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Foreword

Humanity has altered the planet in many detrimental ways, from the
warming of our climate to the ever-diminishing wildernesses on land and

In the sea. But in such a complex system as the Earth, science must always
keep searching — for both solutions to problems already identified and new
threats coming our way.

UNEP’s Frontiers Report does this by identifying and exploring areas of
emerging or ongoing environmental concern. The 2022 edition delves into
three issues: noise pollution in cities, the growing threat of wildfires and
shifts in seasonal events — such as flowering, migration and hibernation,
an area of study known as phenology.

As cities grow, noise pollution is identified as a top environmental risk.
High levels of noise impair human health and well-being — by disrupting
sleep or drowning out the beneficial and positive acoustic communications
of many animal species that live in these areas. But solutions are at hand,
from electrified transport to green spaces — which must all be included in
city planning with a view to reducing noise pollution.

Meanwhile, recent years have seen devastating wildfires across the world,
from Australia to Peru. The trends towards more dangerous fire-weather
conditions are likely to increase, due to rising concentrations of
atmospheric greenhouse gases and the attendant escalation of wildfire
risk factors. The next decade will be critical in building greater resilience
and adaptive capacity to wildfires — including on the wildland-urban
iInterface. In particular, further research should address vulnerable groups’
exposure to hazards before, during and after extreme wildfires and action
taken to increase efforts to prevent and prepare for wildfires.

Inger Andersen
Although wildfires are a striking impact of climate change, phenological Executive Director
shifts are equally worrying. Plants and animals often use temperature, United Nations Environment Programme

the arrival of rains and daylength as cues for the next stage in a seasonal
cycle. Yet climate change is accelerating too quickly for many plant

and animal species to adapt, causing disruption to the functioning

of ecosystems. Rehabilitating habitats, building wildlife corridors to
enhance habitat connectivity, shifting boundaries of protected areas and
conserving biodiversity in productive landscapes can help as iImmediate
iInterventions. However, without strong efforts to reduce greenhouse gas
emissions, these conservation measures will only delay the collapse of
essential ecosystem services.

This report helps us understand that learning from ecosytems and how
to live within them in harmony are objectives that we all need to adopt.
We cannot have a healthy society without a healthy environment. And
we need good science to inform responsible policies that back a healthy
environment, which the Frontiers Report provides.
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urround sound:
our acoustic environment
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What i1s 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”.'® 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."
As an emerging discipline, soundscape studies try to look at
the issue of urban acoustic environments more holistically,
taking a listener-centred perspective.'? The soundscape
approach tends to focus on context, on wanted rather than
unwanted sounds, and on individual preference rather than T

discomfort.'3

FOR REFERENCE PURPOSES ONLY
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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 i1s 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.! 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.? 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.?

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.*

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.® 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.® While 1t i1s necessary to reduce noise levels when they are

urban environment.’

physically harmful to people, it may not be a sufficiently broad evaluation.
It 1Is becoming more relevant to consider soundscapes that contribute to
people’s physical as well as psychological well-being, especially in the

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.” 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.®

he 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.

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
10" 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.

Beyond pain threshold

Perceived as near-complete silence

10™ times 140 dB
Threshold of pain
103 times 130 dB
Threshold of discomfort
10'2 times 120 dB
10" times
110 dB
Perceived as very loud
10'° times 100 dB
10° times
90 dB
108 times
80 dB
Perceived as moderately loud
107 times 70 dB
10° times
60 dB
10° times
50 dB
Perceived as quiet
10* times 40 dB
103 i
0° times 20 dB
102 times
more intense than 0 dB 20 dB
Barely audible

10 or 10" times more intense than 0 dB 10 dB
0 dB 0 dB

See page 39 for complete references.

Fireworks or gunshot
within T m

Jackhammer or
machine gun at 10 m

Jet taking off
60 m away

Loud thunder,
chainsaw or leaf blower

Ambulance siren
30 m away

Lawnmower or
passing motorcycle

Heavy city traffic noise
audible within vehicle

Vacuum cleaner
3 m away

A normal
conversation

Rain

Library

Soft whisper
or ticking clock

Rustling leaves

Normal breathing

Threshold of hearing
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The adverse effects of noise on public health are manifold and are a In Europe, long-term exposure
growing global concern. They cover a broad spectrum of outcomes, to environmental noise causes
ranging from mild and temporary distress to severe and chronic physical

iImpairment. Night-time noise disturbs sleep and affects well-being the 1 2 0 0 0
following day. Estimates suggest that in Europe 22 million and 6.5 million ’

people suffer from chronic noise annoyance and sleep disturbance, premature deaths and
respectively.2 The elderly, pregnant woman and shift workers are among contributes to

those at risk of noise-induced sleep disturbance.?'

Noise-induced awakenings can trigger a range of physiological and 48' 0 0 0
psychollogical stres§ responses bec.au§e sleep is nec.:es.‘.sary fo.r hormonal hew cases of ischemic
regulation and cardiovascular functioning.'*'® There Is increasing heart disease yearly.
evidence that traffic noise exposure is a risk factor for the development of

cardiovascular and metabolic disorders such as elevated blood pressure, 22 m i I I ion
arterial hypertension, coronary heart disease and diabetes.'® 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.?

people in Europe suffer from
chronic noise annoyance. ‘

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.’”'® 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.'®

The World Health Organization (WHO) Regional Office for Europe WH 0
conducted systematic reviews to assess the associations between noise -
and health outcomes to develop guidelines and provide recommendations recom mendatlons
for protecting human health from exposure to environmental noise -
originating from various sources.! The health outcomes include annoyance, 0|1 n0|se Ievels
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.

Noise exposure should be kept below the
following levels to avoid any harmful health
effects.

W CGe: (

Based on these reviews, the WHO recommends certain exposure

thresholds to avoid adverse health effects. The thresholds are reported in Noise source  Maximum level of ~Maximum
terms of a day, evening and night noise level combined; and a night only ﬂifs:‘;ir.l':fu?éght :ﬁ::te'gisure
noise level. These are time-averaged noise indicators for the relevant time Lden Lnight

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 Road traffic 53 dB 45 dB

are always lower compared to the full 24-hour period, since specific noise ﬁ

sources and events may be more noticeable with less activity, leading to
sleep disturbance and more awakenings.'?° Scientific evidence used in
the WHO review, from studies representing numerous regions on different Railways
continents, provides the basis for the recommended exposure thresholds. E

This comprehensive coverage supports adoption of these thresholds to

Inform noise control policies around the world.
Aircraft

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.?'*? The reviews reported Wind turbine (Insufficient
the positive influence of natural sound and quietness on physical and evidence to

_ _ recommend a
mental health. The importance of natural sounds to general well-being may / imi

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.z24

Drowned out by noise: Creatures of the city

% gk

Acoustic communication is vital for many animal species. Acoustic Other species modify their signals by switching their vocal
signals are used in a variety of communication contexts, including frequency, or pitch, and amplitude to counteract low-frequency
territory defence, warning of danger, locating or attracting a traffic noise. Many city bird species with natural low-frequency
mate, and caring for offspring. While abrupt and unpredictable vocalizations sing at higher frequencies in areas of urban noise.3'33
sounds may be perceived as a threat by animals, chronic acoustic Studies in 30 city-forest paired locations in continental Europe,
disturbance such as traffic noise can interfere with acoustic Japan and the United Kingdom have found that urban great tits sing
communication and alter behaviours in a range of species.'?>? higher-pitched songs than their forest-dwelling counterparts.343°
Zebra finches and white-crowned sparrows slow down their tunes
Abandoning noisy sites may seem the obvious response, but In response to city noise.?"38 These types of vocal modification have
some animals adapt to noisy conditions instead, by altering their also been observed in frogs and insects, such as grasshoppers,
vocalization timing or pattern to avoid having their signal masked. living next to noisy highways.3%42
In European cities, robins seem to sing more at night to avoid
high acoustic interference during the day, while in the city parks in These changes certainly help animals to be heard in noisy
Bogota, Colombia, rufous-collared sparrows start the dawn chorus environments, but sometimes altered vocalization patterns are
earlier in the morning at a site with heavy daytime traffic.®2° Some considered less attractive by potential mates, therefore affecting
frogs exhibit gap-calling behaviour as they time their calls to reproductive success.??*° And if species are not behaviourally flexible
breaks In noise.®° In producing or receiving signals, the inability to communicate
may eliminate them from their habitats, with possible significant
ecological implications.3?
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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.' The latest 2018 WHO

K

|/ /

— New York — Barcelona Ho Chi Minh City

Over 2 million people commute by public transportation in Over 72% of the city’s residents are exposed A study that followed cyclists riding
the New York metropolitan areas. 9 in 10 mass transit users to noise levels of over 55 dB. More than half over 1,000 km within the city showed
in New York City are exposed to noise levels exceeding the of the residents of large European cities live that cyclists were exposed to noise
recommended limit of 70 dB, and may be at risk of in areas where noise levels may adversely levels of over 78 dB, which could
irreversible hearing loss. affect their health and well-being. damage hearing.
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Toronto Bogota Hong Kong
Two 15-year-long studies of long-term residents of A study of the dawn chorus of rufous-collared 2 In 5 residents of Hong Kong are exposed to
Toronto found that exposure to road traffic noise sparrows living in public parks of the city of road traffic noise above the permissible limit.
elevated risks for acute myocardial infarction and Bogota found that the birds changed their City morphology and building design play a key
congestive heart failure, and increased the singing behaviour in anticipation of the role in noise distribution. Residents with lower
Incidence of diabetes mellitus by 8% and morning rush hour by starting to sing earlier Income and poor housing are more exposed to
hypertension by 2%. at a site with heavy daytime traffic. traffic noise compared to wealthier residents.
See page 19 for complete references.
Soundscape management:
F | -t | t |
to desirable sound
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.
Soundscape
Soundscape encompasses the way people
perceive, experience and respond to the
Slght and sound — Green solutions sounds of a given [.)Iace.at a giver? time.
Soundscape planning aims to deliver pleasant
Both sight and sound influence human perception Vegetation in urban environments can absorb acoustic environments that enhance
of surroundings. Landscape affects soundscape, acoustic energy, diffuse noise and reduce appreciation of places by people. Soundscape
and vice versa. Visual surroundings are a vital street amplification. Tree belts, shrubs, green design considers contextual characteristics of
consideration in soundscape planning and design. walls and green roofs have positive visual the place, including perceived acoustic
effects in addition to helping amplify natural parameters, physical features, natural factors,
sounds by attracting urban wildlife. purpose, usage and user community.
Tree belts Green roofs Electric vehicles
Roadside tree belts can shield noise when Vegetated roofs attenuate sound Even electric vehicles emit noise when
planted in sufficiently high biomass density. by absorbing propagation over driven at speeds above 50 km/hr from tyre
Noise attenuation can be enhanced by the rooftops from street to quiet sides. contact with the road. Solutions such as
correct choice of species, trunk size, length porous asphalt surfaces can lower noise
and depth of the belt, distance from noise emission at higher speeds.
source, and planting scheme.
r / T
I

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.

Mitigation at source N

Noise mitigation measures differ in effectiveness. ) )

Emission reduction at source is the most effective, Noise barriers ~
including restriction of traffic flow or speed, quieter Barriers placed near source or receiver can significantly

vehicle engines and low-noise road surfaces. 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.

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.

Green space Quiet space Place-making

Urban green space and vegetation produce Quiet urban areas offer acoustic relief to Everyday sounds of a particular place that are
positive psychological effects. Public parks, city inhabitants from noisy surroundings, Immediately recognizable help create the identity of
gardens and other small green areas provide a prerequisite for mental restoration and the place. When these sounds are unique and convey
pleasant sounds from nature, such as rustling well-being. Natural sounds found in urban a distinct sense of place, with a significance beyond
leaves, swaying tree branches and chirping birds. parks, gardens, and other green spaces the local community, they become acoustic

Natural sounds support stress recovery and positively contribute to peaceful and quiet landmarks, termed soundmarks.

attention restoration. soundscapes.

See page 21 for complete references.
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Turning down
the volume
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Like most sources of pollution, noise is an issue that must be managed.
Requlatory frameworks and legal requirements are in place in many
countries and are sometimes coordinated multilaterally, such as in the
European Union.**** 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.?

"“When general noise
reduction is difficult
to achieve overall, 1t Is
Important to guarantee
local access to quietness
for people in public
spaces.’
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.*345

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.?

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.**4” 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.*® However,
the detectability of quiet vehicles may become a safety concern for
pedestrians and consequently a new challenge.***°

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.>'»? 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.>3>°

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.'***” 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.®” 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.*® 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.*® 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°8%0 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.®®® Providing or protecting these spaces is a more passive,
yet still valuable, way of regulating against noise in urban areas.

“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.°2 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.%3

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.®4%
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.®”%8

At the population scale, some social groups are more vulnerable than
others.®® 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.”®"

Subsequent long-term exposure to such environmental stressors can
compromise the underlying health conditions of individuals living in
these communities.” 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.”>"

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.®® However, the access to
high-quality public green spaces for marginalized communities is
limited compared to that available for affluent communities.8%#4
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4.
Healthy decisions

for positive soundscapes

“Noise pollution should
be considered within

Over the past several decades, policymakers have achieved some progress
In addressing noise pollution as an environmental and public health i1ssue.

However, two major shortcomings have emerged. First is the inherent

a broader range of
environmental challenges
through integrated
policies, particularly for
the combination of noise
and air pollution.”

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.? 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.858% Therefore, it 1s crucial that experts in environmental acoustics and
urban soundscapes are involved in urban development processes and that
they communicate with local stakeholders.®’

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.?

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”.*’

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.®’

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

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.® The halt of most non-essential
commercial and social activities, local commuting, and other travel
led to less pollution, including noise.®

Many research groups and governmental agencies reported
decreasing noise levels, particularly in urbanized areas.?® 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.°" Air traffic noise in the Charles de Gaulle airport area also
decreased significantly, with reductions reaching 20.4 dB.

The COVID-19 lockdowns brought new appreciation for urban green spaces
of every kind.®®?° 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.'19 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.® 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.®® In San Francisco, the sudden drop In
human noise meant people could hear more natural sounds, such
as birdsong.** In Mumbal, 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.*® This general pandemic-related quieting
could be detected at a global scale via seismologic investigations
that reported substantial decreases in noise during lockdown.®®

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, i1t i1s 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.
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- Wildfires under climate change

A burning issue
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1.

Waves

of extreme
wildfires

“The observed trends
towards more dangerous
weather conditions for
wildfires are projected to
continue increasing, due to
mounting concentrations
of atmospheric greenhouse
gases, with escalating risk
factors.”
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Recent years have seen devastating wildfires in many regions of the

world, following heatwaves and droughts. Much news coverage focuses
on Northern hemisphere wildfires destroying towns, such as during the
extraordinary 2020 fire season in the western United States.! The extensive
2021 evacuations from the Greek island of Euboea brought haunting
Images of what researchers suggest will become more frequent events in
Mediterranean countries.?

Catastrophic wildfires rage in the global South as well. In 2019/2020,
Australia experienced the unprecedented Black Summer fires, with news
stories and shocking images broadcast internationally.® Despite being

a country shaped by fire in many ways, the sheer scale and intensity of
the Black Summer fires brought into focus how global warming is adding
to wildfire risk.*” The fires burned over 24 million hectares, thousands

of homes were destroyed and 33 people lost their lives.® The 2019-2020
massive fires destroyed critical habitats for hundreds of species, including
those already threatened with extinction.®

In Latin America, the rapid and widespread deforestation of savannahs

and tropical rainforests, compounded by droughts and the limitations of
existing fire management policies, has led to disastrous wildfires in recent
decades.®''In 2019, more than 6 million hectares burned in the Chiquitania,
Cerrado and Amazon regions in Bolivia, Brazil, Colombia, Paraguay and
Peru, mostly within protected areas of native vegetation.'?'3 During the

dry season of 2020, another long and destructive wave of wildfires swept
through the area.’ "™ Across Africa, fires are visible in satellite imagery
throughout the year, adding up to vast burned areas in observation and
monitoring records.'

Over continents and biomes, there are similarities among these extreme
wildfire events in the form of underlying risk factors, hazards and
consequences for soclety and the environment. Long-term effects on
physical and mental health are not limited to those fighting wildfires,
evacuated, or suffering great loss.'*?° Smoke and particulate matter from
wildfires deliver significant consequences for human health in downwind
settlements, sometimes thousands of kilometres from the source.?’?
Research suggests that the most vulnerable — women, children, elderly,
disabled and the poor — suffer the worst ongoing damage from their
wildfire exposure, echoing the acknowledged understanding of this same
result as the common outcome from most disasters.?4?

The observed trends towards more dangerous fire weather conditions for
wildfires are likely to continue increasing, due to mounting concentrations
of atmospheric greenhouse gases and attendant escalation of extreme-
wildfire risk factors.#42634 Beyond changing climate, the heightened
Intensity of some wildfires can be attributed to land-use change and fire
management approaches that do not appreciate the close relationships,
evolved over millennia, between vegetation and fire.'':3538

With compounding effects of a heating climate that extends fire seasons
and can deliver more natural ignition events, of changes in land use

that introduce more combustible fuel and ignition risks, and of more
communities built at the wildland-urban interface, significant challenges

lie ahead as we learn more about how to live with the fire component of the
ecosystems we occupy.

On 11 July 2012, more than 25,000
hectares of boreal forests were
burning across central and eastern
Siberia, Russia. Uncontrolled
wildfires were alight from Yugra in
the west to Sakhalin in the east. This
satellite image shows fires raging
near the Aldan River in Yakutia on 10
July 2012.

Source: NASA Earth Observatory


https://earthobservatory.nasa.gov/images/78515/wildfires-in-siberia
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Burned areas In the last two decades

This chart illustrates global burned
area patterns from 2000 to March 2021,
using the remote sensing data set

from NASA's Moderate Resolution
Imaging Spectroradiometer (MODIS).

Data source: The monthly MODIS Burned Area Product
(MCD64A1 v006) is publicly available for download from Global
Forest Watch (https://globalforestwatch.org/topics/fires)

Arranged by total burned area

From 2002 to 2016, approximately 423 million hectares

of the Earth’s land surface burned annually, the majority (67%) on
the African continent.?®® A related analysis estimated that from 2003

to 2016 over 13 million individual fires occurred globally, each

lasting 4—5 days.'® On average, each ignition burned an area of 440

hectares globally, while in Australia individual fires burned up to

1,790 hectares.'®

Burned area in hectares

10,000 50,000 100,000 500,000 1,000,000 2,500,000

5,000,000

7,500,000

The data includes all types of burned
areas detected — including cropland,
pasture, and natural vegetation —
regardless of the ignition source, fire
types, or reason for burning.

The size of each circle represents weekly burned area
data. Total burned area is calculated by adding together
daily estimates, where multi-day burns during the time
period are counted multiple times, making the
overlapping circles appear brighter.
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The rising trend in forest megafire years
with burned areas larger than 1 million ha
since 2000 is associated with more
frequent dangerous fire weather conditions,
including the increased occurrence of
fire-generated thunderstorms and
ignitions from dry lightning.

Australia

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

2012

2013 2014 2015 2016 2017 2018 2019 2020 2021

Angola

30% of Angola'’s land surface
burns every year, with the largest
Impacts in areas with a high
proportion of forest and a small
fraction of natural shrubland and
grassland. The practice of felling
forest to create open land for
grass development has
promoted more intense fires in
the dry season.

South Sudan*

Central
African Republic

Democratic Republic
of the Congo

The Brazilian savannah, or
Cerrado, covers about 23% of total
land area, the second largest
biome after the Amazon rainforest
(48%). Fires in the Cerrado have
increased in frequency and
concentration in the dry season
and now tend to burn every 2—-3
years, such as in 2004, 2007,

Zambia

Mozambique

2010, 2012, 2015 and 2017. Brazil

70-90% of the total burned area of ~ _ Russian
.. . ) ) ) .. ederation

Russia Is In Siberia, with the majority

of Siberian wildfires occurring in

larch-dominated forests. In southern Tanzania

Siberia, the 2003 extreme fires in the
permafrost-underlain larch forests

were influenced by low surface

moisture and lack of precipitation Nigeria
In the previous year, and elevated

temperatures in early 2003.

Ghana

Sudan*

\WELl

Ethiopia

Guinea

The unusual fire events in Botswana
Bolivia in 2004 have been

linked to the impact of
drought and forest loss. Bolivia
Benin

Burkina Faso

Namibia

Cameroon

Congo
Senegal

South Africa

China

India

Myanmar

Uganda

Zimbabwe

Argentina
According to research on

long-term trends, the 2005 United States

wildfires in Paraguay have of America
been associated with arise
in deforestation. Paraguay
Venezuela
The record number of forest Mexico Q
fires in Mexico in 2011 were
most likely associated with Colombia
prolonged drought periods
due to less winter rain in the Thailand
previous year.
Togo
The extensive burned areas in the Canada \
boreal forests of the Northwest /
Territories of Canada in 2014 and Ve e
the United States’ Alaska in 2015
are attributed to a record number of Lao PDR
climate-driven lightning ignitions.
Honduras
Kenya
The conversion of native forests to Chile

areas of highly flammable vegetation,
together with a sustained megadrought
in central Chile facilitated large fires
during the 2016/2017 fire season.

Greece

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

* South Sudan gained independence from Sudan on 9 July 2011. The burned area data prior to the date have been mapped to the present border demarcations of both countries.

See page 38 for complete references.

O

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021



FOR REFERENCE PURPOSES ONLY

UN ENVIRONMENT PROGRAMME FRONTIERS 2022 REPORT | 8

Wildfires are a natural feature of the Earth system, necessary for the
functioning of many ecosystems. Interactions between vegetation

and climate over extended periods establish a particular pattern of
wildfire recurrence in a defined ecosystem, known as its fire regime.*°
Deviations from the prevailing fire regime — the timing, frequency, size
and intensity of wildfires — can drive significant ecological changes In
both fire-dependent ecosystems that need fires to thrive and fire-sensitive
ecosystems where fires bring more negative than positive effects.3741-4°

Humans directly and indirectly alter fire regimes by modifying landscapes
and their vegetation, by starting fires as a land management practice
where natural fires rarely occur, by suppressing and preventing fires

to protect human communities, and by changing the climate.*? Land
clearing, deforestation, agricultural expansion, resource extraction and
urban and rural development are all major land-use changes that can
iInterfere with natural fire regimes.*!

Fire-sensitive tropical rainforests seldom burn naturally, because fire
Ignitions are rarely sustained in such a humid environment with moist
vegetation.* Now wildfires have become more common in some regions
where they were not expected to occur, including due to climate change
as well as other factors such as land-use change and deforestation. In the
Amazon rainforest fires are set by humans: native vegetation is cut down,
the more valuable timber is selected and removed, and the remains are left
to dry until the debris is deliberately set alight to open space for farms and
grazing land.'®!" Forest fragmentation and the eventual breakdown into
savannah and grassland create favourable conditions for future wildfires,
resulting in the permanent loss of tropical forest ecosystems.#°

Growing urbanization, as cities expand into wildland, i1s another
iImportant form of land-use change and landscape transformation.
Recent decades saw a rapid expansion of cities towards forest areas in
many regions.*’ This wildland-urban interfac