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1. Introduction

Rapid population growth, industrialization, and urbanization combined with delayed enactment of
environmental policies have led to serious air quality problems across Asia. In particular, the increase in fossil
fuel consumption, as well as industrial production, vehicle use, and fertiliser application has driven an increase
in air pollutant emissions over recent decades202 8, which has increased air pollution and deteriorated air
quality. Megacities and urban regions in Asia frequently experience episodes of extremely poor air quality,
particularly during stagnant weather conditions. During these air pollution episodes, high concentrations of
outdoor or “ambient” fine particulate matter (PM2.s; aerosol particles with aerodynamic diameter of 2.5 um or
less) concentrations are recorded with serious implications for human health.

At present, exposure to ambient PMy 5 pollution is the largest environmental risk factor for disease and
premature death in Asia. Long-term exposure to ambient PMa s pollution was reported to be responsible
for up to 3.6 million early deaths in Asia in 2019, which is around 80 deaths per 100,000 people. Exposure to
indoor PM2 5 pollution from combustion of solid fuels in the home is another important environmental health
risk in Asia, being responsible for around 1.6 million early deaths in 20194. In the future, population ageing is
projected to increase the disease susceptibility to PMa s pollution exposure in Asia 3537.122,

In recent years, governments across Figure 1: Annual average surface PM2.5 concentration over Asia 2021
Asia have begun to tackle these air
quality problems by introducing
various policiestoreduceair pollutant
emissions and concentrations. In
some highly populated regions,
emission control efforts have been
demonstrated to have delivered
substantial reductions in PMys
concentrations, for example the Air
Pollution Prevention and Control
Action Plan of 2013-2017 in China'+

190,137

However, despite the introduction of
some air pollution mitigation policies,
ambient PMa2s pollution remains
a problem, with measured annual
mean concentrations well in excess of
the World Health Organization (WHO)

Air Quality Guideline concentration Note: 1: Map of the annual average surface PM,s concentration over Asia

. . . for the year 2021. The values of the World Health Organization (WHO) PM,
of 5ugm-=3 in many regions of Asia Air Quality Guideline (AQG) of 5 pg m-=, and Interim Targets (IT) of 10 ug
(Figure )11 192 %, Furthermore, the  m= (1T4), 15 pg m= (IT3), 25 pg m= (IT2), and 35 pg m= (IT1) (WHO, 2021a)
overall ambient PM25 exposure risk  are indicated on the colour bar. The figure was created using 0.01° x 0.01°
has been increasing, with increases resolution, hybrid PM,s concentration data (including measurements and

. o . . model data) from van Donkelaar et al. (2021).
mainly occurring in countries with a

low to middle socioeconomic status e.g., countries in South Asia, Southeast Asia, and the Middle East*.



There is a clear need for the introduction of increasingly stringent air pollution mitigation policies across Asia
in the near term, in order to address the large and increasing health burden from air pollution. In addition,
future reductions in the PMy 5 - attributable disease burden will require strong improvements in air quality to
offset the impacts from population ageing3* 8. These air quality improvements can be achieved by reducing
air pollutant emissions either through the application of dedicated mitigation technologies or as a co-
benefit of climate policy3”7. It is essential that global organisations, national governments, and cross-regional
partnerships promote regulatory change across Asia and overcome the frequent and numerous challenges
to progress, particularly in countries of middle socioeconomic status with large and increasing ambient PM2 5
pollution exposure®.
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AIR QUALITY IN ASIA: AIR POLLUTION TRENDS AND MITIGATION POLICY OPTIONS

2.1 Ambient fine particulate matter (PM2.s) pollution

This report will focus ambient particulate matter (PM), which is one of the most common air pollutants to be
emitted from anthropogenicactivities and poses the greatest health risk of all air pollutants currently measured.
Atmospheric PM consists of a mixture of tiny solid particles and/or liquid droplets that are suspended in the air
and are made up of a complex mix of natural and anthropogenic compounds. PM can either be emitted into
the atmosphere directly as particulates from a range of sources (“primary PM”) or formed in the atmosphere
through chemical reactions of precursor gases (“secondary PM”) (Figure 2).

Types of primary PM include fly ash, metals, salts, and carbonaceous particulates (including soot) from the
combustion of fossil fuels and biomass, mineral dust or soil particles, sea salt, and biological particles like pollen
and fungal spores. Secondary PM is formed from gases such as sulphur dioxide, nitrogen oxides, and volatile
organic compounds (VOCs) from fuel combustion and industrial processes, and ammonia from agricultural
activities. Biogenic VOCs, emitted in large quantities from vegetation, can also contribute to secondary PM
formation.

Secondary PM is generally made up of mixtures of components, the most dominant of which are sulphate,
nitrate, ammonium, and organic carbon. Atmospheric PM range in size from a few nanometres up to several

microns in diameter, and depending on their size and chemical properties, can remain in the atmosphere
from a few days to a few weeks.

Figure 2: Composition of PM, 5 pollution, anthropogenic sources in Asia

Note: 2 Composition of PM, 5 pollution and its key anthropogenic sources in Asia. Figure reproduced from
UNEP (2018).
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SUSTAINABLE URBAN DIVISION, ENVIRONMENT AND DEVEOPMENT

2.1.1 Health effects of PM,s exposure

Fine PM (PM with a diameter of 2.5 microns or less), abbreviated to “PM, 5", is particularly damaging to human
health. Once PM2 5 has been inhaled, its small size enables it to not only penetrate deep into the lungs, but
also pass through the respiratory barrier and enter the bloodstream 4, thus affecting both the respiratory and
cardiovascular systems.

Over the past few decades, evidence of the severity of the negative impacts of PMas exposure has mounted.
Much of this evidence base is from long-term epidemiological studies conducted in Europe and North America,
however, in recent years there has been a sharp increase in the evidence for air pollution related health
outcomes in the Asian populations, Short-term exposure to PMa s pollution (on the order of hours to days)
can cause minor health effects, such as irritation of the eyes, nose, throat and/or lungs, and is also associated
with exacerbating existing health issues such as asthma, and cardiovascular and respiratory diseases in Asian
popu |ations75, 70,78,183,22,198, 149.

Long-term exposure to PMas (on the order of months to years) is associated with a range of negative health
outcomes in Asian populations including cardiovascular diseases, respiratory diseases, birth defects, lung
cancer, and subsequent premature mortality'56.187,185,56,94,57, 24,89, 76,

2.1.2 PM,s concentrations in Asia

The population of Asia is exposed to some of the highest concentrations of PM2.sin the world (Figure 1). PM25
exposure is particularly high in the South-East Asia WHO region, where measured PM3 s concentrations are
above the global average in cities of all sizes'”8. In 2021, almost all of Asia’s population (99.9 per cent) were
exposed to levels of PM2 5 pollution that are above the WHO Air Quality Guideline of 5 ug m-3 176, with over half
the population exposed to levels above the WHO Interim Target 1 (35 pug m-3) (using data from van Donkelaar
et al. (2021)). Exposure to PM3 5 concentrations that exceed the WHO guidelines can pose a significant risk to
human health'7s,

12



AIR QUALITY IN ASIA: AIR POLLUTION TRENDS AND MITIGATION POLICY OPTIONS

2.2 Physicochemical processing of PM2sin the atmosphere

Poor air quality is mainly driven by strong emissions of air pollutants but can be exacerbated by unfavourable
weather conditions®’. The concentration of PMzs in the atmosphere is determined by the emission flux in
combination with atmospheric processes including dispersion, transport, loss and/or production via chemical
reactions, and removal by precipitation and/or dry deposition (Figure 3). In urban areas, local temperature,
winds, humidity, and precipitation can all have a strong influence on personal air pollution exposure, in
addition to the location and strength of an emission source.

Figure 3: Long-range Transport of Aerosols and Gases

Note: 3 Schematic showing air pollutant emissions from various sources, and
subsequent transport, chemical transformation, and loss processes in the
atmosphere. Public domain image reproduced from https://commons.wikimedia.
org/wiki/File:Atmosphere_composition_d

2.2.1 Local dispersion

Atmospheric stability dictates whether PMas pollution is well mixed through the troposphere or trapped
closer to ground level. In the daytime, convection driven by solar heating causes the lower portion of the
atmosphere to be unstable, mixing pollutants away from the surface (within the “boundary layer”; Figure 3).
Under cloudy conditions or at night-time, radiative cooling of the surface leads to more stable conditions that
trap air pollutants in a shallower mixed layer, under a temperature inversion. High concentrations of PM in the
lower atmosphere can scatter and reflect incoming solar radiation, reducing heat flux into the boundary layer,
which makes it more stable, and consequently can amplify pollutant build-up3.

13



AIR QUALITY IN ASIA: AIR POLLUTION TRENDS AND MITIGATION POLICY OPTIONS

Within a city, the urbanisation-induced land use change can cause thermodynamic perturbations that facilitate
the development of the boundary layer, increasing dispersion, however increased air pollutant emissions
outweigh this affect'03. The topography within and/or surrounding an urban region, also has a strong influence
on air pollution dispersion?’. Mountainous regions surrounding cities can cause surface winds coming from
certain directions to be weaker (known as “terrain blocking”), reducing dispersion and causing accumulation
of PM25'8. Shallow boundary layers, capped by strong temperature inversions and stagnant conditions are
implicated in causing severe air pollution episodes, which are also amplified by terrains that limit dispersion,
for example winter haze in eastern China200.55.192,

2.2.2 Long-range transport & transboundary air pollution

Because PMa s can remain in the atmosphere for days or weeks, it can be transported over large distances
(Figure 3) and impact cities many hundreds of kilometres from its source. Certain weather conditions are
associated with increasing long-range transport of PM2s pollution across Asia. For example, the Northeast/
Winter Monsoon is often implicated in advecting heavier air pollution from northern regions of China to
central and southern regions, where it can transport PMa2 5 over 2000 km in 2 days'2" 171,

Monsoon systems can also influence long-range transport of PM2 s pollution from open burning in Mainland
Southeast Asia8 and Equatorial Asia'4. PM2s pollution originating from fires in Southeast Asia, has been
observed to have been transported to Southwest China24, south-eastern Tibetan Plateau’, Southern China,
Taiwan, and Hong Kong®2. PM2 s pollution from agricultural fires in India can also be transported over large
distances to impact the air quality of neighbouring countries Bangladesh, Nepal, and Pakistans4,

PM can also undergo inter-continental long-range transport, with PMa 5 pollution produced in Chinaimpacting
air quality in western Europe and the USA and vice versa'.

2.2.3 Atmospheric removal

PM in the atmosphere is removed ultimately by either dry deposition or through precipitation (Figure 3). Dry
deposition involves the transport of PM from the atmosphere onto surfaces in the absence of precipitation.
The rate of dry deposition depends on the underlying surface type e.g., buildings, grass, cropland, forests, with
generally enhanced dry deposition onto vegetation*. Precipitation is the main atmospheric removal process
for PM2:s and can have a strong influence on PMa2s concentrations. For example, heavy rainfall during the
Southwest/Summer Monsoon can substantially reduce PM2 5 pollution over India and eastern China, resulting
in PM2.5 concentrations that are around 2 to 7 times lower than in wintertime?!. 191,

2.2.4 Climate change and air quality

In terms of air quality management, it is important to consider that improvements in air quality through
emission controls may be modulated by changes in weather conditions driven by climate change®. Future
climate change may increase the frequency and duration of extreme weather conditions, including stagnation
events and heat waves, which can exacerbate the exposure of urban populations to air pollution and increase
air pollution mortalitys'. Furthermore, a warming climate, may influence natural source contributions to PM2 5
pollution in Asia, potentially increasing emissions of mineral dust ''” and biogenic VOCs®.

14
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2.3 Key sources of PM2 5 pollution

Understanding the dominant sources of air pollutants is critical to designing air pollution control strategies
and interventions. The main sources of PMa s pollution in Asia (Figure 2) typically include industrial processes,
residential cooking and heating, transport, power generation, agricultural activities, forest and vegetation fires,
construction, and natural sources. However, these sources and the degree to which they contribute to PM25
pollution in cities can depend on the location, strength, and distribution of sources, the local meteorological
conditions, the surrounding topography, and the season.

2.3.1 Regional overview of PM; 5 sources

Figure 4: Sources that contribute to PM2 5 pollution

Note: 4 Relative contributions of different emission sectors to regional and national population-weighted annual
average PM2s concentrations in South and East Asia. The ‘natural & other’ category includes biogenic secondary
PM, mineral dust, sea spray, and non-combustion agriculture. Figure was produced using data from Reddington et al.
(2019).

In East Asia, the largest contributions to national population-weighted annual PM2 .5 concentrations are from
the industrial and residential emission sectors (Figure 4). The next largest contributions are from natural
sources (including mineral dust, sea spray, and biogenic secondary PM) and other anthropogenic sources
such as non-combustion agricultural activities, power generation, and land transport. In South Asia, national
population-weighted annual PM3 5 is dominated by the contribution from the residential sector, with secondary
contributions from power generation, industry, land transport, and open biomass burning6 3518, | arger
contributions of the power sector to PM2s in South Asia compared to China are likely due to comparatively
less regulation and implementation of end-of-pipe controls, along with lower energy efficiencies of power
stations in India'.

In Southeast Asia, the residential sector also dominates contributions to national population-weighted PM2 5
in Myanmar, Viet Nam, and Cambodia (Figure 4). Industrial emissions contribute the largest fraction of

15
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national population-weighted PM> 5 in Thailand, with relatively large contributions in Laos and Viet Nam. In
Laos, the national population-weighted PM; 5 is dominated by emissions from open biomass burning, which
contribute substantially to PM2s concentrations across Mainland Southeast Asia'?’. Open biomass-burning
emissions are likely underestimated in South-east Asia® 125, and so they may make a larger contribution to
PM2 s pollution than reported here.

2.3.2 Sources of within-city PM, 5 pollution

Figure 5: Percentage of PM2.5 from within city For city-level policies to improve air quality, it is important
to know how much of the city’s air pollution is generated
within the city boundary compared to that transported in
from surrounding areas'2 For cities in Asia, the contribution
of sources located within the city boundaries versus those
located outside the city to PM2 5 exposure varies substantially
(Figure 5). For example, sources located within Shanghai
are estimated to be responsible for most of its population’s
PM2 5 exposure. While the opposite situation is estimated for
Jaipur, with a large majority of its PM2.5 coming from outside
the city.

The greatest contributions to total PM2 5 concentrations in
the selected Asian cities in Figure 6, tend to be from industry,
energy transformation and extraction, and residential and
commercial activities's2. Land transport is estimated to be
the largest source of PMy s concentration in only one city
(Kuala Lumpur) but it makes important contributions to
PM2s in other cities such as Bengaluru, Singapore, Jakarta,
and Hong Kong. The fractional contributions of the energy
and transportation sectors to PM2s5 concentrations within
many Asian cities (Figure 6) are estimated to be larger than
compared to the regional contribution estimates (Figure 4),
this is likely due to the location of these sources within the
boundaries of many Asian cities.

The industry, energy, residential, and transport sectors
Note: 5 Fractions of PM,s originating from are the largest sources of PMas caused by within-city
within city sources for 35 major cities in Asia. emissions's2, The industry and energy sectors are also two of
The colour scale represents population-weighted the t FPM db t-of-cit .
PM,s concentrations. Figure was produced € largest sources of Fiviz.5 caused by out-of-city emissions,
using atmospheric model data from Tessum et with PM2 5 pollution being transported from these sources
al. (2022) and is based on Figure 1 of the same into cities such as Nanjing, Chennai, Bangkok, Kuala Lumpur,
article. Model PM. s concentrations have not been and Seoul. The other out-of-city emission source responsible
corrected to measurements. N e .

for large contributions to PMz s in cities is dust, particularly

for those cities located in the Middle East.
Open biomass burning, which includes agricultural residue burning and deforestation fires, is another

important source of PM in Asia that is generally located outside city boundaries. Emissions from open biomass
burning contribute to air pollutant concentrations in cities such as Bangkoks8 and Hanoig shown in

16
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Figure 6, but also in cities such as Chiang Mai''* 55, Kunming2*4, Nanjing'8!, and other cities in China2*> and
India®3. Open biomass burning is known to cause serious regional air quality issues and public health impacts
in India®, Equatorial Asia’3, and Mainland Southeast Asia'?” particularly during the burning seasons.

Figure 6: Percentage of PMa s by largest source, sector

Note: 6 Proportions of total PM, s from 12 sources among 35 Asian cities, grouped by
the largest sources: Industrial combustion and processing, Energy transformation
and extraction, and Other sectors. Figure was produced using atmospheric model
data from Tessum et al. (2022) and is based on Figure 2 of the same article.

Although there are many common sources of PM25 concentrations across cities in Asia, there is strong
variability in the sectors that contribute most (Figure 6). This means that when considering introduction of

air quality mitigation measures at the city level, the city-specific sources and conditions should be considered
prior to implementation’s2.
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2.4 Seasonal variability

The dominant sources and concentrations of PM2:s
in urban regions can vary substantially by season.
Many highly populated regions in Asia experience
their greatest PM2.s concentrations during Northern
Hemisphere wintertime. In areas of East and
South Asia, regional population-weighted PMa2s
concentrations in January are generally more than
twice the concentrations in July 168,

Higher wintertime PMa2s concentrations in cities
in East Asia are mainly due to the combination
of increased fuel (particularly coal) consumption
for heating® together with more stagnant
meteorological conditions (i.e., weakened air
pollution dispersion)®3 %, In South Asia, elevated
wintertime PM2s concentrations are caused by
a combination of increased agricultural residue
burning in northwest India's ¢° and meteorological
conditions, including reduced boundary layer
height and increased relative humidity?s.

There is strong seasonal variability in open biomass
burning emissions and their long-range transport,
which peak at various times of year during spring to
summer in different regions of Asia'45.188.25, Peatland
fires in Indonesia during June-October cause
strong enhancements to PMa2s concentrations
in cities across Equatorial Asia'?4. Deforestation
and agricultural fires in Mainland Southeast Asia
mainly occur during February-April coinciding
with a widespread stable temperature inversion
layer over much of the region'® promoting high
PM25 concentrations. Increases in regional PM2s
concentrations in northern Asia occur during
July-August due to wildfires's” 18 which can be
transported over large distances to impact Russian
cities®.

Sources of precursor gases that form secondary PM
also display seasonal variability in Asia. For example,
agricultural fertiliser application peaks in the
summer in China, which induces seasonal variability
in ammonia emissions®. Emissions of VOCs from
vegetation also tend to peak in the summer, when
temperatures are highest, enhancing biogenic

18

secondary PM formation over India and China* ',
Emissions of mineral dust from desert regions and
its long-range transport influences the seasonal
variability of PM2s concentrations, particularly in
the Middle East during Julys 168,
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2.5 Recent trends in ambient PM2 pollution

Anthropogenic emissions of primary PM2s and precursor gases have increased substantially across Asia over
recent decades, although the magnitudes and rates of increases varied among different countries and regions.
Early increases in emissions were largely driven by rapid urbanisation, industrialisation, and motorization #
associated with huge population increases and economic growth. However, more recently some countries in
Asia are beginning to or have succeeded in decoupling their air pollutant emissions from economic growth
e.g., China, Indonesia, Pakistan, Sri Lanka, Thailand, and Viet Nam?°,

The most notable decreases in air Figure 7: National population-weighted PM, 5 concentrations 2000-2020
pollutantemissions22and ambient

PM2s concentrations (Figure 7)
have occurred in China during the
last decade. Between 2015 and
2020, annual population-weighted
PMa5 concentrations in China have
decreased by around 30% 37.133.38,

These  reductions in  PMas
concentrations  have  largely
been attributed to decreasing
anthropogenic emissions0".
138, 41 due to emissions controls
in the industrial sector and
cleaner residential fuels™,
Population-weighted annual
PMas concentrations have also
declined since 2015 in other parts
of East Asia and in Southeast Asia,
including in Taiwan, North Korea,
Viet Nam, and Thailand.

Note: 7 National pfpulation-weighted PM2 s concentrations for Asian countries

; ; ; over the period of 2000 to 2020. Figures were produced using hybrid PM2 5

In oth.er cguntrles in Asia, concentration data (including measurements and model data) from van
population-weighted annual  Donkelaar et al. (2021) and population data from the Gridded Population of the

PM.s concentrations show either World project (GPW v4.11; CIESIN, 2016).

relatively small changes or steady

increases over the past decade (Figure 7). Regional PM2s concentrations in South Asia have remained
persistently high, with population-weighted annual PM2s concentrations in India, Nepal, and Bangladesh
reaching their highest levels in 2020. These three countries, along with Pakistan and Mongolia, exceed the
WHO Interim Target 176 for annual average PM2s exposure (35 pg m-3) in 2020.

In contrast, relatively low annual PM2s exposures are measured in the high-income countries of Brunei,
Singapore, and Japan; attaining the WHO Interim Targets 3 (10 ugm-3) or 4 (15 pgm-=-3) in 2020. Despite
concentrated efforts to reduce PMas pollution across Asia, all national PM2s concentrations in 2020 exceed
the stringent WHO Air Quality Guideline of 5 ug m-3.
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3. Measuring progress of air pollution mitigation policies

Monitoring air pollutant concentrations and how they change over time is an essential step in tackling
particulate pollution in urban regions's8 48 and demonstrating the success of emission control interventions. In
addition, long-term measurements of ground-levelair pollutant concentrations form the basis of epidemiologic
research on public exposure to air pollutants and the associated health outcomes.

3.1 Ground based air pollution monitoring

Direct measurements of air pollutant properties using instruments that sample the air in their vicinity (“in-situ
measurements”) over a long time period are some of the most valuable for monitoring urban air pollution
and associated health outcomes. Many countries in Asia have expanded their urban air pollution monitoring
networks in recent years e.g., China, India, Malaysia, Viet Nam, Thailand, and South Korea, and now have
comprehensive reference grade measurements of surface PM2.s concentrations with high spatial and temporal
coverage. Making this data freely available to scientists, NGOs, and the general public is important to improve
understanding of the sources and atmospheric processes that contribute most to urban air pollution and
health impacts. Open access to measurement data across national borders can assist in tackling the problem
of transboundary air pollution.

Figure 8: Ground-based PM2 s pollution monitoring stations in Asia

Note: 8: Map of ground-based PM, s pollution monitoring stations in Asia with data
available through OpenAQ. Red dots show locations of reference grade monitoring
stations with PM2.5 concentration data available. Note that some stations may no
longer be active.

There are several organisations that are now synthesising air pollution measurement data and are making
them freely available to the public via online platforms'62.2.178 The organisation OpenAQ'2 collects, visualises,
and disseminates air pollution measurement data from monitoring stations across the world. Measurement of
air pollution has become increasingly widespread, and OpenAQ now have reference grade measurement data
of PM2s concentrations from over 130 countries, which includes 9,496 different locations (Figure 8), although
many gaps remain over Southeast, West, and Central Asia.
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3.2 Low-cost sensors

With recent rapid technological advances, a huge range of low-cost sensors are now widely available,
providing measurements of a range of air pollutants, often in real time. These sensors are popular due to
both their affordability and accessibility, and are particularly useful in cities with few or no existing reference
grade measurements. The performance of low-cost PM sensors and the quality of the data they produce varies
substantially”’, with the PM sensors subject to biases and calibration dependencies>'. However, with careful
sensor selection and deployment (following recommended practices in the literature*, low-cost sensors can
provide valuable data for long-term urban air quality monitoring®.

An example of deploying low-cost sensors to increase the quality and quantity of existing air pollution
monitoring data, is the Low-cost Air Quality Sensor Initiative's¢ developed through partnerships between UN
Economic and Social Commission for Asia and the Pacific (ESCAP) and Chiang Mai and Korat municipalities in
Thailand. Through this initiative a total of 15 and 21 IQAir AirVisual Pro monitors have so far been installed in
Chiang Mai (Figure 9) and Korat, respectively. As well as increasing measurement data coverage, this project
will also make real-time air quality data accessible to the public.

Figure 9: Low-cost air quality sensors deployed in Chiang Mai

Note: 9 Map of low-cost air quality sensors deployed in Chiang Mai municipality, Thailand as part
of the Low-cost Air Quality Sensor Initiative. Green triangles show the locations of IQAir AirVisual
Pro monitors currently installed; purple triangles show planned installation locations.

Survey data from UNEP'™>® suggests that increased access to low-cost sensors and the subsequent improved
awareness of air pollution is playing a role in increasing public demand for enhanced global action on air
quality. In partnership with 1QAir, UNEP hosts the world’s largest database of PM2s measurements from a
combination of low-cost sensors and reference grade monitoring stations's3. A real-time interactive map tool
provides estimates of global ambient PM2s concentrations and age disaggregated PM2s exposure in each
countrys®s,

22



AIR QUALITY IN ASIA: AIR POLLUTION TRENDS AND MITIGATION POLICY OPTIONS

3.3 Remote sensing

Remote sensing of atmospheric PM relies on its ability to absorb and scatter light, which can be measured
from the ground or space. The amount of sunlight blocked by particulates is known as the aerosol optical
depth (AOD) and can be used to give an idea of ambient PM levels at the surface. There are several polar
orbiting and geostationary satellites with instruments onboard capable of measuring AOD. The most widely
used for air quality monitoring is the Moderate Resolution Imaging Spectroradiometer (MODIS) onboard the
NASA Terra and Aqua satellites's.

The advantage of satellite remote sensing for regional air quality monitoring is its high spatial and temporal
coverage (e.g., Li et al.,, 2022b). However, there are large uncertainties associated with this type of data and
retrievals of AOD can be limited or problematic in regions with high cloud cover or in coastal locations.
Validation of satellite AOD retrievals with ground-based AOD measurements like those from the AErosol
RObotic NETwork (AERONET) can improve the reliability of the data¢.
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3.4 Computer modelling and machine learning

Computer models of the atmosphere are an attempt to mathematically represent the complex interactions
of physical and chemical processes that air pollutant concentrations depend on. These models allow us to
identify and examine the emission sources and the chemical and physical processes that control air pollution.
The benefit of using atmospheric chemistry models is the ability to isolate emissions and/or processes, and
to simulate air pollutant concentrations with high spatial and temporal coverage. The disadvantages of using
these complex models include the high computational cost involved in performing simulations and the
necessity to validate model predictions with measurements.

In cases where performing multiple, computationally expensive, atmospheric model simulations isimplausible
and/or required input data is unavailable, machine learning techniques can be employed instead3® 6> 82,
Machine learning in air pollution research typically involves the development and use of algorithms that can
predict response variables (e.g., PM2s concentration) based on statistical associations with predictor variables
(e.g., PM2;5 measurements or complex model simulations), without explanatory knowledge.

Machine learning approaches have the advantage of requiring fewer inputs than complex atmospheric
models whilst being relatively quick and inexpensive to use. However, they have the disadvantage of being
‘black boxes’ that are difficult to interpret, so are less able to advance our understanding of the processes
which cause atmospheric pollution.

Typically, they are not able to extrapolate beyond
their training data to examine extreme or
hypothetical scenarios. Recent advances are able
to improve the ‘explainability’ of machine leaning
algorithms, allowing insight into the role of specific
predictor variables® 92,

One example of machine learning is the use of
emulators as computationally efficient proxies
of a complex atmospheric model to quantify
uncertainty in model predictions of particulate
matter®’, to control for the effect of meteorology
on air pollutions?, or to identify emission source

contributions to changes in PM2s concentration3”.
38,39

Another example is using machine learning
algorithms to predict (forecast) air pollution levels
given the meteorological conditions and pollutant
concentrations on previous daysss.

Machine learning approaches are ideal for
predicting air pollution levels due to their capacity
to manage multiple variables and complex
relationships between them.
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3.5 Hybrid PM2 s data products

Validated AOD data products produced from satellite retrievals (Sect. 2.3) can be used to give an estimate
surface PM2s concentrations. There is an abundance of different methods to derive PM2.s concentrations from
retrievals of AOD>* 135, A widely used method involves building statistical models to relate AOD, and other
predictors such as land use data and meteorology, to ground-based measurements and model simulations
of PM2.5 concentrations. The research paper from van Donkelaar et al. (2021)'68 apply a similar methodology
to derive global monthly estimates of PM2s concentrations for the period 1998-2019, which allows for the
characterization of seasonal and episodic PM2s exposure, as well as aid air-quality management. These hybrid
datasets are generally better for regional-scale representation of PM2.s pollution.

However, where extensive ground-based PM.s measurements exist along with the capacity run high-
resolution air quality model simulations, hybrid data products can provide real-time, street-level PM2.s exposure
distributions that are relevant for cities, for example the Personalised Real-Time Air Quality Informatics System
for Exposure — Hong Kong'19.23,
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4. Examples of previously implemented air pollution
mitigation policies

In recent years countries across Asia have successfully implemented a range of policies to mitigate and reduce
PM2 pollution from the key polluting sources. To address both country-wide and urban air pollution, central
governmentsin several countries haveintroduced and adopted national air quality management programmes,
such as the Draft Bangladesh Clean Air Act, India’s National Clean Air Programme, Malaysia’s Clean Air Action
Plan, the National Electrical Vehicles Policy in Pakistan, and many others. The Chinese government have
released a series of national policies over the last decade including the Air Pollution Prevention and Control
Action Plan, the Three-Year Action Plan for Winning the Blue Sky Defence Battle, and more recently, the New
Pollutant Control Action Plan.

The clean air action plans introduced in China have been particularly successful in delivering substantial
reductions in urban PMa2s pollution in recent years20' 41. 138, Thus, demonstrating the potential effectiveness
of national policies for improving city-level air quality. The action plans have included a wealth of stringent
emissions control measures, targeting individual sectors and sources'* 33, The combination of effective air
pollution monitoring across urban regions in China (alongside increased availability of the data in recent
years) with a strong interest from the scientific community, has enabled a thorough analysis and attribution
of the impact of these measures on air pollutant concentrations.

The measures that were reported to have driven the strongest reductions in PM2s concentrations between
2013-2017 were the strengthening of emission standards in the industrial and power generation sectors,
upgrades on industrial boilers whilst phasing out inefficient industrial capacities, and the promotion of clean
fuels in the residential sector'®4.

Figure 10: UNEP survey on air quality mitigation in Asia Pacific region

Note: 10 Progress towards adoption of key actions that can significantly improve air quality. Results
are from the UNEP (2021) survey on 41 countries in Asia. Figure was taken from UNEP (2021).
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More broadly across Asia, air quality management programmes and complimentary policies have meant
that since 2015 there has been widespread implementation of stronger emission controls for the industrial
sector, with substantial progress in energy efficiency and renewable energy policies (Figure 10)™°. Promising
progress has also been made in the transport, residential, and agricultural sectors (Figure 10), with the survey
on 41 countries in Asia revealing that by 2020:

\

\

>>> 56 per cent of countries had established vehicle emission standards

AN

>>> 34 per cent of countries had light-duty vehicle emission standards at
Euro 4 level or equivalent.

AN

31 per cent of countries were using diesel with a maximum sulphur
content of 50 ppm or less.

>>> 68 per cent of countries had adopted clean residential cooking and
heating programmes, benefitting 500 million people.

>>> 90 per cent of countries had introduced some form of regulations to
prohibit open burning of household waste.

NEEAPAN

N . oY e Y. .Y..Y,

41 per cent of countries had implemented programmes to promotb
sustainable agricultural practices including improved management of
agricultural residues and livestock manure. /

/

Despite the implementation and demonstrated success of clean air policies in some regions, PM25 exposure
remains high across most Asian countries and the attainment of national and WHO air quality targets in
populated regions is limited. The introduction of air pollution measures and interventions, and subsequent
progress towards clean air, is uneven across Asia, with low- and middle-income countries experiencing the
greatest PM..s exposures.

Furthermore, in some regions where PM25 concentrations have decreased, concentrations of another air

pollutant (ground-level ozone) have increased over a similar time frame37.139, Therefore, it is clear that more
progress needs to be made in order to reduce air pollution to within healthy limits across much of Asia.
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5. Recommendations for PM. 5 pollution mitigation

This section will draw on results relevant for PM25 pollution from's”. 158, which identifies the most effective
25 measures to reduce air pollution in Asia, providing cost-effective options specifically suited to Asian
countries (see Table 1, 2, 3). Implementing these measures could help 1 billion people breathe cleaner air by
2030 and reduce global warming by a third of a degree Celsius by 2050'*%. We also include state-of-the-art
recommendations for reducing PM2s pollution from recent scientific literature relevant for cities in Asia. We
note that because of uneven progress in air pollution mitigation across Asia, selected Asian countries and/
or cities will have already adopted some of the effective measures to control PM2s pollution listed below.
Prioritisation and implementation of the recommended measures must consider country- and city-specific
aspects, such as the key air pollution sources, local geography, and existing socioeconomic conditions'#

Table 1: Next-stage air quality measures

Next-Stage Air Quality Measures

Agricultural crop Manage agricultural residues, including
\ residues strict enforcement of bans on open burning /
/ Residential t Strictly enforce bans on open burning of \
esl ben al waste household waste (and encourage centralized
\ urning waste collection /
/ Prevention of forest Prevent forest and peatland fires through \
improved forest, land and water management
and peatland fires . ;
\ and fire prevention strategies /
Livestock manure Introduce covered storage and efficient
\ mManagement application of manures /
Nitrogen fertilizer Establish efficient applicationincrease green
N application areas D
/ . . Improve efficiency and introduce emissions \
Brick kilns prov 1ency ' ! 1551
\ standards /
4 International Require low-sulphur fuels and control of N
shipping particulate emissions
Solvent use and Introduce low-solvent paints; leak detection;
\ refineries incineration and recovery /

Note: 11 Clean air measures recommended by UNEP (2019) that are relevant for reducing PM,s
pollution in Asia. Table is adapted from Table A: “The Top 25 Clean Air Measures” UNEP (2019).
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Table 2: Regional Application of Conventional Measures

Regional Application of Conventional Measures

Post-combustion
controls

>>>

Introduce state-of-the-art end-of-pipe
measures to reduce air pollutant emissions
at power stations and in large-scale industry

Industrial process

emissions standards

>>>

Introduce advanced emissions standards in
industries

Emissions standards

for road vehicles

>>>

Strengthen all emissions standards; special

diesel vehicles

Vehicle inspection

and maintenance

>>>

Enforce mandatory checks and repairs for
vehicles

Y Y Y Y

-

Dust control

>>>

/
\
/
\
focus on regulation of light- and heavy-duty
/
\
/
\

Suppress construction and road dust;
increase green areas

o

Note: 12 Clean air measures recommended by UNEP (2019) that are relevant for reducing PM,s
pollution in Asia. Table is adapted from Table A: “The Top 25 Clean Air Measures” UNEP (2019).

Table 3: Regional Application of Conventional Measures

Measures Contributing to Development Priority Goals

with Benefits for Air Quality

Clean cooking and
heating

>>>

Use clean fuels; substitution of coal by
briquettes

%

Renewables for
power generation

>>>

Use incentives to foster extended use of wind,\
solar and hydro power for electricity generation
and phase out the least efficient plants

Energy efficiency
standards for
industry

>>>

Introduce ambitious energy efficiency
standards for industry

Electric vehicles

>>>

Promote the use of electric vehicles

Y Y Y Y

-

Improved public
transport

>>>

A ANAN

Encourage a shift from private passenger
vehicles to public transport

o

Note: 13 Clean air measures recommended by UNEP (2019) that are relevant for reducing PM,s
pollution in Asia. Table is adapted from Table A: “The Top 25 Clean Air Measures” UNEP (2019).
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5.1 Industrial sector
(including the power sector)

The industrial and power generation sectors are
two of the largest contributing emission sources to
PM2s in Asia'®®.

5.1.1 Large stationary combustion
sources

Recommendations for reducing PM2s associated
with this source focus on strengthening industrial
emission standards in all industries (e.g., in power
plants, iron and steel plants, cement factories,
glass production, chemical industry, etc.)"” ',
Technological improvements including state-of-
the-artend-of-pipe controls should beimplemented
in power stations and large-scale industry to reduce
emissions of PM and precursor gases (sulphur
dioxide and nitrogen oxides (NOx)) through, e.g.,
flue gas desulfurization, de-NOx catalysts, and
electrostatic precipitators ”'%’.

To compliment application of stronger emissions
standards, mandatory enhanced energy efficiency
standards should be introduced for industry'™” 1%,
accompanied by phasing out of outdated industrial
capacity and inefficient fossil fuel power plants '3,
For electricity generation, extended use of wind,
solar and hydro power should be fostered through
incentives and adoption of renewable energy
policies, alongside a reduction in investment in
fossil fuels'”.

5.1.2 Industrial volatile organic
compounds
Industrial VOCs are an important source of

secondary PM,s in Asia'®. VOCs are used/produced
and emitted from a range of different industries,
including petrochemical, pharmaceutical, chemical
pesticide production, paint production, furniture
manufacturing, packaging and printing, dyeing,
wood processing etc.”® ', Recommendations to
reduce sources of solvent-derived VOCs include the
use of low-solvent paint for industrial and domestic
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applications; replacing with water-based paints, inks,
and coatings where possible -3, Implementation
of leak detection and repair standards should be
required to reduce VOC sources in chemical and
petrochemical industries 2.

Recommendations to reduce the emissions of VOCs
involve the use of covers, gas-collecting methods,
seals,and vapourrecoveryduring the manufacturing
process and application of VOC-containing paints,
coatings, and other substances * '3, End-of-pipe
treatments of waste VOC-containing gases should
be introduced, with methods including adsorption,
absorption, filtration, or incineration 73,

5.1.3 Brick kilns

Brick production is often a relatively small, informal
industry that can strongly contribute to local PM, 5
concentrationsinandaround urbanregionsin Asia'*
146,180 Recommendations to reduce emissions from
brick manufacturing involves the shift to modern
brick kiln technologies e.g., Hybrid Hoffmann kilns,
Zig-zag kilns, and Vertical Shaft Brick kilns, that are
more efficient and less polluting 44

To compliment application of cleaner technologies,
emissions standards should be introduced with
enforced upgrades or closures required for facilities
failing to comply'® 73, To improve uptake of clean
technologies in brick manufacturing, governments,
policy makers and other relevant stakeholders
should offer financial assistance e.g., loans to covert
high retrofit costs, alongside provision of awareness
campaigns for kiln owners on the associated
benefits, and training programmes for kiln labour'.
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5.2 Residential sector

5.2.1 Residential cooking and heating

The burning of solid fuels like coal, wood and animal dung, for cooking and heating is a substantial source
of ambient PM,s pollution (Sect. 3.3)'*8, but also contributes significantly to household air pollution.
Recommendations for reducing PM2s emissions from the residential sector focus on using cleaner fuels such
as electricity, natural gas, or liquefied petroleum gas (LPG) in cities and LPG and advanced biomass cooking/
heating stoves in rural areas'®.

Where coal is widely used, focus should be on reducing the ash and sulphur content of the coal® or substitution
of coal by briquettes. Factors that will enable success in reducing residential sector contributions to PMa:s
pollution are increasing policy-maker and public awareness of the impacts of solid-fuel combustion on
health, whilst utilising lessons learned from the design of previous clean cooking and heating programmes
introduced in China and India'2.

5.2.2 Residential waste burning

For many households in lower-income
regions of Asia, open burning of
residential waste is a relatively easy and
low-cost method of disposal.

To eradicate this source of PM2s pollution,
bans on open burning of residential
waste should be strictly enforced, for
example by imposing fines or penalties,
and awareness of legal prohibitions
should be promoted?ss,

Residential waste burning should
be replaced with centralized waste
collection and disposal or incinerations,
Where waste incineration is employed,
it is critical to implement combustion
technologies with strict emissions
controls#.179,

Enabling factors include implementing
regulation on engineered landfills and
incineration and/or collaboration with
informal sector for recycling to reduce
the amount of waste generated'ss,

33



AIR QUALITY IN ASIA: AIR POLLUTION TRENDS AND MITIGATION POLICY OPTIONS
5.3 Land transport sector

Recommendations for reducing air pollutant emissions from land transportinvolve strengthening all emissions
standards with special focus on regulation of light- and heavy-duty diesel vehicles's8 . More specifically, the
goal should be for the on-road transport sector to move towards effective introduction of, and compliance
with, Euro-6 (VI) or China 6a/6b (VIA/VIB) equivalent emission standards for all new vehicles and machinery,
with a phase-out of old vehicles*s 7. 28,

The adoption of improved emissions standards should be complemented by a maximum permitted
sulphur content of 10 ppm in diesel and gasoline™s. The factor that will enable these emissions standards
transitions is collaboration between environmental agencies, transport agencies, oil companies, and vehicle
manufacturers', Success of emissions standards in terms of improving air quality will rely on compliance®.
Thus, enforced vehicle inspection and maintenance e.g., at the roadside or in public testing stations, should
be implemented to ensure standards are being met's8 48,

Alongside improvements in emissions standards, policies should also be introduced to promote and support
the use of electric vehicles, with an aim for 50 per cent of the car fleet to be electric by 2030-2040'% 7. There
should also be a strong action to encourage a shift from private passenger vehicle ownership to active
and/or public transport usage'®. To promote this shift, public transport systems should be enhanced (e.g.,
introduction of Rapid Mass Transit systems, cleaner buses etc.)*8, complemented by bike sharing systems's8
and improved provision of safe and accessible cycling environments'?. 165,

In cities with large areas of unpaved roads, focus should be on reducing re-suspended road dust through
sealing of road surfaces and applying other measures, including sprinkling of water or chemical agentss* 15,
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5.4 Agricultural sector (non-combustion activities)

The approach to reduce PM2 s pollution from agricultural activities is through the reduction of emissions of
ammonia which contributes to secondary formation of PM in the atmosphere. The two key measures to re-
duce agricultural ammonia emissions are to improve livestock manure management and to improve the effi-
ciency of fertilizer application'®.

Improved manure management practices involve covered storage of manures and enclosed systems for ma-
nure treatment including anaerobic digestion, with efficient incorporation of its residual products into soils
as organic amendments'®’. For non-industrial or small farms without appropriate facilities, manure could
be delivered to central processing facilities, or the outdoor grazing of animals be extended’. Reducing pro-
tein-rich feeding in livestock farming is a further, relatively low-abatement cost, option for reducing ammonia
emissions from manure, but levels must be assessed to avoid undermining animal productivity and welfare'®.

Recommendations for improved synthetic fertilizer use include optimized and efficient application of urea
and/or use of urease inhibitors, with a switch to ammonium nitrate, controlled/slow-release fertilizers where
applicable’® ™% Further recommendations are to promote the use of organic fertilizers with efficient applica-
tion and incorporation deep into the soil™*, improving the coupling between cropland and livestock produc-
tion systems to increase recycling of manure'* 9%,

To promote the adoption of sustainable farming practices, financial incentives for farmers (e.g., through direct
economic benefits and/or increased productivity) are a key factor, along with benefits to the farm itself and/
or environment''®, Abatement costs of reducing ammonia emissions from agriculture are likely to be far out-
weighed by the overall societal benefits'.
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5.5 Open biomass burning

5.5.1
burning

Agricultural residue/waste

Open burning of agricultural waste or residues
in the field remains a widespread practice in
many countries in Asia, despite laws in most of
these countries prohibiting it'* 2> 2%, To improve
the effectiveness of open burning bans, strict
enforcement should be combined with working
alongside farmers to provide viable no-burn
alternatives for crop residues's.

Viable alternatives include conversion of residues to
biomass pellets or biogas for bioenergy purposes
or mechanised collection of residues into bales for
on- or off-site use, both of which have the potential
for generating additional incomes for the farmers'%,
Non-bioenergy uses for baled crop residues
include growing mushrooms, brick production,
livestock feed (depending on the crop), and animal
bedding'*8.

Important sustainable agricultural practices involve
retention of crop residues after harvesting, either
planting seeds directly through stubble (low- or
no-till conservation agriculture) or incorporating
residues into the soil as mulch. These practices can
have multiple co-benefits including improved soil
health and a decreased need for fertilizers (thus
reducing ammonia emissions; Sect. 6.4)'%8 123,

Overall, the implementation of sustainable
agricultural mechanisation e.g., Happy Seeder
systems, will be vital to assist farmers (particularly
smallholders) in effectively managing agricultural
residues and generating additional profits .
The provision of financial support to smallholder
farms, through incentives, loans, and other
financial schemes from governments and/or
private investment, can reduce financial barriers
associated with upfront machinery costs and will
facilitate the adoption of sustainable agricultural
mechanisation'®.

Active with  stakeholders

engagement on
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agricultural emission controls and sustainable
agricultural practices, including training on modern
mechanization and techniques, and empowerment
of farmers, will aid success in reducing burning'.

5.5.2 Deforestation & peatland fires

The use of slash and burn practices forland clearance
for agricultural purposes is widespread in many
countries in Asia, particularly Mainland Southeast
Asia'® ' and Equatorial Asia®. Furthermore,
extensive deforestation and drainage of Indonesian
peatlands have made these regions increasingly
vulnerable and susceptible to repeated burning®'.

Strict enforcement of regulations prohibiting the
use of fire to prepare lands for plantation agriculture
will mitigate fire-derived PMa.s pollution in some
regions but not all. For example, a moratorium on
primary forest and peatland conversion in Indonesia
has been ineffective in reducing deforestation or
fires in many areas'* > due to multiple challenges.
Policies that combine a forest/peatland moratorium
with incentives and livelihood support for farmers
(e.g., by creating a market for forest and agroforestry
products) and/or increased community forest and
fire management are likely to be more successful'*®
158/132,111'

Improved management of forest/peatlands and
plantations, with engagement between central and
local governments, will be crucial for reducing future
deforestation and associated fires'® ', A further
step that should be taken to reduce peatland fires
is peatland restoration (including both re-wetting
and revegetation), with co-benefits associated with
biodiversity conservation, climate mitigation, and
sustainable livelihoods'. Community involvement
and participation in peatland restoration, along with
ongoing engagement with farmers, landowners,
and the local community is essential for success of
restoration initiatives'4 10175151,

The economic benefits of effective peatland
restoration (from reductions in costs connected
to land-use damage and health impacts from fire-
derived PMa.s exposure) could outweigh the cost of
restoration, providing evidence to support ongoing
peatland restoration efforts’.
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5.6 Shipping sector

Air pollutant emissions from domestic and international shipping and the management of these sectors are
important for improving air quality in coastal and inland river cities in Asia, particularly those with major ports
and/or high levels of marine traffic''® 10026,

Recommendations for reducing PMa s pollution from shipping involve the requirement of low-sulphur fuels
and control of PM emissions for all maritime vessels'*8, Shipping emissions controls across coastal regions of
Asia should match or improve on those currently implemented in the Domestic Emission Control Area (ECA)
established in China'®.

Plans for near-term future emission controls should follow those set by the International Maritime Organization
for other ECAs (mandate sulphur cap at 0.1 per cent and Tier [l NOx standard for new ships) for maximum PM; 5
- related health benefits'’. Reciprocal regulatory agreements with neighbouring cities regarding shipping
emissions should be implemented to reduce transboundary air pollution issues’.
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5.7 Cross-sector air pollution mitigation

5.7.1 Decarbonisation and climate mitigation

Efforts to reduce greenhouse gas emissions to
mitigate future climate change can also lead to
reductions in co-emitted air pollutants, resulting in
improved air quality in Asia countries'> 3"47. 77150 The
economic savings due to air quality and health co-
benefits of climate change mitigation policies could
offset the implementation costs of greenhouse
gas emissions reductions'’ 6% 130 128 There are
many different intervention options available
across all sectors discussed above that could drive
simultaneous reductions in greenhouse gas and air
pollutant emissions'™®8 718184,

Many of these options have already been presented
in previous sections e.g., promoting renewable
energy (Sect. 6.1.1), transitions to clean residential
energy (Sect 6.2), and reductions in emissions from
the transport and agricultural sectors (Sects. 6.3, 6.4,
and 6.6) and open burning (Sect. 6.5)'*%,

More substantial reductions in PM2.5 pollution can
be delivered through implementation of climate
change mitigation policies in combination with
stringent air pollution control measures'? '3 37,
Policies that combine climate mitigation with multi-
sectoral air quality management and sustainable
development measures will be more successful in
reducing the public health burden of air pollution,
whilst helping to achieve multiple UN Sustainable
Development Goals (SDGs)'®87.

TheClimate Co-benefitPortal'*canaideinidentifying
specific climate mitigation measures that lead to co-
benefits (including improved air quality and other
factors) across different regions and contexts (Figure
11). For example, transitioning to active and electric
transportation for climate mitigation purposes has
strong potential for public health and ecosystem
co-benefits through reductions in air pollution and
improved air quality (see Figure 11) '%°,

Figure 11: (Co)benefit or Trade-off Category for Asia

Note: 14 Potential co-benefits and trade-offs of implementing different climate interventions/actions
across Asia. Figure is reproduced from the University of Leeds Climate (Co)benefits Portal, which uses
a systematic literature review approach to bring together available scientific evidence on the co-benefits

of climate adaptation and mitigation options.
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5.7.2 Alternative diets and food waste reduction

The agricultural sector is a large emitter of air pollutants and greenhouse gases. Urban populations in Asia
can complement emission control strategies in this sector (Sect. 6.4) by reducing demand through reduced
food waste and/or altering food consumption patterns” ' %, Transitioning toward more plant-based, less
meat-intensive diets (following recommendations from the Chinese Nutrition Society * or the EAT-Lancet
Commission'? (Figure 12) would reduce both livestock production and crop production for livestock feed,
reducing associated ammonia emissions and secondary PMy 5 71997,

Transitioning toward more plant-based diets is also associated with nutritional health benefits'*. Dietary
changeis mostly driven by personal choice and is therefore a low- or no-cost option for air pollution mitigation.
However, to change consumers’ preferences on a city or country scale, governments and local authorities
can play an important role in promoting healthy, less meat-intensive diets along with implementing healthy
public food procurement and service policies'® 7713,

Figure 12: (Co)benefit or Trade-off Category for Asia

Note: 14 Potential co-benefits and trade-offs of implementing different climate interventions/actions across
Asia. Figure is reproduced from the University of Leeds Climate (Co)benefits Portal, which uses a systematic
literature review approach to bring together available scientific evidence on the co-benefits of climate
adaptation and mitigation options.
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5.7.3 Personal strategies to reduce PM2.s exposure

Reducing the sources and emissions of PM25 and other air pollutants through public policies and control
measures is imperative for reducing the PM2s - related public health burden in cities. However, exposure
to urban PMa2s pollution can be limited in certain situations on a personal level by modifying behaviour.
Avoidance of high PMa.s concentrations can be particularly important for people whose age and/or existing
health conditions increase their vulnerability to PM2.5 exposure.

The key measures that can be implemented to minimise or reduce personal exposure toambient PM2 spollution
include limiting physical exercise outdoors during highly polluted days or near air pollution sources, avoiding
major roads or other pollution sources when commuting, and/or wearing an N95 or similar grade facemask
during severe air pollution events?" &,

Provision of air quality alert or early warning systems can also be highly effective and can empower urban
populations make informed decisions when planning journey routes, modes of transport, and/or outdoor
activities’>?'. Cleaner route planning features can already be accessed through mobile applications for some
cities to aide individual travel and activity decisions®* (Sect. 4.5).

Certain strategies can also be
implemented to minimise personal
exposure to PM2 s pollution in indoor
environments, for example effective
ventilating of cooking areas and using
portable indoor air cleaners fitted with
high-efficiency PM filters?'.

The latter type of intervention is being
tested by the Chiang Mai municipality,
in partnership with the UN ESCAP,
through the Air Filter Initiative for
Maternal Health'e.

This initiative involves implementing
high quality air filters in the homes of
selected pregnant women, with the
aim of avoiding negative maternal
and prenatal health outcomes related
to indoor PM3 5 exposure.
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5.8 Regional cooperation on air pollution mitigation

The physical and chemical properties of atmospheric particulates (Sect. 3.1) mean that PMas pollution can
remain in the atmosphere on the order of days to weeks, enabling it to be transported over huge distances
(Sect. 3.2.2), across cities, state boundaries, and national borders**3¢ 1% There are many cities in Asia where
a large portion of the within-city PM2s pollution is imported from sources located outside the city limits
(Sect. 3.3)"" 7%, The transboundary nature of ambient PMas pollution means that regional cooperation and
coordination can be crucial for strengthening international, national, and city-level air pollution management
frameworks'® 1%,

Many successful regional partnership initiatives have been established in Asia to tackle transboundary air
pollution issues. One example is the Association of Southeast Asian Nations'?. Agreement on Transboundary
Haze Pollution (AATHP), which involves a commitment from 10 Member States to coordinate efforts to monitor
and tackle haze pollution arising from peatland and forest fires''.

The associated Roadmap on ASEAN Cooperation towards Transboundary Haze Pollution Control with Means
of Implementation was adopted in 2016, serving as a strategic framework for the implementation of the
AATHP and other collaborative actions to control transboundary haze pollution''. The Roadmap includes key
strategies for reducing air pollutant emissions from the agricultural sector (Sect. 6.4) and open burning (Sect.
6.5) such as sustainable management of peatlands'® ', agricultural land, and forests'".

A second example is the Asia Pacific Clean Air Partnership
(APCAP)'®", which was established to serve as platform to
improve coordination of clean air programs in the region,
generate and disseminate knowledge on air pollution
mitigation measures and policies, provide technical
assistance on air quality management, and support
assessments to identify clean air solutions.

The UNEP (2019) report™® which provides actionable,
science-based, clean air solutions for countries in Asia Pacific,
was a product of close collaboration with the APCAP and the
Climate and Clean Air Coalition (CCAC).
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Effective development and implementation of policies and strategies to reduce urban air pollution will depend
on many factors that will be specific to each city. These factors including the dominant source contributions
to ambient PM2s pollution, the physical urban characteristics, and the local weather conditions, alongside the
city’s capacity to implement measures and its resource availability'®. In other words, there is no single policy
or combination of measures that will effectively reduce air pollution in every city, as the local context will need
to be considered in each case. However, there are several measures and considerations, summarised below,
that are relevant for combatting PM2.s pollution throughout Asia.

Figure 13: Measures and Considerations

Continuing Priority Measures:

Providing access to clean household energy for cooking and heating.

Implementation of stringent emission controls in the industrial and transport sectors.

Emerging Priority Measures:

Promoting sustainable agricultural practices (including improved fertilizer application
and manure management, prevention of residue burning, and reduced land clearance
k of forests and peatlands). /

Improved energy efficiency across sectors and promotion of renewable energy
sources.

Additional Policy Considerations

Coordinate efforts to simultaneously reduce PMa2s pollution and mitigate climate
change in co-benefit orientated energy-climate policies.

Include effective management of other air pollutants, such as ground level ozone,
alongside PM2.5 to achieve maximum public health benefits 16433

Foster collaboration between national governments, local authorities, businesses,
and civil society for coordinated action on PM2; pollution, including key stakeholder
engagement and integration in decision making ™’

Establish effective regional cooperation (or utilise existing regional partnerships) to
jointly address transboundary air pollution issues

Enhance long-term air pollution monitoring and identification of key polluting
sources, alongside improved data sharing of historical and real-time measurements.
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SUSTAINABLE URBAN DIVISION, ENVIRONMENT AND DEVEOPMENT

Further priorities for air quality management can be broken down regionally. In East Asia, the implementation
of conventional PM2 s pollution controls on the industrial, transport, and residential sectors are well underway.
Despite these measures, the industrial and residential sectors are projected to remain large contributors to
PM3 5 pollution in the near-term future®, with the implementation and associated air quality benefits of end-
of-pipe controls largely exhausted by 2030%.

Future attainment of the WHO Interim Targets 3 and 4 for PMs will require continued application of
increasingly stringent end-of-pipe controls, implementation of enhanced energy-efficient technologies and
renewable energy policies, and strong reductions in PM2.5 precursor gas (ammonia and VOCs) emissions'®3*
28,29 Furthermore, strategies for tackling residential emissions could be expanded from a predominant focus
on households in northern China'® to areas of southern China3®.

In South Asia, the priorities for effective air quality management include enhanced application of conventional
emission controls in the industrial and transport sectors and accelerated transition to clean fuel technologies
for cooking'® ¥, Increased attention should also be given to reducing PMa s pollution from other sources,
including brick kilns (through increased adoption of less polluting, modern technologies), household waste
and agricultural residue burning (through prevention and provision of viable alternatives), and agricultural
practices (through improved fertilizer application and manure management)'®8 1%,

In Southeast Asia, the main priority areas are consistent with those for South Asia, with additional emphases on
prevention of land clearance/deforestation fires and sustainable peatland management'®'". For high-income
countries in Asia (Brunei Darussalam, Japan, Republic of Korea, and Singapore), where conventional emission
controls have been widely implemented, priority areas include reducing emissions from the agricultural and
shipping sectors and coordinated climate and air pollution mitigation'™®. Regional cooperation with other
surrounding countries will also be key in helping to reduce imported, transboundary PM2 s pollution.

Across all countries in Asia, adoption of effective clean air measures could substantially reduce the health
burden due ambient PMy 5 pollution exposure, whilst helping to achieve multiple UN SDGs. Implementing
stringent air pollution mitigation policies, alongside ambitious climate action, will be crucial to avoid an
increasing PMy s - attributable health burden in the near-term future3437.18%.122,
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