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The last National Noise Attitude Survey took 
place in 2012. Questions were asked of around 
2,700 respondents from across the UK about 
what they heard where they lived and how it 
a¥ ected them. The results showed that:
• 83% heard road tra�  c noise;
•  8% were very or extremely bothered, 

annoyed or disturbed by it; and
•   55% were bothered to some extent.
Those results translate into approximately:
•  around 56 million people hear road 

tra�  c noise;
• j ust over 5 million people are very or 

extremely bothered, annoyed or disturbed 
by road tra�  c noise; and

•  just under 37 million people are bothered to 
some extent.
These are huge numbers, showing how 

much noise from just this one form of 
transportation a¥ ects us.

In the same survey, it was found that around 
48 million people hear aircraft noise and just 
over 2.5 million hear noise from railways. The 
overall e¥ ect of noise from these two sources 
is not as great as that from road tra�  c noise, 

although some 20 million are bothered to 
some extent by aircraft noise.

The Institute of Acoustics is the professional 
body for those working in the fi elds of sound, 
noise and vibration. This Transportation Noise 
Supplement has been put together to provide 
an easy reference point regarding noise from 
road, rail and air transport, how it is measured, 
predicted, managed and mitigated.

I would like to thank those members of the 
Institute who have given their time to 
contribute to this supplement and also to 
Nicky Rogers, Dennis Baylis and Cameron 
Salisbury for pulling it together. I would like 
also to thank the advertisers for their support.

I hope that you will fi nd this supplement 
interesting and informative and that it helps 
increase your understanding of this topic 
which a¥ ects virtually all of us to some extent.

Stephen Turner MA, MSc, HonFIOA
President
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“How loud is the sun?” 
A seven-year old can put any expert on the spot with this 
perfectly simple question (the answer is both wonderful 
and technical in equal measure). That’s one reason why 
acousticians around the world should embrace the 
opportunity to engage the public (including inquisitive 
seven-year olds) in the science behind sound. What are 
the new technologies that help us understand its impact 
and how can we appreciate sound in our daily lives?

The history of sound is an audio adventure through 
time. Humanity has utilised sound for communication and 
music through the ages. Carbon dating takes us back 
more than 40,000 years for the fi rst recorded musical 
instrument – a primitive fl ute carved from bone. The fact 
that you can now get Siri to read this article out loud is just 
one example of how far we have come.

Fast forward from woolly mammoths and there is a 
myriad of ingenious and useful ways to employ sound, 
which range from the design of our favourite cinemas and 
concert halls through to new cancer treatment and 
advanced technology to improve the e�  ciency and 
sustainability of our cities. Acoustics is also considered 
when designing roads, rail, aviation, buildings, phones, 
vacuum cleaners – the list is endless.

When ‘sound’ becomes ‘noise’
Despite its ubiquity, sound is a topic many take for 
granted. Acousticians like to joke: ‘If we’ve done our job, 
you won’t recognise we’ve done it.’ Well, forget that! 

Close your eyes for 30 seconds and try some active 
listening. Listen to everything. Focus on the sounds you 
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would usually, inadvertently, ignore. It’s surprising how 
hard our ears work day-to-day and yet how few sounds 
grab our attention. It only takes a couple of minutes of 
active listening in an anechoic chamber1 (an echoless, 
sound-absorbing room) before you can hear your own 
heartbeat or, if you really listen, blood fl owing through 
the capillaries in your ears. 

Not all acousticians live in anechoic chambers. Most 
are hard at work designing more comfortable, 
sustainable solutions to improve our everyday lives. 
Acousticians are even working towards quantifying the 
cost of poor acoustics on community health and 
wellbeing. A sleepless night caused by unwelcome 
noise can lower productivity at work, reducing economic 
growth. High levels of noise can increase the risk of 
cardiovascular issues – an increase of just 10 decibels is 
believed to increase this risk by 12 percent.

However, not all sound is noise, and loudness is not 
always a representative measure of the impact of sound. 
For example, 60 decibels of running water and 
60 decibels of construction drilling are equally loud, but 
the former is far more preferable when you go to bed at 
night. Drilling can be described as ‘noise’, but running 
water is often considered to be a tranquil and 
soothing ‘sound’. 

What acoustic change will mean to you
Consultations are a useful interface between acousticians 
and the public. Auralisations (virtual reality for your ears) is 
especially helpful for contextualising a sound climate. For 
example, to help the local community understand the 

 I N T R O D U C T I O N

References 

1. https://www.youtube.com/watch?v=AKcNTAQ0f7g

Sound arguments:
the wonder of acoustics 

Acoustics is one of the most diverse and varied areas in engineering, yet it’s a 
subject many of us take for granted in our day-to-day lives. Acoustics expert, 
Cameron Salisbury, explains why it’s time to bring sound to the forefront of 

the conversation.
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impact of a major road scheme, locals can be encouraged 
to utilise this emerging technology to experience 
predicted changes in the sound climate at specifi c 
locations around the scheme. 

Innovative approaches are key in making acoustics 
more accessible for communities. Avoiding complex 
maths and technical jargon allows people to understand 
acoustic change by enabling them to listen to the existing 
soundscape and then compare it to the predicted 
soundscape with the scheme in place. This approach is 
critical for credibly quantifying, and providing context to, 
acoustic change for a non-technical audience.

Lockdown impact on community sound levels
As experienced around the world, lockdowns resulting 
from the pandemic signifi cantly reduced various forms of 
pollution. While the lockdowns remained in place, fewer 
trains, planes and road tra�  c – together with reduced 
manufacturing activity – meant a vast reduction in sound 
levels. As a result, the world became the quietest it had 
been for a long time. 

In the UK, changes in community sound levels are 
being recorded by the IOA and the Association of Noise 
Consultants (ANC) as part of ‘The Quiet Project’. 

The Quiet Project www.thequietproject.co.uk is a 
community e� ort to crowdsource a publicly-accessible 
database of environmental sound levels during the UK’s 
lockdown and subsequent recovery period. It will 
document the rise and fall of sound levels over this 
period of uncertainty and help to indicate the impact of 
human activity on local sound levels within communities. 

An entire year dedicated to sound
Raising the profi le of acoustics as a science and 
encouraging collaboration between industries, 
researchers and the public requires a substantial 
commitment of time and resource. The International Year 
of Sound (IYS) 2020 – which has been extended into 
2021 due to the pandemic – aims to be an important 
step towards improving the public’s understanding of 
sound (and its applications) for the future. 

Acoustics provides value to national economies. 
For example, a recent report3 calculated it contributes 
£4.6 billion ($6 billion) to the UK’s economy annually and 
employs more than 16,000 people nationwide; with each 
of them contributing an annual average value of £65,000. 

Acoustics is one of the most versatile and diverse 
subject areas in engineering with jobs spread over a 
multitude of di� erent disciplines4. Knowledge of sound 
and acoustics can be applied to many areas of research, 
including major issues facing countries around the 
world. In the UK, the Government has posed four 
‘Grand Challenges’: 

1. clean growth; 
2. ageing society; 
3. future of mobility; and 
4. artifi cial intelligence and data. 

Clean growth: The Government’s mission is to at least 
halve the energy use of new buildings by 2030 and to 
establish the world’s fi rst net-zero carbon industrial cluster 
by 2040 and at least 1 low-carbon cluster by 2030 P6

References 

1. https://www.youtube.com/watch?v=AKcNTAQ0f7g
2. https://www.nhs.uk/news/heart-and-lungs/can-noisy-tra�  c-trigger-a-heart-attack/ 

References 
3. https://acoustics.ac.uk/wp-content/uploads/2019/05/Acoustics-sound-economy-report-May-2019.pdf
4. https://exploresound.org/explore-sound-home/what-is-acoustics/fi elds-of-acoustics/
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Ageing society: The Government’s mission is to ensure 
that people can enjoy at least fi ve extra healthy, 
independent years of life by 2035, while narrowing the 
gap between the experience of the richest and poorest.

Future of mobility: The Government’s mission is to put 
the UK at the forefront of the design and manufacturing 
of zero emission vehicles, with all new cars and vans 
e  ectively zero emission by 2040.

Artifi cial intelligence and data: The Government’s 
mission is to use data, artifi cial intelligence and 
innovation to transform the prevention, early diagnosis 
and treatment of chronic diseases by 2030.

Impressively, aspects of acoustics can be linked to each 
of these four challenges many times over. Electric 
vehicles are an obvious example when thinking about 
future mobility. But what should an electric car 
sound like? How safe is silent?

Part of the clean growth strategy includes reducing and 
managing noise pollution in urban areas. This has 
signifi cant implications for developing Smart Cities where 
we can expect to see advances in active noise 
cancellation, soundscape design and artifi cial intelligence. 
Imagine a city where artifi cial intelligence is trained to 
identify sound sources – to the point where an emergency 

response could be automatically issued on the 
identifi cation of a particular sound. For example, a gunshot 
could be triangulated by its audio signature, CCTV 
engaged on the correct street, facial recognition used to 
track the suspect, and an emergency response on the way 
within seconds of the shot being fi red.

Sound is incredibly powerful, especially when paired 
with advances and innovations made by engineers in other 
fi elds. It can be used in so many di  erent ways, including 
locating defects in pipelines buried deep underground, 
focusing medicine delivery to precise areas of the body, 
reading to people who are sight impaired, touchless 
buttons5 for smart devices, sonar and underwater 
communication, and passive biodiversity measurements. 

How we can make a di� erence
As acousticians, our goal is to make acoustics 
approachable, understandable and applicable – 
challenging people to look beyond current knowledge 
boundaries, close the knowledge gap and bring sound 
to the forefront of the conversation. So, let’s talk about it!

Now, the answer to that seven-year old’s question 
‘how loud is the sun?’ If you replaced space with air and 
stood on Earth, 92,957,130 miles away from the sun, it 
would measure about 125 decibels – roughly the same 
as a train horn from just a few steps away, but 
uncomfortably constant! 

 I N T R O D U C T I O N

References 
5. https://www.youtube.com/watch?v=wMAYeaGec0g
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How we manage transportation 
noise - policy and legislation
In this section, the focus is on some of the measures used in the 

management of noise from road, rail and air transport. References to 
legislation and policy refer primarily to England, but some elements 

may also apply in Wales, Scotland and Northern Ireland.

Virtually from the time it invented the wheel, society 
has sought to manage the noise from transportation. 
There is evidence that the sound of carts travelling 
over cobbled streets was found to be disturbing and 
that laying straw down on those roads was used as a 
means of reducing the noise impact.

But it was with the onset of mechanised transport – 
fi rstly the railways and then the internal combustion 
engine for road vehicles – that it became apparent that 
although journeys were more comfortable and quicker, 
there was a dis-benefi t in the noise caused by the 
various forms of transportation.

In the early twentieth century, there was formal 
legislation enacted to manage tra   c noise. The Road 
Tra   c Acts of the 1930s included clauses which 
managed the noise from warning devices, bells and 
sirens, and, also, the need for vehicles to have silencers 
which ‘eliminate all unnecessary noise’.

It was, however, in the 1960s, that there began to be 
more systematic management of noise from road, rail 
and air transport. In 1963, the Government’s Committee 
on the Problem of Noise published its fi nal report. It 
covered noise from many sources and came up with a 
range of conclusions.

For road tra   c, the report recommended that noise 
limits should apply to all vehicles and to motorcycles. In 
addition, there were recommendations for the police to 
measure the noise of vehicles in normal use, with the 
aim of tackling those vehicles that appeared to be 
making excessive noise. 

For aircraft noise, the report identifi ed reductions of 
noise at source through technological measures plus the 
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By Stephen Turner, IOA President from 2021 to 2022
use of departure noise limits as means of management. 
The importance of noise monitoring around airports was 
also noted. Furthermore, the fi rst ever noise contours, 
showing the noise impact around an airport, were 
published in that report.

Less was said on railway noise as it was concluded 
that ‘In the absence of evidence of widespread public 
annoyance, we do not feel that any special legislative 
action is required’. 

Control of noise at source
At the end of that decade, the fi rst iteration of the Road 
Vehicles (Construction and Use) Regulations came into 
force, setting out limits on the noise that could be 
produced by di� erent types of road vehicles. With the 
UK’s membership of the EU, equivalent requirements 
formed part of subsequent European Commission 
Directives, which over the years reduced the permitted 
noise levels. Today, post Brexit, the current Regulations, 
which came into e� ect in 2014, are still to be found in law.

For aircraft, the noise from individual aircraft is 
addressed internationally through the work of the 
International Civil Aviation Organisation. The Chicago 
Convention of 1969 set out the fi rst noise limits on new 
aircraft and, as with road tra   c, the permissible levels 
have been reduced over the years.

Similar legislation for railway rolling stock only 
appeared in the 2000s, through the European initiative 
under the general heading of Technical Standards for 
Interoperability (TSI). Following Brexit, the UK has adopted 
the provisions of these TSIs in the form of National 
Technical Specifi cation Notices. P08

P O L I C Y
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Thus, for road vehicles, railway rolling stock and aircraft, 
one element of the management of noise is through limits 
on the noise that can be generated at source.

Other factors a� ecting the source of noise
Road vehicles
In addition to the inherent noise from an individual 
vehicle, noise from road tra  c is a� ected by a number of 
other factors that can be managed. These include:
• the speed of the tra  c;
• the type of tyres on the vehicle; and
• the type of road surface.

Regulations exist to manage tyre noise and, where 
possible, low noise road surfaces are used to reduce the 
noise generated. However, these surfaces only become 
e� ective at relatively higher speeds above 75km/h 
(about 47 mph).

The increased use of electric vehicles has the 
potential to reduce the noise generated by road tra  c. 
However, this benefi t will only occur at lower speeds 
when the noise from the vehicle engine is the dominant 
source. At higher speeds, the noise from the interaction 
between the tyres and the road surface is the dominant 
sound that is heard. Consequently, those living near a 
motorway will not know whether or not the tra  c 
comprises electric vehicles because what is heard is the 
tyre/road noise.

Even at low speeds, electric vehicles may not be quiet 
as legislation now exists that such vehicles must have an 
Acoustic Vehicle Alerting System (AVAS) installed. This 
requirement is designed to address concerns that blind 
or partially sighted people need to hear the approach of 
vehicles for their personal safety.

Railways
One of the main ways of managing railway noise is the 
gradual replacement of diesel engines with electric units. 
Furthermore, the interaction between the wheels of the 
rolling stock and the railhead can be a considerable 
source of noise. However, research in the last 20 years 
has found the regular grinding of the railhead can reduce 
the noise generated.

Aircraft
Unlike road tra  c and railways, aircraft can, within reason, 
fl y anywhere. They are not confi ned to the routes followed 
by a highway or railway track. Having said that, departure 
routes from airports are carefully designed to minimise, as 
far as possible, the number of people overfl own. 
Furthermore, there are usually several departure routes 
used at an airport so that most people a� ected are only 
overfl own by some of the departing aircraft from the airport. 
However, the same is not true for arriving aircraft. The route 
into an airport has to be aligned with the runway and whilst 
technology has allowed aircraft to join this alignment closer 
to the airport than was the case in the past, it does mean 
that those living under the fi nal approach path will have 
every arriving aircraft overfl ying them. 

Propagation path mitigation
‘’Propagation path’ is a term used describing sound as it 
travels away from the source. For land-based sources 
(i.e. road and rail), the amount of noise from a highway or 
railway can be reduced by using barriers. The 
e� ectiveness of barriers has been known for 50 years 
and they can be seen alongside motorways and main 
railway lines. The barriers do not prevent all the noise 
from being transmitted but they can make it noticeably 
less noisy.

The type of ground cover can also a� ect the 
propagation of sound. Grassland reduces the amount of 
sound propagated more than hard surfaces, such as 
concrete. Propagation is also a� ected by wind direction. 
Being downwind of a source will mean it will sound 
louder compared with being upwind of the source at the 
same distance. This e� ect becomes increasingly 
noticeable as the distance from the source increases.

Building façade insulation
In 1973, regulations fi rst came into e� ect which required 
Highway Authorities to o� er dwellings additional sound 
insulation and alternative ventilation to address the increase 
in noise expected from a new or altered highway. Similar 
regulations for railways came into e� ect in the mid-1990s. 

Increasing the sound insulation of windows can reduce 
the noise entering properties. Providing alternative 
ventilation enables the occupier to keep windows closed, 
and, hence, minimise the noise but yet still have ventilation.

Many airport operators also operate schemes for 
providing additional sound insulation to those a� ected by 
departing or arriving aircraft.

Noise policy
The Government’s overarching policy on noise 
management is set out in the Noise Policy Statement for 
England (NPSE). Similar policies exist in Northern Ireland, 
Wales and Scotland.

The NPSE contains a vision to: ‘Promote good health 
and a good quality of life through the e� ective 
management of noise within the context of Government 
policy on sustainable development’. 

This vision is supported by three aims: 
‘Through the e� ective management and control of 

environmental, neighbour and neighbourhood noise 
within the context of Government policy on 
sustainable development: 
•  avoid signifi cant adverse impacts on health and 

quality of life; 
•  mitigate and minimise adverse impacts on health and 

quality of life; and 
•  where possible, contribute to the improvement of 

health and quality of life’. 
First published in 2010, and adopted by all subsequent 

Government administrations, the NPSE uses the 
previously established concepts of ‘No Observed E� ect 
Level’ (NOEL) and ‘Lowest Observed Adverse E� ect 
Level’ (LOAEL). It extends these concepts by P10
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P O L I C Y

introducing ‘Signifi cant Observed Adverse E� ect Level’ 
(SOAEL). This is the level above which signifi cant 
adverse e� ects on health and quality of life are likely to 
occur. However, the explanatory note to the NPSE 
states that it is not possible to identify a single objective 
value to defi ne SOAEL that is applicable to all sources 
of noise in all situations. It is likely to be di� erent for 
di� erent noise sources, for di� erent receptors and at 
di� erent times.

The second aim of the NPSE refers to noise impacts 
that lie somewhere between LOAEL and SOAEL. The 
NPSE asserts that, while all reasonable steps should be 
taken to mitigate and minimise adverse e� ects, this 
does not mean that such adverse e� ects cannot occur.

The principles set out in the NPSE can be found in 
the National Planning Policy Framework (NPPF) which 
sets out the policy requirements for noise management 
in terms of planning applications and decision making. 
In particular, the NPPF states: ‘Planning policies and 
decisions should contribute to and enhance the local 
and national environment by, preventing new and 
existing development from contributing to, being put at 
unacceptable risk from, or being adversely a� ected by 
unacceptable levels of noise pollution’. 
Furthermore, development should, wherever possible, 
help to improve local environmental conditions’. 

and
‘Planning policies and decisions should also ensure 

that new development is appropriate for its location 
taking into account the likely e� ects (including cumulative 
e� ects) of pollution on health, living conditions and the 
natural environment, as well as the potential sensitivity of 
the site or wider area to impacts that could arise from the 
development. In doing so they should: 
•  Mitigate and reduce to a minimum potential adverse 

impacts resulting from noise from new development 
– and avoid noise giving rise to signifi cant adverse 
impacts on health and quality of life;’ 

The Planning Practice Guidance on Noise has been 
provided to support the implementation of the policies in 
the NPPF. It includes a hierarchy table which provides a 
descriptive (i.e. non-numerical) guidance on the potential 
e� ects of noise exposure at levels corresponding to the 
NOEL, LOAEL and SOAEL as described in the NPSE. It 
confi rms that adverse e� ects (between LOAEL and 
SOAEL) should be mitigated and reduced to a minimum, 
and signifi cant adverse e� ects (above SOAEL) should 
be avoided. 

The hierarchy table is shown below. As indicated, the 
e� ects described are examples of outcomes and are 
based on the likely average response of those a� ected.

The management of noise must not be treated in 
isolation. The phrase in the NPSE: ‘In the context of 
Government policy on sustainable development’ means 
that implementing the various policies on noise 
management must also take account of the economic and 
social benefi t of the activity causing or a� ected by the noise.

Research has taken place over many years to 
determine the e� ects that noise exposure can have on 
those a� ected. The results of this research are used to 
inform whether or not a signifi cant adverse e� ect or an 
adverse e� ect is occurring or might occur, and, hence, 
whether mitigation is required to meet the policy 
requirements on noise management. 

Response Examples of outcomes Increasing e� ect level Action

No Observed E� ect Level

Not present No E� ect No Observed E� ect No specifi c 
measures 
required

No Observed Adverse E� ect Level

Present and 
not intrusive

Noise can be heard, but does not cause any change in behaviour, attitude or other 
physiological response. Can slightly a� ect the acoustic character of the area but not such 
that there is a chanqe in the quality of life.

No Observed 
Adverse E� ect

No specifi c 
measures 
required

Lowest Observed Adverse E� ect Level

Present and 
intrusive

Noise can be heard and causes small changes in behaviour, attitude or other physiological 
response, e.g. turning up volume of television; speaking more loudly; where there is no 
alternative ventilation, having to close windows for some of the time because of the noise. 
Potential for some reported sleep disturbance. A� ects the acoustic character of the area 
such that there is a small actual or perceived change in the quality of life.

Observed Adverse E� ect Mitigate and 
reduce to 
a minimum

Signifi cant Observed Adverse E� ect Level

Present and 
disruptive

The noise causes a material change in behaviour, attitude or other physiological response, 
e.g. avoiding certain activities during periods of intrusion; where there is no alternative 
ventilation, having to keep windows closed most of the time because of the noise. Potential 
for sleep disturbance resulting in di�  culty in getting to sleep, premature awakening and 
di�  culty in getting back to sleep. Quality of life diminished due to change in acoustic 
character of the area.

Signifi cant Observed 
Avoid Adverse E� ect

Avoid

Present and very 
disruptive

Extensive and regular changes in behaviour, attitude or other physiological response and/
or an inability to mitigate e� ect of noise leading to psychological stress, e.g. regular sleep 
deprivation/awakening; loss of appetite, signifi cant, medically defi nable harm, e.g. auditory 
and non-auditory.

Unacceptable 
Adverse E� ect

Prevent

STEPHEN TURNER has been working in the fi eld of sound, noise 
and vibration for nearly 45 years, having been employed in both 
the public and private sector. For about 15 years, he was a 
technical advisor to the noise policy o�  cials at Defra, including 
four years as a Civil Servant. During that time, he had a close 
involvement in the drafting of the Noise Policy Statement for 
England, the noise elements of the English National Policy 
Statements for Major Infrastructure Projects and the National 
Planning Policy Framework, and the Planning Practice Guidance 
on Noise. He is a member of the European Commission’s Noise 
Expert Group and Chair of the British Standards Institution 
Technical Committee on Transportation Noise.
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Right:
Road tra�  c noise is 
harmful to health

Above:
Over four times 
as many people 
in Europe are 
estimated to be 
a� ected by high 
levels of road 
tra�  c noise than 
by rail, aircraft and 
industrial noise put 
together

Despite being a well-known source of environmental noise for many decades 
now, there are still important developments to be made when it comes to 
managing the impact that road tra�  c noise can have on our health and 

wellbeing. Here we touch on some of the challenges and possible solutions.

This is still the big one. There is a sense that the 
ever-present sound of road tra�  c has made us all 
immune to its impact.

Less an environmental hazard, more a fact of life. 
However, over four times as many people in Europe are 
estimated to be a� ected by high levels of road tra�  c noise 
than by rail, aircraft and industrial noise put together1.

Although road tra�  c sharply declined in 2020 as a 
result of the COVID-19 pandemic2, this is likely to be only 
a temporary reprieve to the long-term trend of year-on-
year growth. With more than 20 percent of Europe’s 
population living in areas where road tra�  c noise is 
harmful to health and an increasing trend towards 
urbanisation, there is a lot of work to be done to ensure 
that the situation does not get any worse.

Working for the benefi t of all
In order to rise to this challenge, we must avoid the sense 
of apathy around the subject – the feeling that road tra�  c 
noise is a dry subject, caught in stasis. Acousticians are 
naturally drawn to new fi elds of study; from soundscapes 
to auralisation, to the role that bubbles play in the 
absorption and scattering of underwater sound, for 
example. Getting to grips with a topic that employs a UK 
calculation methodology last updated in 1988, and whose 
primary forms of mitigation involve asphalt mixes and 
fencing, can often seem less than appealing.

However, this is the wrong impression to have when it 
comes to road tra�  c noise. Advances in vehicle 
technology and testing, calculation methods, data storage 
and cloud computing, multi-function mitigation measures, 
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embedded design and the understanding of soundscapes 
are all moving the subject forward. The challenge is to 
bring these elements together into a coherent whole for 
the benefi t of all.

Cars
Let’s start with cars. Permissible maximum noise levels sat 
at 82 dB(A) in 1978, currently sit at 72 dB(A) and, by 2026, 
will sit at 68 dB(A)3. Given that a 10 dB reduction is broadly 
considered to be ‘half as loud’, this is fantastic progress 
for which the industry can be rightly proud. We have now 
reached the stage where the most high-profi le legislation 
is designed, with the safety of vulnerable road users in 
mind, to ensure electric cars are not too quiet4. Add to this 
the fact that large increases in the volume of road tra�  c 
are required before noticeable increases in noise 
exposure are experienced5 and you might be wondering 
why the issue is broadly considered to be getting worse 
and not better.

R O A D S
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¹ EEA Report: Environmental Noise in Europe
2 https://roadtra�  c.dft.gov.uk/summary
3 https://www.vehicle-certifi cation-agency.gov.uk/fuel-consumption-co2/fuel-consumption-guide/cars-and-noise/#topic-title
4 https://ec.europa.eu/growth/content/electric-and-hybrid-cars-new-rules-noise-emitting-protect-vulnerable-road-users_en
5 A 25% increase in the volume of road tra�  c only leads to 1 dB increase in noise exposure.
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There are some obvious explanations for this, such as 
new roads, the aforementioned increase in miles 
travelled, a growing awareness of the adverse health 
impacts of exposure to high noise levels and an increased 
tendency towards urbanisation. Many of these things are 
wider societal trends that come with their own benefi ts in 
terms of connectivity and over which acousticians have 
little control. However, if we dig a little deeper, we fi nd a 
host of other factors ready to be addressed. For example, 
tyre sound (which can be louder than engine sound for 
cars at speeds as low as 30 km/h) has noise limits that are 
divided into categories dependent on the tyre width; 
therefore, a trend towards heavier cars and wider tyres 
means higher noise limit categories and, consequently, 
higher road tra  c noise. To date, there is no clear 
evidence that the increasing prevalence of electric cars 
will reverse this trend6.

Road surfaces
Another important factor to consider is the role of the road 
surface. This needs to be carefully controlled across vehicle 
test sites to ensure like-for-like results, but there is no 
guarantee that such test surfaces resemble those running 
past your house. Add the fact that driving conditions under 
testing can only ever cover a small sample of vehicle 
behaviour and it is clear there is no guarantee that the 
noise reductions achieved through vehicle testing will 
translate to quieter cars on our streets7,8.

Advances in road surface design and manufacture have 
a vital role to play here. Not only do quieter road surfaces 
better refl ect benefi ts from a reduction in vehicle noise 
limits, they are also a critical form of mitigation in their own 
right. For example, did you know that replacing a loud road 
surface with a quiet one can be as e� ective in reducing 
your exposure to road tra  c noise as taking 75 percent of 
cars o�  the road? The problem is that quieter road 
surfaces are typically less durable, necessitating expensive 
and disruptive replacement sooner than might otherwise 
be the case. However, there are e� orts under way to 
address this challenge9 and hopefully the term ‘durable 
quiet road surface’ can enter the lexicon.

Consider noise early in road design
All these things help reduce the noise level at the source 
of the problem – the vehicle – and, as any acoustician will 
tell you, this is the best type of mitigation possible. But it 
doesn’t mean more can’t be done. Giving due 
consideration to noise early in road design can help avoid 
major headaches further down the line when options can 
be more limited. It is clear to most people that the use of 
cuttings, barriers, bunds, reduced speeds and suitable 
alignment can be helpful, but understanding the precise 
extent of their relative benefi ts in di� erent circumstances 
can be problematic.

It is challenging since, as with all environmental 
disciplines, acousticians are tasked with understanding 
and modelling the real world and all the myriad of 
variables that this entails. Nevertheless, there are a wealth 
of good acoustic design principles that can help us assess 
the relative merits of design features in a host of situations 
– and road network design is no exception.

Finally, it is important to understand that we have an
obligation under government policy to do what we can to 
avoid signifi cant adverse impacts to our health and quality 
of life from exposure to high noise levels. So why not start 
with the arguably the biggest culprit? 
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E-mobility:
challenges and opportunities 
for environmental acoustics

The DroneNoise project will develop methods to put the 
public at the heart of decision-making around drone noise

We are on the cusp of a revolution in the transportation sector, driven by the 
signifi cant progression on electric powertrains, and robotics and autonomous 
systems. Electric vehicles are rapidly taking over, and now one can imagine 
drones inundating UK skies in the coming years with the addition of electric 

vehicles and two-wheeled transport on the ground.

E-mobility will introduce entirely new sound sources.
On the air, novel air vehicles (from drones to electric
vertical take-o�  and landing – eVTOL – vehicles) will
bring unconventional noise signatures.
In these vehicles, sound will be eminently tonal and with
substantial high frequency content. Tonal noise has been
found to be strongly associated with noise annoyance1,
while high frequency content has been found to be one
of the most important contributors to aircraft noise
annoyance2. There is enough evidence to suggest that
the sounds of these novel air vehicles will not resemble
the sound of conventional aircraft. Neither will be the
operating characteristics3,4. Drones and eVTOLs will
operate closer to communities (than conventional
aircraft), and over urban (and possibly rural) communities
not usually exposed to aircraft noise.
   On the ground, electric vehicles must generate noise 
artifi cially to alert other road users, with potentially non-
harmonious consequences for local communities. All these 
new sources, along with the wider adoption of air source 
heat pumps and car charging stations for example, will lead 
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By Dr Antonio J Torija Martinez

to the largest shift in soundscapes in living memory.
E-mobility brings a series of important challenges for

environmental acoustics:
•  On the ground, noise emission characteristics are

di� erent from internal combustion (IC) engines, and
are not completely understood;

• In the air, noise generation mechanism in drones and
eVTOL concepts need further investigation;

•  new or updated models are needed, for sound
emission but also propagation (i.e. sound propagation
in complex urban settings);

•  psychoacoustic knowledge is needed to understand
the human response to the sound generated by
e-mobility5; and

•  new or updated policy and guidance is required to
inform systems and operations development to limit
the noise impact on communities.
On the other hand, e-mobility provides an excellent

opportunity to change the way we address 
environmental noise problems, a fresh start to shape 
future soundscapes the way we want.

R E S E A R C H
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From noise control to
perception-driven engineering
Industry 5.06 is pushing for a translation to a sustainable 
and human-centric industry. Rather than conventional noise 
control methods and ad-hoc solutions, this requires 
integrating human factors into the design of products and 
systems. Therefore, several leading researchers and 
engineers in acoustics, vibroacoustics and environmental 
acoustics are currently developing perceptually-driven 
acoustic tools and methods. Originally introduced by 
Professor Davies and colleagues at Purdue University7, 
perception-infl uenced engineering aims to integrate the 
ways people perceive, or are a� ected by, machinery 
outputs into the design of engineered systems. 

Since then, colleagues at NASA have developed a 
myriad of tools to account for human factors in the design 
of novel aircraft confi gurations8. Examples are the transition 
from A-weighted sound pressure levels to sound quality 
metrics for a more holistic assessment of rotorcraft noise9, 
or the NASA Auralization Framework as an integral element 
of perception-infl uenced design of new air vehicles10. 
Research institutions and industry are rapidly adopting this 
approach, and are developing their own tools to aid the 
design of future infrastructure. In The Netherlands, the 
Royal Netherlands Aerospace Centre have developed a 
virtual community noise simulator as a tool to demonstrate 
impact of noise reduction measures for aircraft, wind 
turbines, road tra�  c, trains, or industry11. Arup SoundLab12  
and Aecom Immersive Sound Studio13 are other examples 
of the remarkable value of auralisation tools to demonstrate 
the community noise impact of major infrastructure projects 
such as HS2 and A303 Stonehenge respectively.

Currently, Dr Torija Martinez and colleagues at the 
University of Salford are developing psychoacoustic 
methods and tools for the low noise optimisation of an 
all-electric jet engine within the InCEPTion project14 partly 
funded by ATI/IUK (ref. 73692). In this project, several 
best-of-breed UK engineering companies, (Blue Bear, 
Systems Research, Drive System Design, Ricardo, Dowty 
Propellers, and M&I Materials) and academic partners 
(University of Cambridge’s Whittle Laboratory and University 
of Salford’s Acoustic Research Centre) are collaboratively 
developing quiet and safe zero-carbon electric jet engines 
to aid the sector to meet the jet zero agenda15.

Is drone noise the next public health challenge?
Drone operations have grown signifi cantly during the 
past few years, and are expected to grow exponentially 
in the future. If this scenario materialises, drones will 
become an important source of environmental noise 
pollution. As a result, and due to their special acoustic 
characteristics (e.g. tonal noise and high frequency 
broadband noise)16 annoyance reactions to drone noise 
are likely to occur. Environmental noise and the 
associated noise annoyance have been already 
identifi ed as one of the main limiting factors for the wider 
adoption of drone technologies17.

The DroneNoise project (EP/V031848/1), recently 
funded by the Engineering and Physical Sciences 
Research Council (EPSRC), will develop methods to put 
the public at the heart of decision-making around drone 
noise. The specifi c questions that this project will 
address are:
•  how will communities respond to the unconventional 

sound signatures of drones;
•  what metrics can ensure an accurate prediction of 

human response to drone noise;
•  what are the acceptable noise characteristics of 

drones, to inform regulation and policy; and
•  how can psychoacoustic methods inform the design 

and operation of drones to protect health and quality 
of life?
The outcomes of this project will help drone 

stakeholders to ensure community acceptance, and 
therefore, contribute to the sustainable expansion of 
the sector.

Summary
The advent of e-mobility implies important challenges, 
but also a great opportunity for acoustic engineers to 
innovate and lead change towards a more sustainable 
future. Industry and academics understand that 
responsible innovation is only possible if the public is put 
at the centre of engineering decisions. Thus, further 
research and innovation for the development of 
perceptually-driven acoustic tools and methods is 
imperative to e�  ciently address noise challenges, and 
contribute shaping the future of mobility. 
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Auralisation –
Applications, then and now

Adam Thomas, SoundLab® Manager for the UK and Europe at Arup, 
discusses how the use of auralisation is transforming the way we approach 

transportation schemes.

The opportunity to experience designs through 
auralisation provides a useful and insightful 
experience for all stakeholders involved in 
transportation projects – from project managers to 
local residents.

While the benefi ts of this have led to auralisations 
becoming a common feature in transportation schemes, 
there is still scope for development in this fi eld. To 
unlock its full potential, we must consider the full 
listening experience beyond audio content generation. 

The application of auralisation became popular in 
auditorium design, which led us to initially design the 
SoundLab®¹ for this fi eld. However, throughout the past 
decade, auralisation has also been applied to a host of 
major transportation projects. We have since witnessed 
the considerable value that auralisation brings to this 
sector. The technology has played an important role in 
helping members of the general public understand the 
potential noise exposures of a project throughout 
various stages of its delivery, including proposition, 
planning, consultation, and design. 

One of the key advantages of auralisation is its ability 
to translate technical information into a digestible format 
for everyone. It is a lot to ask from a member of the 
public to accurately comprehend the di� erent metrics 
and terminology used by acousticians – let alone expect 
them to interpret this into a detailed picture of the exact 
noise impact of planned project. Auralisation’s role in 
enabling stakeholders to experience the noise elements 
of a transportation scheme helps to overcome this 
barrier between acousticians and the general public. If 
presented fairly – with good contextual information – the 
technology provides the best chance for a stakeholder 
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to build a precise construct of the acoustic situation in 
their mind; a construct that they can easily understand 
and feedback upon. 

The history of noise auralisations in transport 
The past 20 years have seen signifi cant development 
in the application and deployment of sound 
demonstrations to support transportation noise 
schemes. They were fi rst considered in 2011, when 
StopHS2 protestors held demonstrations in Wendover, 
Buckinghamshire. The BBC programme, Countryfi le, 
visited the protest and broadcast a snapshot of the 
events, which included footage of campaigners playing 
audio of high-speed trains from a large PA system on a 
truck. The video footage shows campaigners turning up 
the sound and members of the crowd covering their 
ears to protect themselves from the high noise levels. 
The e� ect of these demonstrations on surrounding 
listeners was undoubtedly an increased state of alarm 
and concern about the noise from the scheme, even 
though little consideration was given to the accuracy of 
this sound experience.  

Inadvertently, the impact of this protest sparked an 
idea in the minds of project managers to produce a 
comprehensive series of calibrated sound 
demonstrations for their high-speed rail plans. Using 
auralisation techniques, the demonstrations where set 
within the visual and ambient context of the scheme’s 
local communities; aiming to help local residents to 
gain a more robust understanding of the project’s noise 
elements. From this point onwards, the drive for 
accurate transportation sound demonstrations was 
here to stay. 

A U R A L I S A T I O N
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Learning from the past
The past decade has seen these demonstrations advance 
and mature with varying levels of detail. What we have 
learned from this journey is that the best solution is not 
always the most complicated. Firstly, it is vital to clarify the 
aspects of transportation noise that are being discussed 
before determining an approach. There are a range of 
di� erent auralisation solutions that can be applied, and 
the intricacy of the created content should match the 
needs and requirements of the listener. 

Sometimes, a very simple demonstration is the most 
e� ective way of helping people to understand a project’s 
acoustic parameters, such as a simple A/B comparison of 
two di� erent situations.

 Alternatively, multi-dimensional and fully immersive 
virtual reality environments may be the preferred option at 
more advanced stages of a project. To provide a visual 
analogy, compare a simple sketch to a detailed 3D 
drawing. Both have their uses. During the early stages of 
proposals and designs, a sketch can outline an idea in a 
way that everyone can understand – without obscuring 
the designer’s initial thoughts with additional detail. 
Whereas, in later project stages, these details become 
increasingly relevant and important, and 3D models can 
allow users to consider the multi-faceted features of a 
given design. It is exactly the same when creating audio 
experiences. While simple audio recordings can help to 
set the scene, understanding the complicated nuances of 
designs requires more intricate, integrated experiences 
– such as those provided by 360-degree verifi ed video 
material combined with synchronised 3D spatial audio. 

Context is everything
Regardless of one’s chosen approach, it is important to 
consider the psychology of the listening experience that is 
undertaken during sound demonstrations. There are 
many considerations to be made here – far more than can 
be recounted within this article. However, the most 
signifi cant of these is perhaps the relationship between 
person, activity, and place – which has an enormous 
impact on the experience of a soundscape.  

Presenting an instantaneous snapshot of noise from a 
scheme is virtually meaningless without putting it into 
context. By providing contextual information alongside 
sound, listeners can transition from simply experiencing 
noise to fully comprehending its impact. The appropriate 
use of visual material is key, but that is not to say that the 
most realistic, high-resolution video content should be 
selected for all situations. 

There is a vast amount of auralisation research that can 
be read. It is important to not only focus on digital audio 
processing and calibration procedures, but to also 
consider how an audio experience can be presented fairly 
and transparently. Some of the earliest research in this 
fi eld has helped to defi ne the di� erences that exist 
between the various sound perception states. These 
include listening, hearing, aurally perceiving and 
understanding, which are not necessarily synonymous. 
We are incredibly fortunate to live in a time where 
soundscape research is advancing so well and, year on 
year, a much greater understanding of the human 
perception of acoustic environments is being achieved. 
This, coupled with a boom in immersive technologies, has 
provided a rich and bountiful area for auralisation to 
mature into – but there is still signifi cant room for P18
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improvement. As we come to terms with new study areas 
such as non-acoustic factors (NAFs) and ecological 
validity, we expect to continue to refi ne and develop 
these procedures for some time yet. 

Towards the future of auralisation 
It is di�  cult to predict the future of auralisation with much 
certainty, but it is at least clear that digital innovation will 
continue to infi ltrate and disrupt nearly every aspect of 
our personal and professional lives. There is no doubt that 
people are more comfortable and familiar with immersive 
technology than ever before, and this trend will only gain 
pace. In considering this, we designed an interactive and 
immersive platform for the Heathrow Sound 
Demonstration project which enabled people to explore a 
variety of acoustic auralisations on airspace change, 
aircraft technology, and mitigation techniques. The 
demonstrations were toured, and hundreds of people 
entered the soundbooths to experience the 
demonstrations. Putting such a wide cohort of di� erent 
consultees through a VR experience was a daunting task, 
but the speed and ease in which members of the public 
embraced this technology surpassed our expectations. 
Individuals ranging in age from seven to 70 were able to 
pick up the head mounted display unit and immerse 
themselves with little need for further assistance. The 
participants clearly understood the issues that were being 
communicated, and could then easily provide their 
insights in the conversations that followed.   

The COVID-19 pandemic has signifi cantly accelerated 
the population’s acceptance of digital technologies such 
as these. In the case of transport sound demonstrations, 
people increasingly expect to be able to access 
immersive content and experience a wider number of 
scenarios associated with their local area.

Traditionally, tra�  c noise auralisation models for 
transportation schemes were based on audio recordings 
collected through costly site work. These audio 
recordings represented specifi c situations that related to 
a resident’s local environment, containing features such 
as tra�  c fl ow, composition, screening, and distance from 
the road. As each scenario required a new set of audio 
recordings to be taken, this method for creating sound 
demonstrations was highly infl exible and time consuming. 

To resolve these limitations, Arup developed an 
object-based audio for transport sound demonstrations. 
This approach represented each sound source as an 
‘audio object’ that could be positioned anywhere within 
the auralisation. With this technique, the 3D audio 
demonstrations could accommodate any situation and 

desired listening position – without the need for new 
audio recordings. This means that we can fl exibly auralise 
tra�  c noise, while accounting for attenuation over 
distance, air absorption, screening, doppler e� ects, 
mitigation measures, and tra�  c build up and fl ow. Our 
team can then represent the noise modelling results 
through an accessible, immersive experience that 
combined acoustic, visual, and contextual elements to 
enable everyone to form a holistic understanding of the 
project. Our auralisations are also verifi ed through a 
rigorous review process, with comparisons being made 
against real audio recordings to ensure validity. 

While there are still challenges left to overcome, the 
latest auralisation techniques are already delivering 
considerable benefi ts for transportation schemes by 
allowing them to become far more transparent and 
inclusive. This technology will only improve over time, and 
– as it becomes more widely available – we anticipate 
that the demand for immersive and experimental content 
will continue to grow. 
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What will it
sound like?

Immersive sound demonstrations can be used anywhere where there is a 
need to communicate and address concerns about noise or changes to the 

sound of an environment.

When we think about digital transformation in 
infrastructure, most of us will fi rst think about how 
data, plans and predictions are sorted and presented 
visually and interactively on a screen, likely using BIM 
principles to represent evolving built assets from 
planning through to construction.

However, in much the same way that BIM-powered 
visualisations can be used to help stakeholders better 
understand planned landscape and visual changes to an 
area resulting from new transportation infrastructure, 
auralisations or immersive sound demonstrations can help 
communicate what planned changes could sound like and 
how di� erent options or scenarios might compare.

Traditionally, when developers need to communicate 
these options, often with non-technical stakeholders, they 
use static text, tables and graphs, which can leave two 
key challenges to overcome for e� ective consultation:

1.  Help the stakeholder to understand key 
acoustic concepts 

In particular, the distinction between actual perceived 
changes in sound level and the measured/predicted 
di� erences in decibels. Relevant key concepts would be 
discussed in the written report, explained by the acoustic 
consultant face to face at events, or both. 
2.  Present the predicted changes in sound level and 

sound character relevant to the stakeholder in a 
non-technical way 

Traditionally, acoustic consultants have tackled this by 
using ‘noise maps’ made by plotting sound level contours 
over the project area geography. Each contour band is 
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colour coded to represent a di� erent decibel level. The 
contours might represent predicted overall change in dB 
or as absolute sound levels in dB as needed. The 
approach is applicable to rail, aircraft and roads and can 
provide a wealth of detailed information at a glance.

Noise contours can provide an understanding of the 
di� erences in sound level and potential impacts across a 
geographical area. However, they don’t always meet the 
second challenge above for e� ective consultation on 
how the sound environment will change. This is because 
when using the maps a stakeholder is required to 
understand how the contours and decibel values they 
represent relates to them and what they will hear in their 
home and everyday lives.

This is a very di�  cult leap of imagination for anyone to 
make and stakeholders can feel it is in their best interest 
to assume the worst when in any doubt about plans, but 
this is where Immersive technologies can help.

    
Future of project communications
Immersive sound demonstrations are being used 
increasingly across the transportation sector to address 
these key challenges. Prior to the pandemic, these were 
almost exclusively delivered in face-to-face local or 
private events across the industry. 

Immersive technologies provide surprising realism and 
life to the visualisations of future projects; whether 
represented as fl y-throughs or virtual reality (VR) 
experiences, they can o� er a powerful communication tool 
during in-person public consultations to help people make 
more informed decisions about what is being proposed.

I M M E R S I V E  S O U N D
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During the pandemic, the need to provide e ective 
consultation that was resilient to changing social 
distancing rules e ectively led to the adoption of the 
web-based virtual consultation room. An alternative to a 
traditional menu-driven website, the virtual consultation 
room presents and arranges consultation materials 
within a 3D representation of a community hall. 

Similarly, immersive sound demonstrations have also 
made the transition to a web-based delivery platform.

Sound demonstrations help people understand what 
planned infrastructure changes will sound like by 
listening to comparisons between di erent scenarios, 
such as ‘without’ and ‘with’ the completed project.

Case study
For example, AECOM delivered the recent Metrolinx 
Ontario Line Immersive Sound Demonstrations https://
www.ontariolinesoundstudio.ca/ . This enables site 
visitors to listen at selected key locations to the existing 
rail corridor, plus planned additional light rail movements 
that form the new Ontario Line. 

The listener can interactively switch on and o  the 
proposed sound level reducing barrier and compare the 
sound character of the new vehicles to the existing ones  
–  all in the context of the local acoustic environment. 

Crucially, explanations of decibel level changes, 
frequency dependence or expected changes in sound 
character are not required as they are inherently 
presented in the provided demonstrations. 

Such demonstrations assume a level of computer 
literacy and working sound. It is therefore important that 

they are considered from an accessibility point of view, 
including how to use the webtool. 

It is important to avoid replacing one di�  cult to 
understand concept (acoustics) with another in the form 
of webtools and widgets. 

Accessibility
Immersive technologies make the noise and visual 
impacts of transportation infrastructure easier to 
understand and can make plans more accessible to a 
wider audience. Technologies can be selected according 
to the project brief, budget and likely demographic of 
stakeholders to give users di erent levels of interaction 
and involvement. 

Major transport infrastructure proposals will always 
prompt people to challenge and infl uence the plans. 
Immersive sound demonstrations and other visual 
immersive technology can help to avoid misinformation 
and misunderstandings that can often exist in 
communities about the likely impacts of a proposal. This 
approach can help make plans more accessible to a 
wider demographic, allay fears, and improve the quality 
of the conversation. 

Examples of the Virtual Consultation Rooms 
used in transport sector:
https://caprimobility.exhibition.app/?aecomstaging
https://copmanthorpelx.consultation.ai/?aecomstaging
https://tfgmbusinesstravel.exhibition.app/?aecomstaging
https://ewr.consultation.ai/cust-exp/?aecomstaging

ALEX SOUTHERN PhD MSc BSc (Hons) MIOA, has been an 
acoustic research scientist for 15 years and is AECOM’s 
Auralisation Lead. He uses audio and software programming for 
acoustic engineering to demonstrate what a project will sound 
like before it is built. As a research scientist, Alex’s interests are in 
acoustic modelling and soundfi eld synthesis of indoor and 
outdoor environments – these methods calculate how sound 
moves through spaces and interacts with the environment, he 
devises ways for making those predictions audible so that people 
can listen. He has been responsible for delivering auralisations  
(sound demonstrations) for numerous major infrastructure and 
building projects and has authored more than 30 publications on these and related topics. He 
was awarded the IOA Young Persons Award for Acoustic Innovation and was the holder of a 
Royal Society Industry Fellowship that focused on advancing auralisation techniques for 
environmental and architectural acoustics. He is a member of the Institute of the Acoustics.
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Noise control 
measures for HS2

Above: HS2 route map

Dr Oliver Bewes EngD BEng MIOA, Head of Noise Assessment at HS2 
Limited, describes how specialists are managing the performance

and impact of HS2 as it makes its way north.

HS2 is a brand new, low carbon high-speed railway 
critical in supporting the UK’s economic growth and 
tackling of climate change. It will provide much-needed 
rail capacity across the country and is integral to 
increased economic growth in the Midlands and the 
north – it will help to improve connectivity in our towns 
and cities, create jobs and rebalance the UK economy. 

HS2 has committed to reduce noise and vibration from 
both the construction and operation of the railway as far 
‘as reasonably practicable’. In turn, we have made this 
commitment a contractual requirement of suppliers 
designing or building the high speed network. 

This article focuses on Phase One Civils designs 
because these are the most mature and looks forward to 
the ongoing work with our other contracts.

Construction of HS2’s fi rst phase between London and 
the West Midlands is well underway; supporting more 
than 20,000 jobs, with 2,000 businesses having already 
delivered work for the project, including many specialist 
acoustic practices and independent consultants. 
Assessment of noise and vibration is more active now 
than it has ever been on the project with teams managing 
noise from construction and designing operational noise 
mitigation across Phase One, developing the design and 
preparing for the start of construction of Phase 2a 
between the West Midlands and Crewe, and undertaking 
assessments as part of preparing draft legislation for 
Phase 2b, the western leg from Crewe to Manchester. 

Sharing information on the performance
of the railway
While the HS2 Phase One Act grants planning permission 
for the railway, some of the detailed designs are P24
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Above:
Approved noise 
barriers at 
West Ruislip Portal 
(Image courtesy 
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Partially transparent 
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Viaduct (Image 
courtesy of HS2 Ltd)
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subject to further approvals through Schedule 17 of the 
Act. As part of this, we are sharing information on HS2’s 
forecast noise emissions. The process has provided us 
with the opportunity to demonstrate how our 
commitments have led our contractors to optimise their 
designs to reduce noise as well as shrinking the railway’s 
carbon footprint and its physical size. 

‘Cranked’ noise barriers at West Ruislip Portal
Di� erent parts of a high speed train generate sound 
depending on how fast it is travelling. Above 250kph 
aerodynamic sound sources are important and sound 
from the pantograph (the arm reaching up to the 
overhead electricity wires) can be important if noise 
barriers are present. This leads to very di� erent design 
considerations for noise barriers for high speed operation 
compared to conventional railways where rolling noise, 
i.e. sound from the rails and wheels, is the main 
consideration in most situations.

In north west London, the railway leaves the outermost 
of its London tunnels at the West Ruislip Portal in 
Hillingdon. Here, trains will run at speeds of 320kph close 
to the community of Ickenham. So, our noise barrier 
designs submitted to the local planning authority had to 
demonstrate that noise has been reduced as far as 
reasonably practicable. 

Twelve di� erent designs of barrier were developed, 
which revealed that a ‘cranked’ barrier design (pictured) 
that slopes inward towards the train delivered the 
optimal performance. 

The crank moves the top of the barrier closer to the 
source of noise so that more noise reduction is achieved 
with less overall height. The shape also reduces the 
amount of noise refl ected back from the train over the 
top of the barrier and, therefore, provides an opportunity 
to reduce the amount of absorptive material required 
compared to a tall barrier.

The science that dictates the most e� ective noise 
barrier design not only improves on the noise reducing 
performance of earlier forecasts, but it also has the 
e� ect of creating a receding visual form that is more 
sympathetic to its surroundings. 

Partially transparent noise barrier
on Colne Valley Viaduct
HS2’s 3.4km viaduct across the Colne Valley on London’s 
north western outskirts will carry trains travelling at up to 
320kph across a series of lakes and waterways. 

We have been able to achieve our noise commitments 
by taking an innovative approach to the viaduct’s barrier 
design. However, the challenge was to reconcile our aim 
of providing noise control to the line with e� ective noise 
barriers on a structure in an open, green area while 
balancing it with enhancing the passenger experience 
by providing views across the lakes below. 

The speeds at which trains will traverse the Colne 
Valley viaduct (see image below) would have required 
conventional, tall noise barriers to meet our 
commitments, but such an approach would neither limit 
the structure’s visual e� ect or benefi t passengers.
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Below:
Wendover Dean 
Viaduct (Image 
courtesy of HS2 Ltd)
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The approved proposals for the viaduct include 
partially transparent noise barriers, up to four metres in 
height, which soften its visual appearance and provide 
passengers with a view from the train. The acoustic 
performance has been optimised by tilting the barriers 
inwards slightly and numerical boundary element 
techniques have been used to optimise the number of 
absorptive surfaces within the viaduct. 

Looking forward
Developing HS2 as an entire railway system enables us to 
design its constituent parts so that it is compliant with the 
overall strategic aims and commitments of the project. We 
have made good progress in ensuring that the design of 
the Phase One civils works will reduce noise as far as 
reasonably practicable. Focus is now moving to the rolling 
stock, the track and other railway systems. 

In 2020 we welcomed our slab track supplier, PORR UK 
Ltd, who are responsible for designing and manufacturing 
the modular pre-cast slab track that the railway will run on 
through surface sections of the route between Crewe and 
London. It will be drawing on its global experience of 
constructing slab track to design low noise track for HS2. 

We have also shared proposals for some of our 
ventilation shafts and headhouses that accommodate 
large fans that create air fl ow to regulate temperature in 
the rail tunnels below. Our Phase One Civils designers 
have carefully designed the shafts to deliver our noise 
commitments by providing su�  cient sound insulating 
construction of the headhouse walls, ceilings, doors and 
access hatches, allowing for su�  cient space within the 
headhouse to provide attenuators for the fans, optimising 
the orientation of the outlets to direct sound away from 
dwellings and allowing su�  cient space to provide a 
sound absorbing lining within the shaft’s chimneys. We 
are now preparing for railway systems contracts that will 
supply the plant and equipment that will be housed in 
these shafts. 

Our commitments apply throughout the lifetime of the 
railway and how we maintain the railway is key to 
achieving them. This means that we are developing a 
maintenance strategy for the railway to ensure that we 
maintain the level of noise exposure predicted during the 
design stages. 

We are also committed to monitoring the performance 
of noise control measures after the railway becomes 
operational and to take corrective actions if required. 
Developing HS2’s detailed monitoring strategy and will be 
a key activity in the coming years. 

DR OLIVER BEWES EngD BEng MIOA, is Head of 
Noise Assessment at HS2 Limited and works in the Technical 
Services Directorate, which is working to specify and assure an 
integrated railway that is bult safely, works for people and the 
environment. Oliver’s Noise Assessment team is responsible for 
developing and implementing HS2’s noise and vibration polices 
and requirements across all phases of HS2.

Wendover Dean Viaduct
E� orts to optimise the design to reduce materials and 
carbon can have a benefi cial e� ect on noise and visual 
appearance. On the 450 metre long Wendover Dean 
Viaduct in Buckinghamshire the design has been 
optimised to reduce its overall width by narrowing the 
distance between the tracks and reducing the width of the 
walkways. This revision to an earlier design has cut the 
amount of embedded carbon in the viaduct by some 7,400 
tonnes. It has also had the e� ect of moving the parapets 
of the viaduct closer to the tracks. Because the viaduct is 
elevated relative to the surrounding area, this means that 
its parapets will provide very e�  cient noise insulation. 

Changes to the Wendover Dean Viaduct’s design have 
delivered a sleeker appearance, reducing its visual a� ect, 
while enabling a reduction in the height of its parapets 
which are acting as noise barriers. 
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Aviation noise 
management and research

In this article, we refl ect on lessons learned from the 
pandemic experience and apply them to aviation noise 
management, identifying future challenges and tasks 
to consider.

Setting the scene
Pre-pandemic, aviation was growing, billions of pounds 
were being spent on reducing aviation noise at source 
and signifi cant e� ort was being made to reduce overall 
noise levels. The ICAO Balanced Approach to aircraft 
noise management was pursued.

Aircraft were getting quieter, operating procedures 
were improving and better mitigation/insulation was being 
introduced. It was recognised that noise management is 
at the core of planning, that noise had to be managed in a 
more sustainable and transparent way and both acoustic 
and non-acoustic factors need to be taken into account.
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By Nicole Porter, Robin Monaghan, Chris Wood and Jamie Easton, Anderson Acoustics Ltd
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But as the aviation industry starts to recover, we have 
an opportunity to reduce noise and build trust, leading to 
a more sustainable future for aviation. So, what are the 
challenges in evolving e� ective aviation noise 
management and its research?

The Airports Team at Anderson Acoustics had been 
considering some of the key challenges to developing 
e� ective aviation noise management before the 
pandemic. These had been presented in a number of 
papers (1, 2, 3, 4) and are summarised in the graphic below.

Throughout the pandemic, we listened to Government 
announcements, briefi ngs and scientifi c research fi ndings 
to increase our understanding of it and how it was being 
managed, to identify risks, understand how we were 
expected to behave and the consequences of our actions 
etc. Frequently, we applied the ‘so what?’ question and 
assessed what all the information actually meant to us 
personally. We asked ourselves if our own questions had 
been addressed in a way we understood and whether we 
trusted the answer.

References 
1 REGULATION (EU) No 598/2014 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 16 April 2014 on the establishment of rules and procedures with regard to  
 the introduction of noise-related operating restrictions at Union airports within a Balanced Approach and repealing Directive 2002/30/EC,

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32014R0598.
2 Coronavirus: The world in lockdown in maps and charts (BBC), https://www.bbc.co.uk/news/world-52103747
3 Coronavirus: ‘Profound’ mental health impact prompts calls for urgent research (BBC), https://www.bbc.co.uk/news/health-52295894
4 D. Sanchez, J. Naumann, N. Porter and A. Knowles, “Current issues in aviation noise management: A non-acoustic factors perspective”, Proceedings from ICSV 22,   
 Florence, Italy, 12-16 July 2015
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This experience led us to consider some lessons learnt 
about what may be important about e
 ective 
communication and information sharing:

Feedback and continued conversation
It is important to allow for feedback and continued 
conversation including the need for:  
•  clear evidence of opportunities to exchange and 

question the information;
•  open, honest dialogue, with admission of mistakes and 

what has been learnt from them;
•  willingness of those in power to be challenged and face 

critics; and
•  evidence of openness to listen to new ideas, with a 

demonstrated willingness to try things and 
challenge failure.
This is a vital part of the open engagement process, 

which is often overlooked and should be built-in to any 
two-way communication.

Recognising the importance of non-acoustic factors in 
e� ective aviation noise management 
Our level of individual response to the impacts of the 
pandemic has been dependent on many variables, such 
as di
 erences in coping strategies and thresholds, 
personalities, sensitivities, family support, levels of 
housing, access to outdoor space and so on.

It is therefore not surprising that the same is true of our 
response to other stimuli, such as environmental or 
aviation noise. There are many factors that determine the 
level of response and research suggests that, at best, only 
a third of the annoyance response to aircraft noise relates 
to sound level alone.

Considering annoyance due to aircraft noise as a 
technical problem is only addressing one side of the P28

In aviation noise management, a number of ways have 
been set up to allow open, honest conversations and 
identify the key questions that need addressing, including 
complaint help desks, community noise fora, engagement 
boards, stakeholder groups, consultations programmes, 
outreach programmes and other community relations 
activities. In addition, research methods to identify and 
understand issues can be adopted, such as social surveys 
and focus groups. 

E� ective presentation of the metrics 
and other information
Technological advances and increased capabilities have 
led to the development of new ways to present 
information in a more meaningful and tailored manner. It 
has been possible to present data at very detailed levels 
for a number of years now (grid level, postcode, property 
points), but the next challenge is how to manage these 
huge datasets while keeping the story clear and concise.

GIS and data analysis tools
Using GIS and data analysis tools enables the e
 ects of 
noise on the communities near an airport to be 
communicated in an understandable way and, when 
required, in a generalised way. Data analysis tools 
enables interaction using the data directly and compares 
di
 erent options in real time giving a clear message 
on how areas are a
 ected di
 erently. 

The next challenge is to evolve these visualisation tools 
and techniques to improve and present an understanding 
of the situation to help with noise management decisions, 
remembering that there is a need to use a variety of 
media to reach di
 erent audiences using appropriately 
levelled language and terminology.

Above:
Online map-based 
visualisation of 
scenarios and 
noise e� ects-multi-
platform potential – 
Example taken from 
Heathrow PEIR
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noise challenge and the industry needs to provide 
e� ective noise management with workable solutions for 
all stakeholders. Non-acoustic factors are signifi cant in 
determining the level of annoyance to aircraft noise 
events and must be given a raised priority in the design of 
noise management strategies. Pre-pandemic, our work 
focused on the specifi c challenge of understanding the 
role of non-acoustic factors and how to integrate these 
within an airports noise management strategy⁴. But, have 
expectations and attitudes now changed? And could this 
result in a new baseline for future assessment 
comparisons? A key challenge now is to consider whether 
mitigating these non-acoustic factors can actually reduce 
impacts and improve health outcomes.

A new approach to understanding community attitudes 
to aircraft noise on a relative or comparative basis would 
also enable researchers and policymakers to gain greater 
insight into the underlying infl uences on attitudes and 
tolerances and their [realistic] preferences for future 
aircraft noise and any other associated consequences 
that are judged important by communities.

The EU project, ANIMA,⁵ is looking at the 
understanding of the role of non-acoustic factors in 
aviation noise annoyance, with the project focused 
around how to alleviate the annoyance endured by 
communities through non-acoustical factors rather than by 
lowering noise itself. In the work, the researchers regard 
communication as an intervention in its own right.

There is an important challenge of improving our 
understanding the role of non-acoustic factors and how to 
integrate these e� ectively within an airport’s noise 
management strategy moving forward. The pandemic has 
demonstrated how we need to evolve as circumstances 
change, using research outcomes and advanced 
technology to our mutual benefi t.

Developing and evaluating 
e� ective interventions 
One defi nition of intervention is: the act of interfering with 
the outcome or course especially of a condition or 
process (as to prevent harm or improve functioning). 

When considering the e� ectiveness and value of noise 
reduction interventions against impacts from exposure to 
aviation noise, questions could be both in terms of 
acoustic or quality of life impacts reductions as well as 
(optimistically) improvements in health outcomes and 
tolerance. This, of course, relates to meeting an agreed 
objective for any noise management actions. 

Investing in mitigation
The aviation industry is under fi nancial pressure and, 
when in a position to move forward with investing in 
mitigation, it must consider the most cost-e� ective 
intervention options. Research is lacking in this area; do 
airports really know if their mitigation e� orts are/were 
reducing overall impacts? For example, airports have 
spent considerable sums on noise insulation, but how 
e� ective has this been? Has this intervention met (or does 
it continue to meet) the needs demanded of it? 
A challenge, therefore, is to enable the aviation industry to 
make informed decisions on how best to spend its 
reduced funds in controlling its noise impacts.

Interventions
The development and roll out of the vaccination 
programme has been deemed a success. The pandemic 
has taught valuable lessons on what constitutes an 
e� ective intervention (a vaccine). Intervention 
e� ectiveness is best evaluated over a timeline before 
and after the intervention has been implemented. This 
requires longitudinal studies to establish baselines 
(acoustic and non-acoustic) and related changes. 
This o� ers the chance to evaluate baseline data and 
establish the characteristics of the ambient or 
background noise environment. For example, we can 
continue to monitor and collate data on the noise 
environment for later analysis, but we are missing out on 
collating information on current and passing attitudes, 
opinions and other subjective perceptions, wellbeing or 
quality of life data. The research fraternity have been 
crying out for longitudinal studies to better study change 
(far superior in many ways to cross sectional analysis), 
but now we have that chance, we might be missing the 
boat – a lost opportunity. This needs to track the 
changing trends as they happen, on a regular basis.

Challenge: establishing a new baseline
(a new normal?)
The average daily fl ights at Heathrow in March 2020 
reduced by more than 85% compared to 2019, and 
complaints, on average, were down by 50%, so, have 
expectations and attitudes changed as a result of 
the pandemic? 

In its aviation noise lockdown survey⁶, ICCAN 
reported that: 
•  Of those surveyed, those bothered by aviation noise 

during the day and evening fell from 66% before 
lockdown to 28% during lockdown. 

•  48% of respondents agreed that they do not mind if 
aviation noise goes back to what it was before 
lockdown, while 38% disagreed. 

•  66% of respondents agreed that the environment 
should be given higher priority than supporting the 
recovery of the aviation industry, while only 
15% disagreed.

Tracking people’s views about the impact of noise on 
them will be crucial in building a sustainable recovery, 
where noise and its e� ects are at the heart of decisions 
about aviation. 

Changing expectations
Will there be a new baseline to use in future assessment 
comparisons as a result of changes in expectations and 
attitudes? If so, how will this be defi ned, and will it 
change as we move to a ‘recovered state’? This has 
far-reaching implications, particularly in how we assess 
the impacts of change in the future, which is very 
pertinent for planned airspace change. Such 
assessments not only need to look at overall noise 
levels, but also the change in noise exposure that 
di� erent communities might experience. 

References 
5 https://anima-project.eu/
6 ICCAN survey on people’s experience of aviation noise during lockdown, October 8, 2020, https://iccan.gov.uk/aviation-noise-lockdown-survey/
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Increasing our understanding of e� ects of 
noise from future airspace design and use 
The pandemic has demonstrated how we need to evolve 
as circumstances change, using research outcomes and 
advanced technology to our mutual benefi t. Airspace has 
to be managed so that those using it can do so safely and 
e  ciently. The reformation of UK airspace policy aims to 
make the most of advances in technology while helping to 
manage negative impacts, such as noise. Changes to the 
design of UK airspace are proposed by an airspace 
change sponsor (anyone can become an airspace change 
sponsor and CAP 1616⁷ is a CAA document that sets out 
the process for change sponsors to follow). 

The modernisation includes the use of Performance-
Based Navigation (PBN), which is a capability meaning 
that aircraft can now be fl own much more consistently on 
specifi ed paths; giving the airport greater control over the 
noise impacts of aircraft. Purported benefi ts of PBN 
include savings in fuel and fuel burn, e� ective ending of 
holding stacks and decreased delays.  
However, PBN raises issues such as:
• concentration vs dispersion; 
• what constitutes sharing and fairness; 
• what is relief; 
• how to deal with di� erent areas of population density;
• how to deal with a new noise; and 
• how to provide consistency. 

It is likely that the noise implications of airspace design 
principles are not fully understood, and we need to 
consider how we design sustainable airspace to share the 
benefi ts of PBN. The challenge is to develop this 
understanding and, in doing so, learn how to incorporate 
e� ective airspace optioneering and evaluation tools. This 
needs to consider best practice on noise envelopes and 
the implementation of EU 589¹. 

E� ective respite strategy – has our 
appreciation of respite changed?
The impacts of using PBN capability depend on how it is 
used through adopting di� erent:
• routes;
• alternation/respite procedures;
• dispersion patterns; and
• operating procedures.

In particular, it gives added impetus to assessing the 
value to residents of sharing aircraft noise between 
communities so that at any given time, some communities 
experience respite (i.e. airport-managed perceptible relief 
from aircraft noise). The concept of providing respite from 
aircraft noise has taken on increasing importance as a 
useful and e� ective strategy for providing a break from 
aviation noise. Another key challenge, therefore, is to 
consider how to introduce an e� ective respite strategy.

Heathrow Airport Ltd (HAL) identifi ed a need to improve 
its understanding of respite from aviation noise, and 
Anderson Acoustics worked with them on their respite 
research work programme. The overall objective was ‘to 
better understand the key characteristics of an e� ective 
respite strategy for Heathrow Airport and its local 

communities, consistent with e  cient operations’. 
Some of this work has now been published.⁸

But has our expectation or appreciation of respite now 
changed as a consequence of the pandemic? For some, 
the pandemic brought about a change or a respite from 
normal busy life. Many enjoyed the peace brought about 
by cessation of intrusive environmental noise. Of course, 
respite from a stimulus such as environmental noise can 
be time, situationally and personally dependent (the 
non-acoustic factors). Its importance and perceived 
benefi t may have changed over time as the impact and 
implications for the reason for ‘respite’ evolved, such as 
those due to habituation and adaptation, personal impacts 
of conditions leading to this respite etc.

An important challenge is therefore to continue the 
work into understanding e� ective respite and how to best 
implement an e� ective respite strategy in designing 
future airspace.

Reset priorities to refl ect post-covid need
In 2017, Anderson Acoustics was involved with HAL and its 
work with other airports, in partnership with ACI-Europe, to 
consider how best to infl uence the international research 
agenda – ultimately aiming to enhance the quality of life 
around airports and recognising the need to focus on the 
local communities. Together, we presented a research 
roadmap to identify research gaps and to build consensus 
on priority areas for study⁹.
   It may now be time to reconsider and reenergise the 
elements of the research roadmap  –  discuss and reset 
priorities with interested stakeholders and to develop a 
strategic plan to help on the road to building back better, 
using scientifi c evidence to underpin decisions.

We need to consider how we help build knowledge for 
the future, how best to protect the future health, wellbeing 
and quality of life for us and others, and consider what 
scientifi c evidence we need to make informed decisions 
in the future. 

www.andersonacoustics.co.uk

References 
7  CAP1616: Airspace change: Guidance on the regulatory process for changing the notifi ed airspace design and planned and permanent redistribution of air tra  c, and on 

providing airspace information, CAA, March 2021, https://publicapps.caa.co.uk/docs/33/CAA_Airspace%20Change%20Doc_Mar2021.pdf
8 Heathrow’s Respite Research,  https://www.heathrow.com/company/local-community/noise/making-heathrow-quieter/respite-research
9 N Porter, R. Norman “Research Roadmap for Aviation Noise”, Internoise 2018, Chicago 2018.

Understanding respite

air.indd   29 17/01/2022   12:28

http://www.ioa.org.uk
http://www.andersonacoustics.co.uk
https://publicapps.caa.co.uk/docs/33/CAA_Airspace%20Change%20Doc_Mar2021.pdf
https://www.heathrow.com/company/local-community/noise/making-heathrow-quieter/respite-research


On the right track

Above:
Figure 1: Wheel-
rail rolling noise is 
the railway sound 
source with the 
largest extent of 
environmental 
impact

The impact of noise from transport on the environment and public health has 
received increased attention over the past decade, including the 2020 

European Environmental Agency (EEA) ‘Environmental Noise in Europe’¹ 
report, which provides detailed insights to noise exposure, impacts on 
humans and wildlife, and the actions being taken to reduce exposure.

In terms of impacts on humans, exposure to noise can 
result in annoyance as well as health issues such as 
stress and sleep disturbance. Across the EU, the EEA 
estimates that 113 million people live in areas of high 
road tra�  c noise and 22 million people are impacted by 
railway noise. While the scale of rail noise impact is 
signifi cantly less than road tra�  c noise, there is 
potential for this to increase with faster and more 
frequent trains.

Di erent sources of rail noise
Environmental sound from railways comes in many 
di  erent forms. The characteristic sound of passing trains 
is made up from a number of di  erent sources and is 
strongly dependent on speed. When a train is at low 
speed or stationary, the sound from diesel or electric 
motors, exhausts, cooling fans, braking equipment, and 
heating/ventilation equipment are typically the loudest 
sources. At speeds greater than about 50 km/h, sound 
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from the wheels and rails is the main component. This is 
known as wheel-rail rolling noise and is due to the small 
undulations (or ‘roughness’) on the running surfaces of 
both the wheels and rails. As the wheels roll over the rails, 
the combined roughness causes these components to 
vibrate and radiate sound. Above 250 km/h, rolling noise 
is gradually swamped by aerodynamic sound as turbulent 
air fl ow around the train increases. 

Historically, the replacement of joints in the rails by 
tracks with continuously welded rails (CWR) has removed 
the distinctive ‘clackety-clack, clackety-clack’ noise from a 
moving train, but sounds from the impact of the wheels on 
gaps in the rail occur at other types of rail joints and at 
switches and crossing (the sections of rail which allow a 
train to move from one track to another). Good design and 
maintenance are the bests ways to minimise the sound 
from these. 

In addition to the sound of passing trains, other railway 
sounds include audible warnings (such as train horns; 
level crossing alarms and trackside warning systems); 
maintenance activities; lineside equipment
(e.g. transformers) and public address systems at stations. 

Controlling sound at source
All of these sounds vary in how loud they are and the 
character of the sound. The sound character can include 
the ‘pitch’ of the sounds; for example, compare the 
high-pitched squealing noise from trains or trams on tight 
curves with the low-pitched hum of a transformer 
associated with power distribution equipment. How the 
sound varies with time can also a  ect the character, for 
example, sounds that vary with pitch or volume and those 
which are steady. 

R A I L 

References 
¹ https://www.eea.europa.eu/publications/environmental-noise-in-europe
² http://www.extrium.co.uk/noiseviewer.html
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Above left:
Figure 2: Trackside 
audible warning 
systems must 
also consider the 
noise impacts on 
properties beside 
the railway

Above right:
Figure 3: Noise 
barriers can be 
used to control 
environmental 
railway noise
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The impact of these sounds on the railways’ neighbours 
can lead to complaints. For many of these sound sources, 
the assessment of the impact of the noise and how to 
control it are often complex. While noise barriers can be 
used for reducing the sound from passing trains, the 
control of the sound at source can also be e� ective. 
These controls can include maintaining low levels of 
roughness or fi tting rails and wheels with vibration 
dampers for controlling wheel-rail rolling noise. For the 
squealing noise on tight curves, a noise barrier can 
reduce the sound level but the disturbing character of the 
sound remains. Control at source is usually a better 
solution in this case, typically in the form of rail lubrication 
and/or friction control, or tuned dampers on the wheels.

Environmental noise impact
To address the environmental noise impact of operating 
railways, there have been developments in EU legislation 
and regulation. This includes the Environmental Noise 
Directive (END) which requires noise maps to be 
produced every fi ve years for rail, road, airport and 
industrial noise sources. In 2019 the third round of maps²
was published. In association with the maps, rail 
authorities (in the UK these are the Department for 
Transport, O�  ce of Rail & Road, and Transport Scotland) 
are required to investigate population exposure and 
locations with the highest noise exposure, leading to the 
implementation of noise management action plans. 

A positive side-e� ect of a change in Network Rail’s 
track grinding strategy to address rolling contact fatigue 
has been a reduction in environmental railway sound. The 
grinding resulted in lower levels of roughness on the rails 
of main railway lines and hence less wheel-rail rolling 
sound. This has become a useful UK response to END by 
demonstrating the benefi ts of rail grinding. Further 
reductions could be achieved from acoustic-specifi c 
grinding rather than that targeting rolling contact fatigue.

Additional regulations include noise limits for new 
rolling stock contained within the technical specifi cations 
for interoperability for both conventional and high-speed 
trains, and the implementation of track access charging 
schemes that include noise penalties.

HS2
High Speed 2 has kept many acousticians busy over the 
last few years as they address the challenge of controlling 
the noise and vibration from trains travelling up to 
360km/h for the environmental assessment stage of the 
parliamentary approval for the scheme. Future work 
during detailed design and the management of the 
construction process will also test the industry’s expertise 
and collaboration. 

Vibration
Vibration from railways can also be an issue, particularly 
for sub-surface tracks where the vibration propagates 
through the ground into buildings close to the line. This 
typically results in a low-frequency rumble noise and, less 
commonly, feelable vibration. Options for reducing these 
ground-borne e� ects include railway tracks with resilient 
elements or vibration isolation of a building or specifi c 
room within a building.

Sound demonstration
For projects involving new or altered railways, immersive 
technology is increasingly used to review what the scheme 
will look and sound like before it is built. Listening to the 
sounds generated from di� erent designs and mitigation 
methods helps to manage the expectations of stakeholders, 
including the public. These sound demonstrations work in a 
similar way to ‘surround sound’ with headphones or a group 
of loudspeakers enabling listeners to perceive sound 
sources at the desired sound level and the desired direction 
and distance. The demonstrations allow listeners to engage 
with a simulated soundscape by enabling them to listen as 
well as critically locate and judge individual sound sources.

Signifi cant advances in sound and vibration prediction 
techniques and monitoring systems in recent years have 
helped to address current and future noise from railways. 
However more work is required as we strive to make life 
better for those 22 million EU citizens who are directly 
a� ected by railway noise. 

References 
¹ https://www.eea.europa.eu/publications/environmental-noise-in-europe
² http://www.extrium.co.uk/noiseviewer.html
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E D U C A T I O N

The regulation, measurement, prediction, and assessment of transport noise 
are covered comprehensively in the syllabus and course notes for Institute of 

Acoustics’ Diploma in Acoustics and Noise Control.

IOA Education and 
Training in Transport Noise

Prior to 2008, the Diploma had a specialist module 
devoted exclusively to transport noise, but as part of a 
restructuring in 2008, this has been superseded by the 
Environmental Noise: Measurement, Prediction and 
Control module (EN) that addresses transport noise 
along with many other environmental noise sources.

The Diploma has compulsory ‘foundation’ modules:
•  General Principles of Acoustics (GPA) and 
•  Laboratory and Experimental Methods (LEM) which 

are followed by a choice of two specialist 
modules including: 
°  EN, 
°  Building Acoustics (BA), 
°  Regulation and Assessment of Noise (RAN) and 
°   Noise and Vibration Control Engineering (NVCE) 

and, fi nally, by a compulsory 
°  Project module. 

As indicated in the table on the facing page, as well as 
the EN module, content relevant to transport noise is to 
be found in the GPA, LEM and RAN Modules. 

Project module
The project module is an important part of the IOA 
Diploma, since it is intended to demonstrate that 
diploma candidates can use the skills and knowledge 
from the other Diploma modules to investigate an 
acoustics problem or a vibration problem, and to write a 
competent report on their investigations within an 

By Professor Keith Attenborough, IOA Education Manager

agreed time scale. The research and innovative 
elements of the project contribute to the postgraduate 
level of the Diploma. 

Many Diploma projects have been concerned with 
aspects of transport noise. 

Here are nine examples from the pandemic-a� ected 
2020 submissions:
•  The auditory masking of tra�  c noise using 

water features.
•  Road tra�  c noise  –  measurement vs prediction.
•  An investigation into the validity of the ground cover 

correction in calculation of road tra�  c noise (CRTN).
•  Improving transmission loss of a train drivers cab/

saloon partition. 
•  Analysis of uncertainty of environmental 

noise measurements.
•  Investigation of CRTN shortened 

measurement methodology.
•  A review of road tra�  c noise control measures for 

noise action plan priority area, Abergele.
•  An investigation into the e� ects of vegetation in 

highway noise attenuation. 
•  Driving decibels.

Transport Noise in Certifi cate of Competence 
in Environment Noise Measurement
One of the IOA fi ve-day short courses, Certifi cate of 
Competence in Environment Noise Measurement (CCENM), 
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addresses several aspects relevant to transport noise viz:
• The measurement of transportation noise levels,

according to BS 7445, Description and measurement
of environmental noise.

• Part-1:2003, Guide to quantities and procedures.
• Part-2:1991, Guide to the acquisition of data pertinent

to land use, noise indices and specifi c measurement
methodology appropriate to rating and assessment
methods for road tra�  c noise and, specifi cally, the
measurement method in CRTN, including its method
for combining LA10 measurements, and the
measurement method in calculation of rail
noise (CRN).

Online video transport noise refresher
A blended learning version of the Diploma has been 
created based on videos using slides and audio 
commentaries drafted by Diploma tutors and illustrated 
and animated by an editor. So far, there are nine videos 
for GPA, seven for BA, seven for EN, fi ve for RAN and six 
for NVCE. A further fi ve videos are being made for 
NVCE. A new form of education and training o� er from 
the IOA will comprise refresher video courses created by 
reusing and repackaging parts of the blended learning 
version of the Diploma. One of the fi rst such video 
packages to be produced will be on the topic of 
transport noise and created by amalgamating the RAN 
video on transport noise with the EN videos on road 
tra�  c, railway and aircraft noise. 

Links
For further information on the Diploma email: education@ioa.org.uk
Or call the IOA o�  ce on: +44 (0) 300 999 9675 (UK)

MODULE TRANSPORT NOISE-RELATED CONTENT

General 
Principles of 
Acoustics

Regulatory issues.
E� ects of noise and vibration on humans and human activity.
Indices and methods of assessment of noise and 
vibration exposures.

Laboratory and 
Experimental 
Methods

The practical requirements and di�  culties which arise when 
carrying out a programme of acoustic measurements.
The main sources of uncertainty in acoustic measurements, their 
relative importance and the ways in which they can be quantifi ed 
and managed to achieve research objectives.
The various ways in which raw data can be processed to arrive 
at parameters for comparison with previous research results, 
legislative requirements and theoretical predictions.
Appropriate ways to report and present acoustic research 
fi ndings to a variety of technically aware audiences.

Environmental 
Noise: 
Prediction, 
Measurment and 
Control

Prediction and measurement of tra�  c noise including 
the e� ects of tra�  c fl ow rates, tra�  c mix, highway layout,                 
screening (barriers).
Vehicles as noise sources: engine noise and rolling noise.  
Methods for reduction of vehicle noise.  
Regulations, standards and guidelines concerning motor 
vehicles, tra�  c noise, land use planning, insulation of dwellings 
and road tra�  c noise prediction.
Prediction and measurement of railway noise. 
Trains as noise sources: diesel engine, gas-turbine and electric 
traction motor noise. 
Rail-wheel interaction noise. 
Control of noise from trains.  
Noise within trains.  
Noise and vibration from underground trains. 
Noise insulation regulations and calculation of railway noise.
Prediction and measurement of aircraft noise: PNdB, EPNdB, 
NNI, LAeq,16h.

Overview of aircraft noise sources. 
Noise from taxiing and auxiliary power unit (APU) operations. 
Noise from general aviation activities, noise from military aircraft. 
The noise certifi cation process. 
Brief overview of noise control in aeroengines. 
Noise control/management strategies at UK airports. 
Legislation and standards relevant to aircraft and airport noise.
Government approach to transport appraisal. 
Multimodal impact studies to assess complex transport proposals. 
Comparison of WebTag and design manual for roads and bridges 
(DMRB) approaches.

Regulation and 
Assessment 
of Noise

Review of Environmental Noise Directive 2002; principles of noise 
mapping – inputs, outputs, limitations of noise maps; small- and 
large-scale applications of noise mapping; noise mapping England 
– the London noise maps; Birmingham noise maps; good practice 
guide for strategic noise mapping. Noise indices for mapping. 
Review of noise prediction models, including design manual for 
roads and bridges (DMRB).
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THE SCIENCE OF SOUND, ITS PRODUCTION, TRANSMISSION AND EFFECTS

FOR MORE INFORMATION:
Institute of Acoustics, Silbury Court, 
406 Silbury Boulevard, Milton Keynes MK9 2AF
E: ioa@ioa.org.uk  T: +44 (0)300 999 9675  www.ioa.org.uk   

What’s so 
useful about 
acoustics?
WHAT’S IT ABOUT?
Acoustics is the interdisciplinary science that deals with the study of all 
mechanical waves in gases, liquids and solids including vibration, sound, 
ultrasound and infrasound.

Many people think that acoustics is strictly musical or architectural in 
nature. While acoustics does include the study of musical instruments 
and architectural spaces, it also covers a vast range of topics including: 
noise control, SONAR for submarine detection, ultrasound for medical 
imaging, thermoacoustic refrigeration, seismology, bioacoustics and 
electroacoustic communication.

Professional acousticians use their expertise to work in a huge variety of 
fields – from the design of a recording studio or smart phone audio apps 
to environmental and workplace noise measurement and control, and 
from the assessment of wind farm noise, to car and jet engine design, to 
name just a few.

WHAT IS THE IOA?
The IOA is the UK’s professional body for those working in acoustics, 
noise and vibration. It’s a British professional engineering institution 
founded in 1974.
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In June 2021 a joint report about careers provision called ‘Securing the Future’¹ 
was created. It calls on Government to invest £40million to improve access to 

careers provision for school and college students in England, enabling more of 
them to understand the opportunities available in STEM (science, technology, 
engineering and maths). careers, and so support the drive to build back better 

and ‘level up’ across the UK in a post-pandemic world.
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For many young people, their view of careers in 
transportation may be limited to pilots and cabin crew, 
toll or ticket booth operators, rail ticket inspectors and 
train drivers. 

They may consider construction workers, but are less 
likely to mention the engineers involved in the design of 
bridges, airports, railway signaling, tunnel safety, 
environmental specialists and all the other specialists 
involved with the design and maintenance of airports, 
railways and highways.

This is the problem, young people are unlikely to want a 
job that they don’t know exists, not only within the 
transportation industry, but for all careers in STEM. This is 
even more of a problem for minority, underrepresented 
groups, such as female or BAME students, as there are 
fewer models within the industry.

Careers in transport acoustics
The world of acoustics is no di� erent. Young people study 
sound in the school science curriculum and many have an 
interest in music, but may not appreciate that careers in 
acoustics exist. They could help to design a concert hall 
or airport, they could improve speech recognition in 
technology, they could improve people’s lives by making 
homes close to a new road or railway quieter, or they 
could work to protect ocean life from the sound of 
underwater drilling. P38
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ACOUSTICS
A SOUND
CAREER

If you want a
career that mixes
people, science
and engineering,
then head to the
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2019
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The road to a career 
in transport acoustics
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How Does Our Environment Sound?
Binaural recordings, mobile measurement systems, (psycho-) acoustic analyses with 
HEADscape, standardization (DIN ISO 12913): Pioneering soundscape innovation 

that evaluates ambient noise quality holistically – only with HEAD acoustics.

For further information and enquiries please email us at 
HEAD acoustics UK: Sales-UK@head-acoustics.com

www.head-acoustics.com    
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The Institute of Acoustics (IOA) is well aware of this 
and has taken numerous steps to try and ensure that 
there is a suitably qualifi ed, enthusiastic and engaged 
workforce of the future coming through to meet the 
challenges and opportunities ahead. The IOA joined 
forces with the UK Acoustics Network (UKAN) to publish 
the Sound Economics Report highlighting the value of 
the subject to the UK and acting as a rallying cry for 
appropriate recognition and support. The IOA has also 
created content to inspire more young people into 
acoustics such as the careers video (https://player.
vimeo.com/video/405077521) and careers guide 
(https://tinyurl.com/jdecjxyd) to let young people know 
about the large range of careers that are available to 
them in acoustics, from transportation projects to concert 
halls and underwater acoustics. And members of the IOA 
have created a suite of helpful lesson plans, educational 
videos and supporting content for STEM activity in 
schools and colleges.

Home-schooling resources
This is a great start but key to the long-term health of the 
industry is a sustained e� ort to get acoustics fully 
embedded into STEM learning carried out in schools on 
year-in, year-out basis. When the COVID-19 pandemic 
fi rst hit the IOA had this in mind when it quickly reacted 
to the situation of home-schooling by working with the 
ANC to collate useful information into the joint home-
schooling resources (https://www.ioa.org.uk/anc-and-
ioa-home-schooling-resources-help-inspire-young-free-
download).

However, with such a wide variety of STEM topics and 
STEM resources available it is important that the IOA 
continues to work closely with as many external 
organisations as possible in order to achieve the kind of 
outreach that can make a real di� erence.

Linking science to careers
For several years the IOA has been involved with 
Edinburgh Science, sponsoring the delivery of workshops 
in primary schools, and supporting live and virtual STEM 
‘Careers Hive’ events. In addition, the IOA has been 
working with STEM Learning on national and local virtual 
careers fairs, such as the Illuminating STEM Careers Fair 
and Crawley STEMFest; securing a permanent home for 
the content on the STEMHub website (https://www.
thestemhub.org.uk/)

Additionally, the IOA (and Pete Rogers in particular) have 
worked closely with the Institute of Sound and Vibration 
Research (ISVR) and the Winchester Science Centre to 
convert their entire exhibition space into an arena devoted 
to sound, coinciding with the 2020/2021 International Year 
of Sound. More recently, the IOA supported Winchester 
Science Centre Festival with their focus on sound over the 
October 2021 half term. This included the provision of 
support materials and volunteers, to help link the fun 
science to real people and careers.

The wonderful world of acoustics
As things get more normal after the pandemic, the IOA is 
keen to support volunteers who will go back into schools to 
work with teachers on increasing the quantity and quality 
of acoustics-based activities and lessons. It is important to 
embed engaging material aligned to the national 
curriculum that can easily be delivered by all schools.

The IOA will also increase its collaboration with 
organisations such as Edinburgh Science, the Winchester 
Science Centre, Engineering UK, the Royal Academy of 
Engineers and STEM Learning to improve the range and 
diversity of its outreach work and to continue spreading 
the word about the wonderful world of acoustics. 

MATT MUIRHEAD chairs the IOA STEM committee and sits on 
the Future Acousticians Committee of the ANC. In these roles 
he uses his 18 years of experience in the industry to help 
coordinate STEM outreach with other organisations and 
galvanise them into helping deliver the promotion of acoustics. 
Matt is also an experienced STEM ambassador who delivers on 
providing social value through his ongoing work with schools 
and STEM learning. He is always looking for the next engaging 
acoustics-based activity that helps showcase the excitement 
inherent in the discipline.

VICKY WILLS works in the Atkins Acoustics, noise and vibration 
team, which she joined in 2001 as a placement student, from the 
University of Salford. For fi ve years, until early 2021, Vicky was the 
National STEM Coordinator for Atkins, and was the main point of 
contact for school outreach for Atkins in the UK.
She is a member of the IOA Council, as well as the STEM 
Committee, and is the Chair of the Future Acousticians Committee 
of the ANC. She is keen to use her knowledge of STEM from her 
role at Atkins to improve STEM outreach for acoustics industry.

Above:
Illuminating STEM 
careers fair
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Building quieter transmission systems 
starts with designing quieter gearboxes. 
Noise, vibration and harshness (NVH) 
testing is an important part of the process, 
but you are not limited to conducting 
physical experiments. To improve gearbox 
designs well before the production stage, 
you can perform vibroacoustic analyses 
using simulation software.

learn more comsol.blog/NVH-simulation

SIMULATION CASE STUDY

How noisy 
is this 
gearbox 
design?

The COMSOL Multiphysics® software is used for simulating designs, devices 
and processes in all fields of engineering, manufacturing and scientific research.
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Salutogenic living: 
Moving from noise control to soundscape design

Sound a� ects everything we do. It is fundamental to the health and 
wellbeing of all life and is a crucial building block for civilisation.

40 IOA TRANSPORT NOISE SUPPLEMENT
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Before the onslaught of visual media, the importance 
of sound, hearing and listening was understood to be 
critical to life. But in modern life we are continually 
bombarded by noise – defi ned as unwanted sound 
– and hearing has, for many, been subjugated to the 
visual and other senses.

But understanding how to design better sounding 
environments has never been so critical. Against the 
backdrop of sustainable urbanisation (e.g. 20-Minute 
Neighbourhoods, the Blue Green City, and socially and 
environmentally-just planning) – more people needing or 
having to work from home, the desperate need for more 
and better quality housing and the acute awareness of the 
direct link between the quality of our indoor and outdoor 
environments and our quality of life – how places sound is 
paramount to achieving sustainable and salutogenic living.

UK overarching noise policies (the Noise Policy 
Statement for England, the Noise and Soundscape Action 
Plan 2018 to 2023, and the Noise Policy Statement for 
Northern Ireland) focus on reducing negative 
environmental impacts and improving quality of life, and 
salutogenic design focuses on creating health-promoting 
environments. The link between noise and health has 
been well documented. As stated by the World Health 
Organization (WHO), ‘noise can disturb sleep, cause 
cardiovascular and psychophysiological e� ects, reduce 
performance and provoke annoyance responses and 
changes in social behaviour.’ WHO research has found 
that, ‘at least 100 million people in the European Union 
are a� ected by road tra�  c noise…[and] in countries of 
western Europe alone at least 1.6 million healthy years of 
life are lost as a result of road tra�  c noise,’ and that ‘the 
burden of disease from environmental noise [is] the 
second largest after air pollution.’

‘Sound’ or ‘noise’
Given the scale and impact of the problem, the need to 
reduce noise pollution is generally undisputed. However, 
challenges arise in practice because the human response 
to sound is perceptual in context rather than solely based 
on objective levels. For example, music can be uplifting or 
relaxing but can also be deemed ‘noise’ if played when 
trying to concentrate on a complex task. Likewise, a loud 
sporting event might be fun and exhilarating for those 

attending, but a barely audible dripping tap can be highly 
annoying and di�  cult to ignore.

However, there can be the temptation to fi xate on 
sound levels, measured in decibels, and noise mitigation 
to the exclusion of all else. While this approach reduces 
some of the e� ects of noise pollution its limitations have 
been identifi ed by experts and the WHO noting that ‘at 
least one-third of the variance in response to noise is due 
to factors other than the objective sound level’. BS 
4142:2014+A1:2019, an established British Standard that 
can trace its origins to the 1963 Wilson Report, recognises 
that, ‘Response to sound can be subjective and is a� ected 
by many factors, both acoustic and non-acoustic.’ These 
‘other factors’ may include, for example, attitude to the 
sound source, expectations regarding the sound and what 
seems reasonable in context, and the ability to control the 
sound or one’s exposure to it.

Soundscape standards
In environmental planning and design, the human 
response to sound is estimated by acousticians and 
practitioners based on established standards, guidelines 
and professional judgement. However, there can be a 
wide variation in the population’s response to sound in 
context and it can be extremely di�  cult to accurately 
assess how individuals will respond to various scenarios, 
and equally di�  cult for individuals to know how they will 
respond to sound environments they may not have 
previously experienced. Equally, if one has had a negative 
experience of a sound environment it can be di�  cult to 
believe that any proposed interventions can change that 
negative experience.

International soundscape standards have been 
developed to address these issues and complement the 
existing environmental noise control policies and 
standards. While the concept of soundscape can be used 
to describe a type of sound art, in the context of acoustic 
standards ‘soundscape’ refers to the acoustic (or sound) 
environment of a place, like a residential area or a city 
park, as experienced and/or understood by its users. It 
can be understood as the acoustic equivalent to 
‘landscape’, and includes all sound sources, wanted as 
well as unwanted. Managing the sounds of places can, 
therefore, be referred to as ‘soundscape planning’.
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DANIEL GOODHAND is a sound, noise and vibration expert. 
He is a council member of the Institute of Acoustics and 
Chairman of the Publications Committee. Daniel is owner/
manager of Goodhand Acoustics Ltd, a member company of 
the Acoustics and Noise Consultants (ANC).
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While it is understood by acoustic professionals that the 
diª erence between noise and sound is one of context, 
traditionally, management of the acoustic environment 
has focused primarily on sound levels. 

Good acoustic design
Soundscape design seeks to widen the vocabulary and 
tools to address the acoustic environment of where we 
live. The concept of soundscape is embedded in the 
aforementioned BS 4142 standard. And professional 
practice guidance (ProPG: Planning and Noise) produced 
by acoustic industry leaders in the UK recognises that: 
‘Good acoustic design is about more than the numbers. It 
is a holistic design process that creates places that are 
both comfortable and attractive to live in, where acoustics 
is considered integral to the living environment.’

Therefore, soundscape planning is not only a question 
of how loud sounds are, or just reducing unwanted 
sounds, but rather what sounds are appropriate to, or 
belong to a place. There is no one ideal soundscape, and 
what is deemed an appropriate soundscape can change 
over time to refl ect the evolving needs and/or uses of an 
area. Soundscape planning identifi es sound as an 
environmental resource and therefore another element to 
the design pallet for practitioners. For example, 
soundscape planning is applicable to rural and urban 
recreational areas; the design and building of residential 
housing and public buildings; and the planning and 
management of all indoor and outdoor spaces. 
Importantly, soundscape planning puts stakeholders at 
the centre of a holistic design process to defi ne the 
parameters of how a place should sound in order to 
support its intended use.

High-quality sound environments
Soundscape is an approach rooted in salutogenesis, as 
access to high-quality sound environments can positively 
aª ect health, well-being and quality of life. Whether 
stakeholders decide that a place should be quiet, calm, or 
lively, fi lled with sounds of nature or people – or any 
combination of sources – soundscape planning is central 
to designing health promoting places fi t for people to live, 
work and play.

So, against the backdrop of rapid urbanisation can we 
really have it all – vibrant, exciting 24/7 cities, yet 
restorative places when and where we need them? Yes, 
with holistic soundscape planning and design, 
and stakeholders at the centre of the process. 

LISA LAVIA MBA FRSA is Managing Director of the Noise 
Abatement Society and is conducting doctoral research on 
soundscape, engagement and planning at Heriot-Watt 
University. Lisa is a member of the Institute of Acoustics; ISO 
TC43/SC1/WG54, Perceptual assessment of soundscape 
quality; the BSI EH/1/2 committee on Transport noise; and the 
BSI EH/1/3 committee on residential and industrial noise. 
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The future of mobility

Above:
Part of She�  eld’s 
soundscape plan 
to help mitigate 
tra�  c noise

If you grew up at a similar time to me, you might remember ‘The Jetsons’ – 
a futuristic counterpart to ‘The Flintstones’. For context… to me, George 

Jetson was my fi rst glimpse at how the future might look and sound.

Hovercars aren’t the norm, but if that day comes, how 
will acoustics accommodate future mobility?

Road tra   c is a heavyweight in the noise-ring. Road 
tra   c noise (RTN) is everywhere. We’ve likely all 
contributed to it, but how can we improve, reduce or 
remove it altogether?

Uptake of electric vehicles (EVs) is an obvious 
improvement – advances in technology making cars 
quieter. But the increased prevalence of EVs is unlikely to 
improve noise on high-speed roads (where noise is 
dominated by tyres on surfaces), but may potentially 
redefi ne sound in urban areas. In the future, traditional 
noise from petrol and diesel engines could be replaced 
by the g hum of electric cars.
   Vehicles themselves don’t hold all the answers. 
Research into the development of sustainable, quieter 
surfacing materials1  is ongoing. We haven’t quite made 
the breakthrough to frictionless hovercars, but production 
of safe, noise-reducing surfaces will help.  

Though, friction-based solutions aren’t the quick fi x. 
Magnetically levitated (MagLev) trains can be louder than 
traditional intercity locomotives. Magnetic fi elds suspend 
the train above the tracks, reduced friction allowing them 
to run almost twice the speed of intercity trains. Here lies 
the problem; without friction between the wheels and 
railhead, it is no longer a limiting factor to the speed of the 
train. As such, the sound of MagLev trains can be 
comparable to aircraft. 
   Speaking of that, electric planes are on the horizon. I 
can’t fi nd anything to suggest what these planes sound 
like, but if I were to guess, probably still like planes. 
Maybe there is an argument to be had over ‘increased 
fl ight speed reduces pass over times, reducing noise 
exposure’. Conversely, faster might mean louder. 

Similarly, development and accessibility of drones might 
see increased drone use cases. Warehouses could 
become scale-model automated airports. A scary thought 
on fi rst assessment, but it might remove the necessity for 
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road-based delivery vehicles.
   No noise in Space, right? The di   culty is getting there. 
Private space travel is becoming quite the competition 
between billionaire high-fl yers, with the idea of entering 
space now seemingly achievable for the 0.000000265% 
club. But let’s say space travel becomes cost-e¡ ective; 
could we see conventional long-haul fl ights reduced? 
Alternatively, will electric aircraft fi nd a middle between 
extravagance and keeping green? If anyone has a noise 
model of a spaceport, please share! 
   Modelling in mind, improvements in data standards, 
cloud computing and calculation methodologies are 
resulting in greater accuracy of noise assessments. 
Predicting the noise levels is becoming faster and more 
accurate. Calculated data can be used to suggest 
mitigation, alter scheme designs and fi nd the most 
advantageous solutions – prioritising the health and 
prosperity of nearby communities. Data is now so easily 
accessible; acousticians can work on projects all over the 
world from their homes. 

Additionally, an improved understanding of 
soundscapes is helping us contextualise our sound 
environment, improving health and quality of life. 
Advancements in soundscape design will see projects 
consider human/wildlife perception of sound and 
encourage immersive design. An example of a successful 
soundscape can be found in She   eld2 . Water features 
(some of which also designed to act as noise barriers) 
help mask (and mitigate) road tra   c noise. It’s possible 
that, in the future, existing noise ‘problems’ could be 
alleviated through good acoustic design around them, 
especially where a soundscape approach is adopted. 

That’s where we are! Where we’re going looks good too. 
A lot depends upon continued research, development 

and innovation. A lot depends upon pledges to be cleaner 
and greener. A lot depends on considering our future today. 
So, if you are on the brink of discovery, to quote Mr Spacely: 
“No hurry, any time in the next fi ve minutes is fi ne”. 

T R A N S P O R T  O F  T H E  F U T U R E
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Noise and
public health

Our everyday environments are full of soundwaves. Increasing numbers of 
people living in sprawling urban areas has meant that in the past few 

decades, our homes, schools and neighbourhoods have become noisier.
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Most people live where they can hear road tra�  c noise 
and many also hear noise from aircraft, railways, 
buildings and construction, as well as from neighbours. 

Attitudes to the sound of urban life vary, with some 
people loving the buzz and excitement of a noisier 
environment, and others wishing for less noise and more 
opportunities for tranquillity. Attitudes also vary with the 
time of day (e.g. day versus night) and the types of 
activities being undertaken. Noise is defi ned as 
‘unwanted sound’. One person’s music is another 
person’s noise, so there is no decibel level of exposure 
that refl ects whether soundwaves are perceived as 
‘sound’ or ‘noise’. Many factors infl uence how sound is 
perceived and experienced. 

What people often don’t realise is that noise is an 
environmental stressor and that living in an area with high 
levels of transportation noise is associated with poorer 

health, wellbeing and quality of life. High levels of 
transportation noise increase annoyance and sleep 
disturbance but also increase risk of cardiometabolic 
diseases such as heart attacks and diabetes¹. Children 
attending noisier schools have been found to have poorer 
learning and mental health than children attending quieter 
schools². Noise is an important public health issue. 

The European Environment Agency estimate that 
millions of people in Europe are exposed to noise levels 
that are harmful to health (55 dB Lden) estimating that there 
are 112 million people exposed to harmful levels of road 
tra�  c noise; 22 million people for railway noise; and four 
million people for aircraft noise³. These exposures are 
estimated to cause 12,000 premature deaths and 48,000 
new cases of heart disease per year in Europe. 
Furthermore, 6.5 million people su� er high sleep 
disturbance, and 22 million people su� er high annoyance. 

F E A T U R E  H E A D I N G  H E A L T H ,  W E L L B E I N G   A N D  M O N E T I S A T I O N
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It is challenging to understand how a physical 
phenomenon such as sound can have a biological e� ect 
on an individual. Exposure to high levels of environmental 
noise can trigger biological responses in an individual, so 
stress hormone levels increase and risk factors for poorer 
cardiometabolic health such as blood pressure, blood 
sugar and blood fats can also increase. If these biological 
responses are triggered over a long period, they can lead 
to poorer mental health and diseases such as diabetes, 
heart attacks and strokes. These biological responses can 
also be triggered by annoyance and sleep disturbance 
associated with noise exposure. 

How to protect the public from the e� ects of 
noise on health
As evidence for the e� ects of noise on health has 
increased, so has pressure on policy makers to protect 
public health. This is usually undertaken using a mix of 
legally binding policies and standards that set legal 
requirements for noise exposure for specifi c sources to 
be kept below a specifi c level and non-legally binding 
guidance. The noise metrics used in these documents 
can refer either to external or internal noise 
exposure levels. 

UK policy and guidance takes a fl exible approach, 
acknowledging that it is not possible to set one exposure 
value that would be applicable for all noise sources 
across di� erent contexts and situations⁴, with policy 

using and establishing the terms LOAEL and SOAEL to 
refl ect important exposure values for public health. 

A LOAEL is a ‘lowest observed adverse e� ect level’, 
which identifi es the levels above which adverse e� ects on 
health and quality of life can be detected and a SOAEL is 
‘signifi cant observed adverse e� ect level’, which identifi es 
the level above which signifi cant adverse e� ects on 
health and quality of life occur.  

So if, for example, you want to build a new road or 
change the operation of an airport, policy requires you to 
evaluate the noise impact of the scheme on local 
residents based on the setting of LOAEL and SOAEL 
values for each noise source. These types of assessments 
rely on exposure-response functions from research, which 
plots noise exposure (usually in 1 dB or 5 dB bands) 
against the risk of a negative health outcome, e.g. being 
highly annoyed or having a heart attack.

The World Health Organization Environmental Noise 
Guidelines for the European Region set external noise 
exposure levels to avoid adverse health e� ects after 
reviewing the evidence suggesting:
• below 53 dB Lden for road tra�  c; 
• below 54 dB Lden for railway noise; and 
• below 45 dB Lden for aircraft noise.

Separate levels were also set for night-time exposure 
(Lnight). Whilst infl uential, these levels are guidance and are 
not legally enforceable, unless individual countries have 
their own legislation that makes the guidance law. 
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Exposure-response function

Noise level

LOAEL (lowest observed adverse 
e� ect level): Above this level, 
an average person will begin 
to experience observable, or 
measurable, adverse e� ects on 
health and quality of life as a result of 
noise exposure.

SOAEL (signifi cant observed 
adverse e� ect level): Above this 
level, signifi cant adverse e� ects on 
health and quality of life from noise 
exposure can begin to be observed 
in an average person.

LOAEL SOAEL

Exposure-response functions and noise impacts6

Between the LOAEL 
and SOAEL, the 
likelihood of an 
average person 
experiencing adverse 
e� ects on health 

and quality of 
life increases.
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Noise mitigation
So how can we reduce exposure to environmental noise 
in our day-to-day lives? There is no simple or singular 
solution. Noise mitigation is usually employed using the 
following hierarchy:
1.  Reduce noise at the source (e.g. quieter vehicles and 

engines, low noise surfaces);
2.  Reduce noise travelling from the source to the receiver 

(e.g. noise barriers); and
3.   Reduce noise at the receiver (noise insulation).

Most mitigation focuses on reducing decibel level 
exposure, but individual mitigations may only make a small 
contribution to reducing overall noise exposure and 
multiple mitigations are usually required to reduce noise 
signifi cantly⁵. To date, there is very little evidence about 
how di� erent types of mitigation actually impact health and 
quality of life – evidence that is also needed to understand 
which interventions o� er the best and most cost-e� ective 
outcomes in terms of protecting public health.

Attitudes and expectations
Reducing noise exposure is likely to only be part of the 
solution, as factors such as attitudes to the noise source, 
expectations about the environment and noise exposure, 
and good community relations between stakeholders and 
communities infl uence annoyance responses, which can 

trigger negative stress and cardiometabolic responses. 
Where change in noise exposure is expected (e.g. a new 
road or change in airport operations) it is important that 
communities are consulted, informed and contribute to 
the planning process.  

Monetising the benefi ts of noise mitigation 
So, when designing mitigation for a transportation project, 
how do we know whether the mitigation is good enough? 
Is it a practical and cost-e� ective solution to put noise 
barriers everywhere and spend millions of pounds on noise 
reducing technology? How do we balance the disbenefi ts 
of noise exposure against the benefi ts of development?

One method commonly used in transportation projects 
is that of monetisation. The UK Government provides 
publicly available guidance and a toolkit for monetisation 
in the form of WebTAG (web-based transport appraisal 
guidance). The guidance and toolkit cover various 
transport modes including road, rail and air. In the simplest 
terms, WebTAG allows the calculation of the ‘cost’ of 
health impacts of noise and the ‘benefi t’ of a mitigation or 
design option where noise is reduced (and hence the 
likelihood of adverse health impacts is reduced). This can 
then be balanced against the cost of implementing the 
design or mitigation option. A cost/benefi t ratio can then 
be used as a measure of the cost-e� ectiveness of  P46
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DR CALUM SHARP is a Senior Acoustic Consultant at Arup.
His PhD focused on the human response and health e  ects of 
environmental noise and vibration, and he has applied this work 
throughout his career in consultancy, with leading roles in several 
large infrastructure projects, including HS2, Heathrow Expansion 
and Crossrail.

PROFESSOR CHARLOTTE CLARK is a psychologist with over  
20 years’ experience of researching the e  ects of environmental 
noise on health in academia and consultancy. She is Secretary of 
the International Commission on Biological E  ects of Noise and 
has advised the World Health Organization, DEFRA, the UK 
Airport Commission, and the Independent Commission for Civil 
Aviation Noise, as well as large infrastructure projects (Heathrow 
Expansion) on the e  ects of noise on health.

•  extend the methodology to internal noise levels so that 
the benefi ts of noise insulation schemes can 
be monetised.

Improvements in health
In summary, there is clear and growing evidence that the 
health impacts of transportation noise are signifi cant. As 
acoustic practitioners that work in the design, assessment 
and mitigation of transportation projects, it is important 
that we can understand and quantify the health impacts in 
a robust way. We should understand the tools that are 
currently available, but also their limitations. Going 
forward, we need to keep abreast of the latest research, 
and undertake regular review of the tools that we use to 
assess and quantify the impacts and benefi ts of our 
projects in a sustainable manner. It is only in doing so that 
we will have the greatest chance to e  ectively reduce 
adverse impacts of noise on health and contribute to 
improvements in health and quality of life. 

1.  Basner, M., Babisch, W., Davis, A., Brink, M., Clark, C., Janssen, S., et 
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di  erent mitigation options to come up with the most 
cost-e  ective solution.

Calculating costs
So how does WebTAG calculate these costs? It relies on 
the concept of a Quality Adjusted Life Year (QALY) which is 
a measure equal to one year of life in perfect health. The 
Department of Health values a single QALY at £60,000. 

The concept of ‘disability weightings’ can then be 
applied to the value of a QALY, which refl ects the 
magnitude of health loss associated with the specifi c 
health outcome. 

For example, being highly sleep disturbed has an 
associated disability weighting in WebTAG of 0.07. WebTAG 
therefore assumes an individual who is highly sleep 
disturbed as a result of transportation noise will have a 
reduction in the value of their life equivalent to £4,200 per 
year (£60,000 x 0.07).

Exposure-response functions can then be used to 
determine the number of people likely to experience the 
health outcome at a given noise exposure, which can be 
combined with the value of the QALY for the given health 
outcome to come up with an overall cost. 

The WebTAG toolkit output provides predictions for 
the monetised impact of noise on sleep disturbance, 
amenity (annoyance), acute myocardial infarction, stroke 
and dementia.

The future of monetisation
In many ways, WebTAG is a very powerful tool for 
understanding noise and health impacts, and it can distil 
the complex impact of a design change  –  which may 
result in some noise increase and some noise decrease 
distributed across a population  –  into a single monetised 
value. However, it should be recognised that it relies on 
methodologies, assumptions and exposure-response 
functions that are not frequently updated. For example, 
the exposure-response functions currently used in 
WebTAG are derived from research studies that were 
primarily published prior to 2010. To overcome these 
limitations, we are now working to supplement WebTAG 
by creating powerful digital tools with a greater amount of 
fl exibility which can, for example:
•  account for the latest evidence base and allow di  erent 

exposure-response functions and noise metrics to        
be examined;

•  undertake geospatial assessments so that the 
geographical extent of the areas and communities 
where the impacts/benefi ts are occurring can be better 
understood; and
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ENVIRONMENTAL 
MONITORING
The SV 307A is designed for long-term and short-term 
noise monitoring applications such road and rail tra�c, 
industrial plants or construction sites.

The station firmware has a functionality of advanced triggers that 
supports unattended measurements. A unique feature of the SV 
307A Class 1 sound level meter is it can be calibrated remotely 
on site saving you time. The SV 307A is based on patented MEMS 
microphone technology covered by a lifetime warranty.

IMMI from Wölfel Group covers a very wide range 
of applications – from the simple immission 
prognosis in case of questions regarding 
neighbourhood noise up to noise mapping for 
entire countries.

For more information email sales@svantek.co.uk,
call 01234 639551 or visit www.acsoft.co.uk/svantek

IMMI: Precise and e�cient software 
for noise prediction and dispersion of 
air pollutants

SV 307A
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www.masonuk.co.uk
+44 (0)1252 716610 info@masonuk.co.uk 6 Abbey Business Park, Monks Walk, Farnham, Surrey GU9 8HT

It is becoming more and more common for whole 
buildings to be isolated against the vibration from train 
lines and road vibration, as typically more cost effective 
and space ef�cient than introducing isolation breaks 
internally. A prime example of structural isolation is the 
prestigious 55-93 Knightsbridge project. The development 
involved the demolition of the existing early Edwardian 
structure, whilst retaining the elegant façade. 

The new isolated structure had cores, shear walls and 
�rst �oor supported on 8Hz bearings and was resiliently 
connected back to the retained façade. The building was 
not originally designed to be isolated, but vibration from 

the adjacent tube line 
and road would have 
re-radiated as undesirable 
noise levels within the 
building, a 25dB(A) criteria 
applied. The project was 
challenging in that the 
isolation line had to be 
accommodated with 
minimal disruption to 
the existing design.

The value of the property 
meant that millimetres 
mattered. We went through 
enormous efforts to reduce 
the envelope required 
for bearing assemblies 

within the building. The column capitals included the 
bearings supporting the structure above, lateral restraints, 
tension anchors to meet disproportional collapse 
requirements, �re protection and �rst �t architectural �nishes.

There were approximately 60 columns and each one 
was engineered differently to save space. Multiple wall 
interfaces were also isolated; we engineered the bearings 
and special telescoping lateral restraints which �tted within 
the existing wall width. 

MASON UK LTD
Vibration Control Products
& Acoustic Floor Systems Structural Vibration Isolation

ABOUT MASON
A world leader in noise & vibration control products for over �fty years setting the standard for consultants & architects. 
In addition to a complete range of mounts, our �oating �oors, walls & suspended ceilings provide total acoustic isolation.

TYPICAL APPLICATIONS:
• Music Rooms • Night Clubs • Plant Rooms • Recording Studios • Bowling Alleys • Building Isolation

• Cinemas • Gymansia • Microscopes • M+E Isolation • Suspended Ceilings • Industrial

▲ Render of the completed building, courtesy MSMR architects

▲ Mason bearings being placed in one of the core pits

▲

 Wall and column isolation systems engineered for compactness.

This project is an example of how we can solve many 
challenges through good design and coordination. 
We would be pleased to discuss in more detail or if 
we can help with any other building isolation project.

▲
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