profess iona ls  and pol icy-makers i nvolved in  any 
aspect of housing and of health.  This summary and its s ister 
pub l ication provide the evidence they need to make it so. 

Environmenta l burden of d isease associated with inadequate 
housing. A method guide to the quantification of hea lth effects 
of sel ected hous ing risks in the WHO European Region. Summary 
report: This summary report presents key fi nd ings of the report 
"Envi ronmental burden of d isease associated with inadequate 
housing". It provides evidence that the hea lth consequences of 
inadequate hous ing are substantia l .  I mproving hous ing in a way 
that removes or m in im izes the negative impact on health and 
safety and promotes a healthier l iv ing envi ronment is good for 
the res idents and benefic ia l  for society. Reducing the burden of 
responding to the demands on the hea lth system attri butab le  
to inadequate hous ing i s  an  obvious publ ic  health priority, but 
also something that makes economic sense. The fi nd ings set 
out in the fu l l  report provide ample justification for the princ ip le 
that hea lth should be at the centre of hous ing pol icy. Making 
housing hea lthy, affordable and susta inab le should be a pr ime 
objective of a l l  profess iona ls  and pol icy-makers i nvolved in  any 
aspect of housing and of health.  This summary and its s ister 
pub l ication provide the evidence they need to make it so. 

Environmental bur 
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Qual ity i nter ior  products 

backed by 

trusted New Zealand test i ng  

I NT&R SYSTEMS 
Guid ing Design • Informed I nteriors 

Wellington Auckland Christchurch /p/ 0800 666 556 /w/ www.tris.co.nz 
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CONTI NUOUSLY TRACKS IN REAL T IME:  

LAeq, LA1 0, LA50, LA90, LA95, LAmin, LAmax, 1 /3  Octave, 

Rainfall, Wind direction and velocity, Temperature 

• COMPETITIVELY PRICED 

• DESIGNED AND B U I LT IN  NZ FOR TOUGH COND ITIONS 

• SELF CONTAI NED WITH MAINS OR SOLAR POWER 
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Publications and Reference Documents 

The review is based on information availab le from World Health 
Organ ization web site: www.euro.who. int/en/health-topi cs/ 
environment-and-health/noise 

Qualifications and Copyright 

This paper review is i ntended as a guide on ly; it is not intended to 
be su rrogate for any expert advice from a profess iona l  acoustic 
consultant. The authors wish to make it clear that the contents 
of the paper have been sourced from a number of key sou rces 
inc l uding the World Health Organization (WHO) gu ide l i nes for 
no ise and the New Zea land Acoustic Standards. 

The reader and users should further understand that the 
i nformation with i n  this review does not attempt to cover a l l  a reas 
and appl ications of the standards and therefore there a re a host 
of om issions .  While a l l  care has been taken in the prepa ration 
of this work and the i nformation which is i ncluded is be lieved to 
be correct at the time of preparation ,  users of this paper shou ld 
apply discretion and rely on the i r  own judgments regarding the 
use of the above i nformation .  This publication is copyright © -
but materia l in it may be reproduced without formal permission 
or charge, if used for non-commercia l gain and provided su itable 
acknowledgement is made to this pub l icat ion and the authors as 
the source. 

Abbreviations 

%HA - Percentage of the popu lation 'h ighly annoyed' 

AADT - Annua l  Average Da ily Traffic 

ACC - Accident Compensation Corporation 

AGL - Above Ground Level 

CAA - Civi l Aviat ion Authority of New Zealand 

EC - European Commiss ion 

E EA - European Environment Agency 

E N D  - The European Noise Di rective' 2002/49/EC 

E NGfER 201 8 - WHO Environmental Noise Guidelines for the 
European Region 201 8 

ERF - Exposure-response function 

EU - European Union 

GRADE - Grad ing of Recommendations Assessment Development 
and Eva l uation 

GCN 1 999 - WHO Gu ide l i nes for Commun ity Noise 1 999 

GDG - Guide l i nes Deve lopment Group 

ICBEN - Internat iona l  Commission on Biologica l Effects of Noise 

I H D  - lschaemic Heart Disease 

MoH - M in istry of Health 

N I H L  - Noise I nduce Hearing Loss 

N N GfE 2009 - Night Noise Gu ide l ines for Europe 2009 

NZTA - The New Zealand Transport Agency 
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PECCOS - Popu lation, exposure, comparator, confounder, 
outcome and study [framework] 

PICOS - Popu lat ion, i ntervention, comparator, outcome and study 
[framework] 

PLD - persona l  l isten ing device 

PPFs - Protected prem ises and fac i l it ies 

RMA 1 991 - Resource Management Act 1 991  

UNDG - United Nations Development Group 

WHA - World Health Assembly 

WHO - World Health Organization 

References 

Abbasi AM, Motamedzade M, Al iabad i  M, Golmohammad i, R, 
& Tapak L (201 8) Study of the phys io logical and menta l hea l th 
effects caused by exposure to low-frequency no ise in a s imu lated 
control room. Bu ild i ng Acoustics, 25(3), 233-248. https'//doi 
org/10.1 1 77 /1351 01 OX18779518 

Babisch W (201 4). Updated exposure-response relationship 
between road traffic noise and coronary heart diseases: a meta­
analysis. Noise Health .  1 6(68) 1 -9 .  

Babisch W,  Beu le  B ,  Schust M, Kersten N,  Ising H (2005a). Traffic 
noise and risk of myocardia l infarct ion. Ep idemio logy. 1 6( 1  ):33-40. 

Babisch W, Gallacher J E  (1 990) Traffic no ise, b lood pressure and 
other risk factors: the Caerphi l ly and Speedwell Collaborative 
Heart Disease Stud ies. In: Proceed i ngs. 5th I nternationa l  Congress 
on Noise as a Public Hea lth Problem, Stockho lm,  Sweden, 2 1 -28 
August 1 988. Stockholm :  Swedish Counc i l  for Bui lding Research. 

Babisch W, Gal lacher JE, Elwood PC, Is ing H ( 1 988). Traffic noise 
and ca rdiovascu lar  risk. The Caerphilly Study, first phase. Outdoor 
noise levels and r isk factors. Arch Environ Hea lth. 43(6):407-1 4. 

Babisch W, Houthu ijs D, Kwekkeboom J, Swart W, Pershagen G, 
B l uhm G et a l .  (2005b). HYENA - hypertension and exposure to 
noise near a i rports: a European study on health effects of a i rcraft 
noise. I n :  Proceedings. 34th Internationa l  Congress on Noise 
Control Engi neering 2005 ( I NTER-NOISE 2005), Rio de Janeiro, 
Brazi l ,  7-1 O August 2005. Washington DC: I n stitute of Noise 
Control Engi neering of the USA 

Babisch W, Houthuijs D, Pershagen G, Cadum E, Katsouyann i  K, 
Ve lonakis M et al. (2009). Annoyance due to a i rcraft no ise has 
increased over the years - results of the HYENA study. Environ lnt. 
35 : 1 1 69-76. 

Babisch W, Houthu ijs D, Pershagen G, Katsouyanni K, Velonakis 
M, Cadum E et a l .  (2008). Associations between road traffic noise 
leve l ,  road traffic no ise a nnoyance and high blood pressure in the 
HYENA study. J Acoust Soc Am. 1 23:3448. do i :  1 0 . 1 1 2 1 /1 .2934267. 

Babisch W, Ising H, Elwood PC, Sharp DS, Bainton D (1 993a). Traffic 
noise and cardiovascu lar  risk: the Caerphilly and  Speedwe l l  studies, 
second phase. Risk est imation, prevalence, and i nc idence of 
ischemic heart d isease . Arch Environ Health. 48(6):406-1 3 . 

Babisch W, Ising H, Gal lacher J E  (2003) Hea lth status as a 
potential effect modifier of the relation between no ise annoyance 
and inc idence of ischaemic heart d isease. Occup Environ Med.  
60(1 0):739-45 

3/06/2020 I 0,20,54 AM I 



■■■■ 

Babisch W, Ising H, Gal lacher JE, Sharp OS, Baker I ( 1 993b) 
Traffic noise and card iovascu lar  risk: the Speedwe l l  study, fi rst 
phase. Outdoor no ise level and risk factors. Arch Environ Health. 
48(6):401 -5. 

Babisch W, Ising H, Gal lacher J EJ ,  Sweetnam PM, Elwood PC ( 1 999). 
Traffic noise and card iovascu lar risk: the Caerphilly and Speedwel l  
studies, th i rd phase - 1 0-yea r  follow u p. Arch Environ Health. 
54(3):21 0-1 6 

Babisch W, Ising H, Kruppa B, Wiens D (1992). Verkehrs larm u nd 
Herzinfarkt, Ergebnisse zwe ier  Fa l l -Kontro l l -Studien in Ber l in  
[Transport noise and myocardial infarction. Results of two case 
studies from Berlin]. In WoBoLu-Hefte 2/92. lnsitut fur Wasser, 
Boden und Lufthygiene. Berlin: Umweltbundeamt]. 

Babisch W, Ising H ,  Kruppa B, Wiens D (1994) The inc idence of 
myocard ia l  i nfa rction and its relat ion to road traffic noise - the 
Berlin case-control stud ies. Environ lnt. 20(4):469-74. 

Babisch W, Pershagen G, Se lander J, Houthu ijs D, Breugel mans 
0, Cad um E et al .  (201 3a). Noise annoyance - a modifier of the 
association between noise level and ca rdiovascu lar health? Sci 
Total Environ. 452-53:50-7. 

Babisch W, Swart W, Houthuijs D, Se lander J ,  B luhm G, Pershagen 
G et a l .  (201 2). Exposure modifiers of the relationsh i ps of 
transportation no ise with high b lood pressure and noise 
annoyance. J Acoust Soc Am. 1 32(6):3788-808. 

Babisch W, Wolf K, Petz M, He in r ich J, Cyrys J ,  Peters A (201 3b). 
Road traffic no ise, air po l l ution and (iso lated systo l ic) hypertension :  
cross-sectiona l results from the KORA study. In: Proceed ings. 
42nd I nternationa l  Congress and Expos it ion on Noise Control 
Engineering 2013 ( INTER-NOISE 201 3), Innsbruck, Austria, 
1 5-1 8 September 2013. I n nsbruck: Austrian No ise Abatement 
Association. 

Babisch W, Wolf K, Petz M, He i n rich J, Cyrys J ,  Peters A (201 4c). 
Associations between traffic noise, part icu lat a i r  pollution, 
hypertension, and isolated systo l i c  hypertension in adu lts: the 
KORA study. Environ Health Perspect. 1 22(5):492-8. 

Babisch W, Wolke G, Heinrich J ,  Straff W (201 4a). Road traffic noise 
and hypertens ion - accounting for the location of rooms. Environ 
Res. 1 33:380-7. 

Babisch W, Wolke G, Heinrich J ,  Straff W (201 4b). Road traffic, 
location of rooms and hypertens ion .  J Civi l Environ Eng. 4(5): 1 62 .  

Ba rtels S ,  Mul ler U,  Vogt J (201 3). Predictors of aircraft noise 
annoyance: results of a te lephone study. I n :  Proceed ings. 
42nd I nternationa l  Congress and Exposit ion on Noise Control 
Engineering 2013 ( INTER-NO ISE 201 3), Innsbruck, Austria, 
1 5-1 8 September 2013. I n nsbruck: Austrian No ise Abatement 
Association. 

Breugelmans 0, Houthuijs D, van Kamp I, Stel lato R, van Wiechen 
C, Doornbos G (2007). Longitud i na l  effects of a sudden change 
in a i rcraft no ise exposure on a nnoyance and sleep d isturbance 
around Amsterdam a i rport. I n :  Proceedings. 1 9th Internat ional 
Congress on Acoustics ( !CA 2007), Madr id, Spain, 2-7 September 
2007. Madr id :  Sociedad Espanola de Acustica . 

Br ink M (201 1 ) .  Parameters of wel l-being and subjective hea lth 
and the i r  relationship with res identia l traffic no ise exposure - a 
representative evaluation in Switzerland. Environ l nt. 37:723-33. 

Brink M (201 3) . Annoyance assessment i n  postal su rveys using the 
5-point and 1 1 -point ICBEN sca les: effects of sa le  and question 

NZ Acoustics Volume 33, Issue #2.indd 21 

arrangement. In: Proceedings. 42nd Internationa l  Congress and 
Exposition on Noise Control Engineering 201 3 ( I NTER-NOISE 201 3), 
Innsbruck, Austria, 1 5-1 8 September 201 3 .  Innsbruck: Austrian 
Noise Abatement Association .  

Brown AL ( 1 987). Responses to an increase in road traffic noise. J 
Sound Vib. 1 1 7(1 ) :69-79. 

Brown AL (201 5). Longitud i na l  annoyance responses to a road 
traffic no ise management strategy that reduced heavy vehicles at 
night. J Acoust Soc Am. 1 37(1 ) : 1 65-76. 

Brown AL, Ha l l  A, Kyle-Litt le J ( 1 985). Response to a reduct ion in 
traffic no ise exposure. J Sound Vib. 98(2) 235-46. 

Brown AL, Lam KC, van Kamp I (2015). Quantification of the 
exposure and effects of road traffic no ise in a dense Asian city: 
a comparison with Western cities. Environ Health. 14-22 .  do i :  
10.1186/sl 2940-01 5-0009-8. 

Brown AL, Lam KC, van Kamp I ,  Yeung MKL (201 4). U rban road 
traffic no ise: exposure and human response in a dense, high-rise 
city in Asia .  I n :  Proceedings. 1 1  th Internat iona l  Congress on No ise 
as a Pub l i c  Hea lth Problem 201 4 ( ICBEN 201 4), Nara, Japan ,  1 -5 
June  201 4. Tokyo: Institute of Noise Control Engineering of Japan .  

Brink M, Schaffer B Pieren, R ,  Wunder l i  JM  (201 8). Conversion 
between noise exposure ind icators Leq24h, LDay, LEvening, 
LNight, Ld n and Lden :  pr inc iples and practical gu idance. l nt J  Hyg 
Environ Hea lth. 221 (1 ):54-63. doi: 1 0. 1 01 6/j . ij heh .201 7 . 1 0.003. 

Brink M, Schreckenberg D, Vienneau D, Cajochen C, Wunder l i  JM ,  
Probst-Hensch N et  a l .  (201 6). Effects of  scale, question location ,  
order of response alternatives, and season on se lf - reported noise 
annoyance using ICBEN scales: a fie ld experiment. l n t J  Environ Res 
Public Health. 1 3( 1 1 ). doi 1 0.3390/ijerphl 3 1 1 1 1 63 .  

Brown AL, van Kamp I (2009). Response to  a change in transport 
no ise exposure :  a review of evidence of a change effect. J Acoust 
Soc Am. 1 25(5):301 8-29. 

Brown AL and van Kamp I (201 7). WHO environmenta l no ise 
gu ide l ines for the Eu ropean Region: a systematic review of 
transport no ise i nterventions and the i r  impacts on hea lth. l nt 
J Environ Res Public Health. 1 4(8). pii: E873 (http://www.mdpi. 
com/1660-4601 /1 4/8/873/html accessed 27 June  201 8 .  

Diaz J  et al .  (2001 ). Traffic noise po l l ut ion. Simila rit ies and 
differences between European regions .  A state-of- the-art-review. 
Technical Un iversity, Berlin. 

EC (1 996). Future no ise po l i cy: European Comm ission Green 
Paper. Luxembourg: Office for Officia l  Pub l i cat ions of the European 
Commu nities (COM(96) 540 fina l :  (https://eur-lex.europa.eu/ 
lega l-content/EN/TXT /PDF/?u ri-CELEX:S 1996DC0540&from-EN). 
accessed 28 November 201 6. 

EC (2000). Position paper on EU noise indicators. Luxembourg: 
Office for Officia l  Pub l ications of the Eu ropean Communities 
(http://www.noiseineu .eu/en/2937-a/homeindex/ 
file?objectid-2714&objecttypeid-Ol. accessed 27 November 201 6. 

EC (2002a). Di rective 2002/49/EC of the Eu ropean Pa rliament and 
of the Counc i l  of 25 J une  2002 relating to the assessment and 
management of environmental no ise. OJ L 1 89, 1 8 .7.2002 : 1 2-25 
(https://eu r-lex.eu ropa.eu/eli/d i r/2002/49/ojl. accessed 13 
December 201 6 .  

EC (2002b). Decis ion No 1 600/2002/EC of the Eu ropean 
Par l iament and of the Counc i l  of 22 Ju ly 2002 laying down the 

3/06/2020 10,20'54 AM I 



_I I 

l 

■■■■ 

ACOUSTICS 2022 
JO INT NEW ZEALAND & AUSTRALIAN ACOUSTICAL SOCIETI ES CON FERENCE 

TH E NATU RE O F  ACOUSTI CS 

31 OCT - 2 NOV 2022 
TE  PAPA, WELL I NGTON, NEW ZEALAN D 

I 

1 [ 1
1 www .acoustics2022.com � The Aeo"stical Society 

� of New Zea land 



ACOUSTICS 2022 CONFERENCE - WELLINGTON 

N EW DATES: 31 Oct-2 Nov 2022 

The Acoustica l Society of  New Zea land (ASNZ) and Austra l i an  Acoustica l Society (AAS) Jo int Conference 
wi l l  be held at Te Papa Tongarewa M useum in  Wel l i ngton New Zea land, from 31  Oct - 2 Nov 2022. 

Acoustics 2022 wi l l  provide engineers and scientists in a l l  fie lds of acoustics the chance to share their 
work with col leagues. Six p lenary/keynote lectures, a fu l l  and i nterest ing program me covering a wide 
range of topics, and some exce l l ent socia l  fu nctions, wi l l  give attendees the opportun ity to exchange 
views and share experiences. There wi l l  a lso be a u nique opportunity for manufactu rers and suppl iers 
to showcase the latest developments i n  acoustic i nstru mentat ion, software and noise and vibration 
control products. 

Surrounded by nature and fuel led by creative energy, Wel l i ngton is a compact city with a powerfu l mix 
of cu lture, h istory, nature and cuis ine.  Fuel you r  visit with strong coffee and world-class craft beer -
Wel l i ngtonians a re masters of casual d i n i ng, with p lenty of great restaurants, n ight markets and food 
trucks. 

On the waterfront itself you'l l fi nd Te Papa Tongarewa M useum, New Zea land's nationa l  museum. Te 
Papa, as it's co l loqu ia l ly known, means 'ou r  place' and  is  one of the best i nteractive museums in the 
world.  It is  an iconic New Zea land bu i ld ing, right in the heart of the capita l city. It is easi ly access ib le by 
i nternational  and  domestic fl ights i nto Wel l i ngton a i rport, which is on ly a short 1 5  m in  drive from the 
venue .  

The Acoustics 2022 Organis ing Committee looks forward to welcoming you to Wel l i ngton i n  
November. We hope that the conference gives you an  opportun ity to  strengthen you r  existing 
networks and that you leave with great memories, fresh ideas, and new friendsh ips. 

Keep up  to date with the latest conference i nformation by visiti ng: www.acoustics2022.com 

3/06/2020 10,20'55 AM 



■■■■ 

Sixth Commun ity Environment Act ion Programme. OJ L 242, 
6th EAP, 1 -1 5  /http://eur-lex.europa.eu/legal-content/EN/TXT/ 
PDF/?uri=CELEX:32002D1 600&from- EN). accessed 28 November 
2016. 

EC (2003). Directive 2003/1 0/EC of the European Par l iament and 
of  the Counci l  of  6 February 2003 on the m in imum health and 
safety requirements regard ing the exposure of  workers to  the 
risks a ris ing from physical agents (no ise) (Seventeenth ind ividual 
Directive within the meaning of Artic le 1 6(1 ) of Directive 89/391 / 
EEC) OJ L 42, 15.2 .200338-44 /https://eur-lex.europa.eu/legal­
content/en/ALL/?uri=CELEX%3A32003L001 m, accessed 24 January 
2018. 

EC (2008a). Attitudes of European citizens towards the 
environment. Luxembourg: Office for Officia l  Pub l ications of 
the European Communities (Special Eurobarometer 295; bllp;LL_ 
ec.europa.eu/environment/eurobarometers en.html. accessed 28 
November 201 6. 

EC (2008b). Potentia l health risks of exposure to noise from 
personal music p layers and mobi le phones i nclud ing a music 
playing function. Luxembourg: Office for Official Publications of 
the European Communities /http://ec.europa.eu/health/scientific 
committees/emerging/ opinions/scenihr opi nions en .html. 
accessed 28 November 201 6. 

EC (201 0). E lectromagnetic Fields. Luxembourg: Pub l i cat ions 
Office of the European Un ion  (Specia l Euroba rometer 347; http:// 
ec europa eu/commfrontoffice/publ icopinion/archives/ eb 
special 359 340 en .html, accessed 27 November 2016. 

EC (201 4). Decision No 1386/201 3/EU of the Eu ropean Par l iament 
and of the Counc i l  of 20 November 201 3 on a General Un ion  
Environment Action Programme to 2020 "Living wel l ,  with in the 
limits of our p lanet". OJ L 354, 28. 1 2 .201 3 1 7 1 -200 /https://eur­
lex.europa .eu/ lega l-content/EN/TXTr:'uri-CELEX:32013D1 386), 
accessed 28 November 201 6. 

EC (201 4b). Attitudes of European citizens towards the 
environment. Luxembourg: Pub l i cat ions Office of the European 
Union (Special Eurobarometer 416; http://ec.europa.eu/ 
environment/ eurobarometers en .htm). accessed 28 November 
2016. 

EC (201 6a). Links between noise and air pollution and 
socioeconomic status. Luxembourg: Pub l ications Office of the 
Eu ropean Un ion (Science for Environmental Pol icy I n-depth Report 
13; http://ec.europa.eu/science-environment-policyl. accessed 24 
January 201 8 .  

EC (201 6b). EU reference scenario 201 6 - Energy, transport 
and GHG emissions: trends to 2050. Luxembourg: Pub l ications 
Office of the European Union /https://publications.europa. eu/ 
en/publicati on-detail/-/publicati on/aed45f8e- 63e3-47fb-9440-
a0a14370f243/language-enl. accessed 4 J u ly 201 8 .  

EEA (201 0). Good practice guide on no ise exposure and 
potential health effects. Copenhagen: European Environment 
Agency (Techn ica l  report No 11 /201 O; http-//www eea europa 
eu/ publ ications/good-practice-guide-on-noise), accessed 27 
November 201 6. 

EEA (201 4). Noise in  Europe 201 4. Copenhagen: European 
Environment Agency (EEA Report No 1 0/2014; http://www.eea. 
europa.eu/publications/noise-in-eu rope-201 4). accessed 28 
November 201 6. 

24 

NZ Acoustics Volume 33, Issue #2.indd 24 

Fidell S, Silvati L, Haboly E (2002). Socia l  survey of commun ity 
response to a step change in a i rcraft noise exposure. J Acoust Soc 
Am. 1 1 1 ( 1 Pt 1 ):200-9. 

Guski R ( 1 999). Personal and socia l va riab les as co-determinants of 
noise annoyance. Noise Health .  3 :45-56. 

Guski R, Schreckenberg D, Schuemer R (2017). WHO environmental 
noise guidelines for the European Reg ion :  a systematic review 
on environmental no ise and annoyance. l nt J  Environ Res 
Publ ic Hea lth . 14(12). p i i : 1 539 /http //www mdpi com/1660-
4601 /14/1 2/1539/htm), accessed 27 June 201 8) 

Guski R ( 1 999). Personal and social va riab les as co-determinants of 
noise annoyance. Noise Hea lth. 3 :45-56. 

Guski R, Schreckenberg D, Schuemer R (2017). WHO environmental 
noise guidelines for the European Region: a systematic review 
on environmental no ise and annoyance. l nt J  Environ Res 
Publ ic Hea lth .  14(12) p i i : 1 539 /http://www.mdpi.com/1660-
4601 /14/1 2/1 539/htm/l, accessed 27 June  201 8). 

Gid loef- Gunnarsson A, Oegren M, Jerson T, Oehrstroem E (201 2). 
Railway no ise a nnoyance and the importance of nu mber of trai ns, 
ground vibration ,  and building situationa l  factors. Noise Health .  
1 4(59) 1 90-201 . 

Gid loef- Gunnarsson A, Oehrstroem E (201 0). Attractive "qu iet" 
courtyards: a potential modifier of urban res idents' responses to 
road traffic no ise? l nt J  Environ Res Public Health. 7(9):3359-75. 

Gid loef- Gunna rsson A, Oehrstroem E (2007). Noise and wel l -being 
in u rban resident ia l  environments: the potential role of perceived 
ava i lab i l ity to nearby green areas. Landsc Urban P lan .  83(2-3) : 1 1 5-
26. 

Gid loef-Gunnarsson A, Svensson H, Oehrstroem E (2013). Noise 
reduction by traffic d iversion and a tunnel construct ion :  effects 
on hea lth and wel l-being after opening of the Southern Link . I n :  
Proceedings. 42nd I nternationa l  Congress and Exposit ion on Noise 
Control Engineering 201 3 ( I NTER-NOISE 201 3), I n nsbruck, Austria, 
1 5-1 8 September 2013. I n nsbruck: Austrian Noise Abatement 
Association 

Gid loef- Gunna rsson A, Oehrstroem E, Kih lman  T (201 0). A fu l l -scale 
intervention example of the "qu iet s ide concept" in a residentia l  
a rea exposed to road traffic noise: effects on the perceived sound 
environment and general noise annoyance. In: Proceedi ngs. 39th 
I nternationa l  Congress on Noise Control Engineer ing 201 o (INTER­
NOISE 201 0), Lisbon, Portugal, 13-1 6 June 2010. Lisbon :  Sociedade 
Portuguesa de Acustica. 

HE1 1 22, Noise around the Home, Pamph let DLE, April 201 o 
(revised November 201 9), Health Promotion Agency, New Zealand 
Government. 

Hjortebjerg D, Andersen AMN, Schultz Christensen J, Ketzel M, 
Raaschou-Nielsen 0, Sunyer J , et a l .  (201 5) . Exposure to road traffic 
noise and behaviora l problems in  7-year-o ld chi ldren :  a cohort 
study. Environ Health Perspect. 1 24:228-34. 

ISO (201 6). ISO 1 996-1 :201 6: Acoustics - Descr iption, 
measurement and assessment of environmental noise - Part 
1 :  basic quantities and assessment. Geneva: Internat iona l  
Organization for Standard ization /https-//www iso org/ 
standard/59765 html). accessed 1 5  March 201 7. 

3/06/2020 10,20,ss AM I 



■■■■ 

NZ Acoustics Volume 33, Issue #2.indd 25 3/06/2020 10,20'56 AM 



■■■■ 

Janssen SA, Vos H (2009). A comparison of recent surveys to 
aircraft noise exposure-response relationships. Delft: TNO (Report 
No 034-DTM-2009-0 1 799). 

Janssen SA, Vos H, Eisses AR, Pedersen E (201 1 ). A compa rison 
between exposure-response relationships for wind turbine 
annoyance and annoyance due to other no ise sou rces. J Acoust 
Soc Am. 1 30(6):37 46-53 

Kuwana S, Yano T, Kageyama T, Sueoka S, Tachibanae H (201 4). 
Social su rvey on wind turb ine no ise in Japan .  No ise Control Engj .  
62(6)503-20 

Langdon FJ , Bu l ler IB (1 977). Road traffic no ise and d istu rbance to 
sleep. Journa l of Sound and Vibration, 50: 1 3-28. 

Lercher P, Botte ldooren D, de Greve B, Dekoninck L, Ruedisser 
J (2007). The effects of no ise from combined traffic sou rces on 
annoyance: the case of i nteractions between ra il and road noise. 
In: Proceedi ngs. 36th I nternational Congress and Exhibition on 
Noise Control Engineering 2007 ( I NTER-NOISE 2007), Istanbu l, 
Turkey, 28-31 August 2007. Istanbu l :  Turkish Acoustical Society. 

Ouis D (200 1 ). Annoyance from road traffic noise: a review. J 
Environ Psycho ! .  2 1 : 1 0 1 -20. 

Ol lerhead et a l .  (1 992). Report on a fie ld  study of a i rcraft no ise and 
sleep d istu rbance. Department of Transport, London .  

Pierette M, Marqu is-Favre C,  More l  J, R ioux L ,  Va l let M, V io l  Ion 
S et al. (201 2) . Noise annoyance from industr ia l  and road 
traffic combined noises: a su rvey and a total a nnoyance model 
comparison. J Environ Psycho ! .  32(2) : 1 78-86. 

Pedersen E, Perrson Waye K (2004). Perception and a nnoyance 
due to wind turbine noise - a dose-response relationship .  J Acoust 
Soc Am. 1 1 6(6)3460-70 

Pedersen E, Persson Waye K (2007). Wind tu rbine no ise, 
annoyance and self - reported hea lth and  wel l -be ing in different 
living environments. Occup Environ Med.  64(7):480-6. 

Pedersen T, Le Ray G, Bendtsen H, Kragh J (201 3). Community 
response to noise reducing road pavements. I n :  

Proceedi ngs. 42nd I nternational Congress and Exposition on Noise 
Control Engineer ing 201 3 (INTER-NO ISE 201 3), Innsbruck, Austria, 
1 5-1 8 September 201 3 .  Innsbruck: Austrian Noise Abatement 
Association. 

Rossi L ,  Prato A, Les ina L, & Schiavi A (201 8) . Effects of low­
frequency noise on human cognitive performances in laboratory. 
Buil d i ng Acoustics, 25(1 ), 1 7-33. 
https:l/doi.org/1o 1 1 77/135101 ox18756800 

Scharnberg T et a l .  ( 1 982). Beeintrachtigung des Nachtsch lafs 
durch La rm. E ine i nterd isz ip l i na re Feldstud ie  der Techn ischen 
Unive rsitat Berl in und der Physika lisch-Techn ischen Bundesanstalt 
Braunschweig, Umweltbundesamt, Berlin, Forschungsbericht N r. 
82-1 050-1 207 

Schernhammer ES et a l .  (2003). N ight-shift work and r isk of 
co lo  rectal cancer in the nu rses' hea lth study. Journa l of the 
Nationa l  Cancer Institute, 95:825-828. 

Schu ltz TJ ( 1 978). Synthesis of socia l  su rveys on noise annoyance. 
The Journa l of the Acoustical Society of America 64, 377 (1 978); 
https://do i .org/1 0 . 1 1 2 1 /1 .38201 3 

26 

NZ Acoustics Volume 33, Issue #2.indd 26 

Sh imoyama K, Nguyen TL, Yano T, Moriha ra T (201 4). Social su rveys 
on commun ity response to road traffic i n  five cities i n  Vietnam. 
In :  Proceedings. In :  Proceedi ngs. 43rd I nternational Congress on 
Noise Contro l Engineering 201 4 ( I NTER-NOISE 201 4), Me lbourne, 
Australia, 1 6-1 9 November 201 4. Me lbourne: Austra l ian Acoustical 
Society 

Schreckenberg D (201 3) . Exposure-response relationship 
for ra i lway no ise annoyance in the M idd le  Rhine Va lley. In : 
Proceedi ngs. 42nd I nternationa l  Congress and Exposit ion on Noise 
Control Engineering 201 3 ( I NTER-NOISE 201 3), I n nsbruck, Austria, 
1 5-1 8 September 201 3 .  I n nsbruck: Austrian Noise Abatement 
Association. 

Schreckenberg D, Fau lbaum F, Guski R, Ninke L, Pesche l  C, Sp i lski 
J et a l .  (201 5). Wi rkungen von Verkehrslarm auf d ie Be lastigung 
und Lebensqua l itat [Effects of transportat ion noise on noise 
annoyance and quality of life]. I n :  Gemeinutziges Umwelthaus 
gGmbH, ed itor, NORAH (Noise related annoyance cognition and 
hea lth) : Verkeh rs larmwi rkungen im  Flughafenumfe ld [Effect of 
transportation noise in the a rea of an a i rport] (vol. 3 ) .  Kelsterbach :  
Umwelthaus gGmbH /https://www.norah-studie.de//en/ 
publ ications html), accessed 4 J uly 201 8 .  

Schreckenberg D, Heudorf U, E ikmann T, Meis M (2009) Aircraft 
noise and hea lth of residents living in the vic in ity of Frankfurt 
a irport. I n :  Proceed i ngs. 8th Eu ropean Conference on Noise 
Control 2009 (EURONOISE 2009), Ed inburgh, Un ited Kingdom, 
26-28 October 2009. Ed inburgh :  Institute of Acoustics. 

Schreckenberg D, Meis M (2007). Larmbelastigung und 
Lebensqua l itat i n  der Bevolkerung am Frankfurter F lughafen [Noise 
annoyance and quality of l ife of the residents a round Frankfurt 
Airport]. La rmbekampfu ng [Noise Abatement]. 2(6):225-33. 

Schreckenberg D, Benz S, Be lke C, Mohler U, Guski R (201 7). 
The relationship between a i rcraft sound  levels, noise annoyance 
and mental wel l-bei ng: a n  analysis of moderated mediation. I n :  
Proceedi ngs. 1 2th International Congress on Noise a s  a Pub l ic 
Health Problem 201 7 (ICBEN 201 7), Zur ich, Switzerland, 1 8-22 
June 201 7. Zurich: I nternational Comm ission on B io logical Effects 
of No ise. 

Schreckenberg D, Moehler U, Liepert M, Schuemer R (201 3). The 
impact of railway gri nd ing on no ise levels and residents' noise 
responses - Part II: the role of i nformat ion .  I n :  Proceedi ngs. 
42nd I nternationa l  Congress and Exposit ion on Noise Control 
Engineer ing 201 3 (INTER-NOISE 201 3), Innsbruck, Austria, 1 5-1 8 
September 201 3 .  Innsbruck: Austrian Noise Abatement Associat ion 

Sato T, Yano T (201 1 ). Effects of airp lane and he l icopter noise 
on people l iving a round a sma ll a i rport in Sapporo, Japan .  In: 
Proceedi ngs. 1 0th International Congress on Noise as a Pub l ic 
Health Problem 201 1 (ICBEN 201 1 ), London, Un ited Kingdom, 
24-28 Ju ly 201 1 .  London :  Institute of Acoustics. 

Sato T, Yano T, Bjorkman M, Rylander R (2002). Comparison of 
commun ity response to road traffic no ise in Japan and Sweden -
Pa rt I: out l i ne  of su rveys and dose-response relationsh ips. J Sound 
Vib .  250: 1 61 -7. 

Sato T, Yano T, Mori hara T (2004). Community response to noise 
from Shi nka nsen in compa rison with ord inary ra ilways: a su rvey 
in Kyushu, Japan .  In : Proceedings. 1 8th I nternationa l  Congress 
on Acoustics ( !CA 2004), Kyoto, Japan ,  4-9 Apr i l .  Kyoto: Acoustical 
Society of Japan .  

3/06/2020 I 0,20,56 AM I 



■■■■ 

Waye K. P, Bengtsson J, Rylander R, Huck lebridge F, Evans P, C low 
A (2002). Low frequency no ise enhances cortisol among no ise 
sensitive subjects during work performance. Life Sciences, Vo lume 
70, Issue 7,2002, Pages 745-758, ISSN 0024-3205, https-//doi 
org/10.101 6/S0024-3205(01 )01 450-3 

WHO ( 1 946). Preamble to the Constitution of the World Health 
Organization as adopted by the International Health Conference, 
New York, 1 9-22 J une  1 946; signed on 22 J u ly 1 946 by the 
representatives of 61 States and entered i nto force on 7 April 
1 948. Geneva: World Health Organization /http://www.who.int/ 
about/mission/en//). accessed 27 June 20 1 8 . 

WHO ( 1 995). Berg lund B, Lindvall T ( 1 995). Commun ity noise. 
Document prepared for the World Hea lth Organization .  Archives 
of the Center for Sensory Research 2 (1 ), Stockho lm, Center for 
Sensory Research. 

WHO ( 1 999). Gu idelines for community no ise. Geneva: 
World Health Organization /http://apps. who.int/iris/ 
handle/1 0665/6621 71show=full). accessed 28 November 201 6). 

WHO Regiona l  Office for Europe (2009). Night no ise guidelines 
for Europe. Copenhagen :  WHO Regiona l  Office for Europe {bttp;il 
www.euro.who.int/en/hea lth-topics/environment-and-health/noise/ 
pub I ications/2009/n ight -noise-gu idel ines-for-eu rope), accessed 28 
November 201 6 .  

WHO (2006). Air quality gu idel ines - globa l update 2005. Geneva 
World Health Organization /http://www.who. int/phe/health topics/ 
outdoorair/outdoorair aqg/enl), accessed 27 Ju ly 201 8 .  

WHO (201 3). WHO methods and data sou rces for global 
burden of d isease estimates 2000-201 1 .  Geneva: World Hea lth 
Organization (Global Health Estimates Techn ical Paper WHO/HIS/ 
HS I/GHE/20 1 3 .4; / /http://www.who.int/healthinfo/global burden 
disease/ data sources methods/en/). accessed 28 November 
201 6 .  

WHO (201 4a) Metrics: d isability-adjusted life-year (DALY). I n :  World 
Health Organization :  Health statistics and i nformation systems 
[website]. Geneva: World Health Organization /http:// www.who.int/ 
hea lthinfo/global burden disease/metrics daly/enl). accessed 27 
June 201 8 .  

WHO (201 4b). Burden of d isease from ambient a ir pollution for 
201 2 .  Geneva: World Health Organization /http://www.who.int/phe/ 
hea lth topics/outdoorair/databases/MP BoD results March201 4. 
p_dj}, accessed 27 June 201 8). 

Acoustics 
Testing Service 
The University o f  Auckland 

7 Grafton Rd, Auckland 1010  

WHO (201 4c). WHO handbook for guide l i ne  deve lopment, second 
edition .  Geneva: Wor ld Health Organization /http://apps.who.int/ 
iris/handle/1 0665/1 4571 4). accessed 27 June 201 8). 

WHO (201 5a). Hear ing loss due to recreationa l  exposure to loud 
sounds: a review. Geneva: World Hea lth Organ ization /http://apps. 
who.int/iris/handle/1 0665/1 54589), accessed 27 November 201 6) 

WHO Regiona l  Office for Europe (201 0). Parma Declaration on 
Environment and Health .  Copenhagen :  WHO Regional Office 
for Europe /http //www euro who int/en/publ ications/ policy­
documents/parma- declaration-on-environment- and-health), 
accessed 28 November 201 6. 

WHO Regiona l  Office for Eu rope (201 2). Assessment of need for 
capacity-bu ild ing for hea lth risk assessment for environmental 
no ise: case stud ies. Copenhagen :  WHO Regional Office for Europe 
/http://www.euro .who.int/en/health-topi cs/environment-and­
health/noise/ pu blications/201 2/assessment-of-needs-for-capacity­
bu i ld ing-for-health-risk-assessment-of -environ mental-noise-case­
.stu..dl.e.s,), accessed 28 November 201 6 .  

WHO Regiona l  Office for Europe (201 6). Hea lth r isk assessment of 
air po l l ut ion: general pri nc ip les. Copenhagen: WHO Regiona l  Office 
for Europe /http://www.euro.who. i nt/en/publ ications/ abstracts/ 
health-risk-assessment-of-air -pollution .-genera l-principles-201 6), 
accessed 1 2  January 201 7. 

WHO Regiona l  Office for Europe (201 7). Databases. I n :  WHO 
Regiona l  Office for Europe: Data and evidence [website] . 
Copenhagen :  WHO Regiona l  Office fo r Europe /http://www.euro. 
who. int/en/data-and-evidence/databases). accessed 1 3  March 
201 7) 

WHO Regiona l  Office for Europe, J RC (201 1 ) .  Burden of disease 
from environmenta l no ise: quantification of healthy life years lost i n  
Eu rope. Copenhagen: WHO Regiona l  Office for Europe /http://www. 
who int/quantifyi ng ehimpacts/publ ications) 

Clause G6 Airborne and impact sou nd ( 1 995) of the New Zea land 
Building Code 

Phone: 09-923 7791 

Email : ats@auckland.ac.nz New Zealand 's Independent Acoustics Testing Facility 

I NZ Acoustics Volume 33, Issue #2.indd 27 3/06/2020 10,20'56 AM I 



Structural Insulated Panels (SIPJ and Rain Noise 

Abstract 
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In this paper we discuss the requirements of the generic international standard (ISO, BS EN ISO 10140) for measurement of 
sound transmission through sample roofs exposed to simulated rainfall and of lessons learned during a recent test program. The 
test data forms the basis for calculating in-situ sound levels in rooms beneath the roof and we discuss the differences in sound 
produced by simulated rain to that of natural rain. The differences in impact velocity and raindrop distribution between simulated 
and natural rain are key factors that are not addressed by the Standard. In addition, an optional normalization test using a pane 
of glass is included, for the explicit comparison of products tested and as quality control for test laboratories, and its results have 
been incorrectly shown in some manufacturer's publicity material as the basis for calculating room sound levels. The Standard 
does not specify whether the normalization test should be carried out as a skylight or as glazing but the two tests have different 
requirements. Being optional and intended for inter-lab comparison suggests that the normalization data should not be released to 
clients as it is misleading and thus should be excluded from reporting. 
KeyWords: rain noise, roof systems 

Introduction 

Depending upon the listener's contextual situation, noise generated by rainfall can be soothing or annoying. Lengthy YouTube 
videos and mp3 audio are available ['I for playing rain noise to support relaxation, yet in other circumstances the same sound masks 
communications and becomes a nuisance. It is in this latter context that we report on the incidence of rainfall on metal roofs 
supported by structural insulated panels (SIPs) - these panels are composites consisting of stiff facing panels adhered to a soft core, 
usually foamed expanded polystyrene or polyurethane. The intrinsic mass and acoustic insulation properties of the panels are low, 
which may lead to high levels of rain induced noise in the building's interior spaces. The spaces in question could be classrooms or 
open learning areas where good conditions for communication for teaching are paramount. 

Figure 1 shows the typical form of response curve for the sound transmission loss characteristic of foam cored SIPs. The dips at 
frequencies around 630 Hz and 3150 Hz control the STC (Sound Transmission Loss) rating for the panel. 

The response in the range of 630 Hz is a bounce mode of the masses of the facing panels on the springy foam core. Additional mass 
layers, to improve the transmission loss rating (as in the broken line curve in Figure 1), stiffens the panel yet the upper and lower 
modal frequencies remain unchanged. The effect on the NC (Noise Criterion) rating, as determined for a room where SIPs are used 
in a roofing application, can be seen in Figure 2. 
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Figure 1 - Typical sound transmission loss response for SIPs 

Clearly, the resonance mode in the 630 Hz region is l im it ing the 
rating for the room.  The broken l i ne curve represents a SIP with 
addit ional face treatments and the fu l l  l i ne  curve i s  the effect of 
adding insu lation (with a suspended ce i l ing). 
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Figure 2 - Sound level in a room bounded by SIPs exposed to 
rain noise 

Rain 

Ra in  is a form of impact load ing, generating noise by the 
excitation of vibration of roof panels by the dynamic force 
exerted by the fa l l i ng droplets. The size of ra indrops varies in  
natural ra in  and is related to the i ntensity or ra infa l l  rate. Ra in  i s  
c lassified as l ight, moderate, heavy or  i ntense. I n  the laboratory, 
s imu lated rain as defined in Standards is c lassified as moderate, 
intense, heavy or c loudburst, and is  generated in the laboratory 
as a means to make observations under reproducible and 
standard condit ions. It does not  correlate wel l  with natural ra in  
but  the spectral character of the no ise  is  consistent, whi lst the 
sound level is at variance. The impacti ng ra indrops excite the 
natural modes of vibration of the exposed roof panel and the 
resulting motion is rad iated as sound. The modal frequencies 
of the roof structure are determined by the mass, boundary 
condit ions (screw or na i l  fix ing and their spacing), the spacing 
and mater ia l  of the pur l i ns, and system damping (over lap joints, 
membranes, material). For a given insta l lation then, as would 
be expected, an increase in  ra i nfa l l  rate leads to h igher noise 
being generated. Lower frequency modes requ i re h igher input 
energy to excite and so may not be present in low i ntensity ra in .  
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Design 

For acoustic design and eva luation purposes, internationa l  
standards 12i use 'heavy' ra infa l l  for s imu lated testing. This is 
defined as  ra infa l l  up to 40mm/h. This rate may or may not be 
su itable for designs for specific locations and results would need 
to be ta i lored accordi ngly. For Greymouth and Auckland in  New 
Zea land for example, the average ra infa l l  rates sourced from 
N IWA and the NZ MetService, as found on https://www.weather­
atlas com/en/new-zea land/auckland-climate, a re as shown in  
Figure 3. 
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Figure 3 - Rainfall data for two sites in New Zealand 
[data from NIWA and NZ MetService via weather -atlas.cam/ 
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Auckland has 60 to 140 mm of rain in a month, falling over 8 
to 16 days. Greymouth has 160 to 260 mm of rain per month, 
falling over 10 to 16 days; On average, Greymouth receives twice 
as much rain annually than Auckland - but neither record says 
anything about intensity of rainfall, or how often one can expect 
a rainfall rate of 40 mm/h and for how long it may last. In New 
Zealand, the Ministry of Education design guidance document 14J 
specifies a sound level performance of NC 45 or less as the rain 
noise criterion for all open learning spaces, irrespective of rainfall 
rate. Thus, for areas of high rainfall, such as Greymouth, the 
solutions for the roofing system will be more onerous than for an 
area with lower or much lower rainfall. In the UK, the comparable 
education sector document 15Jspecifies background noise levels to 
be achieved in various rooms of a school and these must not rise 
by more than 25 dB as a result of the contribution from rainfall. 
The document also differentiates between new buildings and 
refurbished ones and the difference mostly amounts to - 5 dB, 
i.e. indicative of a trend to improved (higher standard) acoustic 
environments. Taking the open learning spaces as an example, 15J 
specifies an upper limit of LAeq,3omins 40 dB (new builds) and 45 dB 
(refurbished buildings), This then gives rain noise limits of 65 and 
70 dB respectively. In comparison, the New Zealand document 14J 
specifies NC45, and taking the octave band values for that criterion 
between 125 Hz to 8000 Hz, this equates to 51.3 dB - substantially 
lower than the UK case but a lot higher than the specification for 
ambient background, LAeq 30 to 45 dB, depending upon the use 
definition of the space. The challenge is to determine the make­
up of the roof system to ensure that these noise criteria are met 
for a given design rainfall rate and recognising that European 
case studies will be different than for application in New Zealand. 

Some rainfall rate guides are available, such as shown in Figure 
4 for the Waitakere district of Auckland, and these are mainly 
used for prediction of floading and sizing of drains and guttering. 
An interactive high intensity rainfall prediction tool is available 
at NIWA: https·//www niwa co nz/information-services/hirds 
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Figure 4 - Waitakere Council Engineering Standards graph for 
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These tools include a temporal component that is not present 
in the design guides 14l, although 15l does use the LAeq,3omins metric. 
Figure 4 indicates that there is a high probability that there will 
be at least one event in two years where rain with an intensity 
of 40 mm/h will fall for 30 minutes duration - in Auckland. 
Considering that the rain event would have to fall during a 
normal school day and that there are only 190 school days in a 
year, the probability of being in a classroom during the event is 
quite low - but never-the-less we are required to design for it. 

Predicting Rain Noise Levels 

Three methodologies are in use: 

4. Use test data for the specified roof profile to determine 
the noise level generated and then use airborne sound 
transmission loss data to estimate the attenuation 
through the constructed roof system and into the 
room below. 

5. Use data for a similar roofing system, making 
adjustments deemed necessary to account for 
the differences in the structure. 

6. Use empirical formulations to estimate the rain noise 
received in the room below, 

The prediction of expected noise levels from rainfall appears to 
be a "black art". It is based on many assumptions and cannot 
be viewed as sufficiently accurate as to be able to state with 
any certainty that any given roof/ceiling structure will meet a 
specified criterion l6l. The possible exception is where a roof 
structure has been tested and data is available to support 
calculation of an in-situ case. Even so, one has to make 
assumptions about the in situ case regarding flanking noise, 
room absorption, deviations in construction methodology 
for installing the sample compared with the real world, and 
the differences between test conditions using simulated 
rainfall and natural rain for the building site being considered. 

The international test standard for testing roof systems for 
rain noise requires a sample size between 1 O m2 and 20 m2 

and the transmitted sound is reported as sound intensity in dB 
re 10-1 2 W/m2 . The sound intensity may be determined from 
the measurement of sound pressure levels within the test 
room below the roof sample or by measuring it directly using 
a sound intensity probe. The sound power developed by 
the roof system is determined by the product of the sound 
intensity and the area of the test sample. Once the sound 
power is known it can be used to find the sound intensity 
for an in-situ case by taking the quotient using the in-situ 
space's ceiling area. The calculations are carried out for each 
of the one-third octave bands between 100 Hz and 5000 Hz 17l , 
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Testing 
Simulated rain is different from natural rain as it seeks to 
standardise a testing method. Simulated rain must comprise 
50% of the volume flow of droplets of the same size and have 
a specified impact velocity where in natural rain the drop 
size distribution is related to rainfall rate and therefore each 
event will have a different impact velocity distribution IBJ_ 

Rain noise testing is carried out to the international standard BS 
EN 10140-Part 1, Appendix-K. Parts 3 and 5 of the older version of 
the standard (ISO 10140) are referenced in the test methodology, 
and details of the driptrayforgeneratingwater droplets is detailed 
in Amendment 1 to Part 5 191 _  This amendment includes a table 
where the hole size and number of holes per unit area is given, but 
surprisingly there is no detail on hole entry and exit conditions. 
The holes are 1 mm diameter so small enough for surface tension 
to play a significant role in drop formation and capillary flow. 

The Standard states a preference for randomly distributed 
holes yet the diagram associated with the text - Figure 
H.1 as shown in Figure 5, does not show random holes. 
An example of a random pattern is shown in Figure 6. 

Figure 5 - Schematic Figure H. 1 from /BJ 
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Figure 6 - Random pattern of holes 
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The formation of droplets giving the required intensity (rainfall 
rate) requires a head in the tray of only a few millimetres of water. 
Small increases in depth will lead to higher intensities of rainfall 
with the specified droplet size. An appreciable increase in the 
head of water would lead to stream flow and rely on this breaking 
up before impact on the sample to give individual droplets of a 
random size. The depth of water required is around 3 mm and 
so a 1 mm change is significant - this means that levelling the 
tray must be carefully carried out and maintained during the 
test. The laboratory test uses a drip tray whose area is only a 
fraction of the sample area and three test positions are required 
- not overlapping and offset from the centre the centre area to 
avoid symmetry. Thus, between 23% and 47% of the sample is 
exposed to simulated rain depending on the sample size (20 m2 

to 1 0m2 respectively). The resulting sound intensity is found from 
measuring sound pressure and using equation K.1 or measured 
directly with a sound intensity probe and using equation K.4, in 121 :  

Equation K. 1 

L1 = Lpr - 10Log (f) + lOLog (f ) - 14 - 10Log(�) dB 

Equation K.4 

L1 = Lrm + 10Log e:) dB 

where: 

Lp, is the energy averaged sound pressure (for the three test 
positions of the drip tray) in the test room, dB; 

T is the reverberation time of the test room in seconds; 

T0 is the reference time (= 1 sec); 

V is the volume of the test room in cubic metres (m3); 

V
0 

is the reference volume (= 1 m3); 

s, is the total of the areas of the sample excited by the rainfall in 
square metres, (m2, corresponds to three times the perforated 
area of the drip tray; 

5
0 

is the reference area (= 1 m2); 

L,m is the sound intensity directly measured, dB; 

Sm is the area of the measuring surface, m2 • 
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Making Predictions 
The sound intensity radiated by the test roof sample is used to 
find the sound pressure in another space of known dimensions 
and reverberation time. Hopkins r71 demonstrates this process 
for skylights, giving two examples for the application to 
classrooms. 

As mentioned in the previous section, the sound intensity 
reported from the test laboratory is for a partially excited roof 
sample and so must be modified as if the sound pressure was 
increased for the whole sample being exposed to rainfall. This is 
done using the expression: 

Equation 1 

where: 

L,rsJ is the sound intensity if the whole sample was subjected to 
rainfall, dB; 

5, is the area of the test sample, m2 ; 

5
0 

is the reference area for the rainfall rate (=1 m2
); 

This assumes a linear relationship between the area excited by 
the rain and the sound generated - which may not be true, since 
the dynamic response of the roof sample will not be the same at 
every point. 

If sound intensity was directly measured then providing that 
the measurement surface (Sm) is the whole roof sample area 
then that intensity (from equation K.4) has been adjusted for the 
difference between exposure and measurement areas, but if the 
sample area is greater than the measurement surface area then 
a further adjustment is necessary as: 

Equation 2 

The process is carried out for each of the one-third or octave 
bands as required by contractual requirements and requires 
detail of the reverberation times and absorption characteristics 
of the space(s) - 141 gives target values for RT based on room 
size, see Figure 3, in r41, together with target values for specific 
learning spaces as shown in Table 1 .  

Learning space 

breakout spaces/meeting 
spaces/teacher work spaces 

flexible learning spaces 

cellular classrooms 

music learning spaces 

halls/multi purpose spaces 

gymnasiums 

technology and science 
spaces 

libraries 

Reverberation time (s) - mid 
frequency average (RT MF) 

0.4 - 0.5 

0.5 - 0.8 

0.4 - 0.5 

0.6 - 0.8 

0.6 - 0.8 

0.8 - 1.5 

0.6 - 0.8 

0.5 - 0.8 

Table 1 - Design reverberation times in different learning spaces 
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Figure 7 - Reverberation times RTMF recommended in 141 as a 
function of room size 

A recent example for a school had multiple open learning 
spaces where the room volumes were around 850 m3 with floor 
areas each around 200 m2• The value of RT MF recommended in 
Figure 7 and Table 1 is 0.4 to 0.8 sec. The less absorption 
supplied the lower the cost of the room and so it is likely 
that designers would opt for the longer RT values and so 0.6 
sees was used in the analysis for the frequency range 100 to 
500 Hz and 0.4 sec for the 630 Hz to 5 kHz frequency range. 
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It should be noted that the Standard does not requ i re the a rea of the sample to be stated in the report, on ly its description (Clause 

6, ISO 1 01 40-3:201 0 and BS EN ISO1 0 1 40-1 20 1 6: Appendix K). The effect is  obvious, since the sample a rea can vary between 1 0  

m2 and 20 m2
, then the difference in converting the reported i ntensities for sample size wi l l  be up to 3 dB .  If the sample area is not 

given in manufacturers' data then one cannot do the convers ion or even know that there is one to be made and so predictions wi l l  

err. 

Table 2 and Figure 8 show an example for a meta l roof over a S I P  with a comparison between correcting or not correcting the 

intensities reported. 

From the test sample 

1 13rd Octave L, L,1,1 Lp(in-situ)1 Lp(in-situ)2 Lp(in-situ)3 
band freq, Hz corrected not corrected 

1 00 40.5 50.6 73.6 55.6 58.0 46.2 

1 25 40.9 51 .0 74.0 56.0 58.4 46.6 

1 60 41 .7  51 .8 74.8 56.8 59.2 47.4 

200 44.4 54.5 77.5 59.5 61 .9 50.1 

250 44.7 54.8 77.8 59.8 62.2 50.4 

3 1 5 44.7 54.8 77.8 59.8 62.2 50.4 

400 46.1 56.2 79.2 61 .2 63.6 51 .8 

500 45.4 55 .5 78.5 60.5 62.9 51 . 1  

630 40.0 50 . 1  73.1 55.1  55 .8 44.0 

800 27.4 37.5 60.5 42.5 43.2 3 1 .4 

1 000 1 8.6 28.7 51 .7 33.7 34.4 22.6 

1 250 1 4.0 24.1 47.1 29.1 29.8 1 8 .0 

1 600 1 2.2 22.3 45.3 27.3 28.0 1 6.2 

2000 9 .8 1 9 .9 42.9 24.9 25.6 1 3 .8 

2500 4.9 1 5 .0 38.0 20.0 20.7 8.9 

3 1 50 1 .5 1 1 .6 34.6 1 6.6 1 7 .3 5 .5 

4000 2 . 1  1 2 .2 35.2 1 7.2 1 7 .9 6. 1  

5000 3.8 1 3 .9 36.9 1 8.9 1 9 .6 7.8 

overal l  d BA = 62.1 70.7 58.9 

Table 2 - Application of test results for metal tray roof over a structural insulated panel roof, all values in dB 

Notes 

1. Colculated for the in-situ exposed roof area. 

2. Calculated for in-situ exposed roof area and for natural rainfall. 

3. Calculated from loborotory sound imensity with no correaion for sample size. 
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Figure 8 - Data from Table 2 plotted with NC45 curve 

From Figure 8 it is clear that if corrections are not made for either 
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In contrast, the corrected data prediction is some 10 dB outside 
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Discussion and conclusions 

The consolidated theory for predicting rain noise, as presented 
by Griffin and Ballagh in 2012 1101, under-predicts for steel roofing 
by a considerable margin (7 dB for corrugated steel and 16 dB 
for metal tray.) Griffin presented a paper at a 2016 conference 
151 in which he concluded "In this context, the ability to evaluate 
the accuracy of rain noise predictions is currently limited as are the 
benefits of such prediction methods for evaluating a wide variety 
of construction types". The context of which he spoke relates to 
the dearth of supporting data from laboratory tests. In other 
words, prediction methods have been developed but the results 
are poor and unable to be improved until more test data and 
laboratory inter-comparisons are available. Thus, to improve 
models we need to test, but the standards to which we test 
lack reproducibility due to loose prescription of the method, 
hardware and reporting requirements. Most of the issues 
raised in this paper have already been discussed by Chene et al 
1111 in 2010, before the addendum to Part 5 of 1 SO 10140 was 
released (in 2014) and yet none have since been addressed. 
One imagines that the rain noise testing community is small so 
perhaps the way forward is to encourage it to cooperate. It is 
incumbent upon architects, consultants and others who specify 
roofing systems to ensure that the data supplied by roofing 
manufacturers is appropriate and is used in the correct manner. 
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