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 Listening to cities From noisy environments  

to positive soundscapes



1.  
Surround sound:  
our acoustic environment  

Noise measurement 
The pressure or intensity of sound is commonly expressed in decibels, or dB. Since the range  
of sound pressure that the human ear can detect is so large, the decibel scale is logarithmic:  
a scale based on powers of 10.  

On the dB scale, the lowest audible sound, perceived as near-complete silence, is 0 dB. A sound 
101 times greater in pressure than 0 dB is assigned a sound level of 10 dB. But this increment 
of 10 dB is generally perceived as a doubling of loudness by the ear. A sound 100 times more 
intense than 0 dB, or 102, is assigned 20 dB, and so on. That is, each increase of 10 dB is 
equivalent to an increase of sound pressure by another factor of 10. 

What is a soundscape?
The International Organization for Standardization (ISO) 
defines a soundscape as “[the] acoustic environment as 
perceived or experienced and/or understood by a person 
or people, in context”.10 In other words, soundscape 
encompasses the way people perceive, experience and 
respond to the full range of sounds in a place at a given time.11 
As an emerging discipline, soundscape studies try to look at 
the issue of urban acoustic environments more holistically, 
taking a listener-centred perspective.12 The soundscape 
approach tends to focus on context, on wanted rather than 
unwanted sounds, and on individual preference rather than 
discomfort.13 

Jackhammer or 
machine gun at 10 m130 dB

Fireworks or gunshot 
within 1 m140 dB

Jet taking off 
60 m away

120 dB

Loud thunder, 
chainsaw or leaf blower110 dB

Ambulance siren 
30 m away100 dB

Lawnmower or 
passing motorcycle  90 dB

Heavy city traffic noise 
audible within vehicle80 dB

Vacuum cleaner 
3 m away70 dB

A normal 
conversation 60 dB

Rain50 dB

Library40 dB

Soft whisper 
or ticking clock30 dB

Rustling leaves20 dB

Normal breathing10 dB

Threshold of hearing0 dB

Threshold of pain
1013 times 

Beyond pain threshold
1014 times 

Threshold of discomfort
1012 times

1011 times 

Perceived as very loud
1010 times

109 times 

108 times 

Perceived as moderately loud
107 times

106 times 

105 times 

Perceived as quiet
104 times

103 times 

102 times 
more intense than 0 dB

Barely audible
10 or 101 times more intense than 0 dB

Perceived as near-complete silence
0 dB

Sounds are complex physical phenomena originating in the vibration from 
a source that propagates energy into a medium as an acoustic wave. 
Sounds happen continuously and are everywhere: there is no such thing as 
‘silence’ on the planet. As physical phenomena, sounds are neither positive 
nor negative. They acquire meaning and produce an effect only when 
considered from the perspective of a listener. When sounds are unwanted, 
they become noise. When noises are too loud and persist too long, they 
become noise pollution.

Today, noise pollution is a major environmental problem, cited as a top 
environmental risk to health across all age and social groups and an 
addition to the public health burden. Prolonged exposure to high levels of 
noise impairs human health and well-being, which is a growing concern for 
both the public and policymakers.1 Across the European Union, at least 20 
per cent of citizens are currently exposed to road traffic noise levels that are 
considered harmful to health. This estimate is an average, with urban areas 
showing a far higher percentage.2 Noise pollution comes from conventional 
sources, such as roads, railways, airports, and industry; however, high 
noise levels may also come from domestic or leisure activities. Traffic and 
other urban noises affect not only human well-being, but also disturb and 
endanger the survival of species crucial to the urban environment.3

Decibels (dB) are the units of measure for indicating the intensity or 
loudness of a sound that help predict thresholds when a noise starts to 
annoy people or when sleep disturbance emerges. While the loudness 
of noise is important, the frequency, in terms of high or low pitch, and 
temporal patterns of sound also determine the physical and psychological 
effects it has on the listener.4  

Physically, proximity to very loud abrupt sounds, such as a gunshot over 
140 dB, could rupture the ear’s tympanic membrane, causing immediate 
hearing loss. Listening to music with earphones at the maximum volume 
– ranging between 90 and 100 dB at the eardrum – could start to cause 
hearing damage after only 15 minutes per day.5 Regular exposure to over 
85 dB for an 8-hour day or longer can cause permanent hearing damage. 
Long-term exposures, even at relatively lower noise levels that are common 
in urban areas, can also damage both physical and mental health.

Sound quality cannot be judged only by its physical properties, however. 
The definition of noise as unwanted sound implies a psychological 
concept.6 While it is necessary to reduce noise levels when they are 
physically harmful to people, it may not be a sufficiently broad evaluation. 
It is becoming more relevant to consider soundscapes that contribute to 
people’s physical as well as psychological well-being, especially in the 
urban environment.7 

Yet, most people would agree that a silent world is not desirable because 
sounds can enrich our lives, restore feelings of health and well-being, 
and convey meaning to our everyday experiences.7 They help define the 
characteristics of places and cultures and shape the quality of life. Some 
urban sounds may be unique to a community and add to its cultural 
identity, up to the point of becoming historical acoustic landmarks.9 
The sounds of Big Ben in London or the calls to prayer from the Masjid 
al-Haram in Makkah, for example, are evocative experiences. In its broader 
understanding, acoustic comfort should not be seen merely as the absence 
of noise, but rather as a situation where environmental sounds offer ample 
opportunities for people to thrive and look after both their physical and 
mental well-being. 

Scroll 
down
page

See page 39 for complete references.
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2.  
Sound effects

The adverse effects of noise on public health are manifold and are a 
growing global concern. They cover a broad spectrum of outcomes, 
ranging from mild and temporary distress to severe and chronic physical 
impairment. Night-time noise disturbs sleep and affects well-being the 
following day. Estimates suggest that in Europe 22 million and 6.5 million 
people suffer from chronic noise annoyance and sleep disturbance, 
respectively.2 The elderly, pregnant woman and shift workers are among 
those at risk of noise-induced sleep disturbance.2,14

Noise-induced awakenings can trigger a range of physiological and 
psychological stress responses because sleep is necessary for hormonal 
regulation and cardiovascular functioning.14,15 There is increasing 
evidence that traffic noise exposure is a risk factor for the development of 
cardiovascular and metabolic disorders such as elevated blood pressure, 
arterial hypertension, coronary heart disease and diabetes.16 A conservative 
estimate indicates that long-term exposure to environmental noise 
contributes to 48,000 new cases of ischemic heart disease and causes 
12,000 premature deaths annually in Europe.2 

Two 15-year-long studies of long-term residents of Toronto, Canada found 
that exposure to road traffic noise elevated risks of acute myocardial 
infarction and congestive heart failure, and increased the incidence of 
diabetes mellitus by 8 per cent, and hypertension by 2 per cent.17,18 These 
studies have already taken into account the confounding effects of traffic-
related air pollution that are associated with the same outcomes. An 
analysis of national health and noise data from Korea estimated that for 
every 1 decibel increase in daytime noise exposure, cases of cardio- and 
cerebrovascular diseases increase by 0.17 to 0.66 per cent.19 

The World Health Organization (WHO) Regional Office for Europe 
conducted systematic reviews to assess the associations between noise 
and health outcomes to develop guidelines and provide recommendations 
for protecting human health from exposure to environmental noise 
originating from various sources.1 The health outcomes include annoyance; 
cardiovascular and metabolic effects; cognitive impairment; effects on 
sleep; hearing impairment and tinnitus; adverse birth outcomes; and quality 
of life, mental health and well-being. The noise sources considered in these 
reviews include road traffic, railways, aircraft, wind turbines, and leisure 
activities such as attending sporting or concert events, listening to music 
through personal devices, and other recreational pastimes. 

Based on these reviews, the WHO recommends certain exposure 
thresholds to avoid adverse health effects. The thresholds are reported in 
terms of a day, evening and night noise level combined; and a night only 
noise level. These are time-averaged noise indicators for the relevant time 
period, expressed in dB and monitored at the receiving end on the most 
exposed side of a building. The limits recommended for the night period 
are always lower compared to the full 24-hour period, since specific noise 
sources and events may be more noticeable with less activity, leading to 
sleep disturbance and more awakenings.1,20 Scientific evidence used in 
the WHO review, from studies representing numerous regions on different 
continents, provides the basis for the recommended exposure thresholds. 
This comprehensive coverage supports adoption of these thresholds to 
inform noise control policies around the world.

In contrast, some sounds bring health benefits, particularly sounds from 
nature. A number of systematic reviews documented empirical research 
from both clinical physiological and subjective psychological studies of 
well-being in response to acoustic environments.21,22 The reviews reported 
the positive influence of natural sound and quietness on physical and 
mental health. The importance of natural sounds to general well-being may 
also be associated with evolutionary advantages. Natural sounds may 
signal a safe environment, reduce anxiety and offer mental recuperation, 
while a lack of natural sound may provoke a more alert and vigilant state, 
especially for those from vulnerable groups.23,24 

Acoustic communication is vital for many animal species. Acoustic 
signals are used in a variety of communication contexts, including 
territory defence, warning of danger, locating or attracting a 
mate, and caring for offspring. While abrupt and unpredictable 
sounds may be perceived as a threat by animals, chronic acoustic 
disturbance such as traffic noise can interfere with acoustic 
communication and alter behaviours in a range of species.1,25-27 

Abandoning noisy sites may seem the obvious response, but 
some animals adapt to noisy conditions instead, by altering their 
vocalization timing or pattern to avoid having their signal masked. 
In European cities, robins seem to sing more at night to avoid 
high acoustic interference during the day, while in the city parks in 
Bogota, Colombia, rufous-collared sparrows start the dawn chorus 
earlier in the morning at a site with heavy daytime traffic.28,29 Some 
frogs exhibit gap-calling behaviour as they time their calls to 
breaks in noise.30 

Other species modify their signals by switching their vocal 
frequency, or pitch, and amplitude to counteract low-frequency 
traffic noise. Many city bird species with natural low-frequency 
vocalizations sing at higher frequencies in areas of urban noise.31-33 
Studies in 30 city-forest paired locations in continental Europe, 
Japan and the United Kingdom have found that urban great tits sing 
higher-pitched songs than their forest-dwelling counterparts.34-36 
Zebra finches and white-crowned sparrows slow down their tunes 
in response to city noise.37,38 These types of vocal modification have 
also been observed in frogs and insects, such as grasshoppers, 
living next to noisy highways.39-42 

These changes certainly help animals to be heard in noisy 
environments, but sometimes altered vocalization patterns are 
considered less attractive by potential mates, therefore affecting 
reproductive success.3,30 And if species are not behaviourally flexible 
in producing or receiving signals, the inability to communicate 
may eliminate them from their habitats, with possible significant 
ecological implications.3,27

In Europe, long-term exposure 
to environmental noise causes 

12,000  
premature deaths and 
contributes to 

48,000 
new cases of ischemic 
heart disease yearly.

22 million 
people in Europe suffer from 
chronic noise annoyance.

Drowned out by noise: Creatures of the city

WHO 
recommendations  
on noise levels
Noise exposure should be kept below the 
following levels to avoid any harmful health 
effects.1 

Noise source Maximum level of 
day-evening-night 
noise exposure  
Lden

Maximum  
night-time  
noise exposure 
Lnight

Road traffic 53 dB 45 dB

Railways 54 dB 44 dB

Aircraft 45 dB 40 dB

Wind turbine 45 dB (Insufficient 
evidence to 
recommend a 
limit)
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Europe

Hong Kong
2 in 5 residents of Hong Kong are exposed to 
road traffic noise above the permissible limit. 
City morphology and building design play a key 
role in noise distribution. Residents with lower 
income and poor housing are more exposed to 
traffic noise compared to wealthier residents.

Ho Chi Minh City
A study that followed cyclists riding 
over 1,000 km within the city showed 
that cyclists were exposed to noise 
levels of over 78 dB, which could 
damage hearing.

Toronto
Two 15-year-long studies of long-term residents of 
Toronto found that exposure to road traffic noise 
elevated risks for acute myocardial infarction and 
congestive heart failure, and increased the 
incidence of diabetes mellitus by 8% and 
hypertension by 2%.

New York
Over 2 million people commute by public transportation in 
the New York metropolitan areas. 9 in 10 mass transit users 
in New York City are exposed to noise levels exceeding the 
recommended limit of 70 dB, and may be at risk of 
irreversible hearing loss.

Bogota
A study of the dawn chorus of rufous-collared 
sparrows living in public parks of the city of 
Bogota found that the birds changed their 
singing behaviour in anticipation of the 
morning rush hour by starting to sing earlier 
at a site with heavy daytime traffic.

Barcelona
Over 72% of the city’s residents are exposed 
to noise levels of over 55 dB. More than half 
of the residents of large European cities live 
in areas where noise levels may adversely 
affect their health and well-being.

Soundscape management: 

From noise mitigation 
to desirable soundscape

Sight and sound   
Both sight and sound influence human perception 
of surroundings. Landscape affects soundscape, 
and vice versa. Visual surroundings are a vital 
consideration in soundscape planning and design. 

Mitigation at source
Noise mitigation measures differ in effectiveness. 
Emission reduction at source is the most effective, 
including restriction of traffic flow or speed, quieter 
vehicle engines and low-noise road surfaces.   

Green roofs
Vegetated roofs attenuate sound 
by absorbing propagation over 
rooftops from street to quiet sides.

Tree belts
Roadside tree belts can shield noise when 
planted in sufficiently high biomass density. 
Noise attenuation can be enhanced by the 
correct choice of species, trunk size, length 
and depth of the belt, distance from noise 
source, and planting scheme.  

Electric vehicles
Even electric vehicles emit noise when 
driven at speeds above 50 km/hr from tyre 
contact with the road. Solutions such as 
porous asphalt surfaces can lower noise 
emission at higher speeds.

Soundscape
Soundscape encompasses the way people 
perceive, experience and respond to the 
sounds of a given place at a given time. 
Soundscape planning aims to deliver pleasant 
acoustic environments that enhance 
appreciation of places by people. Soundscape 
design considers contextual characteristics of 
the place, including perceived acoustic 
parameters, physical features, natural factors, 
purpose, usage and user community.  

Exposure to environmental noise sources such as road traffic, air traffic, railways, machinery, industry 
and recreational activities has well-documented negative impacts on physical and mental well-being. 
Noise abatement is a public health issue and it has become imperative for urban planners to 
increasingly create and preserve quiet spaces to deliver pleasant urban soundscapes. 

Sound check: 
How noisy are cities?   
The illustration presents traffic-related noise levels (dB, LAeq) measured for a specific 
daytime duration in different cities. The data are compiled from various published 
studies, which utilized different methodologies. According to the 1999 WHO guidelines 
for community noise, the recommended limits are 55 dB LAeq for outdoor residential 
areas and 70 dB LAeq for traffic and commercial areas.19 The latest 2018 WHO 
guidelines established a health-protective recommendation for road traffic noise levels 
of 53 dB based on the Lden indicator, an average noise level during day, evening and 
night that differs from the LAeq indicator. 

Noise barriers
Barriers placed near source or receiver can significantly 
reduce noise. Both traditional and innovative materials, 
made from recycled materials such as plastic and car tyres, 
have proved effective. Fibreglass from decommissioned 
wind turbine blades in Denmark have shown a barrier effect 
reduction of traffic noise levels by 6-7 dB.

Vegetated noise barriers
Vegetation increases the absorption and reduces the 
propagation of sound. Customized placement of tree 
rows behind traditional highway noise barriers or layers 
of vegetation on rigid noise walls can reduce noise 
levels by up to 12 dB.

Green solutions
Vegetation in urban environments can absorb 
acoustic energy, diffuse noise and reduce 
street amplification. Tree belts, shrubs, green 
walls and green roofs have positive visual 
effects in addition to helping amplify natural 
sounds by attracting urban wildlife.  

Green space
Urban green space and vegetation produce 
positive psychological effects. Public parks, 
gardens and other small green areas provide 
pleasant sounds from nature, such as rustling 
leaves, swaying tree branches and chirping birds. 
Natural sounds support stress recovery and 
attention restoration. 

55 dB 
LAeq 
for outdoor 
residential 
areas

70 dB 
LAeq 
for traffic 
areas

Quiet space
Quiet urban areas offer acoustic relief to 
city inhabitants from noisy surroundings, 
a prerequisite for mental restoration and 
well-being. Natural sounds found in urban 
parks, gardens, and other green spaces 
positively contribute to peaceful and quiet 
soundscapes.  

Pathway intervention
Engineering solutions aim to obstruct the pathway 
between source and receiver. Measures such as 
noise barriers along highways or railways, earth 
berms, gabions, and use of acoustic insulation 
materials and architectural features in buildings 
can break the chain of noise propagation. 

Ecosystem services
The mental health benefits from natural sounds and 
general quietness are considered psychological ecosystem 
services provided by nature. Exposure to natural sounds 
contributes to relaxation, stress recovery and 
psychological restoration.

Place-making
Everyday sounds of a particular place that are 
immediately recognizable help create the identity of 
the place. When these sounds are unique and convey 
a distinct sense of place, with a significance beyond 
the local community, they become acoustic 
landmarks, termed soundmarks.
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3.  
Turning down  
the volume 

“When general noise 
reduction is difficult 
to achieve overall, it is 
important to guarantee 
local access to quietness 
for people in public 
spaces.”

“Quiet areas are more 
generally understood 
as places with pleasant 
soundscapes or where 
unwanted sounds are 
mostly absent.”

Amplified effects on  
the vulnerable and marginalized

The effects of noise on health are not uniform among individuals 
or across population groups. Specific individual differences can 
increase a person’s vulnerability. An individual’s sensitivity to noise is 
considered a relatively stable and partly genetic trait, independent of 
exposure level.62 Noise sensitivity manifests as a heightened degree 
of vigilance and physiological reactivity to sounds. High sensitivity to 
noise can exacerbate stress responses and may be associated with 
an individual’s general ill-health.63

Age also seems to shape our reaction to sounds, with the very young 
and the elderly at higher risk from the effects of particular noises.64-66 
Evidence of gender differences in vulnerability to noise is mixed, 
where differences may be rooted in the way men and women perceive 
and deal with stressors in general.67,68 

At the population scale, some social groups are more vulnerable than 
others.69 Poorer individuals have fewer housing choices, often forcing 
them to live near environmental stressors such as waste dumps, 
industrial areas, and roads with high traffic density.70,71 

Subsequent long-term exposure to such environmental stressors can 
compromise the underlying health conditions of individuals living in 
these communities.72 Studies from many major cities suggest that 
marginalized communities are more exposed to higher environmental 
noise levels, with indications that noise exposure inequalities also 
divide along ethnic lines in certain multiracial societies.73-79 

Having access to public green spaces and local quiet areas can 
improve soundscape quality and buffer the negative impact of noise. 
Evidence suggests that the positive health effects of green spaces 
and neighbourhood greenness are strongest in communities of the 
most socioeconomically deprived groups.80 However, the access to 
high-quality public green spaces for marginalized communities is 
limited compared to that available for affluent communities.80-84  

Like most sources of pollution, noise is an issue that must be managed. 
Regulatory frameworks and legal requirements are in place in many 
countries and are sometimes coordinated multilaterally, such as in the 
European Union.43,44 Common measures usually address the sources of 
noise as they are the most cost-effective and straightforward to enforce. 
Source interventions include management of road, rail and air traffic flow, 
use of low-noise road surfaces and rail tracks, improved aerodynamics and 
components for aircraft, and shifts away from internal combustion engines 
to quieter propulsion systems.2 

Public bodies, industry, and research have focused mainly on these kinds 
of technological developments. The alternative receiver-oriented measures, 
like installing noise barriers, are typically less cost-effective and only 
solve a problem locally, with potential negative landscape impacts as an 
additional drawback.

Noise mitigation in cities can also be achieved with indirect approaches. In 
the national plan to combat noise and reduce its sources, the Government 
of Egypt has incorporated measures with environmental co-benefits. These 
include encouraging the use of bicycles, and adopting building energy 
standards to reduce noise emission from air conditioning systems.43,45 
In Berlin, Germany, new cycle lanes on wide roads have been used as an 
indirect noise abatement strategy aimed at reducing the available driving 
space for motorized vehicles. More than 500,000 residents were originally 
exposed to night noise levels higher than 50 dB, so many city roads with 
two lanes per direction and volumes of transit up to 20,000 daily units 
were narrowed to single-lane roads, releasing space for bicycles and 
pedestrians. This moved the source of the sound emission towards the 
middle of the roads, away from residential settings. Overall, it achieved a 
reduction in night noise levels for more than 50,000 residents.2 

In April 2019, the Ultra-Low Emission Zone came into effect in Central 
London and expanded in late 2021 to include an area encompassing 3.8 
million people.46,47 While the scheme was mainly driven by a desire to 
improve air quality, encouraging the use of electric and hybrid vehicles has 
noise-reduction benefits as these vehicles are much quieter compared with 
internal combustion engine vehicles, especially at low speeds.48 However, 
the detectability of quiet vehicles may become a safety concern for 
pedestrians and consequently a new challenge.49,50 

Looking at cities with complex vertical development and tight road 
networks, Hong Kong stands out as a challenging case where land use 
and urban morphology are key factors affecting the spatial distribution of 
noise sources in the built environment.51,52 With over one million residents 
exposed to road traffic noise at levels higher than the 70 dB limit, the 
authorities adopted a relatively aggressive policy centred on infrastructure 
design and land-use planning, with limited success.53-55  

The WHO noise guidelines also emphasize that policy attention should not 
simply focus on areas with high noise levels, but also on where positive 
soundscapes exist or can be created.1,56,57 Many environmental noise 
policies and local authorities’ actions acknowledge that when general 
noise reduction is difficult to achieve overall, it is important to guarantee 
local access to quietness for people in public spaces.57 The focus in most 
urbanized contexts has, therefore, been on identifying and protecting areas 
of quietness, and restoration of environmental assets that are embedded 
in the city fabric.45 Quiet urban parks, converted canal towpaths and rail 
spurs, pocket green and blue areas within apartment blocks, in courtyards, 
gardens and other leisure areas are places where people can escape city 
noise. Access to nearby quiet areas contributes to the health and well-being 
of local communities.58 While noise level is an important aspect, soundscape 
quality is also contextual and influenced by non-acoustic factors, including 
the feeling of safety, which may be a notable concern for women and for 
parents.23,58,60 Quiet areas are more generally understood as places with 
pleasant soundscapes or where unwanted sounds are mostly absent; they 
are often combined with positive landscaping elements, like greenery and 
water features.59-61 Providing or protecting these spaces is a more passive, 
yet still valuable, way of regulating against noise in urban areas.
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Lockdown soundscapes 
When the SARS-CoV-2 virus spread at the end of 2019, 
governments around the world responded with measures to 
contain the infection rates.88 The halt of most non-essential 
commercial and social activities, local commuting, and other travel 
led to less pollution, including noise.89 

Many research groups and governmental agencies reported 
decreasing noise levels, particularly in urbanized areas.90 In Paris, 
monitoring detected an average reduction of 7.6 dB for road traffic 
noise over the whole network with the first lockdown on 17 March 
2020.91 Air traffic noise in the Charles de Gaulle airport area also 
decreased significantly, with reductions reaching 20.4 dB. 

Over the past several decades, policymakers have achieved some progress 
in addressing noise pollution as an environmental and public health issue. 
However, two major shortcomings have emerged. First is the inherent 
limitation of using a reactive approach — when the primary focus is 
retroactively reducing noise levels. The second is thinking of sound only 
in terms of discomfort, such as transport and industrial noise, rather than 
investigating how to promote sounds that provide comfort. These two 
points need to be urgently addressed to achieve livable cities and support 
for research-informed interventions is crucial in this process.

To overcome the first shortcoming, in any urban development strategy, 
environmental sounds should be considered at the earliest possible stage 
of planning and design to prevent them from becoming an afterthought – 
one that could involve significant expense. According to data from Europe, 
more than 50 per cent of actions intended to manage noise focus on the 
source, which is often effective but will not necessarily provide soundscape 
quality.2 A very limited percentage of measures dealing with environmental 
sounds resort to land use or urban planning, while growing evidence from 
research indicates that this approach would be the most sustainable 
path.85,86 Therefore, it is crucial that experts in environmental acoustics and 
urban soundscapes are involved in urban development processes and that 
they communicate with local stakeholders.87 

Furthermore, noise pollution should be considered within a broader range 
of environmental challenges through integrated policies, particularly for 
the combination of noise and air pollution. Many countries surveyed by 
the European Environment Agency report successful policies that provide 
co-benefits, including traffic calming measures, green vehicle fleets, 
energy-efficient buildings, tree and shrub plantings to create and link green 
corridors, and incorporating downcycled materials into engineered noise 
control solutions.2 

To address the second shortcoming, there needs to be an extension of the 
scope of policymaking through a shift from only managing environmental 
sounds when they cause noise pollution to considering environmental sounds 
as opportunities for promoting healthy living environments for all age, gender 
and social groups. The Government of Wales aspires to preserve or cultivate 
positive soundscapes, defined as “where natural sounds such as flowing 
water, birdsong, the wind in the trees and human conversation are more 
prominent than background traffic noise”.57 

4.  
Healthy decisions  
for positive soundscapes 

For positive soundscapes to thrive, while keeping noise pollution within 
acceptable bounds, new approaches need to account for people’s 
perception rather than just their exposure; this will complement and 
augment the dB measure to characterize soundscapes. Although desirable 
for some contexts like urban parks or residential areas, simple silence 
or quiet cannot be the standard for assessing the quality of every urban 
space. We need our cities to be aurally diverse and inclusive, to support 
mixed uses; this is something silence alone cannot deliver.

The link between time spent in natural environments and general  
well-being is accepted by more people after their pandemic experiences.97  
The COVID-19 lockdowns brought new appreciation for urban green spaces 
of every kind.98,99 Urban planners are looking to ‘build back better’ after 
the pandemic by including more green space, and some are particularly 
concerned that those green spaces, and their benefits, are delivered to 
often-ignored poorer neighbourhoods and those housing marginalized 
groups.100,101 Policymakers, urban planners, community members and  
other stakeholders involved in creating more livable cities need to keep  
the sounds of the new and renewed spaces under consideration.

In Madrid, the reduction of road traffic and the absence of people 
on the streets led to sound level reductions in the 4–6 dB range.92 In 
a study conducted in London across 11 locations, comparing data 
from the peak of local lockdown measures, an average reduction 
of 5.4 dB was observed.93 In San Francisco, the sudden drop in 
human noise meant people could hear more natural sounds, such 
as birdsong.94 In Mumbai, noise levels were monitored at different 
locations during the Ganesh Chaturthi festival celebrations under 
COVID-19-related municipal restrictions in 2020. Compared with 
measurements in 2018 and 2019, noise level reductions ranged 
between 27.5 and 28.5 dB.95 This general pandemic-related quieting 
could be detected at a global scale via seismologic investigations 
that reported substantial decreases in noise during lockdown.96 

The long-term environmental implications of the COVID-19 crisis 
are still unclear and current global research should provide further 
insights. The unexpected silence from human sound sources 
triggered a debate among academic communities and the public on 
how modern cities could sound and whether we are doing enough to 
achieve positive soundscapes.

Although there is consensus that the limitations imposed by 
lockdown measures led to lower noise levels in many cities, the 
maximum observed reductions for traffic noise were still typically 
in the region of only 6–10 dB. While this would be perceptually 
noticeable in most situations, it is not always enough to bring 
noise pollution to safe levels according to WHO recommendations. 
For cities to improve their soundscape quality, different strategies 
for planning and infrastructural changes would develop healthier 
acoustic environments.

“Noise pollution should 
be considered within 
a broader range of 
environmental challenges 
through integrated 
policies, particularly for 
the combination of noise 
and air pollution.”

“We need our cities to 
be aurally diverse and 
inclusive, to support 
mixed uses; this is 
something silence alone 
cannot deliver.”

12

U
N

 E
N

V
IR

O
N

M
E

N
T

 P
R

O
G

R
A

M
M

E
 F

R
O

N
T

IE
R

S
 2

0
2

2
 R

E
P

O
R

T
 



10.  International Organization for Standardization (2014). ISO 12913-1:2014 
Acoustics — Soundscape — Part 1: Definition and conceptual framework. 
Geneva: ISO.

11. 	Sztubecka, M., Skiba, M., Mrówczý, M. and Mathias, M. (2020). Noise as 
a Factor of Green Areas Soundscape Creation. Sustainability 12(3), 999. 
https://doi.org/10.3390/su12030999

12. 	Kang, J., and Schulte-Fortkamp, B. (eds.). (2015). Soundscape and the 
Built Environment. Boca Raton: CRC Press.

13.  Brown, A.L. (2012). A Review of Progress in Soundscapes and an 
Approach to Soundscape Planning. International Journal of Acoustics and 
Vibration, 17(2), 73-81. http://doi.org/10.20855/ijav.2012.17.2302

14. 	Halperin, D. (2014). Environmental noise and sleep disturbances: A 
threat to health? Sleep Science, 7(4), 209-212. http://doi.org/10.1016/j.
slsci.2014.11.003

15. 	Münzel, T., Gori, T., Babisch, W. and Basner, M. (2014). Cardiovascular 
effects of environmental noise exposure. European Heart Journal 35(13), 
829–836. https://doi.org/10.1093/eurheartj/ehu030

16. 	Münzel, R., Schmidt, F.P., Steven, S., Herzog, J., Daiber, A. and Sørensen, 
M. (2018). Environmental Noise and the Cardiovascular System. 
Journal of the American College of Cardiology, 71(6), 688-697. https://doi.
org/10.1016/j.jacc.2017.12.015

17. 	Bai, L., Shin, S., Oiamo, T.H., Burnett, R.T., Weichenthal, S., Jerrett, M. 
et al. (2020). Exposure to Road Traffic Noise and Incidence of Acute 
Myocardial Infarction and Congestive Heart Failure: A Population-Based 
Cohort Study in Toronto, Canada. Environmental Health Perspectives 
128(8). https://doi.org/10.1289/EHP5809

18. 	Shin, S., Bai, L., Oiamo, T.H., Burnett, R.T., Weichenthal, S., Jerrett, M. et 
al. (2020). Association Between Road Traffic Noise and Incidence of 
Diabetes Mellitus and Hypertension in Toronto, Canada: A Population-
Based Cohort Study. Journal of the American Heart Association, 9(6). 
https://doi.org/10.1161/JAHA.119.013021

1.  	 World Health Organization (2018). Environmental Noise Guidelines for the 
European Region. Copenhagen: WHO Regional Office for Europe. https://
www.euro.who.int/en/health-topics/environment-and-health/noise/
environmental-noise-guidelines-for-the-european-region

2.  	 European Environment Agency (2020). Environmental noise in Europe — 
2020. Luxembourg: Publications Office of the European Union. https://doi.
org/10.2800/686249

3.  	 Francis, C.D. and Barber, J.R. (2013). A framework for understanding 
noise impacts on wildlife: an urgent conservation priority. Frontiers in 
Ecology and the Environment 11(6). https://doi.org/10.1890/120183

4.  	 Basner, M., Brink, M., Bristow, A., de Kluizenaar, Y., Finegold, L., Hong, J.  
et al. (2015). ICBEN review of research on the biological effects of noise 
2011-2014 17(75), 57-82. https://doi.org/10.4103/1463-1741.153373

5.   	World Health Organization (2015). Hearing loss due to recreational 
exposure to loud sounds: A review. Geneva: World Health Organization. 
https://www.who.int/pbd/deafness/Hearing_loss_due_to_recreational_
exposure_to_loud_sounds.pdf

6.  	 Kjellberg, A. (1990). Subjective, behavioral and psychophysiological 
effects of noise. Scandinavian Journal of Work, Environment and Health 
16(suppl 1), 29-38. https://doi.org/10.5271/sjweh.1825

7. 	 Kang, J., Aletta, F., Gjestland, T.T., Brown, L.A., Botteldooren, D., Schulte-
Fortkamp, B. et al. (2016). Ten questions on the soundscapes of the 
built environment. Building and Environment 108, 284-294. https://doi.
org/10.1016/j.buildenv.2016.08.011

8. 	 Brown, A.L. (2010). Soundscapes and environmental noise management. 
Noise Control Engineering Journal 58(5), 493-500. https://doi.
org/10.3397/1.3484178

9.  	 Yelmi, P. (2016). Protecting contemporary cultural soundscapes as intan-
gible cultural heritage: sounds of Istanbul. International Journal of Heritage 
Studies 22(4), 302-311. http://dx.doi.org/10.1080/13527258.2016.1138237

References13

U
N

 E
N

V
IR

O
N

M
E

N
T

 P
R

O
G

R
A

M
M

E
 F

R
O

N
T

IE
R

S
 2

0
2

2
 R

E
P

O
R

T
  

https://doi.org/10.3390/su12030999 
http://doi.org/10.20855/ijav.2012.17.2302 
http://doi.org/10.1016/j.slsci.2014.11.003 
http://doi.org/10.1016/j.slsci.2014.11.003 
 https://doi.org/10.1093/eurheartj/ehu030 
https://doi.org/10.1016/j.jacc.2017.12.015 
https://doi.org/10.1016/j.jacc.2017.12.015 
https://doi.org/10.1289/EHP5809 
https://doi.org/10.1161/JAHA.119.013021 
https://www.euro.who.int/en/health-topics/environment-and-health/noise/environmental-noise-guidelines-for-the-european-region
https://www.euro.who.int/en/health-topics/environment-and-health/noise/environmental-noise-guidelines-for-the-european-region
https://www.euro.who.int/en/health-topics/environment-and-health/noise/environmental-noise-guidelines-for-the-european-region
https://www.euro.who.int/__data/assets/pdf_file/0008/383921/noise-guidelines-eng.pdf 
https://doi.org/10.2800/686249 
https://doi.org/10.2800/686249 
https://doi.org/10.1890/120183 
https://doi.org/10.4103/1463-1741.153373
https://www.who.int/pbd/deafness/Hearing_loss_due_to_recreational_exposure_to_loud_sounds.pdf
https://www.who.int/pbd/deafness/Hearing_loss_due_to_recreational_exposure_to_loud_sounds.pdf
https://doi.org/10.5271/sjweh.1825
https://doi.org/10.1016/j.buildenv.2016.08.011
https://doi.org/10.1016/j.buildenv.2016.08.011
https://doi.org/10.3397/1.3484178 
https://doi.org/10.3397/1.3484178 
 http://dx.doi.org/10.1080/13527258.2016.1138237 


28. Fuller, R.A., Warren, P.H. and Gaston, K.J. (2007). Daytime noise predicts 
nocturnal singing in urban robins. Biology Letters 3(4), 368-370. http://doi.
org/10.1098/rsbl.2007.0134 

29. Dorado-Correa, A.M., Rodríguez-Rocha, M. and Brumm, H. (2016). 
Anthropogenic noise, but not artificial light levels predicts song behaviour 
in an equatorial bird. Royal Society Open Science, 3(7). http://doi.
org/10.1098/rsos.160231

30. Potvin, D.A. (2017). Coping with a changing soundscape: avoidance, 
adjustments and adaptations. Animal Cognition 20(1), 9-18. https://doi.
org/10.1007/s10071-016-0999-9

31. Brumm, H. and Zollinger, S.A. (2013). Chapter 7, 187-227: Avian Vocal 
Production in Noise. In Animal communication and noise. Brumm, H. (ed.). 
Berlin: Springer-Verlag. https://doi.org/10.1007/978-3-642-41494-7

32. Francis, C.D., Ortega, C.P. and Cruz, A. (2011). Noise Pollution Filters 
Bird Communities Based on Vocal Frequency. PLoS ONE 6(11), 305-313. 
https://doi.org/10.1371/journal.pone.0027052

33.  Slabbekoorn, H. and den Boer-Visser, A. (2006). Cities change the songs 
of birds. Current Biology 16(23), 2326-2331. http://doi.org/10.1016/j.
cub.2006.10.008

34. Hamao, S., Watanabe, M. and Mori, Y. (2011). Urban noise and male 
density affect songs in the great tit Parus major. Ethology Ecology & 
Evolution, 23(2), 111-119. http://doi.org/10.1080/03949370.2011.554881

35. Mockford, E.J. and Marshall, R.C. (2009). Effects of urban noise on song 
and response behaviour in great tits. Proceedings of the Royal Society 
B: Biological Sciences 276(1669), 2979-2985. http://doi.org/10.1098/
rspb.2009.0586

36. 	Zollinger, S.A., Slater, P.J.B., Nemeth, E. and Brumm, H. (2017). Higher 
songs of city birds may not be an individual response to noise. 
Proceedings of the Royal Society B: Biological Sciences, 284(1860), 
20170602. http://dx.doi.org/10.1098/rspb.2017.0602

37. 	Potvin, D.A., Curcio, M.T., Swaddle, J.P. and MacDougall-Shackleton, S.A. 
(2016). Experimental exposure to urban and pink noise affects brain 
development and song learning in zebra finches (Taenopygia guttata). 
PeerJ – Life and Environment, 4. https://doi.org/10.7717/peerj.2287

19. Oh, M., Shin, K., Kim, K. and Shin, J. (2019). Influence of noise exposure on 
cardiocerebrovascular disease in Korea. Science of The Total Environment, 
651, Part 2, 1867-1876. https://doi.org/10.1016/j.scitotenv.2018.10.081

20. World Health Organization (1999). Guidelines for Community Noise. 
Geneva: World Health Organization.

21. Erfanian, M., Mitchell, A.J., Kang, J. and Aletta, F. (2019). The 
Psychophysiological Implications of Soundscape: A Systematic Review 
of Empirical Literature and a Research Agenda. International Journal 
of Environmental Research and Public Health, 16(19), 3533. https://doi.
org/10.3390/ijerph16193533

22. Aletta, F., Oberman, T. and Kang, J. (2018). Associations between Positive 
Health-Related Effects and Soundscapes Perceptual Constructs: A 
Systematic Review. International Journal of Environmental Research and 
Public Health 15(11), 2392. https://doi.org/10.3390/ijerph15112392

23. Andringa, T.C., and Lanser, J.J.L. (2013). How pleasant sounds promote 
and annoying sounds impede health: A cognitive approach. International 
Journal of Environmental Research and Public Health, 10(4), 1439-1461. 
https://doi.org/10.3390/ijerph10041439

24. Buxton, R.T., Pearson, A.L., Allou, C., Fristrup, K. and Wittemyer, G. (2021). 
A synthesis of health benefits of natural sounds and their distribution in 
national parks. Proceedings of the National Academy of Sciences, 118(14). 
https://doi.org/10.1073/pnas.2013097118

25. Francis, C.D., Ortega, C.P. and Cruz, A. (2011). Noise Pollution Filters 
Bird Communities Based on Vocal Frequency. PLoS ONE 6(11): e27052. 
https://doi.org/10.1371/journal.pone.0027052

26. Halfwerk, W., Lohr, B. and Slabbekoorn, H. (2018). Impact of Man-Made 
Sound on Birds and Their Songs. In Effects of Anthropogenic Noise on 
Animals. Slabbekoorn, H., Dooling, R., Popper, A., Fay, R. (eds). Springer 
Handbook of Auditory Research, 66. Springer, New York, NY. https://doi.
org/10.1007/978-1-4939-8574-6_8

27.  Kunc, H.P. and Schmidt, R. (2019). The effects of anthropogenic noise on 
animals: a meta-analysis. Biology Letters, 15(11). http://doi.org/10.1098/
rsbl.2019.0649

14

U
N

 E
N

V
IR

O
N

M
E

N
T

 P
R

O
G

R
A

M
M

E
 F

R
O

N
T

IE
R

S
 2

0
2

2
 R

E
P

O
R

T
  

http://doi.org/10.1098/rsbl.2007.0134  
http://doi.org/10.1098/rsbl.2007.0134  
http://doi.org/10.1098/rsos.160231 
http://doi.org/10.1098/rsos.160231 
https://doi.org/10.1007/s10071-016-0999-9 
https://doi.org/10.1007/s10071-016-0999-9 
https://doi.org/10.1007/978-3-642-41494-7 
https://doi.org/10.1371/journal.pone.0027052 
http://doi.org/10.1016/j.cub.2006.10.008 
http://doi.org/10.1016/j.cub.2006.10.008 
http://doi.org/10.1080/03949370.2011.554881 
http://doi.org/10.1098/rspb.2009.0586 
http://doi.org/10.1098/rspb.2009.0586 
http://dx.doi.org/10.1098/rspb.2017.0602 
https://doi.org/10.7717/peerj.2287
https://doi.org/10.1016/j.scitotenv.2018.10.081
https://doi.org/10.3390/ijerph16193533 
https://doi.org/10.3390/ijerph16193533 
https://doi.org/10.3390/ijerph15112392 
https://doi.org/10.3390/ijerph10041439 
https://doi.org/10.1073/pnas.2013097118 
https://doi.org/10.1371/journal.pone.0027052 
https://doi.org/10.1007/978-1-4939-8574-6_8 
https://doi.org/10.1007/978-1-4939-8574-6_8 
http://doi.org/10.1098/rsbl.2019.0649 
http://doi.org/10.1098/rsbl.2019.0649 


48. 	Campello-Vicente, H., Peral-Orts, R., Campillo-Davo, N. and Velasco-
Sanchez, E. (2017). The effect of electric vehicles on urban noise 
maps. Applied Acoustics, 116, 59-64. https://doi.org/10.1016/j.
apacoust.2016.09.018

49. 	Misdariis, N. and Pardo, L.F. (2017). The sound of silence of electric 
vehicles – Issues and answers. The 46th International Congress and 
Exposition on Noise Control Engineering (InterNoise). Hong-Kong, China, 27-
30 August 2017. https://hal.archives-ouvertes.fr/hal-01708883

50. 	Neurauter, L., Roan, M., Song, M., Miller, M., Glenn, E. and Walters, J. 
(2020). Quiet car detectability: Impact of artificial noise on ability of 
pedestrians to safely detect approaching electric vehicles. Virginia Tech. 
http://hdl.handle.net/10919/97586

51.  Brown, A.L., Lam, K.C. and van Kamp, I. (2015). Quantification of the 
exposure and effects of road traffic noise in a dense Asian city: a 
comparison with western cities. Environmental Health, 14(22). http://doi.
org/10.1186/s12940-015-0009-8

52. 	Lam, K.C., Ma, W., Chan, P.K., Hui, W.C., Chung, K.L., Chung, Y.T. et al. 
(2013). Relationship between road traffic noisescape and urban form in 
Hong Kong. Environmental Monitoring and Assessment 185, 9683-9695. 
https:/doi.org/10.1007/s10661-013-3282-4

53. 	Cai, C., Mak, C.M. and He, X. (2019). Analysis of Urban Road Traffic Noise 
Exposure of Residential Buildings in Hong Kong Over the Past Decade. Noise 
& Health 21(101), 142-154. https://pubmed.ncbi.nlm.nih.gov/32719301/

54. 	Cheung, K.M.C., Wong, H.Y.C., Hung, W.C.T., Lau, K.K., Yim, Y.C.S. and 
Lee, Y.C.R. (2019). Development and application of specially designed 
windows and balconies for noise mitigation in Hong Kong. Inter-Noise 
and Noise-Con Congress and Conference Proceedings, InterNoise19. 
Madrid, Spain, September 2019.  http://www.sea-acustica.es/fileadmin/
INTERNOISE_2019/Fchrs/Proceedings/2101.pdf

55.	 China-Hong Kong, Environmental Protection Department (2020). 
Environmental Noise. https://www.epd.gov.hk/epd/noise_education/web/
ENG_EPD_HTML/index/index.html Accessed 21 September 2021.

56. 	UN-Habitat (2020). City-wide Public Space Assessment Toolkit - A guide 
to community-led digital inventory and assessment of public spaces. 
Nairobi: United Nations Human Settlements Programme.

38.	 Moseley, D.L., Derryberry, G.E., Phillips, J.N., Danner, J.E., Danner, R.M., 
Luther, D.A. et al. (2018). Acoustic adaptation to city noise through vocal 
learning by a songbird. Proceedings of the Royal Society B: Biological 
Sciences 285(1888). http://doi.org/10.1098/rspb.2018.1356

39. 	Caorsi, V.Z., Both, C., Cechin, S., Antunes, R. and Borges-Martins, 
M. (2017). Effects of traffic noise on the calling behavior of two 
Neotropical hylid frogs. PLoS one, 12(8). https://doi.org/10.1371/journal.
pone.0183342

40. 	Higham, V., Deal, N.D.S., Chan, Y.K., Chanin, C., Davine, E., Gibbings, G. et 
al. (2021). Traffic noise drives an immediate increase in call pitch in an 
urban frog. Journal of Zoology 313(4). https://doi.org/10.1111/jzo.12866

41. 	Lampe, U., Reinhold, K. and Schmoll, T. (2014). How grasshoppers 
respond to road noise: developmental plasticity and population 
differentiation in acoustic signalling. Functional Ecology, 28(3), 660–668. 
https://doi.org/10.1111/1365-2435.12215

42. 	Parris, K.M., Velik-Lord, M. and North, J.M.A. (2009). Frogs call at a 
higher pitch in traffic noise. Ecology and Society 14(1), 25. http://www.
ecologyandsociety.org/vol14/iss1/art25/ 

43. 	Schwela, D. (2021). Environmental noise challenges and policies in low- 
and middle-income countries. South Florida Journal of Health, 2(1). https://
doi.org/10.46981/sfjhv2n1-003

44. 	European Parliament and Council (2002). Directive 2002/49/EC relating 
to the assessment and management of environmental noise. Brussels: 
Publications Office of the European Union.

45. 	Egypt, Ministry of Environment (2021). The National Plan to Combat 
Noise and Reduce its Sources. Egyptian Environmental Affairs Agency. 
https://www.eeaa.gov.eg/ar-eg/ءاضوضلا/ءاوهلا/ةيئيبتاعوضوم/
.aspx (in Arabic). Accessed 21 September 2021.ءاضوضلاةحفاكمةطخ

46. 	Greater London Authority (2019). Central London Ultra Low Emission 
Zone – Four month report. London: Greater London Authority.

47. 	Transport for London (2021). Guide to ULEZ expansion. Transport for 
London. https://tfl.gov.uk/modes/driving/ultra-low-emission-zone/ulez-
expansion. Accessed 21 September 2021.

15

U
N

 E
N

V
IR

O
N

M
E

N
T

 P
R

O
G

R
A

M
M

E
 F

R
O

N
T

IE
R

S
 2

0
2

2
 R

E
P

O
R

T
  

https://doi.org/10.1016/j.apacoust.2016.09.018 
https://doi.org/10.1016/j.apacoust.2016.09.018 
https://hal.archives-ouvertes.fr/hal-01708883
http://hdl.handle.net/10919/97586 
http://doi.org/10.1186/s12940-015-0009-8 
http://doi.org/10.1186/s12940-015-0009-8 
https:/doi.org/10.1007/s10661-013-3282-4 
https://pubmed.ncbi.nlm.nih.gov/32719301/ 
http://www.sea-acustica.es/fileadmin/INTERNOISE_2019/Fchrs/Proceedings/2101.pdf 
http://www.sea-acustica.es/fileadmin/INTERNOISE_2019/Fchrs/Proceedings/2101.pdf 
https://www.epd.gov.hk/epd/noise_education/web/ENG_EPD_HTML/index/index.html
https://www.epd.gov.hk/epd/noise_education/web/ENG_EPD_HTML/index/index.html
http://doi.org/10.1098/rspb.2018.1356 
https://doi.org/10.1371/journal.pone.0183342 
https://doi.org/10.1371/journal.pone.0183342 
https://doi.org/10.1111/jzo.12866 
https://doi.org/10.1111/1365-2435.12215 
http://www.ecologyandsociety.org/vol14/iss1/art25/
http://www.ecologyandsociety.org/vol14/iss1/art25/
https://www.jstor.org/stable/26268025  
https://doi.org/10.46981/sfjhv2n1-003 
https://doi.org/10.46981/sfjhv2n1-003 
https://www.eeaa.gov.eg/ar-eg/موضوعاتبيئية/الهواء/الضوضاء/خطةمكافحةالضوضاء.aspx
https://www.eeaa.gov.eg/ar-eg/موضوعاتبيئية/الهواء/الضوضاء/خطةمكافحةالضوضاء.aspx
https://tfl.gov.uk/modes/driving/ultra-low-emission-zone/ulez-expansion
https://tfl.gov.uk/modes/driving/ultra-low-emission-zone/ulez-expansion


67. Eriksson, C., Bluhm, G., Hilding, A., Östenson, C.G. and Pershagen, 
G. (2010). Aircraft noise and incidence of hypertension – Gender 
specific effects. Environmental research, 110(8), 764-772. https://doi.
org/10.1016/j.envres.2010.09.001

68. Orban, E., McDonald, K., Sutcliffe, R., Hoffmann, B., Fuks, K.B., Dragano, N. 
et al. (2016). Residential road traffic noise and high depressive symptoms 
after five years of follow-up: Results from the Heinz Nixdorf recall 
study. Environmental health perspectives, 124(5), 578-585. https://doi.
org/10.1289/ehp.1409400

69. Dreger, S., Schüle, S.A., Hilz, L.K. and Bolte, G. (2019). Social inequalities 
in environmental noise exposure: A review of evidence in the WHO 
European Region. International Journal of Environmental Research and 
Public Health, 16(6), 1011. https://doi.org/10.3390/ijerph16061011

70. Dale, L.M., Goudreau, S., Perron, S., Ragettli, M.S., Hatzopoulou, M. and 
Smargiassi, A. (2015). Socioeconomic status and environmental noise 
exposure in Montreal, Canada. BMC Public Health, 15(1), 1-8. https://doi.
org/10.1186/s12889-015-1571-2

71. Taylor, D.E. (2014). Toxic Communities: Environmental Racism, Industrial 
Pollution, and Residential Mobility. NYU Press. https://www.jstor.org/
stable/24889758

72. Hajat, A., Hsia, C. and O’Neill, M.S. (2015). Socioeconomic disparities 
and air pollution exposure: a global review. Current Environmental Health 
Reports, 2(4), 440-450. https://doi.org/10.1007/s40572-015-0069-5

73. Casey, J.A., Morello-Frosch, R., Mennitt, D.J., Fristrup, K., Ogburn, E.L. 
and James, P. (2017). Race/ethnicity, socioeconomic status, residential 
segregation, and spatial variation in noise exposure in the contiguous 
United States. Environmental Health Perspectives, 125(7), 077017. https://
doi.org/10.1289/EHP898

74. Choi, E., Bhandari, T.R. and Shrestha, N. (2020). Social inequality, noise 
pollution, and quality of life of slum dwellers in Pokhara, Nepal. Archives 
of Environmental & Occupational Health, 1-12. https://doi.org/10.1080/193
38244.2020.1860880

57.  Wales, Ministry of Environment (2018). Noise and Soundscape Action 
Plan 2018-2023. Cardiff: Ministry of Environment. https://gov.wales/sites/
default/files/publications/2019-04/noise-and-soundscape-action-plan.pdf

58. 	Payne, S.R. and Bruce, N. (2019). Exploring the Relationship between 
Urban Quiet Areas and Perceived Restorative Benefits. International 
Journal of Environmental Research and Public Health, 16(9), 1611. https://
doi.org/10.3390/ijerph16091611

59. 	Cerwén, G. (2019). Listening to Japanese Gardens: An Autoethnographic 
Study on the Soundscape Action Design Tool. International Journal 
of Environmental Research and Public Health 16(23), 4648. https://doi.
org/10.3390/ijerph16234648

60.  European Environment Agency (2014). Good practice guide on quiet 
areas. Luxembourg: Publications Office of the European Union. https://doi.
org/10.2800/12611

61.  European Environment Agency (2016). Quiet Areas in Europe - The 
environment unaffected by noise pollution. Luxembourg: Publications 
Office of the European Union. https://doi.org/10.2800/7586

62. 	Kliuchko, M., Heinonen-Guzejev, M., Vuust, P., Tervaniemi, M. and 
Brattico, E. (2016). A window into the brain mechanisms associated with 
noise sensitivity. Scientific Reports, 6, 39236. https://doi.org/10.1038/
srep39236

63. 	Baliatsas, C., van Kamp, I., Swart, W., Hooiveld, M. and Yzermans, J. 
(2016). Noise sensitivity: symptoms, health status, illness behavior and 
co-occurring environmental sensitivities. Environmental Research, 150, 
8-13. https://doi.org/10.1016/j.envres.2016.05.029

64. Basner, M., Babisch, W., Davis, A., Brink, M., Clark, C., Janssen, S. et al. 
(2014). Auditory and non-auditory effects of noise on health. The Lancet, 
383(9925), 1325-1332. https://doi.org/10.1016/s0140-6736(13)61613-x

65. Stansfeld, S. and Clark, C. (2015). Health Effects of Noise Exposure in 
Children. Current Environmental Health Report, 2, 171-178. https://doi.
org/10.1007/S40572-015-0044-1

66. 	Van Kamp, I. and Davies, H. (2013). Noise and health in vulnerable 
groups: A review. Noise & Health, 15(64), 153-159. https://doi.
org/10.4103/1463-1741.112361

16

U
N

 E
N

V
IR

O
N

M
E

N
T

 P
R

O
G

R
A

M
M

E
 F

R
O

N
T

IE
R

S
 2

0
2

2
 R

E
P

O
R

T
  

https://doi.org/10.1016/j.envres.2010.09.001 
https://doi.org/10.1016/j.envres.2010.09.001 
https://doi.org/10.1289/ehp.1409400 
https://doi.org/10.1289/ehp.1409400 
https://doi.org/10.3390/ijerph16061011 
https://doi.org/10.1186/s12889-015-1571-2 
https://doi.org/10.1186/s12889-015-1571-2 
https://www.jstor.org/stable/24889758
https://www.jstor.org/stable/24889758
http://www.jstor.org/stable/j.ctt9qg1v9 
https://doi.org/10.1007/s40572-015-0069-5
https://doi.org/10.1289/EHP898 
https://doi.org/10.1289/EHP898 
https://doi.org/10.1080/19338244.2020.1860880 
https://doi.org/10.1080/19338244.2020.1860880 
https://gov.wales/sites/default/files/publications/2019-04/noise-and-soundscape-action-plan.pdf 
https://gov.wales/sites/default/files/publications/2019-04/noise-and-soundscape-action-plan.pdf 
https://doi.org/10.3390/ijerph16091611 
https://doi.org/10.3390/ijerph16091611 
https://doi.org/10.3390/ijerph16234648 
https://doi.org/10.3390/ijerph16234648 
https://doi.org/10.2800/12611 
https://doi.org/10.2800/12611 
https://doi.org/10.2800/7586 
https://doi.org/10.1038/srep39236 
https://doi.org/10.1038/srep39236 
https://doi.org/10.1016/j.envres.2016.05.029 
https://doi.org/10.1016/s0140-6736(13)61613-x 
https://doi.org/10.1007/S40572-015-0044-1 
https://doi.org/10.1007/S40572-015-0044-1 
https://doi.org/10.4103/1463-1741.112361 
https://doi.org/10.4103/1463-1741.112361 


83. Mitchell, R.J., Richardson, E.A., Shortt, N.K. and Pearce, J.R. (2015). 
Neighborhood Environments and Socioeconomic Inequalities in Mental 
Well-Being. American Journal of Preventive Medicine 49(1), 80-84. https://
doi.org/10.1016/j.amepre.2015.01.017 

84. Wolch, J.R., Byrne, J. and Newell, J.P. (2014). Urban green space, public 
health, and environmental justice: The challenge of making cities ‘just 
green enough’. Landscape and Urban Planning, 125, 234-244. https://doi.
org/10.1016/j.landurbplan.2014.01.017

85. Bild, E., Coler, M., Pfeffer, K., and Bertolini, L. (2016). Considering 
sound in planning and designing public spaces: A review of theory 
and applications and a proposed framework for integrating research 
and practice. Journal of Planning Literature, 31(4), 419-439. http://doi.
org/10.1177/0885412216662001

86. Lam, K.C., Ma, W., Chan, P.K., Hui, W.C., Chung, K.L., Chung, Y.T. et al. 
(2013). Relationship between road traffic noisescape and urban form 
in Hong Kong. Environmental Monitoring and Assessment, 185(12), 9683-
9695. https://doi.org/10.1007/s10661-013-3282-4

87. Van Renterghem, T., Dekoninck, L. and Botteldooren, D. (2020). Multi-stage 
sound planning methodology for urban redevelopment. Sustainable Cities 
and Society, 62, 102362. https://doi.org/10.1016/j.scs.2020.102362

88. Brown, A.L. and Horton, R. (2020). A planetary health perspective 
on COVID-19: a call for papers. The Lancet, 395(10230). http://doi.
org/10.1016/S0140-6736(20)30742-X

89. Dutheil, F., Baker, J.S. and Navel, V. (2020). COVID-19 as a factor 
influencing air pollution? Environmental pollution, 263. http://doi.
org/10.1016/j.envpol.2020.114466

90. Asensio, C., Aumond, P., Can, A., Gascó, L., Lercher, P., Wunderli, J.M. et 
al. (2020). A Taxonomy Proposal for the Assessment of the Changes in 
Soundscape Resulting from the COVID-19 Lockdown. International Journal 
of Environmental Research and Public Health, 17(12), 4205. https://doi.
org/10.3390/ijerph17124205

75. Hoffimann, E., Barros, H. and Ribeiro, A.I. (2017). Socioeconomic 
inequalities in green space quality and accessibility – Evidence from a 
Southern European city. International Journal of Environmental Research 
and Public Health, 14(8), 916. https://doi.org/10.3390/ijerph14080916

76. Kohlhuber, M., Mielck, A., Weiland, S.K. and Bolte, G. (2006). Social 
inequality in perceived environmental exposures in relation to housing 
conditions in Germany. Environmental Research, 101(2), 246-255. https://
doi.org/10.1016/j.envres.2005.09.008

77. Lam, K.C. and Chan, P.K. (2008). Socio-economic status and 
inequalities in exposure to transportation noise in Hong Kong. Open 
Environmental Sciences Journal, 2(1), 107-113. http://doi.
org/10.2174/1876325100802010107

78. Nega, T.H., Chihara, L., Smith, K. and Jayaraman, M. (2013). Traffic noise 
and inequality in the twin cities, Minnesota. Human and Ecological Risk 
Assessment: An International Journal, 19(3), 601-619. https://doi.org/10.10
80/10807039.2012.691409

79. Verbeek, T. (2019). Unequal residential exposure to air pollution 
and noise: A geospatial environmental justice analysis for Ghent, 
Belgium. SSM-Population Health, 7, 100340. https://doi.org/10.1016/j.
ssmph.2018.100340

80. World Health Organization (2016). Urban green spaces and health. 
Copenhagen: WHO Regional Office for Europe. https://www.euro.
who.int/en/health-topics/environment-and-health/urban-health/
publications/2016/urban-green-spaces-and-health-a-review-of-
evidence-2016

81. Casey, J.A, James, P., Cushing, L., Jesdale, B.M. and Morello-Frosch, 
R. (2017). Race, Ethnicity, Income Concentration and 10-Year Change 
in Urban Greenness in the United States. International Journal of 
Environmental Research and Public Health 14(12), 1546. https://doi.
org/10.3390/ijerph14121546

82. De Vries, S., Buijs, A.E. and Snep, R.P. (2020). Environmental Justice 
in The Netherlands: Presence and Quality of Greenspace Differ by 
Socioeconomic Status of Neighbourhoods. Sustainability 12(15), 5889.  
https://doi.org/10.3390/su12155889

17

U
N

 E
N

V
IR

O
N

M
E

N
T

 P
R

O
G

R
A

M
M

E
 F

R
O

N
T

IE
R

S
 2

0
2

2
 R

E
P

O
R

T
  

https://doi.org/10.1016/j.amepre.2015.01.017  
https://doi.org/10.1016/j.amepre.2015.01.017  
https://doi.org/10.1016/j.landurbplan.2014.01.017 
https://doi.org/10.1016/j.landurbplan.2014.01.017 
http://doi.org/10.1177/0885412216662001 
http://doi.org/10.1177/0885412216662001 
https://doi.org/10.1007/s10661-013-3282-4 
https://doi.org/10.1016/j.scs.2020.102362 
http://doi.org/10.1016/S0140-6736(20)30742-X 
http://doi.org/10.1016/S0140-6736(20)30742-X 
http://doi.org/10.1016/j.envpol.2020.114466 
http://doi.org/10.1016/j.envpol.2020.114466 
https://doi.org/10.3390/ijerph17124205 
https://doi.org/10.3390/ijerph17124205 
https://doi.org/10.3390/ijerph14080916 
https://doi.org/10.1016/j.envres.2005.09.008 
https://doi.org/10.1016/j.envres.2005.09.008 
http://doi.org/10.2174/1876325100802010107 
http://doi.org/10.2174/1876325100802010107 
https://doi.org/10.1080/10807039.2012.691409 
https://doi.org/10.1080/10807039.2012.691409 
https://doi.org/10.1016/j.ssmph.2018.100340 
https://doi.org/10.1016/j.ssmph.2018.100340 
https://www.euro.who.int/en/health-topics/environment-and-health/urban-health/publications/2016/urban-green-spaces-and-health-a-review-of-evidence-2016
https://www.euro.who.int/en/health-topics/environment-and-health/urban-health/publications/2016/urban-green-spaces-and-health-a-review-of-evidence-2016
https://www.euro.who.int/en/health-topics/environment-and-health/urban-health/publications/2016/urban-green-spaces-and-health-a-review-of-evidence-2016
https://www.euro.who.int/en/health-topics/environment-and-health/urban-health/publications/2016/urban-green-spaces-and-health-a-review-of-evidence-2016
https://www.euro.who.int/__data/assets/pdf_file/0005/321971/Urban-green-spaces-and-health-review-evidence.pdf 
https://doi.org/10.3390/ijerph14121546 
https://doi.org/10.3390/ijerph14121546 
https://doi.org/10.3390/su12155889 


99. Ugolini, F., Massetti, L., Calaza-Martínez, P., Cariñanos, P., Dobbs, C., 
Ostoić, S.K. et al. (2020). Effects of the COVID-19 pandemic on the use 
and perceptions of urban green space: An international exploratory study. 
Urban Forestry & Urban Greening, 56, 126888. https://doi.org/10.1016/j.
ufug.2020.126888

100.Geary, R.S., Wheeler, B., Lovell, R., Jepson, R., Hunter, R., and Rodgers, S. 
(2021). A call to action: Improving urban green spaces to reduce health 
inequalities exacerbated by COVID-19. Preventive Medicine, 145, 106425. 
https://doi.org/10.1016/j.ypmed.2021.106425

101.Mell, I. and Whitten, M. (2021). Access to nature in a post Covid-19 
world: Opportunities for green infrastructure financing, distribution and 
equitability in urban planning. International Journal of Environmental 
Research and Public Health, 18(4), 1527. https://doi.org/10.3390/
ijerph18041527

91. Bruitparif (2020). Les effets du confinement sur l’environnement sonore au 
sein de la zone dense francilienne. 11 mai 2020.  https://www.bruitparif.fr/
bruitparif/

92. Asensio, C., Pavón, I. and de Arcas, G. (2020). Changes in noise levels 
in the city of Madrid during COVID-19 lockdown in 2020. Journal of 
the Acoustical Society of America, 148(3), 1748-1755. https://doi.
org/10.1121/10.0002008

93. Aletta, F., Oberman, T., Mitchell, A., Tong, H., and Kang, J. (2020). 
Assessing the changing urban sound environment during the COVID-19 
lockdown period using short-term acoustic measurements. Noise 
Mapping 7(1), 123-134. https://doi.org/10.1515/noise-2020-0011 

94. Derryberry, E.P., Phillips, J.N., Derryberry, G.E., Blum, M.J., and Luther, 
D. (2020). Singing in a silent spring: Birds respond to a half-century 
soundscape reversion during the COVID-19 shutdown. Science, 370(6516), 
575-579. https://doi.org/10.1126/science.abd5777

95. Kalawapudi, K., Singh, T., Vijay, R., Goyal, N. and Kumar, R. (2020). Effects 
of COVID-19 pandemic on festival celebrations and noise pollution levels. 
Noise Mapping 8, 89-93. https://doi.org/10.1515/noise-2021-0006

96. Lecocq, T., Hicks, S.P., Van Noten, K., Van Wijk, K., Koelemeijer, P., De Plaen 
et al. (2020). Global quieting of high-frequency seismic noise due to 
COVID-19 pandemic lockdown measures. Science, 369(6509), 1338-1343. 
https://doi.org/10.1126/science.abd2438

97. Frumkin, H. (2021). COVID-19, the Built Environment, and Health. 
Environmental Health Perspectives, 129(7), 075001. https://doi.
org/10.1289/EHP8888

98. Berdejo Espinola, V., Suárez Castro, A.F., Amano, T., Fielding, K.S., Oh, 
R.R.Y., and Fuller, R.A. (2021). Urban green space use during a time 
of stress: A case study during the COVID-19 pandemic in Brisbane, 
Australia. People and Nature. https://doi.org/10.1002/pan3.10218

18

U
N

 E
N

V
IR

O
N

M
E

N
T

 P
R

O
G

R
A

M
M

E
 F

R
O

N
T

IE
R

S
 2

0
2

2
 R

E
P

O
R

T
  

https://doi.org/10.1016/j.ufug.2020.126888 
https://doi.org/10.1016/j.ufug.2020.126888 
https://doi.org/10.1016/j.ypmed.2021.106425 
https://doi.org/10.3390/ijerph18041527 
https://doi.org/10.3390/ijerph18041527 
https://www.bruitparif.fr/bruitparif/ 
https://www.bruitparif.fr/bruitparif/ 
https://doi.org/10.1121/10.0002008 
https://doi.org/10.1121/10.0002008 
https://doi.org/10.1515/noise-2020-0011 
https://doi.org/10.1126/science.abd5777 
https://doi.org/10.1515/noise-2021-0006 
https://doi.org/10.1126/science.abd2438
https://doi.org/10.1289/EHP8888 
https://doi.org/10.1289/EHP8888 
https://doi.org/10.1002/pan3.10218 


Montreal, Canada

Ragettli, M. S., Goudreau, S., Plante, C., Fournier, M., Hatzopoulou, M., Perron, 
S. et al. (2016). Statistical modeling of the spatial variability of environ-
mental noise levels in Montreal, Canada, using noise measurements and 
land use characteristics. Journal of Exposure Science & Environmental Epi-
demiology 26(6), 597-605. https://doi.org/10.1038/jes.2015.82

New York, USA

McAlexander, T.P., Gershon, R.R. and Neitzel, R.L. (2015). Street-level noise in an 
urban setting: assessment and contribution to personal exposure. Environ-
mental Health 14(1), 1-10. https://doi.org/10.1186/s12940-015-0006-y

Neitzel, R.L., Gershon, R.R.M., McAlexander, T.P., Magda, L.A. and Pearson, 
J.M. (2012). Exposures to Transit and Other Sources of Noise among New 
York City Residents. Environmental Science and Technology 46(1), 500–508. 
https://doi.org/10.1021/es2025406

United States of America, Department of Commerce (2019). Commuting by pub-
lic transportation in the United States: 2019. American Community Survey 
Reports. U.S. Census Bureau. https://www.census.gov/content/dam/Cen-
sus/library/publications/2021/acs/acs-48.pdf

San Diego, USA

San Diego County Government (2015). Noise Element. City of San Diego Gen-
eral Plan, 29 June. https://www.sandiego.gov/planning/programs/gen-
plan. Accessed 7 July 2021

Toronto, Canada

16. Bai et al. 2020

17. Shin et al. 2020

Drudge, C., Johnson, J., MacIntyre, E., Li, Y., Copes, R., Ing, S. et al. (2018). Ex-
ploring night-time road traffic noise: A comprehensive predictive surface 
for Toronto, Canada. Journal of Occupational and Environmental Hygiene 
15(5), 389-398. https://doi.org/10.1080/15459624.2018.1442006

Graphic references

Noise measurement 
Encyclopedia Britannica. (2021). The decibel scale. https://www.britannica.com/

science/sound-physics/The-decibel-scale Accessed 30 December 2021

Hearing Health Foundation. (2021). What are safe decibels? https://hearing-
healthfoundation.org/keeplistening/decibels Accessed 31 August 2021.

Münzel, T., Sørensen, M., Gori, T., Schmidt, F.P., Rao, X., Brook, J. et al. (2017). 
Environmental stressors and cardio-metabolic disease: part I-epidemio-
logic evidence supporting a role for noise and air pollution and effects of 
mitigation strategies. European Heart Journal 38(8), 550-556. https://doi.
org/10.1093/eurheartj/ehw269

Sound check: How noisy are cities?
AFRICA

Abuja, Nigeria - Algiers, Algeria - Cape Coast Metropolis, Ghana - Ibadan, 
Nigeria - Morogoro, Tanzania - Nairobi, Kenya

Schwela, D. (2021). Environmental noise challenges and policies in low-and 
middle-income countries. South Florida Journal of Health 2(1), 26-45. 
https://doi.org/10.46981/sfjhv2n1-003

Cairo, Egypt

Abas, S. and Tamura, A. (2003). Analysis of road traffic noise level and control 
in Greater Cairo, Egypt. Acoustical Science and Technology 24(6), 358-364. 
https://doi.org/10.1250/ast.24.358

NORTH AMERICA

Atlanta, USA, Los Angeles, USA

Lee, E. Y., Jerrett, M., Ross, Z., Coogan, P. F. and Seto, E. Y. (2014). Assessment 
of traffic-related noise in three cities in the United States. Environmental 
Research 132, 182-189. https://doi.org/10.1016/j.envres.2014.03.005

LATIN AMERICA

Bogota, Colombia - Puerto Vallarta, Mexico 

Schwela, D. (2021). Environmental noise challenges and policies in low-and 
middle-income countries. South Florida Journal of Health 2(1), 26-45. 
https://doi.org/10.46981/sfjhv2n1-003

29. Dorado-Correa et al. (2016)

Santiago, Chile

Suárez, E. and Barros, J.L. (2014). Traffic noise mapping of the city of Santi-
ago de Chile. Science of the Total Environment 466, 539-546. https://doi.
org/10.1016/j.scitotenv.2013.07.013

Talca, Chile

Calquín, F., Ponce-Donoso, M., Vallejos-Barra, Ó. and Plaza, E. (2019). Influ-
ence of urban trees on noise levels in a central Chilean city. Revista de la 
Facultad de Ciencias Agrarias UNCuyo 51(1), 41-53. https://revistas.uncu.
edu.ar/ojs3/index.php/RFCA/article/view/2336/1709

EUROPE

Barcelona, Spain

2. European Environment Agency (2020) 

Lagonigro, R., Martori, J. C. and Apparicio, P. (2018). Environmental noise in-
equity in the city of Barcelona. Transportation Research Part D: Transport 
and Environment 63, 309-319. https://doi.org/10.1016/j.trd.2018.06.007

Belgrade, Serbia

Paunović, K., Belojević, G. and Jakovljević, B. (2014). Noise annoyance is re-
lated to the presence of urban public transport. Science of the Total Envi-
ronment 481, 479-487. https://doi.org/10.1016/j.scitotenv.2014.02.092

London, United Kingdom

Smith, R.B., Beevers, S.D., Gulliver, J., Dajnak, D., Fecht, D., Blangiardo, M. et 
al. (2020). Impacts of air pollution and noise on risk of preterm birth and 
stillbirth in London. Environment International 134, 105290. https://doi.
org/10.1016/j.envint.2019.105290

19

U
N

 E
N

V
IR

O
N

M
E

N
T

 P
R

O
G

R
A

M
M

E
 F

R
O

N
T

IE
R

S
 2

02
2 

R
E

P
O

R
T  

https://doi.org/10.1038/jes.2015.82 
https://doi.org/10.1186/s12940-015-0006-y 
https://doi.org/10.1186/s12940-015-0006-y 
https://doi.org/10.1186/s12940-015-0006-y 
https://doi.org/10.1186/s12940-015-0006-y 
https://doi.org/10.1186/s12940-015-0006-y 
https://doi.org/10.1186/s12940-015-0006-y 
https://doi.org/10.1186/s12940-015-0006-y 
https://doi.org/10.1186/s12940-015-0006-y 
https://doi.org/10.1186/s12940-015-0006-y 
https://www.sandiego.gov/planning/programs/genplan
https://www.sandiego.gov/planning/programs/genplan
https://doi.org/10.1080/15459624.2018.1442006 
https://www.britannica.com/science/sound-physics/The-decibel-scale
https://www.britannica.com/science/sound-physics/The-decibel-scale
https://hearinghealthfoundation.org/keeplistening/decibels
https://hearinghealthfoundation.org/keeplistening/decibels
https://doi.org/10.1093/eurheartj/ehw269 
https://doi.org/10.1093/eurheartj/ehw269 
https://doi.org/10.46981/sfjhv2n1-003
https://doi.org/10.1250/ast.24.358
https://doi.org/10.1016/j.envres.2014.03.005
https://doi.org/10.46981/sfjhv2n1-003
https://doi.org/10.1016/j.scitotenv.2013.07.013 
https://doi.org/10.1016/j.scitotenv.2013.07.013 
https://revistas.uncu.edu.ar/ojs3/index.php/RFCA/article/view/2336/1709 
https://revistas.uncu.edu.ar/ojs3/index.php/RFCA/article/view/2336/1709 
https://doi.org/10.1016/j.trd.2018.06.007
https://doi.org/10.1016/j.scitotenv.2014.02.092 
https://doi.org/10.1016/j.envint.2019.105290 
https://doi.org/10.1016/j.envint.2019.105290 


Tokat, Turkey

Ozer, S., Yilmaz, H., Yeşil, M. and Yeşil, P. (2009). Evaluation of noise pollution 
caused by vehicles in the city of Tokat, Turkey. Scientific Research and 
Essays 4(11), 1205-1212. https://academicjournals.org/journal/SRE/arti-
cle-abstract/5C0659218851

WEST ASIA

Ahvaz, Iran

Mohammadi, M. J., Charkhloo, E., Geravandi, S., Takdastan, A., Rahimi, S., 
Yari, A. R. et al. (2017). Road traffic noise in urban environments in Ahvaz 
city, Iran. Fresenius Environmental Bulletin 26(4), 2746-2751. https://core.
ac.uk/download/pdf/211573334.pdf

Amman, Jordan

Jamrah, A., Al-Omari, A. and Sharabi, R. (2006). Evaluation of traffic noise 
pollution in Amman, Jordan. Environmental Monitoring and Assessment 
120(1), 499-525. https://doi.org/10.1007/s10661-005-9077-5

Beirut, Lebanon - Damascus, Syria - Tabriz, Iran

43. Schwela, D. (2021).

Erbil, Iraq

Saber, S. (2014). Environmental noise with solutions: A case study. Interna-
tional Journal of Advanced and Applied Sciences 1(2), 6-14. http://www.
science-gate.com/IJAAS/V1I2.html

Hebron

Salhab, Z. and Amro, H. (2012). Evaluation Of Vehicular Noise Pollution In 
The City Of Hebron, Palestine. International Journal of Modern Engineering 
Research 2(6), 4307-4310. https://www.semanticscholar.org/paper/
Evaluation-Of-Vehicular-Noise-Pollution-In-The-City-Salhab-Amro/1b657b
61eeee5caffeab7b7a98f8fbe5b9c750f6

Lyon, France

Pierrette, M., Marquis-Favre, C., Morel, J., Rioux, L., Vallet, M., Viollon, S. et 
al. (2012). Noise annoyance from industrial and road traffic combined 
noises: A survey and a total annoyance model comparison. Journal of 
Environmental Psychology 32(2), 178-186. https://doi.org/10.1016/j.jen-
vp.2012.01.006

Madrid, Spain

Linares, C., Culqui, D., Carmona, R., Ortiz, C. and Díaz, J. (2017). Short-term 
association between environmental factors and hospital admissions due 
to dementia in Madrid. Environmental Research 152, 214-220. https://doi.
org/10.1016/j.envres.2016.10.020

Nis, Serbia

Prascevic, M.R., Mihajlov, D.I. and Cvetkovic, D.S. (2014). Measurement and 
evaluation of the environmental noise levels in the urban areas of the city 
of Nis (Serbia). Environmental Monitoring and Assessment 186(2), 1157-
1165. https://doi.org/10.1007/s10661-013-3446-2

Paris, France

Méline, J., Van Hulst, A., Thomas, F., Karusisi, N. and Chaix, B. (2013). Trans-
portation noise and annoyance related to road traffic in the French 
RECORD study. International Journal of Health Geographics 12(1), 1-13. 
https://doi.org/10.1186/1476-072X-12-44

Rome, Italy

Ancona, C., Badaloni, C., Mattei, F., Cesaroni, G., Stafoggia, M. and Forastiere, 
F. (2017). 2053-Health impact assessment of air pollution, noise, and lack
of green in Rome. Journal of Transport & Health 5, S42-S43. https://doi.
org/10.1016/j.jth.2017.05.331

Stockholm, Sweden

Edqvist, M. and Wärnsby, M. (2014). Environmental Noise in Urban Areas - 
Moving towards Greater Acceptance?. Noise & Vibration Worldwide, 45(2). 
https://doi.org/10.1260%2F0957-4565.45.2.25

Tirana, Albania

Laze, K. (2017). Findings from measurements of noise levels in indoor and 
outdoor environments in an expanding urban area: a case of Tirana. Noise 
Mapping 4(1), 45-56. https://doi.org/10.1515/noise-2017-0003

Colombo, Sri Lanka

Nagodawithana, N. S., Pathmeswaran, A., Pannila, A. S., Wickramasinghe, A. 
R. and Sathiakumar, N. (2016). Environmental pollution by traffic noise
in the city of Colombo, Sri Lanka. Asian Journal of Water, Environment and
Pollution 13(3), 67-72. https://doi.org/10.3233/AJW-160028

Delhi, India

Akhtar, N., Ahmad, K. and Gangopadhyay, S. (2012). Road traffic noise map-
ping and a case study for Delhi region. International Journal of Applied 
Engineering and Technology 2(4), 39-45. https://www.cibtech.org/J-EN-
GINEERING-TECHNOLOGY/PUBLICATIONS/2012/Vol_2_No_4/06-015...
Nasim...Road...Region...39-45.pdf

Dhaka, Bangladesh

Riyad, R.H., Amin, A. and Mazumder, M. (2020). A Study of Noise Pollution 
by Traffic during Peak and Off Peak Hour in Dhaka City. Journal of Innova-
tions in Civil Engineering and Technology, 2(2), 43-53. https://dergipark.org.
tr/en/pub/jiciviltech/issue/58477/787543

Faisalabad, Pakistan - Islamabad, Pakistan - Karachi, Pakistan

Rahman Farooqi, Z. U., Nasir, M. S., Nasir, A., Zeeshan, N., Ayub, I., Rashid, H. 

et al. (2017). Evaluation and analysis of traffic noise in different zones 
of Faisalabad–an industrial city of Pakistan. Geology, Ecology, and Land-
scapes 1(4), 232-240. https://doi.org/10.1080/24749508.2017.1389454

Jaipur, India

Agarwal, S. and Swami, B. L. (2010). Status of ambient noise levels in Jaipur 
City. Environment Conservation Journal 11(1-2), 105-108. https://environcj.
in/wp-content/uploads/issues/2010/12/105-108.pdf

20

U
N

 E
N

V
IR

O
N

M
E

N
T

 P
R

O
G

R
A

M
M

E
 F

R
O

N
T

IE
R

S
 2

02
2 

R
E

P
O

R
T  

Irbid, Jordan

Odat, S.A. (2015). Noise Pollution in Irbid City-Jordan. Fluctuation and Noise 
Letters 14(04), 1550037. https://doi.org/10.1142/S0219477515500376

SOUTH ASIA

Asansol, India

Banerjee, D. and Chakraborty, S.K. (2021). Monthly variation in night time 

noise levels at residential areas of Asansol city (India). . Journal of 
Environmental Science & Engineering 48(1), 39-44.   https://
pubmed.ncbi.nlm.nih.gov/17913200

Kathmandu, Nepal

43. Schwela, D. (2021).

Kolkata, India

Buragohain, D. (2020). A report on noise level status in different areas of 
South Kolkata, India. International Research Journal of Modernization in En-
gineering Technology and Science 2(3), 395-398. https://www.irjmets.com/
uploadedfiles/paper/volume2/issue_3_march_2020/249/1628082963.pdf

https://academicjournals.org/journal/SRE/article-abstract/5C0659218851
https://academicjournals.org/journal/SRE/article-abstract/5C0659218851
https://core.ac.uk/download/pdf/211573334.pdf
https://core.ac.uk/download/pdf/211573334.pdf
https://doi.org/10.1007/s10661-005-9077-5
https://doi.org/10.1007/s10661-005-9077-5 
http://www.science-gate.com/IJAAS/V1I2.html
http://www.science-gate.com/IJAAS/V1I2.html
https://www.semanticscholar.org/paper/Evaluation-Of-Vehicular-Noise-Pollution-In-The-City-Salhab-Amro/1b657b61eeee5caffeab7b7a98f8fbe5b9c750f6

https://doi.org/10.1142/S0219477515500376 
https://doi.org/10.1016/j.jenvp.2012.01.006 
https://doi.org/10.1016/j.jenvp.2012.01.006 
https://doi.org/10.1016/j.envres.2016.10.020
https://doi.org/10.1016/j.envres.2016.10.020
https://doi.org/10.1007/s10661-013-3446-2
https://doi.org/10.1080/24749508.2017.1389454 
https://doi.org/10.1186/1476-072X-12-44
https://doi.org/10.1016/j.jth.2017.05.331
https://doi.org/10.1016/j.jth.2017.05.331
https://doi.org/10.1260%2F0957-4565.45.2.25
https://doi.org/10.1515/noise-2017-0003
https://doi.org/10.3233/AJW-160028
https://www.cibtech.org/J-ENGINEERING-TECHNOLOGY/PUBLICATIONS/2012/Vol_2_No_4/06-015...Nasim...Road...Region...39-45.pdf
https://www.cibtech.org/J-ENGINEERING-TECHNOLOGY/PUBLICATIONS/2012/Vol_2_No_4/06-015...Nasim...Road...Region...39-45.pdf
https://www.cibtech.org/J-ENGINEERING-TECHNOLOGY/PUBLICATIONS/2012/Vol_2_No_4/06-015...Nasim...Road...Region...39-45.pdf
https://dergipark.org.tr/en/pub/jiciviltech/issue/58477/787543
https://dergipark.org.tr/en/pub/jiciviltech/issue/58477/787543
https://doi.org/10.1080/24749508.2017.1389454
https://environcj.in/wp-content/uploads/issues/2010/12/105-108.pdf 
https://environcj.in/wp-content/uploads/issues/2010/12/105-108.pdf 


Hanoi, Viet Nam - Ho Chi Minh City, Viet Nam

Nguyen, T.L., Nguyen, H.Q., Yano, T., Nishimura, T., Sato, T. Morihara, T. et al. 
(2012). Comparison of models to predict annoyance from combined 
noise in Ho Chi Minh City and Hanoi. Applied Acoustics 73(9), 952-959. 
https://doi.org/10.1016/j.apacoust.2012.04.005

Hue, Viet Nam

Gelb, J. and Apparicio, P. (2019).  Noise exposure of cyclists in Ho Chi Minh 
City: A spatio-temporal analysis using non-linear models. Applied Acous-
tics 148, 332–343. https://doi.org/10.1016/j.apacoust.2018.12.031

Nguyen, M. K. (2014). Community response to road traffic noise in Hue City, 
Vietnam. Environment and Natural Resources J 12(2), 24-28. https://ssrn.
com/abstract=3237251

Ky, N.M., Lap, B.Q., Hung, N.T.Q., Thanh, L.M. and Linh, P.G. (2021). Investiga-
tion and assessment of road traffic noise: a case study in Ho Chi Minh 
City, Vietnam. Water, Air, & Soil Pollution 232, 259. https://doi.org/10.1007/
s11270-021-05210-3

Jakarta, Indonesia

Prasetyo, S., Kusnoputranto, H., Alikodra, H. and Koestoer, R. (2016). Model 
of noise propagation in urban area: A case study in Jakarta. OIDA Interna-
tional Journal of Sustainable Development 9(02), 45-50. https://ssrn.com/
abstract=2739810

Manila, The Philippines

Dulay, L.E.R., Galvan, M.D.K.P., Puyaoan, R.J.M., Sison, A.A.Y., Natanauan, N.S. 
and Hernandez, P.M.R. (2018). Occupational noise exposure of traffic 
enforcers in selected streets in the city of Manila. Acta Medica Philippina 
52(3). https://doi.org/10.47895/amp.v52i3.406

Melbourne, Australia

Hanigan, I. C., Chaston, T. B., Hinze, B., Dennekamp, M., Jalaludin, B., Kinfu, Y. et 
al. (2019). A statistical downscaling approach for generating high spatial 
resolution health risk maps: a case study of road noise and ischemic heart 
disease mortality in Melbourne, Australia. International Journal of Health 
Geographics 18(1), 1-10. https://doi.org/10.1186/s12942-019-0184-x

Moradabad, India

Chauhan, A., Pawar, M., Kumar, D., Kumar, N. and Kumar, R. (2010). 

Rajshahi, Bangladesh

Bari, M.N., Biswas, A. and Baki, A.A. (2018). Conference: Determination of Noise 
Level of Different Places of Rajshahi City. Khulna, 9-11 February 2018. Khul-
na University of Engineering & Technology, Bangladesh

Tangail, Bangladesh

Hoque, M. M. M., Basak, L. K., Rokanuzzaman, M. and Roy, S. (2013). Level of 
noise pollution at different locations in Tangail municipal area, Bangla-
desh. Bangladesh Journal of Scientific Research 26(1-2), 29-36. https://doi.
org/10.3329/bjsr.v26i1-2.20228

EAST ASIA, SOUTH EAST ASIA AND THE PACIFIC

Auckland, New Zealand

Auckland Council (2016). Noise and vibration, 8 July. https://unitaryplan.
aucklandcouncil.govt.nz/HTMLSept/Part%203/Chapter%20H/6%20Gen-
eral/Chapter%20H%20-%206.2%20Noise%20and%20vibration.htm. Ac-
cessed 7 July 2021

Bangkok, Thailand - Kota Bharu, Malaysia - Kuala Lumpur, Malaysia

Schwela, D. (2021). Environmental noise challenges and policies in low-and 
middle-income countries. South Florida Journal of Health 2(1), 26-45. 
https://doi.org/10.46981/sfjhv2n1-003

Hong Kong, China

52. Lam et al. (2013)

53. Cai et al. (2019)

Lam, K.C. and Chan, P.K. (2008). Socio-economic status and inequalities in 
exposure to transportation noise in Hong Kong. Open Environmental Sci-
ences Journal 2(1). https:/doi.org/10.2174/1876325100802010107

To, W. M., Mak, C. M. and Chung, W. L. (2015). Are the noise levels acceptable 
in a built environment like Hong Kong? Noise & Health 17(79), 429. https://
doi.org/10.4103/1463-1741.169739

Soundscape management:  
From noise mitigation to desirable soundscape

Sight and sound

Ratcliffe, E. (2021). Sound and soundscape in restorative natural environ-
ments. Frontiers in Psychology 12:570563. https://doi.org/10.3389/
fpsyg.2021.570563

Green solutions

Van Renterghem, T. (2019). Towards explaining the positive effect of vege-
tation on the perception of environmental noise. Urban Forestry & Urban 
Greening 40. https://doi.org/10.1016/j.ufug.2018.03.007

Soundscape

Brown, L. A. (2012). A Review of Progress in Soundscapes and an Approach 
to Soundscape Planning. International Journal of Acoustics and Vibration 
17(2), 73-81. https://doi.org/10.20855/ijav.2012.17.2302

Epstein, M.J. (2019). Healing the urban soundscape: reflections and reverber-
ations. Cities & Health 5, 74-81.  https://doi.org/10.1080/23748834.2019.1
676628 

Kang, J., Aletta, F., Gjestland, T.T., Brown, L.A., Botteldooren, D., Schulte-Fort-
kamp, B., Lercher, P. et al. (2016). Ten questions on the soundscapes of 
the built environment. Building and Environment 108, 284-294. https://doi.
org/10.1016/j.buildenv.2016.08.011

Sztubecka, M., Skiba, M., Mrówczy´, M. and Mathias, M. (2020). Noise as 
a Factor of Green Areas Soundscape Creation. Sustainability 12, 999.  
https://doi.org/10.3390/su12030999

Tree belts

Van Renterghem, T. (2014). Guidelines for optimizing road traffic noise shield-
ing by non-deep tree belts. Ecological Engineering 69, 276-286. http://dx.
doi.org/10.1016/j.ecoleng.2014.04.029

21

U
N

 E
N

V
IR

O
N

M
E

N
T

 P
R

O
G

R
A

M
M

E
 F

R
O

N
T

IE
R

S
 2

02
2 

R
E

P
O

R
T  

Assessment of Noise Level Status in Different Areas of Moradabad City. 
Report and Opinion 2(5), 59-61. https://doi.org/10.7537/
marsroj020510.10

https://doi.org/10.1016/j.apacoust.2012.04.005 
https://ssrn.com/abstract=3237251 
https://ssrn.com/abstract=3237251 
https://ssrn.com/abstract=3237251 
https://ssrn.com/abstract=3237251 
https://ssrn.com/abstract=3237251 
https://ssrn.com/abstract=3237251 
https://ssrn.com/abstract=2739810
https://ssrn.com/abstract=2739810
https://doi.org/10.47895/amp.v52i3.406 
https://doi.org/10.1186/s12942-019-0184-x 
https://irjmets.com/rootaccess/forms/uploads/a-report-on-noise-level-status-in-different-areas-of-south-kolkata-india.pdf 
https://doi.org/10.3329/bjsr.v26i1-2.20228
https://doi.org/10.3329/bjsr.v26i1-2.20228
https://unitaryplan.aucklandcouncil.govt.nz/HTMLSept/Part%203/Chapter%20H/6%20General/Chapter%20H%20-%206.2%20Noise%20and%20vibration.htm
https://unitaryplan.aucklandcouncil.govt.nz/HTMLSept/Part%203/Chapter%20H/6%20General/Chapter%20H%20-%206.2%20Noise%20and%20vibration.htm
https://unitaryplan.aucklandcouncil.govt.nz/HTMLSept/Part%203/Chapter%20H/6%20General/Chapter%20H%20-%206.2%20Noise%20and%20vibration.htm
https://doi.org/10.46981/sfjhv2n1-003
https://doi.org/10.4103/1463-1741.169739
https://doi.org/10.4103/1463-1741.169739
https://doi.org/10.3389/fpsyg.2021.570563 
https://doi.org/10.3389/fpsyg.2021.570563 
https://doi.org/10.1016/j.ufug.2018.03.007 
https://doi.org/10.20855/ijav.2012.17.2302 
https://doi.org/10.1080/23748834.2019.1676628  
https://doi.org/10.1080/23748834.2019.1676628  
https://doi.org/10.1016/j.buildenv.2016.08.011 
https://doi.org/10.1016/j.buildenv.2016.08.011 
https://doi.org/10.3390/su12030999 
http://dx.doi.org/10.1016/j.ecoleng.2014.04.029 
http://dx.doi.org/10.1016/j.ecoleng.2014.04.029 


Vegetated noise barriers

Nilsson, M., Klæboe, R., Bengtsson, J., Forssén, J., Hornikx, M., Van der Aa, B., 
Rådsten-Ekman, M. et al. (2013). Novel solutions for quieter and greener 
cities. Report of the research project “HOlistic and Sustainable Abate-
ment of Noise by optimized combinations of Natural and Artificial means” 
(HOSANNA). Chalmers University of Technology. https://research.chalm-
ers.se/en/publication/208780

Van Renterghem, T., Forssén, J., Attenborough, K., Jean, P., Defrance, J., 
Hornikx, M. and Kang, J. (2015). Using natural means to reduce sur-
face transport noise during propagation outdoors. Applied Acoustics, 92. 
http://dx.doi.org/10.1016/j.apacoust.2015.01.004

Ecosystem services

Bratman, G.N., Hamilton, J.P. and Daily, G.C. (2012). The impacts of nature 
experience on human cognitive function and mental health. Annals of the 
New York Academy of Sciences 1249(1), 118-136. http://doi.org/10.1111/
j.1749-6632.2011.06400.x

Francis, C.D., Newman, P., Taff, B.D., White, C., Monz, C.A., Levenhagen, M. et 
al. (2017). Acoustic environments matter: Synergistic benefits to humans 
and ecological communities. Journal of Environmental Management 203, 
245-254. http://doi.org/10.1016/j.jenvman.2017.07.041

Ratcliffe, E. (2021). Sound and soundscape in restorative natural environ-
ments. Frontiers in Psychology 12:570563. https://doi.org/10.3389/
fpsyg.2021.570563

Veisten, K., Smyrnova, Y., Klæboe, R., Hornikx, M., Mosslemi, M. and Kang, J. 
(2012). Valuation of Green Walls and Green Roofs as Soundscape Mea-
sures: Including Monetised Amenity Values Together with Noise-attenu-
ation Values in a Cost-benefit Analysis of a Green Wall Affecting Court-
yards. International Journal of Environmental Research and Public Health 9, 
3770-3788.  https://doi.org/10.3390/ijerph9113770 

Green roofs

Nilsson, M., Klæboe, R., Bengtsson, J., Forssén, J., Hornikx, M., Van der Aa, B., 
Rådsten-Ekman, M. et al. (2013). Novel solutions for quieter and greener 
cities. Report of the research project “HOlistic and Sustainable Abate-
ment of Noise by optimized combinations of Natural and Artificial means” 
(HOSANNA). Chalmers University of Technology. https://research.chalm-
ers.se/en/publication/208780

Electric vehicles

Campello-Vicente, H., Peral-Orts, R., Campillo-Davo, N. and Velasco-Sanchez, 
E., (2017). The effect of electric vehicles on urban noise maps. Applied 
Acoustics, 116. http://dx.doi.org/10.1016/j.apacoust.2016.09.018

Cesbron, J., Bianchetti, S., Pallas, M-A., Le Bellec, A., Gary, V. and Klein, P. 
(2021). Road surface influence on electric vehicle noise emission at 
urban speed. Noise Mapping 8(1), 217-227. https://doi.org/10.1515/
noise-2021-0017

Pathway intervention

Brown, A.L. and van Kamp, I. (2017). WHO Environmental Noise Guidelines 
for the European Region: A Systematic Review of Transport Noise In-
terventions and Their Impacts on Health. International Journal of Envi-
ronmental Research and Public Health 14, 873. https://doi.org/10.3390/
ijerph14080873 

Mitigation at source

Nilsson, M., Klæboe, R., Bengtsson, J., Forssén, J., Hornikx, M., Van der Aa, B., 
Rådsten-Ekman, M. et al. (2013). Novel solutions for quieter and greener 
cities. Report of the research project “HOlistic and Sustainable Abate-
ment of Noise by optimized combinations of Natural and Artificial means” 
(HOSANNA). Chalmers University of Technology. https://research.chalm-
ers.se/en/publication/208780

Noise barriers

European Environment Agency (2020). Environmental noise in Europe — 
2020. Luxembourg: Publications Office of the European Union. https://doi.
org/10.2800/686249

Green space

Alvarsson, J.J., Wiens, S. and Nilsson, M.E. (2010). Stress recovery during 
exposure to nature sound and environmental noise. International Journal 
of Environment & Public Health 7, 1036–1046. https://doi.org/10.3390/
ijerph7031036

Van Renterghem, T. (2019). Towards explaining the positive effect of vege-
tation on the perception of environmental noise. Urban Forestry & Urban 
Greening 40. https://doi.org/10.1016/j.ufug.2018.03.007

Quiet space

Cerwén, G. (2019). Listening to Japanese Gardens: An Autoethnograph-
ic Study on the Soundscape Action Design Tool. International Journal 
of Environmental Research and Public Health 16(23), 4648; https://doi.
org/10.3390/ijerph16234648

Matsinos, G.Y., Tsaligopoulos, A. and Economou, C. (2017). Identifying the 
Quiet Areas of a Small Urban Setting: The Case of Mytilene. Global NEST 
Journal 19, 674–681. https://doi.org/10.30955/gnj.001817

Place-making

Yelmi, P. (2016). Protecting contemporary cultural soundscapes as intangible 
cultural heritage: sounds of Istanbul. International Journal of Heritage Stud-
ies 22(4), 302-311. http://dx.doi.org/10.1080/13527258.2016.1138237

22

U
N

 E
N

V
IR

O
N

M
E

N
T

 P
R

O
G

R
A

M
M

E
 F

R
O

N
T

IE
R

S
 2

02
2 

R
E

P
O

R
T  

https://research.chalmers.se/en/publication/208780
https://research.chalmers.se/en/publication/208780
http://dx.doi.org/10.1016/j.apacoust.2015.01.004 
http://doi.org/10.1111/j.1749-6632.2011.06400.x 
http://doi.org/10.1111/j.1749-6632.2011.06400.x 
http://doi.org/10.1016/j.jenvman.2017.07.041 
https://doi.org/10.3389/fpsyg.2021.570563 
https://doi.org/10.3389/fpsyg.2021.570563 
https://doi.org/10.3390/ijerph9113770  
https://research.chalmers.se/en/publication/208780
https://research.chalmers.se/en/publication/208780
http://dx.doi.org/10.1016/j.apacoust.2016.09.018 
https://doi.org/10.1515/noise-2021-0017 
https://doi.org/10.1515/noise-2021-0017 
https://doi.org/10.3390/ijerph14080873
https://doi.org/10.3390/ijerph14080873
https://research.chalmers.se/en/publication/208780
https://research.chalmers.se/en/publication/208780
https://doi.org/10.2800/686249 
https://doi.org/10.2800/686249 
https://doi.org/10.3390/ijerph7031036
https://doi.org/10.3390/ijerph7031036
https://doi.org/10.1016/j.ufug.2018.03.007 
https://doi.org/10.3390/ijerph16234648 
https://doi.org/10.3390/ijerph16234648 
https://doi.org/10.30955/gnj.001817 
http://dx.doi.org/10.1080/13527258.2016.1138237

	1. Listening to cities
	Surround sound: our acoustic environment
	Sound effects
	Box - Drowned out by noise: Creatures of the city
	Infographic - Sound check: How noisy are cities?
	Infographic - Soundscape management

	Turning down the volume
	Box - Amplified effects on the vulnerable and marginalized

	Healthy decisions for positive soundscapes
	Box - Lockdown soundscapes

	References
	Graphic references




