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Abstract
Air pollution is a global challenge to people’s health and has severe economic consequences. The region
of Northeast Asia is no exception. Across most regions in Japan, and in the entire territories of Korea and
China, annual average concentrations of fine particulate matter are above the guideline levels indicated
by the World Health Organisation, indicating a risk to health. Policy action to tackle air pollution across the
three countries, could prevent air pollution related illnesses and deaths, without affecting economic growth.
This report presents projections for the impact of air pollution polices until 2050, with differing levels of
regional coordination. Projections for current policies are compared with unilateral policy action, whereby
each of the three countries introduce more stringent policies to tackle air pollution; alongside regionally
coordinated policy action by all three countries; and policy action on a global level. The report presents the
health, agricultural and economic impacts, and identifies considerable benefits from further coordination
on air pollution policies, such as with regional and global policy action.
Keywords : air pollution, computable general equilibrium models, best available techniques
JEL codes : C68, Q53, Q52
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Résumé
La pollution atmosphérique est un défi mondial pour la santé des personnes et a des graves conséquences
économiques. La région de l'Asie du Nord-Est ne fait pas exception. Dans la plupart des régions du Japon
et sur l'ensemble des territoires de la Corée et de la Chine, les concentrations moyennes annuelles de
particules fines sont supérieures aux niveaux de référence de l'Organisation mondiale de la santé, ce qui
indique un risque pour la santé. Une action politique pour lutter contre la pollution de l'air dans les trois
pays pourrait prévenir les maladies et les décès liés à la pollution de l'air, sans affecter la croissance
économique.
Ce rapport présente des projections de l'impact des politiques de lutte contre la pollution atmosphérique
jusqu'en 2050, avec différents niveaux de coordination régionale. Les projections des politiques actuelles
sont comparées à l'action politique unilatérale, dans le cadre de laquelle chacun des trois pays introduit
des politiques plus strictes pour lutter contre la pollution de l'air. Autres scenarios considèrent une action
politique coordonnée au niveau régional par les trois pays et l'action politique au niveau mondial. Le rapport
présente les impacts sur la santé, l'agriculture et l'économie et identifie des avantages considérables en
cas d’une coordination des politiques en matière de pollution de l'air, par exemple avec des actions
politiques régionales et mondiales.
Mots clés : pollution de l’air, air pollution, modèles d'équilibre général calculable, meilleures techniques
disponibles
Classification JEL: C68, Q53, Q52
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Executive summary
Air quality is a key concern in most countries around the world, including Japan, Korea and China. Across
most regions in Japan, and the entire territories of Korea and China, annual average concentrations of fine
particulate matter are above the guideline levels of 10 µg per cubic metre indicated by the World Health
Organisation. Increasing evidence on the detrimental impact of air pollution on human health, the
environment and economic growth implies a call for urgent action to improve air quality in the region.
This report aims to quantify the benefits of policy action on air pollution in Japan, Korea and China in the
coming decades, with focus on the additional benefits from co-ordinated policy action between the three
countries. The report compares a policy scenario in which current policies continue in the coming decades
with scenarios in which each of the three countries implements ambitious policies that result in the wide
adoption of the best available techniques to curb air pollution emissions. These single-country policy action
scenarios are also compared with a co-ordinated policy action scenario in which the three countries act at
the same time, and with a global policy action scenario.
The analysis relies on a step-wise methodology to provide projections of the benefits of policy action up to
2050. For the different scenarios, projections of economic activities are linked to emission projections, then
to health and environmental impacts of air pollution, and finally to the economic consequences of air
pollution. The economic consequences include macroeconomic effects as well as welfare effects
associated with mortality and illness. The macroeconomic effects of the policy action reflect benefits from
reduced air pollution impacts on health and agriculture as well as costs from investment in the best
available techniques, considering both direct and indirect changes in economic activity. Indeed, with
ambitious policy action on air pollution, firms and households are likely to invest in techniques or
technologies that can reduce one or several pollutants and that provide a cleaner production or
consumption option.
This report finds that, even with current policies, emissions of air pollutants in the three countries are
projected to decrease by 10% to 50% by 2050, depending on the country and the pollutant; with the
exception of ammonia which is projected to increase in the three countries. Meanwhile, ambitious policy
action that stimulates the deployment of best available techniques is projected to lead to larger emission
reductions, including an 80% decrease in fine particle emissions across the three countries in 2050
compared to 2020. The national context influences which sectors contribute most towards domestic
emissions reductions. For instance, the largest reduction in fine particle emissions in the three countries
results from improving municipal solid waste management, while in China, reductions of emissions from
the residential sector are also projected to account for a large share of fine particulate emission reductions
in 2050. In Korea and Japan, policies requiring further installation of high efficiency desulphurization units
on industrial and power plant boilers offer the largest contribution to the projected mitigation of sulphur
dioxide emissions.
The emission reductions are projected to lead to air quality improvements, as indicated by lower
concentrations of fine particulate matter and ground-level ozone. If countries act alone, concentration
levels of fine particle concentrations in 2050 are projected to half in China, and decrease by around a
quarter in Japan and Korea compared to current policies. Co-ordinated policy action, which results in the
implementation of best available techniques in the three countries, leads to further air quality improvements
and in lower exposure to air pollution. In Japan, by 2050 co-ordinated policy action results in over 90% of
the population being exposed to fine particle concentrations below the World Health Organisation (WHO)
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guideline of 10 µg per cubic metre. In Korea, most of the regions are projected to have concentration levels
in line with the WHO air quality guideline interim target-3 (i.e. 15 µg per cubic metre). While in China
average concentrations remain higher, progress is clear when considering the reduction in exposure to
unsafe concentration levels according to the WHO guidelines (over 35 µg per cubic metre). Indeed, in
China policy action would result in 97% of the population being below the unsafe threshold level1 of 35 µg
per cubic metre by 2050.
Thanks to the air quality improvements, mortality and morbidity caused by air pollution are also projected
to decrease. In China, domestic policy action alone leads to a reduction in mortality of 25% compared with
current policies in 2050, with limited additional benefits from co-ordinated action in the region. Air pollutionrelated mortality in Japan and Korea decreases by around 20% and 10%, respectively by 2050 when these
countries act alone, while these benefits would increase to 29% in Japan and almost double in Korea with
co-ordinated policy action. In China it is mostly domestic policy action that leads to a reduction in mortality,
with a small reduction in premature deaths with coordinated action.
Air quality improvements are also projected to have beneficial effects on agricultural productivity in Japan,
Korea and China. Indeed, air pollution, and specifically high concentrations of ground-level ozone,
negatively impacts crops. With co-ordinated policy action, the production of crops is projected to increase
on average by 1-2% by 2050 in the three countries, with additional improvements in the case of global
policy action.
These beneficial effects on health and agriculture are projected to be achieved with no significant effect on
economic growth by 2050. The costs associated with the investments in best available techniques are
projected to be offset by the macroeconomic benefits of reduced air pollution. Acting alone is more costly,
especially in Korea; in contrast, co-ordinated policy action is beneficial for all three countries. Global policy
action is projected to boost macroeconomic benefits in Japan and Korea by 2050, reflecting improved
competitiveness. China is projected to be mostly affected by the domestic costs of the investments in best
available techniques, with little effects from the policy choices of other countries, including Japan and
Korea.
While the net macroeconomic effects are negligible, ambitious policy action to tackle air pollution would
provide substantial welfare benefits from reduced mortality and pain and suffering from illness to Japan,
Korea and China, especially in case of co-ordinated policy action. If countries act alone, the additional
yearly per capita benefits resulting from reduced mortality and morbidity are projected to amount to USD
200 in Japan, USD 180 in Korea and almost USD 500 in China by 2050, compared with current policies.
A co-ordinated policy response across the three countries would increase the per capita benefits to USD
380 in Japan and USD 360 in Korea. Coordinated policy action has a smaller impact on per capita welfare
benefits in China since domestic policy action is the main driver of air quality improvement in this country.
If policies to control air pollution were adopted globally, the welfare benefits would increase in the three
countries. While the welfare benefits of air pollution policies are clear, there might also be welfare losses,
for instance for firms in the transition towards cleaner production.
The report highlights that further co-operation to reduce air pollution in the Northeast Asia region can result
in health, environmental and economic benefits. Nevertheless, international co-operation in the region
faces challenges that are difficult to surmount. A number of actions, including the promotion of compliance
activities and better data and measurement techniques, can support the implementation of a co-ordinated
approach to reduce air pollution in the region. Furthermore, increased international efforts to mitigate
climate change might also contribute to improve air quality in the region and to encourage more policy
action towards a green transition.
1

The WHO Air Quality Guidelines stipulate that average PM2.5 concentration should not exceed 10 μg/m3. The WHO
interim target-1, which is the first of a series of incrementally stringent air quality objectives up to the Guideline level,
is 35 µg/m 3.
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Introduction
Despite recent improvement, air quality remains a key concern for human health and for the environment
in the Northeast Asian region.2 Currently, more than three quarters of the population of Japan and virtually
the entire populations of the People’s Republic of China (hereafter referred to as China) and Korea are
exposed to dangerous levels of fine particle concentration (i.e. concentrations above 10 μg/m3).3
Increasing evidence from both the empirical and modelling economic literature shows that improving air
quality can support economic growth in addition to contributing to better health and environmental
outcomes. A number of studies highlight the negative impact of air pollution on low-skilled workers’
productivity, such as fruit packers (Chang et al., 2016[1]); garments workers (Adhvaryu, Kala and
Nyshadham, 2019[2]); and call centre workers (Chang et al., 2016[3]). Furthermore, there is increasing
evidence of negative impacts also on cognitive capabilities, thus suggesting negative consequences also
for the productivity of higher skilled workers (Ebenstein, Lavy and Roth, 2016[4]; Zhang, Chen and Zhang,
2018[5]). Overall, the economic benefits of addressing air pollution (i.e. higher labour productivity, lower
health expenditures and higher agricultural productivity) can be substantial (Matus et al., 2008[6]; Nam
et al., 2010[7]; OECD, 2016[8]; Amann et al., 2017[9]; Dechezleprêtre, Rivers and Stadler, 2019[10])
This report aims at quantifying the economic benefits of new ambitious policies to improve air quality in the
Northeast Asian region, with focus on Japan, Korea, and China. The policy scenarios reflect policy action
that would lead to the deployment of best available techniques to reduce emissions of air pollutants.4 The
report also aims at showing the additional benefits that could result from international co-operation by
comparing domestic policy action scenarios with co-ordinated policy action scenarios. More specifically,
the scenarios analysed are: (i) a baseline scenario that considers only the impact of air pollution policies
currently in place; (ii) three single-country policy action scenarios where new ambitious policies to improve
air quality are introduced in Japan, Korea and China separately; (iii) a scenario reflecting co-ordinated
policy action in which the three countries put in place new ambitious policies; and (iv) a global policy action
scenario. This last scenario sheds light on the role that countries outside the focal region play in controlling
regional air quality, and the competitiveness issues that may arise when only a few countries adopt
stringent policies.
Building on the methodology introduced in the report “The Economic Consequences of Outdoor Air
Pollution” (OECD, 2016[8]), the modelling approach links economic activity to projected emissions, pollutant
concentrations, biophysical impacts of outdoor air pollution and their feedback effects on the economy.
The main modelling tool used in the analysis is the OECD’s computable general equilibrium (CGE) model
ENV-Linkages (Chateau, Dellink and Lanzi, 2014[11]), supported by results from the GAINS model (Amann
et al., 2011[12]) of the International Institute for Applied Systems Analysis (IIASA) and the TM5-FASST
model (Van Dingenen et al., 2018[13]) of the European Commission’s Joint Research Centre
2

The Northeast Asia region is here defined as the region including Japan, Korea, and People’s Republic of China.

3

This threshold corresponds to the Air quality guidelines of the World Health Organisation (WHO) for PM2.5 (WHO,
2005[21])
4

Best available techniques refers to techniques and technologies that reduce emissions of one or multiple air
pollutants, which can be added to existing installations and operations, required on a newly built capacity, or can
represent a new technology that provides the same function as previous technology but with lower emissions.
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(EC-JRC). The report uses concentrations of fine particulate matter (PM2.5) and ground-level ozone (O3)
as the two main indicators of air quality.
Relying on these modelling tools, this report quantifies the net macroeconomic consequences of the air
pollution policy scenarios, which are defined as the net effect of the associated costs and benefits, including
their indirect effects throughout the economy. In each scenario, firms and households invest in the best
available techniques to reduce emissions of air pollutants. These investments result in costs to the
economy. These policy costs are compared to the economic benefits from the reduced air pollution
impacts. Air quality improvements result in economic market benefits from decreased health expenditures,
and higher labour and agricultural productivity. Specific sectors and counties may also benefit from the
changes in competitive position induced by the policy. The advantage of using a large-scale CGE model
is that these indirect effects in the economy are brought together to identify the total net market effect.
Additionally, the willingness to pay to reduce the risk of death and the disutility of illness are also included
in the analysis to estimate the welfare benefits from reduced mortality and pain and suffering from illness
that result from improved air quality.
The remainder of the report is structured as follows. Section 2 provides an overview of the current status
of air quality in the region and of the key contributors to air pollution in the three countries, as well as a
review of national policies and international co-operative actions in place in Japan, Korea and China.
Section 3 summarises the methodology and describes the policy scenarios. Section 4 presents the
emission projections in the different scenarios, and their consequences on air quality, human health and
crop yields. Section 5 outlines the projected economic consequences of air pollution, including
macroeconomic and welfare effects. Finally, Section 6 provides a discussion of results, highlighting
additional actions that can support a co-ordinated approach to reduce air pollution in Northeast Asia.
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1 Air quality in Japan, Korea and

 15

China

1.1. Key data on air quality
Air pollution is a major health concern in several countries in Northeast Asia, including Japan, Korea and
China. Notwithstanding the important policy reforms recently introduced in these three countries (Botta
and Yamasaki, 2020[14]; Yang, 2020[15]; Trnka, 2020[16]), average concentration levels of PM2.5 and groundlevel ozone, as estimated by the Global Burden of Disease database (or GBD) (IHME GBD, 2020[17]) for
2019, remain high in several areas (Figure 1.1).5 While this section relies on GBD data to provide an
overview of air quality in the three countries, there exist different data sources, including monitoring data.
Box 1 provides a comparison of different data sources on air pollution.
There are large variations in air quality across regions in the three countries. In Japan, mean population
weighted PM2.5 concentrations vary considerably across regions with ranges from above 15.5 μg/m3 in
Kyushu (Okinawa) to 10.4 μg/m 3 in Hokkaido. In Korea, in some areas of Gangwon Region, people suffer
levels of air pollution that are higher than 29 μg/m 3, while in other regions, such as Jeju, mean population
weighted concentration levels remain below 23 μg/m 3. In China, large variation in population density and
presence of economic activities results in a wide range of concentration levels, with some regions, such
as Hebei, recording air pollution levels above 70 μg/m 3 (OECD, 2021[18]).
Ground-level ozone concentration levels are more uniform compared to PM2.5, reflecting the longer lifetime
of ground-level ozone in the atmosphere, which allows ozone to spread further. Nevertheless, the Eastern
and Western parts of China as well as Korea show average concentration levels of ground-level ozone
above 100 μg/m3. For Western China, this is partly due to geographical characteristics and to the presence
of mountain areas.

5

The concentrations of fine particulate matter and ground-level ozone illustrated in Figure 1.1 are produced to support
risk exposure estimates for the Global Burden of Disease (IHME GBD, 2020[17]). This method combines available
ground-based measurements with estimates derived from the remote sensing data. Further information about the
methodology is elaborated in the supporting documentation (Supplementary appendix 1 pg.78) of the GBD study
(IHME GBD, 2020[17]).
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Figure 1.1. Concentrations of PM2.5 and ground-level ozone
2019, annual average concentrations (µg/m3)
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Source: OECD Environment Statistics database (2021[18]), using Global Burden of Disease concentration estimates (IHME GBD, 2020[17]).
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Box 1.1. Air pollution concentrations and population mean weighted exposure
Air pollution concentration and population mean weighted exposure are two related yet different
concepts. Air pollution concentration is a measure of air quality in a given area, which is mainly
measured using three approaches.
A first approach relies on air pollution concentration measurement data as provided by ground-based
monitoring stations. Monitoring data is the most precise and reliable when considering air pollution in
proximity of the monitoring stations. However, assumptions need to be made on how concentration
varies as distance from the monitoring station increases. Furthermore, the different settings of
monitoring stations across countries often complicate their use in international comparative analysis.
A second approach relies on the use of remote sensing instruments. Satellite data can be used to
measure pollution concentration. As opposed to ground monitoring data, remote sensing allows using
a standardised technique to measure air pollution on a global scale. However, it suffers from two key
limitations: the measurements represent an average over a long time period (typically a year) and a
more limited set of pollutants can be analysed compared to ground-based station data.
Finally, these two techniques can be combined to improve data reliability. This hybrid approach allows
to overcome the key shortcomings of ground-based data (i.e. limited geographic coverage and lack of
international comparability) and improves the accuracy of remote sensing estimates by combining
different data source. The Global Burden of Disease data (GBD), which are used in this report in line
with previous OECD research (OECD, 2016[8]; OECD, 2021[19]), combines satellite-based data, groundlevel monitoring data and chemical transport model to estimate pollution exposure with high spatial
resolution.
Once pollution concentration for a given area is estimated, this information is combined with data on
the number of people living within that area to obtain population weighted exposure. Population
weighted exposure is a particularly useful metric for policy-making, since it can be directly linked to
benefits of air quality improvements. However, estimates for this indicator tend to provide higher
concentration levels than the simple average of concentration data since they give more weight to
densely populated areas that are often more polluted.
Source: (Mackie, Hascic and Cardenas Rodriguez, 2016[20]).

When considering progress on air quality, the Air Quality Guidelines (AQG) of the World Health
Organisation (WHO, 2005[21]) provide a useful reference for recommended levels of average annual
concentration of pollutants. The AQG recommend that concentrations of PM2.5 should remain below 10
μg/m3, with a first interim target of 35 μg/m 3, above which fine particle pollution is considered to be severe
(see Box 1.2). The WHO guidelines also suggest two additional interim targets for PM 2.5 concentrations:
interim target-2, which indicates a threshold of 25 μg/m3 PM2.5 annual concentrations and interim target-3,
which is the closest to the AQG and indicates a threshold of 15 μg/m 3 PM2.5 annual concentrations. The
AQG for ground-level ozone corresponds to 100 μg/m3 8-hour daily mean, with an interim target of 160
μg/m3.
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Box 1.2. WHO Air Quality Guidelines on outdoor air quality
The WHO Air Quality Guidelines (or AQG) provide guidance on exposure levels to air pollutants that
are dangerous to human health. The AQG for PM2.5 (i.e.10 µg/m3 ) and PM10 (i.e. 20 µg/m3 ) have been
set at the lowest levels at which total, cardiopulmonary and lung cancer mortality have been shown to
increase with more than 95% confidence in response to long-term exposure. Similarly, exposure at the
guideline level for O3 provides adequate protection of public health though some health effects may
occur. The guidelines, which were issued for the first time in 1987, were last updated in 2005 and are
currently under revision. In addition to the guidelines, the WHO has also issued the “interim targets”,
which can be defined as objectives to incrementally increase air quality up the guideline value in regions
that are affected by more severe pollution. The WHO associates the PM2.5 interim target-1 of 35 µg/m3
with a 15% higher mortality rate than the air quality guideline of 10 µg/m3, while also noting that PM2.5
concentrations under 10 µg per cubic metre can still be harmful (WHO, 2005[21]).

Table 1.1. WHO Air Quality Guidelines and interim targets for concentrations of particulate
matter and ground-level ozone
PM10 (µg/m3)
(annual concentration)
Interim target-1 (IT-1)
Interim target-2 (IT-2)
Interim target-3 (IT-3)
Air quality guideline (AQG)

O3 (µg/m3)

PM2.5 (µg/m3)
(annual concentration)
70
50
30
20

(8-hour daily mean)
35
25
15
10

160

100

Note: WHO Air Quality Guidelines list only one interim target for ground-level ozone concentrations.
Source: (WHO, 2005[21]).

Several areas in the three countries have air pollution levels above the WHO’s AQG. In China, the mean
population weighted PM2.5 concentrations remains above interim target-1 PM2.5 of 35 μg/m3, which
coincides with the national standard. The latest available data (2017) for China shows that only 30% of
major cities met the WHO AQG interim target-1 for PM2.5 concentration levels (Yang, 2020[15]). Korean
population has been exposed on average to concentration levels close to interim target-2 of the WHO
guidelines, while in Japan the mean population exposure levels were just above the AQG’s levels in 2019.
In the three countries, the population has been exposed to ground-level ozone concentrations below 120
μg/m3 annual daily maximum 8-hour average. The WHO guidelines for ground-level ozone are defined for
single daily maximum levels, making it difficult to compare them to yearly averages. Importantly, the
secondary nature of this pollutant makes understanding its generation mechanisms (see also below)
particularly complex. For instance, the increase in ozone levels in South Korea has been linked to changes
in chemical regimes (Bae et al., 2020[22]), stratospheric intrusion (Shin et al., 2020[23]) and changes in
meteorological conditions (Kim et al., 2021[24]). Furthermore, some regional transport models have been
found to overestimate ozone concentrations in Central Asia (e.g. (Chatani et al., 2020[25]; Shimadera et al.,
2015[26]; Li et al., 2019[27]), and a similar bias is found in a review of model results for the northern
hemisphere (Young et al., 2018[28]).

Unclassified

ENV/WKP(2022)9

 19

While this report presents average air pollution levels, the main drivers for worsening ozone air pollution is
that several regions and cities experience pollution peaks. These are often linked to seasonal weather
conditions or to seasonal activities, for instance linked to agricultural production. In Japan, the domestic
air quality standard for photochemical oxidants, including ground-level ozone, was not met in any
Prefecture in 2017 and eighty-seven days with concentration levels almost double those prescribed by the
WHO AQG were recorded in the same year (Botta and Yamasaki, 2020[14]). Similarly, daily maximum 8hour average O3 concentrations during ozone seasons, i.e. periods of high concentration levels of groundlevel ozone, have increased in the capital region of Korea (Seoul Metropolitan Area) (Bae et al., 2020[22]).
Kim et al. (2021[24]) find that daily maximum 8-h moving average ozone concentrations, increased from
38 ppb in 2001 to 52 ppb in 2017 in Korea during warm seasons (April to September). In China, groundlevel ozone concentrations have been increasing in cities (Ou et al., 2020[29]). Yang et al. (2020[30]) analyse
O3 concentration levels in 338 Chinese cities and find that virtually none met the WHO Guidelines in 2018.

1.2. Sources of air pollution
Economic activities contribute to the formation of primary as well as secondary pollutants (see Box 1.3).
This report focuses specifically on pollutants that contribute towards the concentrations of fine particles
and ground-level ozone in the atmosphere. Different economic activities are sources to different pollutants.

Box 1.3. Primary and secondary pollutants
Pollutants can be classified into primary and secondary pollutants. Primary emissions, such as carbon
monoxide (CO) and sulphur dioxide (SO2), are products of fuel and waste combustion, mostly emitted
from industrial processes. Secondary pollutants, such as ground-level ozone, are formed when primary
(precursor) pollutants react with other elements in the atmosphere (Daly and Zannetti, 2007[31]). Some
pollutants, such as NO X, methane and non-methane volatile organic compounds (NMVOCs) are
precursor gases of both ground-level ozone and particulate matter (PM2.5).
Measurements of ambient PM2.5 concentrations represent a mixture of the primary and secondary
particles present in the atmosphere. Primary PM2.5 emissions include black carbon (BC), organic carbon
(OC), non-carbonaceous fine particles and are emitted directly into the atmosphere from activities such
as the combustion of fossil fuels in stationary and mobile sources, biomass combustion, industrial
processes, as well as agricultural and forest fires. Secondary PM2.5 is generated through chemical
reactions in the atmosphere involving pollutants such as sulphur dioxide (SO2), nitrogen oxides (NOX),
NMVOCs and ammonia (NH3). These reactions can take place some distance away from the original
emission source (Hodan and Barnard, 2004[32]).
Ground-level ozone is a secondary pollutant, as it is not directly emitted into the atmosphere.
Pollutants such as NMVOCs, NOX, CO and methane (CH4) are among its key precursors (Unger et al.,
2006[33]). Specifically, ground-level ozone is a part of photochemical oxidants, which are secondary air
pollutants formed by the action of sunlight on precursor gases.
Meteorological and climatic conditions, such as atmospheric temperature, can play a role in the
photochemical reaction rates of precursors to ground-level ozone and PM2.5 (Lam et al., 2011[34]). Other
climatic factors, such as frequency of precipitations and presence of sunlight, can also influence the
formation of the secondary pollutants. For instance, the higher levels of sunlight in summer months and
elevated temperatures facilitate the formation of ground-level ozone.

Unclassified

20  ENV/WKP(2022)9

The residential and the energy and industry sectors are the main contributors to the emissions of several
pollutants in Japan, Korea and China (Figure 1.2), although their importance varies by country (see Figure
C.1 in Annex C). These sectors account for more than half of primary emissions of fine particulate matter
(PM2.5), where residential emissions are dominated by organic carbon (OC) and black carbon (BC). They
also correspond to a large share of emissions of pollutants, such as nitrogen oxides (NO X) and sulphur
dioxide (SO2), that contribute to the formation of secondary PM2.5 (see Box 1.3). Among industrial sectors,
iron and steel production is by far the largest emitter of primary non-carbonaceous PM2.5 in each of the
three countries. The large Chinese coal mining sector, which account for 37% of total domestic CH 4
emissions, leads the Chinese energy and industry sectors to be a key source of this pollutant. Energy and
industry accounts for 3% and 6% of emissions of this pollutant in Japan and Korea, and 42% in China.
The transport sector also plays a key role in the emissions of several pollutants. This sector contributes to
overall a third of total NOX emissions, with land transport accounting on average for more 90% of total
transport emissions of NOX. In addition, transport plays a key role in BC emissions in Japan and Korea,
where land transport accounts for around half of overall BC emissions.
The energy and industry and transport sectors are also the main contributor to ground-level ozone
pollution, given their large role in emissions of ground-level ozone precursors. Indeed, ground-level ozone
is not emitted directly into the air but generated by chemical reactions between pollutants (see Box 1.3).
The biggest sources of NOX emissions are motor vehicle exhaust emissions and fossil fuel based power
generation, especially coal and gas. In China, the non-metallic minerals industry also is a key emitter of
NOX. Industrial activities (e.g. use of industrial solvent and paint coating), and motor vehicle exhaust
emissions are among the key sources of NMVOCs. Chinese coal mines also play a large role in domestic
methane emissions.
The agriculture sector is a key contributor to NH3 emissions. Livestock accounts for around 80% of NH3
emission in Japan and Korea and for around half of these emissions in China. In China, application of
mineral nitrogen fertilizers is similarly important source and accounts for another 41% of total NH3
emissions. The agricultural sectors also emits NMVOCs and large quantities of methane, mostly from
livestock and rice farming.

Figure 1.2. Sectoral share in total emissions of air pollutants in Northeast Asia
Sectoral share, 2020.

Note: 2020 values are estimates. “Other” includes emissions from the waste sector (except agricultural waste, which is included in “Agriculture”).
Source: IIASA’s GAINS model.
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Importantly, the widespread use of coal and biomass for domestic cooking and heating in China leads to
a large role of the Chinese residential sector in emissions of a number of pollutants. In particular, in China
residential emissions represent a much larger share of emissions of BC and OC (around 50% for China;
10% for BC and 20% for OC for Japan and Korea). Similarly, the share of CO and SO2 emissions from
residential combustion is around 20% in China while much smaller in Japan and Korea (less than 10% for
CO and SO2). Reductions of residential emissions from cooking and heating could also result in improved
indoor air quality (see Box 1.4).

Box 1.4. Indoor Air Pollution
Alongside outdoor air pollution, indoor air pollution can have negative health impacts. Household
pollution was the cause of an estimated 2.3 million deaths globally in 2019, with 16% of these deaths
occurring in China, totalling 363 thousand deaths relating to household air pollution in China (GBD,
2019[35]).
Many of the pollutants affecting indoor air quality are the same as those causing outdoor air pollution.
However, concentration levels and exposure may be higher in indoor environments (IEA, 2016[36]).
Causes of household pollution can be attributed to the use of biomass for cooking and fuels, such as
kerosene, for lighting. Incomplete combustion of solid biomass fuels, such as wood, charcoal and
agricultural waste, accounted for 90% of indoor air pollution in 2015 (IEA, 2016[36]). Lack of ventilation
and technologies can lead to indoor smoke containing particles 100 times higher than the recommended
levels (IEA, 2016[36]).
Indoor air pollution is more problematic in poor and rural communities, where access to electricity and
clean energy sources is limited. It is less of a problem in OECD countries, including Korea and Japan
than in non-OECD countries, such as China. Previous estimates of the percentage of the population
using solid fuel in both Japan and Korea have amounted to less than 5% (WHO, 2000[37]; WHO,
2004[38]). Furthermore from 2009 to 2019 the percentage of air pollution which was household air
pollution has decreased in all three countries (see Table 1.2). However, in China despite the decrease,
the percentage of household air pollution still remains relatively high (GBD, 2019[35]). Therefore, with
additional policies to address air pollution, the most significant reductions in indoor air pollution levels
would be in China, where there is a larger use of biofuels for heating and cooking purposes.

Table 1.2. Percentage of air pollution attributable to household air pollution
Country
China
Japan
Korea

2009

2019

34.2%
0.4%
0.2%

19.7%
0.2%
0.1%

Note: Household air pollution accounts for indoor solid fuel use for cooking and heating.
Source: Global Burden of Disease (GBD, 2019[35]).

Under current policies the use of biofuels globally will decrease in the coming decades (OECD, 2012[39]).
However, the International Energy Agency (IEA) have projected that with policies measures to reduce
indoor air pollution, a larger share of the population in China would see the benefits of reduced indoor
air pollution. These measures include promoting the use of biogas, increase of energy access to replace
the use of bioenergy fuels and increased use of cleaner cookstoves. Furthermore, replacing the use of
kerosene lamps for alternatives such as electricity or solar lamps, would be important to reducing indoor
black carbon pollution and its health effects (IEA, 2016[36]).
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Domestic air quality is also influenced by transboundary pollution. Several air pollutants can be transported
over long distances, thus affecting air quality in distant regions. This transfer of pollution across borders is
well documented for several regions across the world. In particular, within the UNECE Convention on Longrange Transboundary Air Pollution (LRTAP), regular modelling work is performed using recent emission
data to estimate the transboundary air pollution for Eurasia and North America. For instance, the Cooperative Programme for Monitoring and Evaluation of the Long-range Transmission of Air Pollutants in
Europe (also known as EMEP) regularly reports on the quantity and significance of transboundary fluxes
to governments and subsidiary bodies under the LRTAP Convention (HTAP, 2010[40]; EMEP, 2020[41]).
Due to its transboundary effects, air pollution is a policy area where international regulatory cooperation is
particularly useful, with potential benefits from sharing scientific knowledge (Kauffmann and Saffirio,
2020[42]).
Evidence suggests that emissions originating outside of the countries can affect air quality in Japan, Korea
and China. According to the task force on Hemispheric Transport of Air Pollution (HTAP), the average
contribution of China to Korean air pollution between the years 2000-2005 was 21% during the summer
months, and contributed to 10% of air pollution in Korea and mainland Japan together. In the same timeperiod air pollution emissions from Korea contributed to 5.2% of air pollution in the North China Plains
(HTAP, 2010[40]). A joint study between Korea’s National Institute of Environmental Research (NIER) and
NASA concluded that local emissions were often sufficient to exceed air quality standards in Korea but
transboundary emissions was an important factor contributing up to 48 % of the PM2.5 pollution (NASA NIER, 2017[43]). Bae et al. (2020[44]) estimate that Chinese emissions contribute to up to 44% of PM2.5
concentrations in the Seoul Metropolitan area. Similarly, various studies link emissions on mainland China
to variation in annual mean concentrations of PM2.5 and ground-level ozone in Japan, especially in the
Western Japan and the Kanto area (Wild, 2007[45]; Ikeda et al., 2015[46]; Itahashi et al., 2017[47]). Cuesta et
al. (2018[48]) also find evidence of ground-level ozone pollution plumes transported from the North China
Plain to Northern China, Japan and Korea. Moreover, Liu et al. (2020[49]) note that transboundary PM2.5
pollution from outside China accounted on average for 9.6% PM2.5 related deaths in China in 2015. They
also find that, for the same year, even without domestic anthropogenic emissions, in some Chinese regions
PM2.5 concentrations would have been higher than the WHO AQG (10 μg/m 3) due to transboundary
pollution.
Transboundary pollution levels also depend on seasonal activities, such as coal burning used for heating
and agricultural emissions (Kim, 2019[50]; Du et al., 2020[51]). Seasonal variations in transboundary air
pollution levels were observed in Korea and Japan (Yim et al., 2019[52]).
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1.3. Policy responses to air pollution
1.3.1. National policy responses
The current policy mix to control air pollution in Japan, Korea and China is a combination of “market” (or
“pricing”) and “non-market based” policies. Furthermore, policies in place cover a wide range of pollutants
and sectors, aiming to reduce air pollution from different sources. While the sources of air pollution are
similar across the three countries, each of them has implemented national policies that respond to their
specific needs and characteristics.

Japan
The current policy mix to address air pollution emissions from stationary sources in Japan relies mainly on
regulations. Primary emissions of PM, sulphur oxides (SOx) and NOx are regulated through nation-wide
emissions limit values that are geographically differentiated. A levy on SOX emissions is in place. However,
this is often considered to be a pollution liability instrument rather than a tax since the levy rate is fixed
yearly, based on the costs to cover the health expenditures of patients affected by pollution peaks in the
early ‘80s (OECD, 2010[53]). Other emissions are not taxed.
A number of voluntary approaches, whose common use is a unique feature of the Japanese policy mix to
control air emissions, complements emission standards. Local governments adopted these instruments in
the 1960-70s to quickly answer citizens’ demand for better environmental protection and proliferated over
time. More recently, the 2006 revision of the Air Pollution Control Act targeted a 30% decrease in volatile
organic compound (VOC) emissions by 2010 compared with 2000 levels through the use of legal tools and
voluntary initiatives.
Emissions from mobile sources are controlled through policy mix, including regulations (emission limits),
information instruments, subsidies and fuel taxes. Recently, subsidies have been introduced to stimulate
the purchase of (so-called) “next-generation” vehicles, including hybrid, plug-in hybrid, electric, fuel cell
and clean diesel vehicles. The inclusion of diesel vehicles, which are particularly harmful for air quality,
would suggest reviewing the subsidy program. As in all Northeast Asian countries, taxes on diesel are
lower than on gasoline. New fuel-efficiency standards for light duty vehicles (or LDVs) for 2030 and heavy
duty vehicles (or HDVs) for 2025 have been set in 2019 (IEA, 2020[54]).

Korea
In Korea, emissions of industrial facilities are controlled through regulations and taxes. Recent reforms
focused on the introduction of an integrated permitting system based on a best available techniques (BATs)
approach. The permitting system, which entered into force in January 2017, is expected to cover 19
industries by 2021 while existing facilities will be given four years to improve their operations (OECD,
2019[55]). Taxes are levied on fine particles and other precursor gases.6 However, only emissions above
established thresholds are taxed for several pollutants. Recently a charge on NO X emissions from
industrial facilities has been introduced by the government (Bloomberg, 2019[56]; The Korea times,
2020[57]).

6

Taxes are levied on total suspended particle (TSP) emissions. TSP is an indicator including emissions of particulate
matter as well as PM precursor gases, including SO2.
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Recently, a number of measures have been introduced to further reduce emissions from stationary
sources. For instance, coal-fired power generation is to be decreased under the 2017 Comprehensive Plan
on Fine Dust7, leading to a projected reduction of emissions in the sector by 25% by 2025 (Ministry of
Environment, 2018[58]), and old and more polluting plants can be shut down during peak pollution periods
(March to May) (Ministry of Environment, 2018[58]). The Plan also includes a number of measures to reduce
VOCs emissions from the “energy and industry” sector, which account for more than two thirds of total
VOCs emissions. To this end, the government plans to progressively tighten the standards for fugitive
VOCs, including for gasoline storage facilities. Voluntary approaches are also part of the policy mix and,
as of December 2019, 111 large businesses had signed a voluntary fine dust reduction agreement,
implementing measures to reduce air pollution and installing catalysts to eliminate nitrous oxide (Ministry
of Environment, 2020[59]). The release of emission information of large firms under the Fine Dust Seasonal
Management System is likely to provide further incentives to firms to adopt voluntary measures to reduce
emissions (Ministry of Environment, 2020[59]).
Tightening of standards for mobile source emissions, subsidies and recently introduced “emergency”
measures are used to control emissions from road transport. The 2017 Plan introduced subsidies for the
purchase of eco-friendly vehicle and allowed local governments to activate emergency measures, such as
alternate-day driving limitations and adjusted operating hours of businesses, in case of pollution peaks.
The plan also foresees the possibility of significantly expanding the national charging infrastructures to
support the uptake of electric drive vehicles including the planned installation of 10 thousand rapid charging
station at 500 large supermarkets and at 12 thousand gas stations by 2022 (Ministry of Environment,
2018[58]). Subsidies are also provided to apartment houses, business owners and large car parks for
installing charging stations (Roh et al., 2020[60]). Additional recent reforms include the adoption of the
Worldwide Harmonized Light-duty Vehicles Test Procedure (2017) and the alignment of diesel emissions
standards to Euro VI limit values (2014). Subsidies for the scrapping of old and more polluting diesel
vehicles have also been increased gradually over the years, and a stricter exhaust inspection will be
introduced at beginning of 2021 (Ministry of Environment, 2018[58]). Furthermore, in 2019 the Government
has announced a target of 430 thousand battery electric vehicles (BEV) and 67 thousand fuel cell electric
vehicles (FCEV) on the road by 2022 (IEA, 2020[54]).

China
In China emissions from stationary sources are controlled through a mix of regulations, taxes and
incentives. Emission limit values at a national level are in place for a number of pollutants (e.g., PM 2.5,
NOX, SOX) while more stringent regulations are established for key regions. The emission limit values
differentiate also between existing and new (operating from 2014) installations. Furthermore, a new
integrated perming system8 is being gradually phased in. The emissions of a number of pollutants is taxed
(e.g. NOX, SOX) and local authority can tax additional pollutants. Additionally, China’s Clear Air Action
policies implemented in 2013, have been effective in decreasing sectoral emissions. Policy measures have
included emission controls on industries and power plants. The implementation of these clean air policies
have contributed to reductions in anthropogenic emissions between 2013 and 2017, with a decrease of
59% for SO2, 21% for NOx, 23% for CO, 36% for PM10, 33% for PM2.5, 28% for BC and 32% for OC.
However, NH3 emissions did not decrease and NMVOCs increased between 2010 and 2017 (Zheng et al.,
2018[61]).

7

The 2017 Comprehensive Plan on Fine Dust aims to reduce concentrations levels of PM2.5 and PM10 alongside
other air pollutants.
8

Within an integrated permitting system, a single permit is issued for the multiple negative externalities of an economic
activity (e.g. air, water, noise and solid waste pollution).
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Policies to control emissions from road vehicles have been recently updated. Passenger emission
standards, which have been tightened progressively over the years, are currently in line with the Euro V
standards and are expected to be further tightened in mid-2023 (National VI-b) to be largely equivalent to
Euro VI. Incentives have been used to promote both the scrapping of old vehicles and the purchase of low
emissions vehicles (e.g. credit line, grant, subsidies or other tax reliefs). In 2019, subsidies for electric car
purchases were supposed to be reduced by about half as part of a gradual phase out of direct incentives
but the subsidy scheme has been extended to 2022 due to low car sales (IEA, 2020[54]).
A number of large cities also introduced restrictions on car plate availability in order to reduce the stock of
circulating vehicles. Auction systems, lotteries or a combination of the two are usually implemented. For
instance, Beijing introduced a license plate lottery system in 2011 that allows potential car buyers to
participate in a lottery every two months to win a purchase permit. In Shanghai, monthly license auctions
are in place since 1995. By the end of 2017, seven cities had reportedly put limits on car purchases (Zhang,
Bai and Zhong, 2018[62]). Local governments further encourage the adoption of low-emission vehicles by
introducing partial or complete waivers from local licence plate availability restrictions. For instance, license
plates for new energy vehicles in Beijing are distributed on a first-come, first-serve basis (China Daily,
2020[63]).
Policy action to promote a more widespread use of clean cookstoves in an effort to jointly mitigate climate
change and air pollution, would result in beneficial effects on indoor air quality in China. Residential solid
fuel combustion is a major source of pollution given that households’ use of less advanced technologies
than industrial settings (e.g. poor combustion conditions and lack of abatement facilities) lead to much
higher emissions per unit of energy consumed. Despite rapid improvements in the past decades,
approximately 60 % of people in China do not have access to clean fuels and technologies for cooking
(World Bank, 2020[64]). Tightening of emissions standards for cookstoves, introducing energy efficiency
labelling and stove replacement programmes could play an important role in reducing the impact of
domestic heating (IEA, 2018[65]). Importantly, programs need to be designed to consider the different
challenges, needs and opportunities of rural and urban areas (UNEP, 2019[66]).

1.3.2. International co-operation efforts to address air pollution
A number of international agreements to curb air pollution in the North Asian region have been introduced
at the multilateral and bilateral level. These vary in scope and country participants. The Tripartite
Environment Ministers’ Meeting (TEMM) and the Joint Research Project on Long-Range Transboundary
Air Pollutants in Northeast Asia (LTP) are trilateral agreements between Japan, Korea and China. The
Northeast Asian Sub regional Programme for Environmental Cooperation (NEASPEC) and the Acid
Deposition Monitoring Network in East Asia (EANET) see a larger membership (see Table 1.3). More
recent initiatives include the UNEP 2015 and 2018 Asia-Pacific Clean Air Partnership (APCAP) joint Fora,
which aimed at increasing co-ordination and co-operation among 26 countries in the region.
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Table 1.3. Key multilateral agreements in Northeast Asia
Existing International Agreements
NEASPEC (Northeast Asian Sub regional
Programme for Environmental
Cooperation)
LTP Project (Joint Research Project on
Long-Range Transboundary Air Pollutants
in Northeast Asia)
TEMM (Tripartite Environment Ministers’
Meeting)

Year

Participants

Scope

1993

1995

China, Japan, Mongolia, DPR Korea,
Russian Federation (hereafter
Russia), Korea
China, Japan, Korea

Comprehensive intergovernmental cooperation framework addressing
environmental challenges in Northeast Asia
Transboundary air pollutants

1999

China, Japan, Korea

EANET (Acid Deposition Monitoring
Network in East Asia)

2001

Cambodia, China, Indonesia, Japan,
Lao PDR, Malaysia, Mongolia,
Myanmar, Philippines, Russia, Korea,
Thailand, Vietnam

Comprehensive intergovernmental cooperation on environmental issues including
air quality
Acid Deposition

Source: (OECD, 2020[67]).

Several bilateral agreements between national, local governments and research centres are also in place.
At the national level, efforts to address air pollution in the region include the Joint Committee on
Environmental Protection, which meets annually under the 2004 Japan-China Agreement on
Environmental Protection, and the 1993 Japan and Korea Agreement on Cooperation on Environmental
Protection. Furthermore, the 1996 the Sino-Japan Friendship Centre for Environmental Protection provides
assistance to Chinese authorities. At the municipal level, the 2018 Memorandum of Understanding signed
between the cities of Seoul and Beijing promotes knowledge exchange and capacity building while the
Inter-City Cooperation platform promotes co-operation on air quality management between Japanese and
Chinese cities. Additional co-operation activities include collaboration between scientific communities,
such as the Air Quality Joint Research team established between the National Institute of Environmental
Research (NIER) and the Chinese Research Academy of Environmental Sciences (CRAES).
Existing co-operation agreements have allowed for the creation of networks between regional experts in
the region and stimulate dialogue between policymakers. This is a crucial step in building the consensus
on key scientific issues that is required for evidence based international regulatory co-operation on
transboundary air pollution. However, a broad consensus is yet to be achieved and key barriers include a
lack of consensus on a common methodology for monitoring, measuring and modelling transboundary air
pollution (OECD, 2020[67]), asymmetric Government capacities, and competing interests.
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2 Modelling analysis: scenarios and
framework

2.1. Policy scenario design and description
While policies are already in place to address air pollution (as outlined in Section 2.3), additional policy
action could further stimulate the deployment of emission abatement techniques that would improve air
quality in the coming decades (see Box 2.1). In this context, this report considers policy scenarios that
reflect the implementation of additional air pollution policies and their consequent wide adoption of best
available techniques (BATs) to control air pollution, with time horizon to 2050. Estimates of sector- and
country-specific investments necessary to deploy the BATs that are needed to achieve the maximum
feasible reduction in emissions are obtained from IIASA’s GAINS model (Amann et al., 2011[12]), which
was used to develop such mid-term mitigation scenarios (Xing et al., 2011[68]; Zhao et al., 2013[69]; Rao
et al., 2016[70]; Amann et al., 2020[71]).

Box 2.1. Possible additional policy actions in the coming decades
Ambitious policy reforms, which focus on improving the policy mixes in place, would further reduce air
pollution and therefore decrease its negative health and environmental impacts. In the coming decades,
Northeast Asian countries could consider a larger application of market instruments and regulations in
their efforts to reduce air pollution. Emissions of stationary sources are often either not taxed or subject
to a tax rate that is considered too low. Countries could also consider progressively widening the list of
taxed emissions, including also those emissions that contribute to secondary formation of PM 2.5 and
ground-level ozone, and reviewing the currently applied tax rates.
Investments in energy efficiency, including in industrial sectors, can be help to reduce emissions of air
pollutants, while also mitigating climate change. Such investments would reduce energy use, thus
emissions related to energy production. The industrial sector offers the largest opportunities for energy
savings in China according to the IEA (2018[72]), especially through the adoption of electric heat pumps
for low-temperature process heating and higher efficiency in motor-driven systems.
A number of additional policies and best practises could reduce air pollution emissions in the agriculture
sector. Taxes and emission caps could contribute to reduce emissions due to fertiliser use (Neufeldt
and Schäfer, 2008[73]; Henseler et al., 2020[74]). Strengthening subsidies that support the recovery and
reuse of agricultural waste and the promotion of agricultural waste recycling techniques would help to
reduce emissions due to the burning of agricultural waste (Wang et al., 2014[75]; Wang et al., 2016[76]).
Residential emissions could also be reduced thanks to the adoption of cleaner appliances, which can
be stimulated with tighter emissions standards for cookstoves, labelling and stove replacement
programmes. Indeed, notwithstanding rapid improvements in the past decades, approximately 60% of
Chinese people do not have access to clean fuels and technologies for cooking (World Bank, 2020[64]).

Unclassified

28  ENV/WKP(2022)9
The set of scenarios analysed reflects different degrees of national and international policy action to reduce
pollution. The scenarios considered in the report are:
a) The baseline scenario, which is referred to as “Current Polices scenario” (CP)
assumes no changes to current policies in place. Specifically, this scenario considers
the national and regional laws and regulations on emissions, energy efficiency and
climate change in place in 2017. The legislation covers emissions from a number of
activities, including combustion plants, industrial processes, transport, agriculture,
use of solvents and the residential sector.9 In this baseline scenario, growth is
projected to be steady for OECD countries while non-OECD countries are projected
to enjoy high level of growth (OECD, 2019[77]).10 Current policies do not imply that
emission levels are constant over time: as certain economic activities grow faster
than others, and growth is faster in some countries than others, regional emissions
will evolve over time. Furthermore, efficiency improvements (e.g., energy use and
total factor productivity growth) imply a weak relative decoupling of emissions from
output growth (i.e., emissions grow more slowly than production volumes).
b) The “Japan Policy Action scenario” (JPA), the “Korea Policy Action scenario”
(KPA) and the “China Policy Action scenario” (CPA) project the impacts of the
adoption of ambitious policies to improve air quality in Japan, Korea, or China,
respectively. These three scenarios assume that Japan, Korea or China individually
implement additional policies that lead to a wide adoption of BATs to control air
pollutant and methane emissions. For air pollutants, beyond introduction of the most
stringent (achievable) emission limits for large scale stationary processes and
combustion, road and non-road vehicles, medium and small-scale residential boilers,
additional incentives and regulations are assumed to assure steady improvement of
energy and nutrient efficiency; the latter requiring more efficient application of organic
and mineral nitrogen fertilizers resulting in reduction of ammonia and soil NO x
emissions. Evaporative NMVOC losses from storage and distribution of liquid fuels
are reduced as well as emissions from solvent use, including wide application of low
solvent or water based products. For methane, key additional policies address
venting emissions from fossil fuel (coal, oil, gas) production and distribution,
development of efficient waste management system for industrial and municipal
water and solid waste, reduction of emissions from rice production, and incentives to
increase farm-based biogas production capacity. Introduction of these policies
assures that the maximum technical mitigation potential is achieved in all sectors.
c) The internationally co-ordinated “Northeast Asia Policy Action” (NEAPA) scenario
assumes that China, Japan and Korea reform their air quality policy frameworks. The
policy reforms introduced in Japan, Korea and China are modelled to be the same
as, respectively, in the JPA, KPA, and CPA scenarios. The type of policies and
mitigation measures ensuring achievement of the ambitious environmental goals is
the same as listed above for individual countries but with the addition of a coordinated effort to introduce BATs across the region.
d) The “Global Policy Action scenario” (GPA), reflects an idealised hypothetical
scenario in which all countries in the world adopt ambitious policies to reduce
emissions of air pollutants and methane. As in previous scenarios, the policy actions
for Japan, Korea and China are the same as in the NEAPA scenario and in the three
single-country scenarios (JPA, KPA and CPA).

9

A detailed description of the emissions control policies considered is provided Amann et al. (2018[129]). For a detailed
description of the climate, energy use and energy efficiency policies, please refer to the New Policies Scenario of the
World Energy Outlook 2018 (IEA, 2018[65]).
10

OECD (2019[77]) details the key assumptions and exogenous trends underpin this scenario.
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Table 2.1. Scenario description
Scenario name
CP (Baseline)
JPA
KPA
CPA
NEAPA
GPA

Key elements
Policy reforms introduced in
No country
Japan
Korea
China
Japan, Korea and China
All countries, at the global level

Main Assumption
Current policies
Policy action that stimulates the deployment of the
best available techniques to control air pollution in
acting countries and current policies in non-acting
countries
All countries deploy BATs to control emissions

Emission levels in each country are the same in all policy action (PA) scenarios (for example, the emission
reductions in Korea are the same in the KPA, NEAPA and GPA scenarios). However, air pollution
concentration levels will be different due to changes in policy action in neighbouring countries. Therefore,
the overall biophysical impacts11 and the resulting economic consequences will also vary.
The policy action scenarios reflect the implementation of source- and region-specific technologies aimed
at reducing the emissions of several pollutants (e.g., particulate matter, nitrous oxide, sulphur dioxide) and
some greenhouse gases (e.g. methane). This reflects the current policy mix but also its possible extension
in the coming decades. Specifically, as a result of simulations of the IIASA’s GAINS model, these scenarios
reflect the maximum technically feasible reduction of emissions in each country. The level of
implementation of specific measures over time considers technical limitations (e.g., lifetime of installed
capacities). However, there are no constraints associated with investment or operating costs.
The technologies considered in the analysis are suitable for mobile, stationary and fugitive sources. These
technologies address technical mitigation opportunities available in the GAINS model for the key
anthropogenic sources of pollution: transport, energy and industry, agriculture, residential combustion, and
waste. Specifically, the technologies include (i) end-of-pipe technologies such as filters, scrubbers and
catalyst (ii) capture and recovery systems (e.g., addressing NMVOC emissions from solvent use, NMVOCs
and methane evaporative losses from fossil fuel production and distribution) (iii) cleaner and more efficient
solid fuel stoves and boilers, (iv) improved waste management, and (v) measures to reduce ammonia and
methane emissions in the agricultural sector.

2.2. Modelling framework: a five steps approach
This section describes the modelling approach used to quantify the economic consequences of current air
quality polices and of the adoption of more ambitious policy action in the Northeast Asian region. The
economic consequences of policy action and lack of action to address air pollution are projected using
multiple models (the OECD’s ENV-Linkages model, IIASA’s GAINS model, and the EC-JRC’s TM5-FASST
model), which are linked through a step-wise approach in which the output of each model is used as input
for the next step in the modelling exercise (see Figure 2.1).
First, the ENV-Linkages model is used to create detailed projections of sectoral economic activities. ENVLinkages (Chateau, Dellink and Lanzi, 2014[11]), which is a computable general equilibrium (CGE) model,
is leveraged to model the activity of 22 economic sectors to 2050 for 19 geographical regions, including
China, Japan and Korea as individual regions. The advantage of using a global model is that policy action
in specific countries can also be considered in the global context, which influences the economic
consequences of the domestic policies.

11

Impacts on human health and on crop productivity.
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Then, projections of sectoral air pollution emissions are provided by the GAINS model. The following air
pollutants are included in the analysis: ammonia (NH3), black carbon (BC), carbon monoxide (CO),
methane (CH4), nitrogen oxides (NOX), organic carbon (OC), particulate matter (PM2.5) sulphur dioxide
(SO2), and non-methane volatile organic components (NMVOCs). The GAINS model, which is used as
part of the standard modelling framework for negotiations under the Convention on Long-range
Transboundary Air Pollution (IIASA, 2020[78]), provides emissions of key pollutants and activity levels for
48 countries and regions (Amann, Klimont and Wagner, 2013[79]).12 GAINS also provides the estimates of
the sectoral investments and household expenditure in BATs required to reduce emissions in the policy
action scenarios (see Section 3.1.2).
As a next step, the projections on total emissions for different pollutants are used to derive ground-level
concentrations of PM2.5 and ozone. The grid-level projections on the concentrations of PM2.5 are calculated
with the GAINS model, while ground-level ozone concentrations are calculated using the EC-JRC’s TM5FASST model (Van Dingenen et al., 2018[13]). Together with concentrations, indicators of population
exposure to air pollution are also calculated. These take into consideration additional effects that can then
influence the health impacts of air pollution, such as population growth and urbanisation.
The concentrations of fine particulate matter (PM2.5) and ground-level ozone (O3) are used to calculate the
biophysical impacts of air pollution. These impacts can be grouped into two large categories: impacts on
human health and on plant productivity. The health impacts are calculated using concentration-response
functions that are parametrised to mimic the results of the Global Burden of Disease projections for PM 2.5
(Forouzanfar et al., 2015[80]) and ground-level ozone (Stanaway et al., 2018[81]); they include mortality,
incidence of pollution-related illnesses, hospital admissions, and restricted activity days (see Annex B).
The biophysical impacts on plants are calculated using the TM5-FASST model (Van Dingenen et al.,
2009[82]), and describe changes in crop yields due to changes in levels of ground-level ozone
concentrations.
Finally, the biophysical impacts are used to calculate the economic consequences of the different
scenarios, including both macroeconomic and welfare effects. Macroeconomic effects result from the net
effects of the benefits of reduced air pollution and the emission reduction costs and are calculated in the
ENV-Linkages model. The welfare effects are monetised using results from direct valuation studies and
include mortality, and pain and suffering from illness (see Section 3.1.1 and Annex B for details).

12

The methodology used for create emission projections relies on the methodology used in the EU FP7 project on
Low climate IMpact scenarios and the Implications of required Tight emission control Strategies (LIMITS) (Rao et al.,
2016[70]), which was also used in previous OECD work (OECD, 2016[8]), and on the 30th Energy Modelling Forum
(EMF30) modelling comparison exercise on the potential role of Short-Lived Climate Forcers (SLCF) mitigation in
climate policy (Smith et al., 2020[130]), which also included the ENV-Linkages model (Chantret et al., 2020[132]; Harmsen
et al., 2020[131]).
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Figure 2.1. Methodological steps

Source: Adapted from (OECD, 2016[8])

These steps are repeated for each scenario. The benefits of policy action are then calculated as the
difference in macroeconomic and welfare effects in a policy scenario, compared to the current policies
(CP) scenario. This difference is then referred to as the macroeconomic and welfare benefits of policy
action, respectively.
The modelling framework used in this report can only consider a subset of the environmental, health and
economic impacts of air pollution, due to lack of available data on other impacts. Thus projected benefits
of policy action outlined in this report, should be interpreted taking into account the additional benefits of
air quality improvements that could not be included (see Box 2.2).
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Box 2.2. Benefits of air quality improvement outside the scope of the modelling assessment
Besides the health impact accounted in the quantitative analysis of this report, there are additional
impacts of PM2.5 and ground-level ozone on human health, such as effects on fertility
(Nieuwenhuijsen et al., 2014[83]), cognitive abilities in children (Basner et al., 2014[84]; Sunyer et al.,
2015[85]; Allen et al., 2017[86]) and low weight at birth (Wang et al., 1997[87]), which were not included.
These impacts are particularly important as they can effect school outcomes (Zhang, Chen and
Zhang, 2018[5]), education levels and therefore earnings. There are also direct health impacts due to
high concentrations of other pollutants, such as SO2 and NO2 (WHO, 2013[88]; Walton et al., 2015[89]).
Concerning the agricultural sector, reducing fertiliser use can have additional positive impacts on
water and soil quality, with consequent healthier ecosystems and lower health risks. Additional health
benefits can occur specifically in urban areas for transport-related emission reductions. Some air
pollution measures can contribute to reduce noise and traffic congestion, which can both negatively
affect health. Finally, air pollution might be correlated with the spread of viral diseases such as
COVID-19 (Setti et al., 2020[90]). Beyond the economic benefits from improved health and agricultural
productivity, there are other economic and health benefits from improved air quality, which could not
be quantified in this report. High concentrations of air pollution can affect buildings and cultural
heritage (Screpanti and De Marco, 2009[91]), and lead to a reduction in tourism flows (Dong, Xu and
Wong, 2019[92]). Other missing elements include impacts on biodiversity, forests and ecosystems
(UNEP, 2010[93]). These impacts are likely to generate significant value losses, additional
expenditures and an overall disutility, affecting human activity and economy. Improved air quality
could also generate other beneficial effects on well-being. A recent OECD report (OECD, 2019[94])
highlights the potential benefits of environmental policies on well-being, considering for instance
improvements in the quality of life from reduced traffic or improved air quality.
Furthermore, policy action on air pollution is likely to provide co-benefits for climate change, thanks to
reductions in emissions of greenhouse gases and short-lived climate pollutants, such as black carbon.
These synergies are due to the significant overlap in emission sources and the high warming impact of
certain pollutants (e.g. black carbon and methane have a warming impact on climate that is,
respectively, 460-1 500 times and 80 times stronger than CO2) (CCAC, 2021[95]; CCAC, 2021[96]).
Furthermore, climate mitigation policies can often lead to air quality improvement by reducing activities
that rely on fossil fuel combustion. Finally, atmospheric warming can facilitate the formation of certain
pollutants, such as ground-level ozone (Archer, Brodie and Rauscher, 2019[97]; US EPA, 2021[98]).

2.3. Quantifying the economic consequences of policy action to improve air
quality
This section provides additional information on the final step (Step 5) of the quantitative analysis on
quantifying the economic consequences of policy action to improve air quality. The macroeconomic and
welfare effects contribute to determine the overall economic consequences of policies to address air
pollution. Importantly, these two effects are strictly complementary. For instance, on the one hand, policy
action decreases the healthcare costs and lost working days due to air pollution, thus providing
macroeconomics benefits. On the other hand, lower morbidity provides also welfare benefits because of
lower pain and suffering connected to air pollution induced diseases.
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2.3.1. Macroeconomic effects
The net macroeconomic effects, which are projected using the OECD’s ENV-Linkages model, are equal
to the difference between the macroeconomic benefits that follow the reduced air pollution impacts and
the macroeconomic costs due to the additional costs imposed by the investments in BATs in the main
emitting sectors (manufacturing, energy generation, transport, residential and agriculture). Improved
labour productivity, higher crop yields and lower health expenditures are the main direct macro-economic
benefits considered in the model. These changes in air pollution impacts, as well as the investments in
BATs are fed into ENV-Linkages model to calculate the total effect of the policy scenarios on
macroeconomic activity, including indirect effects. For example, a reduction in hospital admissions
provides a direct benefit in terms of lower healthcare expenditures, and an indirect benefit in terms of
changes in households expenditures and value added of the health sector (see below for further detail).
The costs of investing in BATs are included in ENV-Linkages as additional investment and equipment
expenditure for firms and households. These investments affect sectoral and regional production patterns
as well as competitiveness.

2.3.2. Welfare effects from changes in air pollution-related mortality and illness
The welfare benefits include lower mortality, and decreased pain and suffering from illness. The OECD
Value of a Statistical Life (VSL) estimates are used to calculate the country-specific welfare costs
associated to mortality for adults (OECD, 2020[99]). A benefit transfer methodology based on average
national income is applied to estimate the VSL for countries not included in the OECD database (OECD,
2012[100]; OECD, 2014[101]). OECD VSL data is preferred to national VSL estimates to ensure comparability
across countries since national methodologies often differ on a number of dimensions
The morbidity benefits include lower pain and suffering from a number of illnesses, such as bronchitis,
respiratory and cardiovascular illness, and asthma symptom days for children. The unit values of the
welfare costs of each of these health outcomes (morbidity endpoint), as used in previous work of the
European Commission (Holland, 2014[102]) are leveraged to monetise the impact of lower suffering from
such diseases. The same benefit transfer methodology used for mortality is applied to compute countryspecific morbidity welfare costs.
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3 Air quality improvements and health
benefits of air pollution policies

3.1. Projected emissions of selected pollutants
This section describes the projected trends in emissions of selected air pollutants in the current policies
and policy action scenarios. As discussed in Section 3, for a specific country, the level of policy stringency
does not differ across policy action scenarios, i.e. it is independent on the level of action in other countries.
For instance, it is assumed that Korea will introduce the same reforms in the KPA, NEAPA and GPA
scenarios. As such, this section discusses only the changes in emissions between the current policy
scenario and the domestic policy action (PA) scenarios (JPA, KPA and CPA). While policy action in other
countries cause changes in domestic emissions due to changes in sectoral and regional economic activity,
the domestic policy action scenarios provide the best reference point for the assessment of the ambition
level of the domestic policies, as global markets are least disturbed.
In the current policy scenario (CP), emissions of almost all pollutants are projected to slowly decrease over
time. Enforcement of existing emission limits for stationary and mobile combustion sources is the main
driver of the projected reductions of SO2 and NOX emissions in the three countries. The projected
reductions of PM2.5, BC, and SO2 are achieved thanks to the transformation towards cleaner fuels for
cooking and heating in households, especially in China where nearly 70% of PM2.5 reduction is due to
strategy, which replaces coal and biomass with gas and electricity. Only NH 3 emissions are projected to
grow in all Northeast Asian countries, even if to a different extent (Figure 3.1). About two thirds of the
projected increase is due to development in the livestock sector and one third from continued growth in
application of chemical fertilizers, especially in China. Emissions of CH4 from agriculture are projected to
grow in all countries but only in China and Korea the total CH4 increases by 2050 compared to 2020. In
China, the waste sector is projected to contribute more than half of the increase in methane emissions
followed by agriculture and gas production and distribution.
Ambitious policy action that results in the wide deployment of BATs would lead to a further decline of
emissions beyond CP levels (Figure 3.1). The adoption of BATs would lead to a stronger reduction of
primary PM2.5 emissions, which are projected to be on average 80% lower than 2020 levels in 2050, with
the largest reductions taking place in China. Furthermore, projected emissions of SO2, NOX, NMVOCs,
and CO would be on average less than half the 2020 levels by 2050. Emissions of OC and BC are projected
to be reduced the most compared to the CP scenario, with a reduction between 60% and 90% compared
to 2020 levels by 2050.
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Figure 3.1. Projected changes in emissions in the CP and single-country PA scenarios
Changes in total emissions by country/scenario in 2050 w.r.t. 2020 level

Panel A. Japan

Panel B. Korea

Panel C. China

Source: IIASA’s GAINS model.
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The national context influences which sectors are projected to reach the highest domestic emission
reductions (Figure 3.2). By 2050, the highest reduction in PM2.5 emissions in the three Northeast Asian
countries results from improving municipal solid waste management, which results in elimination of open
burning of waste, thanks to the enforcement of bans of open burning of agricultural waste. In China,
however, reductions of emissions from the “residential” sector are projected to account for more than 30%
of the PM2.5 emission reductions in the policy action scenarios in 2050. These reductions are achieved
through implementation of policies supporting use of cleaner coal and briquettes in more efficient stoves
and boilers as well as wider use of clean burning biomass stoves. A large share of emission reductions is
projected to result in the transport sector, thanks to the introduction of lowest achievable emission
standards for road and non-road vehicles, and the power sector requirement of the application of Euro VI
equivalent technology on vehicles and selective catalytic reduction (SCR) installations in coal and gas
power plants. These control technologies are offer the largest mitigation potential for NOx emission
reduction across all countries. Additionally, a large share of NOx emissions is projected to be reduced in
the non-metallic mineral sector in China. Finally, for SO2 policies requiring further installation of high
efficiency desulphurization units on industrial and power plant boilers, burning coal and oil, offers the
largest contribution to the projected mitigation of emissions in Korea and Japan. In China, where coal
power plants have been among the first targets of air quality policy and coal use declines, emissions are
projected to decline in several industries, including non-metallic miner industry, and residential coal use
for cooking and heating.
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Figure 3.2. Projected changes in sectoral emissions for PM2.5, NOX and SO2 in the single-country
PA scenarios
Changes in total annual emissions by sector in 2050 w.r.t. 2020 level, top five sectors for absolute emissions
reduction. Unit of measure: Kilotonnes
Japan - PM 2.5

Korea - PM 2.5

China - PM 2.5

2020 country emissions equal to 119 kt

2020 country emissions equal to 95 kt

2020 country emissions equal to 95 kt

Japan - NOx

Korea - NOx

China - NOx

2020 country emissions equal to 892 kt

2020 country emissions equal to 1,1150 kt

2020 country emissions equal to 21,706 kt

Japan – SO2

Korea – SO2

China – SO2

2020 country emissions equal to 435 kt

2020 country emissions equal to 412 kt

2020 country emissions equal to 11,925 kt

Source: IIASA’s GAINS model.
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These emission reductions are obtained through investments in the best available techniques to reduce
emissions, as provided by IIASA’s GAINS and as described in Section 3. The investments vary across
countries and sectors. The Current Policies scenario reflects policies in place that induce continued
sectoral investments in emissions reduction techniques that lead to reductions in emissions even without
further policy action. Policy Action scenarios achieve additional emission reductions through higher
investments in BATs in all sectors. To achieve the maximum technically feasible reduction in emissions, in
China sectoral investment would increase overall by around 60% in 2050 in the policy action scenario
compared to the current policies scenario. In Japan and Korea, a 20% increase would be needed.
Importantly, investments in the transport sector are the highest both under the current policies and the
policy action scenarios in all three countries (Figure 3.3). The energy and industry sector account for the
largest share of increase in investment in the policy action scenario in Japan and Korea while transport
and the energy and industry sectors play an equal role in the increase in investments in China (Figure 3.3).

Figure 3.3. Investment in BATs in the CP and PA scenarios
2050 (Billion USD 2017 PPP).

Panel A. Japan

Panel B. Korea
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Panel C. China

Source: IIASA’s GAINS model.

3.2. Projected concentrations of PM2.5 and ground-level ozone
Currently, concentration levels of PM2.5 in Northeast Asian countries largely vary by country and withincountry regions (cf. Figure 1.1). These differences are projected to persist in the coming decades until the
middle of the century. Furthermore, concentrations of PM2.5 are projected to remain at levels that are
dangerous for human health in the coming decades in several areas in Northeast Asia (Figure 3.4, Panel
A). By 2050, if no further policy is adopted, some regions in Northeast Asia are projected to experience
high concentration levels of PM2.5 (above the interim target-1 suggested by the WHO Air Quality Guidelines
of 35 μg/m3). These regions are located in East China, in provinces such as Henan, Shandong and Hebei.
While high PM2.5 concentrations in Northern China are mostly related to desert dust, other inner areas in
China will also suffer from elevated levels of air pollution from anthropogenic origin. These central regions
usually correspond to large urban areas that generate pollution, such as the city of Chengdu in East
Sichuan. In Korea, the West coast of the country will continue to suffer worse levels of air pollution than
the Eastern area. Seoul, the surrounding provinces (Northwest) and the Southwest coastal area are
projected to experience concentration levels of PM2.5 above the interim target-1 (15 μg/m3). In Japan, the
metropolitan area of Tokyo will suffer a moderate level of air pollution, between 8 and 12 μg/m 3 (see Figure
3.4 and Annex C for further detail).
Domestic policy action can lead to substantial reduction in PM 2.5 concentration in all countries. In China
the adoption of BATs is projected to halve average PM2.5 concentrations compared to the projected level
for 2050 in the CP scenario (Figure 3.5).13 However, average concentration of PM2.5 in China are projected
to be equal to 19.1 µg/m3, still above the WHO AQG (10 μg/m3). Benefits in Japan and Korea are projected
to be smaller but still substantial and concentrations of PM2.5 would be between 22% and 25% lower than
in the current policies scenario. Interestingly, in Japan, all regions would enjoy air quality in line with the
WHO AQG.
Co-ordinated policy action in the NEAPA scenario (Figure 3.4, Panel B) is projected to lead to additional
improvements in air quality in the region, Japan and Korea are projected to gain the most from co-ordinated
policy action in the region, with average concentration levels of PM2.5 reaching 6.2 µg/m3 in Japan (28%
lower than 2050 CP projections) and 15.5 µg/m 3 in Korea (28% lower than 2050 CP projections). In Korea,
most of the regions are projected to have concentration levels in line with the WHO AQG interim target-3
13

The combined NAEPA scenario is chosen as a reference point for showing the effects on concentrations, rather
than the single-country scenarios as was done for the emissions projections, as the combined scenario provides a
good insight in the joint effects. Concentration levels are calculated for all scenarios, as shown in Figure 3.7.
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(i.e. 15 µg/m 3), with the exception of the West coast where PM2.5 concentration are projected to be higher
and in line with the WHO AQG interim target-2 (i.e. 25 µg/m3 ). In China, areas with severe air pollution
levels (exceeding WHO interim target-1 of 35 µg/m3) would shrink to regions with high natural dust
contributions (North/Northwest China) and small patches in the most polluted areas of Hebei province in
the Northeast.
Global policy action would lead to relatively small additional improvements in PM 2.5 concentrations in the
three countries compared with the NEAPA scenario. However, some regions of Korea and China will still
experience higher concentrations of PM2.5, especially in the West coast regions of Korea and Southeast
coast of China (see Figure C.3 in Annex C).

Figure 3.4. Projected concentrations of PM2.5 in the CP and NEAPA scenarios
2050, Annual average PM2.5 concentrations, μg/m3
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Unclassified

μg/m3

ENV/WKP(2022)9

 41

Note: See 1.1.1.Part I.Annex C for detailed maps of Japan and Korea.
Source: IIASA’s GAINS model.

Figure 3.5. Projected average PM2.5 concentrations in the CP, NEAPA and GPA scenarios
Difference in concentrations w.r.t to anthropogenic PM2.5 concentrations in the CP scenario in 2050.

Source: IIASA GAINS model.

Improvements in concentrations result in lower levels of exposure to air pollution. However, since the
largest share of the population lives in urban areas, exposure to high PM2.5 concentrations remains high
in several areas. In China, the improvements are projected to bring 98% of the population below 35 µg/m3
and 75% below 25 µg/m3 (Figure 3.6). However, even in the GPA scenario, only less than 15% of the
population is projected to be in areas with air pollution concentrations below the WHO AQG of 10 µg/m3.
In Korea, the share of population living in areas with average concentrations below the WHO AQG interim3 target (15µg/m3), is projected to increase to almost 40% in the GPA scenario and 35% in the NEAPA
scenario, from a very small share of less than 5% in the CP scenario. In Japan, 95% of the population is
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projected to be exposed to PM2.5 concentrations below the WHO AQG of 10µg/m3 in the co-ordinated policy
action scenario (compared with 72% in CP projections for 2050). While the improvements in air quality are
compared to the WHO Air Quality Guidelines, this does not imply that levels of PM2.5 concentrations below
10µg/m3 imply no health impacts. In fact, recent literature highlights that even low levels of PM 2.5
concentrations can cause negative health impacts and sets a zero-risk threshold for fine particles at 2.5
µg/m3 concentrations (Burnett et al., 2014[103]; Cohen et al., 2018[104]).
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Figure 3.6. Population exposure to PM2.5 levels in the in the CP, NEAPA and GPA scenarios
Percentage of population exposed to PM2.5 concentration levels of the WHO Air Quality Guidelines, µg/m3
2050

Japan

Korea

China

Note: PM2.5 levels correspond to the WHO Air Quality Guidance target and interim targets.
Source: IIASA’s GAINS model.

Concentration levels of ground-level ozone are projected to remain high in the coming decades in
Northeast Asia (Figure 3.7) in the current policy scenario. Policy action would be particularly beneficial in
China. In the scenario with global policy action, ozone pollution would substantially decrease in West
China, where concentrations are projected to be highest in absence of additional policy action, reducing
the average concentration levels of ground-level ozone in the country by 20% by 2050. Transboundary air
pollution from regions such as South Asia, Europe and North America can contribute towards ground-level
ozone pollution in Northeast Asia (Fu et al., 2012[105]). With global policy action, concentrations of groundlevel ozone would reduce further due to the decrease in ground-level ozone emitted in other regions that
through transboundary transport mechanisms can contribute to air pollution in Northeast Asia.
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Figure 3.7. Projected concentrations of ground-level ozone in the CP and GPA scenarios
2050, ground-level ozone concentrations, μg/m3
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Panel C. Global Policy Action (GPA) scenario

Source: EC-JRC’s TM5-FASST model

3.3. Projected health impacts of air pollution
In Northeast Asian countries, fine particulate matter (PM2.5) and ground-level ozone are responsible for
millions of deaths every year. With current policies, air pollution-related deaths in Northeast Asia are
projected to increase in the area (1.2 million yearly deaths in 2025 and 1.4 million in 2050, in aggregate in
Japan, Korea and China), as illustrated in Figure 3.8. While emissions of several air pollutants are projected
to gradually fall over time, the average exposure to pollution and its associated health consequences are
projected to increase. This effect is caused by projected urbanisation and changes in the composition of
the population, not least the increase in the number of elderly (“ageing”), who tend to be more vulnerable
to air pollution.
Domestic policy action would decrease air pollution-related deaths in Japan (-20%), Korea (-10%) and
China (-25%) compared to the 2050 projected levels in the current policies scenario (see Figure 3.8). The
number of saved lives would be substantially higher in the NEAPA scenario, with 7 750 lives saved in
aggregate in the three countries. Most of the additional reductions in air pollution-related deaths are
projected to take place in Japan and Korea, whereas in China it is mostly domestic policy action that leads
to a reduction in mortality. For the three countries, domestic policy action results in a small additional
reduction in air pollution-related mortality.
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Figure 3.8. Projected deaths due to PM2.5 and ground-level ozone in CP, single-country PA, NEAPA
and GPA scenarios
Thousands of yearly deaths in Japan, Korea and China in 2050

Japan

Korea

China

Note: While this report presents a single value for the health impacts, there is an uncertainty range, which is discussed in (OECD, 2016[8]).
Source: Global Burden of Disease (GBD, 2018[106]; Institute for Health Metrics and Evaluation (IHME), 2018[107]) and ENV-Linkages’ model
projections.

Air quality improvements would not only reduce deaths, but also decrease morbidity effects (i.e.
illnesses),14 with morbidity impacts being on average around 25% lower across the three countries, in the
NEAPA scenario compared to the current policy scenario (Table 3.1). Global policy action provides few
additional benefits in Japan, Korea and China, following the small change in concentration on fine particles
(as illustrated in Section 4.2),15 which is the main driver of the health impacts. Only hospital admissions
are projected to further decrease compared to the NEAPA scenario since it is the only morbidity impact
which is affected by both PM2.5 and ground-level ozone pollution. In the GPA scenario, concentrations of
ground-level ozone are projected to decrease compared to the NEAPA scenario, as illustrated in Figure
3.7.

14

As previously explained, this paper focuses on a subset of illnesses that can be quantified at the global level: chronic
bronchitis in adults, and acute bronchitis and asthma symptoms in children, lost workdays, restricted activity days and
hospital admissions. Other illnesses (e.g. impacts on fertility and birth weight) could not be quantified. See
Methodology for calculation of mortality and morbidity endpoints and their valuation for the methodology of the
calculations of morbidity impacts of air pollution.
15

In Japan, Global Policy Action would not results in a decrease of the health impacts associated with PM 2.5, such as
asthma or bronchitis, since the resulting PM2.5 concentration levels are similar to those observed in the NEAPA
Scenario (see Figure ). The additional health benefits are the results of lower ozone pollution.
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Table 3.1. Projected health impacts of air pollution in the CP and NEAPA scenarios
2050 – Thousands
Japan

Respiratory diseases (number of
cases)
Bronchitis in children aged 6 to 12
Chronic bronchitis in adults
Asthma symptom days (number of
days)
Asthma symptom in children aged 5 to 19
Healthcare impacts (number of
admissions)
Equivalent hospital admissions
Restricted activity days (number of
days)
Lost working days
Restricted activity days

Korea

China

CP

NEAP
A

GPA

CP

NEAP
A

GPA

CP

NEAPA

GPA

106

72

72

70

57

54

2 947

2 230

2 219

860

650

647

31

21

21

20

17

16

1,050

717

717

693

564

541

29 266

22 147

22 040

53

42

37

28

24

22

1 573

1 174

1 014

7 545

7 545

7 293

5 941

5 690

308 057

233 120

232 001

30
077

30
077

29
074

23
682

22
682

1 228
019

929 297

924 838

11
048
44
042

Source: Global Burden of Disease (GBD, 2018[106]; Institute for Health Metrics and Evaluation (IHME), 2018[107]), Holland (2014[102]) and ENVLinkages’ model projections.

While not included in the modelling analysis, improvements in indoor air quality can also contribute to
reduce mortality. Indeed, the use of biofuels in cookstoves can result in high levels of indoor air pollution
(see Box 1.4 for further information). China is most affected by this due to the higher use of traditional
cookstoves compared with Japan and Korea, with projections that in 2050, 75.7 million people in China
might be using stoves which contribute towards higher levels of indoor air pollution. This would impact the
number of people exposed to high concentrations of air pollutants indoors, leading to health impacts and
deaths. Alongside the deaths due to outdoor air pollution, the impact of indoor air pollution would add 315
thousand air pollution related deaths in 2050 in China. With policy action, deaths related to indoor air
pollution will decrease by 76% compared with the current policy scenario (IEA, 2018[65]), due to the reduced
use of cookstoves that produce high levels of indoor air pollution.16

3.4. Projected changes in agricultural productivity
Pollutants such as ground-level ozone can reduce plants’ physiological functions resulting in reduced
productivity and yields. Consequently, improvements in air quality would result in higher crop yields, as
shown in Figure 3.9. According to the EC-JRC’s TM5-FASST model (Van Dingenen et al., 2009[82]), policy
action in each country would result in improved crop yields, including wheat and rice, in comparison to
current policies. The effect of air pollution on a certain crop’s productivity can differ by region depending

16

These projected estimates for reduced indoor air pollution in China are based on the IEA’s Sustainable Development
Scenario, where cookstoves such as traditional biofuel cookstoves are replaced with alternatively fuelled cookstoves
that produce less indoor air pollution (IEA, 2018[65]).
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on the level of air pollution and the type of crop that is grown. For instance, rice, wheat and soybean are
the main three crops grown in Japan (Chen, 2018[108]), while maize is largely imported (Wu and Guclu,
2013[109]; Ranum et al., 2014[110]). Therefore, the impact of air pollution reduction policies on crops such as
maize would not be as large compared to the impact on the rice, soybean and wheat crops in Japan.
If policy action is taken by all three countries (i.e. NEAPA scenario), crop yields are projected to further
increase in the region. For instance, compared with the Current Policy scenario, in the NEAPA scenario
improved air quality results in higher crop yields for wheat, with an increase of 2% in Japan, 5% in Korea
and 5% in China in 2050. However, the effect of ground-level ozone emitted from other regions outside
Northeast Asia could still influence crop production within the three countries (HTAP, 2010[40]). If policy
action to reduce air pollution was taken at the global level then crop yields would increase in Japan, Korea
and China in comparison to the Current Policy and NEAPA scenarios (Figure 3.9). Ground-level ozone
emitted from other regions such as Europe, North America and South Asia, can contribute to ground-level
ozone in the region (Fu et al., 2012[105]), which can impact crop productivity in Northeast Asia (HTAP,
2010[40]). In the Global Policy scenario, emissions of air pollutants, including precursor gases of groundlevel ozone, are projected to decline globally, thus resulting in decreased concentrations of ground-level
ozone in Northeast Asia and reduced subsequent crop damage.
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Figure 3.9. Projected increase in crop yields in the policy action scenarios compared to the CP
scenario
Percentage change w.r.t. Current Policy scenario, 2050
Panel A. Japan

Panel B: Korea

Panel C: China

Note: Scales differ by country.
Source: EC-JRC’s TM5 FASST Model
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4 Economic consequences of air
pollution policies

4.1. Projected macroeconomic effects
The implementation of policies to reduce air pollution has consequences for economic output and growth
through economic benefits but also due to the costs incurred from implementing said policies (see Section
3 on methodology). In the policy scenarios considered, both macroeconomic benefits and costs are
relatively small in size, especially for Japan and Korea where there are already strict policies in place to
address air pollution in the current policy scenario (CP) (Figure 4.1). For all countries and across all
scenarios, the costs and benefits tend to offset each other, thus resulting in no significant effect on
economic growth by 2050.
In Japan, the yearly macroeconomic costs and benefits offset each other in all scenarios by 2050.
Internationally co-ordinated policy action (in the NEAPA scenario) results in higher benefits, from reduced
transboundary air pollution, and lower costs, thanks to an improvement in competitiveness when Japan
does not act alone. For Japan, these positive effects of international co-operation are larger with global
policy action, which result in Japan having no macroeconomic costs. This result is due to the indirect effects
of the implementation of the policies at the global level, not least those arising from changes in
competitiveness of Japanese producers on the domestic and international market. These indirect effects
are sufficiently positive to compensate for the domestic investments to reduce air pollution.
Results are similar in Korea, although, when acting alone Korea is projected to incur macroeconomic costs
that are slightly higher than the benefits by 2050. Furthermore, the macroeconomic benefits are higher
when other countries also act, highlighting that Korea benefits from reduced transboundary air pollution.
Similarly to Japan, macro-economic costs are projected to be zero in the GPA scenario.
Results for China also show that macroeconomic costs are offset by benefits, with no substantial net effect
of policy action on GDP. Both costs and benefits are higher than in the other two countries, reflecting the
fact that China has more scope to invest in reducing emissions and to avoid market damages, compared
to the current policies scenario. Co-ordinated policy action in the region does not significantly affect results
for China: most macroeconomic benefits are the consequence of domestic emission reductions and policy
action, with no significant additional benefits when Japan and Korea also undertake policy action. However,
there are additional benefits when policy action is implemented globally. Specifically, China benefits from
reduced emissions in a wider regional area, including neighbouring Asian countries, which results in lower
ground-level ozone in China’s Southwest region. Likewise, macroeconomic costs are largely unaffected
when Japan and Korea also undertake policy action, due to the size of the Chinese economy and the
relatively small share of Japan and Korea in China’s trade flows. In contrast to Japan and Korea, in China
the macroeconomic costs increase with global policy action as the policy costs in other countries result in
lower demand and thus in lower exports for China.17 However, these international actions also bring
benefits, and thus the overall macroeconomic costs in China, in the GPA scenario, are still offset by the

17

The lower production in China does not result into further reductions of air pollution compared with the scenario
where only China takes policy action (CPA). In the CPA Chinese emissions already decrease significantly compared
with the current policy scenario. Modelling policy action in the rest of the world (the GPA scenario) does not further
reduce China’s emissions significantly, but it affects Chinese exports and therefore, its economy.
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macroeconomic benefits of reduced air pollution (e.g. Ou et al. (2020[29]) estimates that that goods
produced in China for foreign markets accounted for about 13% of total domestic NMVOCs emissions,
which is an ozone precursor, in 2013) (Figure 4.1).

Figure 4.1. Projected macroeconomic consequences of policy action to reduce air pollution
Percentage change in GDP w.r.t. CP, 2050.

Source: OECD ENV-Linkages model.

Most of the macroeconomic benefits from the reduced air pollution impacts are due to the health
improvements that follow the emission reductions and improved air quality. Specifically, labour productivity
improvements represent the largest share of the macroeconomic benefits in the three regions, followed by
changes in health expenditures and with changes in agricultural productivity representing a smaller
percentage (Figure 4.2Figure 4.2). The relative contribution of the different impacts changes with coordinated policy action (NEAPA scenario), especially in China and Korea. In these countries, the
macroeconomic benefits from improved agricultural productivity increase in the case of co-ordinated and
global policy action. The increase in agricultural productivity follows from the decrease in ground-level
ozone co-ordinated under the GPA scenario, emitted domestically as well as emissions from neighbouring
countries, including India. The importance of long-distance transboundary air pollution for ground-level
ozone in China is confirmed by Li et al. (2014[111]) and Kumar et al. (2014[112]).
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Figure 4.2. Breakdown of macroeconomic benefits in the different scenarios
Percentage change in GDP w.r.t. CP, 2050

Panel A. Japan

Panel B. Korea

Panel C. China

Note: The results in these figures reflect simulations implemented with air pollution benefits only; i.e. discarding the
costs of policy action. The cumulative results presented correspond to the macroeconomic benefits (grey bars) in
Figure 4.1.
Source: OECD ENV-Linkages model.
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The mechanisms behind the macroeconomic costs are more difficult to understand and depend on the
indirect effects of the investment costs in BATs on the economy, not least on trade and competitiveness.
The macroeconomic costs (as illustrated by the blue bars in Figure 4.1), comprise of three effects: (i) the
direct effect associated with the investments in BATs; (ii) the indirect effect of domestic policy action, and
(iii) the effect of policy action in other countries, namely foreign policy action.
The decomposition of the macroeconomic costs in these three effects is illustrated in Figure 4.3 for the
NEAPA scenario. When the three countries act alone, the direct costs of the investments in BATs are
partially offset by an increase in GDP that follows these investments. While domestic firms face additional
costs compared to foreign firms, the investments also represent an opportunity for economic growth thanks
to the more efficient production technologies. When the three countries act together, there is a small
increase in GDP in Japan and Korea, as competitiveness in these countries increases when they are not
acting individually, while the Chinese economy is hardly affected.
While not illustrated in Figure 4.3, similar results are obtained when considering the effect of global policy
action on the macroeconomic costs of the three countries. Japan and Korea gain from a small additional
increase in competitiveness. However, the Chinese economy faces additional costs due to the reduction
in global demand. For this reason, China is the only country that has additional macroeconomic costs in
the GPA scenario (see Figure 4.1).

Figure 4.3. Decomposition of macroeconomic costs in the NEAPA scenario
Percentage change in GDP w.r.t. CP, 2050

Note: The results in this figure reflect simulations implemented with investment costs only, i.e. disregarding the benefits
from reduced air pollution impacts. The macroeconomic costs (diamonds) correspond to the macroeconomic costs
(blue bars) in the NEAPA scenario in Figure 4.1.
Source: OECD ENV-Linkages model.
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4.2. Projected welfare benefits from reduced mortality and pain and suffering
from illness
The health impacts of air pollution also entail welfare effects due to lower mortality and lower disutility of
illness. The welfare losses due to mortality are calculated using the OECD’s value of statistical life (VSL)
(Roy and Braathen, 2017[113]).18 Similarly to the costs of mortality, monetary valuation of the disutility of
illness is calculated by multiplying the willingness-to-pay to reduce the risk of falling ill by the number of
cases of illness (see Table in Section 4.3).
For the Northeast Asian region, the aggregate welfare benefits due to lower mortality are projected to
increase over time, as more air quality improvements are achieved. By 2050 the aggregate yearly welfare
benefits exceed USD 850 billion by 2050 with internationally co-ordinated policy action (NEAPA scenario)
and USD 950 billion with global policy action (GPA scenario). In the NEAPA scenario, the yearly per capita
welfare benefits in Japan and Korea are projected to be around 470 and 390 USD in 2050, respectively
(Figure 4.4), whereas in China they are projected to be around 580 USD. Similarly to the NEAPA scenario,
Japan and Korea are projected to enjoy similar per capita gains in the GPA scenario while China stands
to gain the largest per capita benefits.

Figure 4.4. Projected welfare benefits from reduced air pollution related mortality
USD per capita, 2017 PPP exchange rates, w.r.t to Current Policy, 2050

Note: While this report presents a single value for the economic costs associated with deaths, these values are uncertain. Uncertainty ranges
are presented in (OECD, 2016[8])
Source: Environment Database; Mortality and welfare cost from exposure to air pollution, Holland (2014[102]) and ENV-Linkages’ model
projections.

18

The OECD Environment Database provides VSL values for OECD and G20 countries. Values for other countries
have been adapted based on their income, following the methodology used in previous OECD studies (OECD,
2015[121]; OECD, 2014[101]).
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Additionally, the yearly benefits from avoided morbidity impacts are projected to exceed USD 48 billion by
2050 in the NEAPA scenario, and USD 49 billion by 2050 in the GPA scenario. In all countries, the largest
benefits derive from lower disruption in normal activity (reduction in the number of restricted activity days
and of lost working days) and lower incidence of respiratory diseases. In both the single-country policy
action and NEAPA scenario, China is the country that would benefit the most from reduced morbidity
impacts in per capita terms. Korea enjoys the largest per capita benefit in the GPA scenario (Figure 4.5).

Figure 4.5. Projected welfare benefits from avoided air pollution related illness
USD per capita, 2017 PPP exchange, 2050, w.r.t to Current policy

Japan

Korea

China

Note: In the figure, “Reduced respiratory diseases” includes reduced cases of chronic bronchitis in adults, reduced hospital admission, and
bronchitis and asthma symptoms in children.
Source: Environment Database; Mortality and welfare cost from exposure to air pollution, Holland (2014[102]) and ENV-Linkages’ model
projections.

Additional welfare benefits of policy action can also occur through other channels. These include for
instance, additional health impacts of air pollution, such as those on fertility, birth weight, school
performance. Welfare is also likely to be higher for people living in and visiting cities with better air quality,
as air quality can for instance damage building and cultural heritage.
If air pollution policies certainly lead to welfare benefits due to the positive impacts on health and the
environment, the costs of the policies might have a negative welfare effect. Policy action imposes additional
costs on firms and households and, while there might be beneficial effects in the long term, these costs
might have short term socio-economic consequences that negatively affect welfare. For example, one
common concern of environmental policies is that they might have a negative effect on employment in
targeted sectors (Chateau, Bibas and Lanzi, 2018[114]). However, overall environmental policies could also
trigger innovation and better production processes, which would be beneficial in the long-term.
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5 Discussion
The results in this report highlight the potential benefits of policy action to reduce air pollution, in Japan,
Korea and China. The results also highlight the additional benefits from co-ordinated policy action.
Countries should use the full potential of the multiple regional co-operation mechanisms in place and
strengthen their synergies to build a more systematic framework to address transboundary air pollution
(OECD, 2020[67]).
A number of actions can support the implementation of a co-ordinated approach to reduce air pollution in
the region. For instance, better data and measurement techniques could increase efficiency and efficacy
of monitoring and enforcement activities. Improved data and clear criteria to assess and rank the risk of
facilities could save resources and make enforcement efforts more effective and efficient by better tailoring
frequency of inspections to the level of risk (OECD, 2018[115]).
Compliance promotion activities with regards to countries’ efforts to meet emission reduction obligations,
could benefit from higher horizontal co-operation among agencies and the use of new technologies. Wellfunctioning horizontal mechanisms to share information on regulatory enforcement and inspections could
also be put in place, for instance to share information to identify violations that may allow agencies in other
regions to detect similar compliance issues faster. At the same time, new technologies, such as drones ,
remote inspections, or big data, may allow agencies to better target inspections and decrease inspecting
times (OECD, 2021[116]).
Ensuring that third parties affected by pollution could report violations and challenge non-compliance with
environmental laws in courts is also an important tool to promote and monitor compliance with existing
policies. To this end, the barriers that non-governmental organisations and citizens face in suing violators
in courts, including financial barriers, may need to be addressed. Countries may also benefit from a better
balance between compliance promotion and enforcement activities. The provision of trainings and
guidance during inspections, and information dissemination activities are useful to enhance compliance on
air quality standards. Together with these activities that could help achieve a higher level of international
regulatory co-operation, increased international effort to mitigate climate change might also contribute to
improve air quality in the region. The current pledges on climate change mitigation are indeed encouraging
as a step towards a green transition that would also lead to lower air pollution.
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Annex A. ENV-Linkages model and air pollution
feedback modelling
Overview of the ENV-Linkages model
The OECD ENV-Linkages model is a dynamic multi-sectoral, multi-regional CGE model that links
economic activities to energy and environmental issues. A more comprehensive model description is given
in Chateau et al. (2014[11]). While ENV-Linkages can provide emission projections for greenhouse gases
and air pollutants, for this report, emissions of air pollutants are provided by the GAINS model, based on
ENV-Linkages’ economic projections.
Production in ENV-Linkages is assumed to operate under cost minimisation with perfect markets and
constant return to scale technology. The production technology is specified as nested constant elasticity
of substitution (CES) production functions in a branching hierarchy. This structure is replicated for each
output, while the parameterisation of the CES functions may differ across sectors. The nesting of the
production function for the agricultural sectors is further re-arranged to reflect substitution between
intensification (e.g. more fertiliser use) and extensification (more land use) of crop production, or between
intensive and extensive livestock production. The structure of electricity production assumes that a
representative electricity producer maximises its profit by using the different available technologies to
generate electricity using a CES specification with a large degree of substitution. The structure of nonfossil electricity technologies is similar to that of other sectors, except for a top nest combining a sectorspecific resource with a sub-nest of all other inputs. This specification acts as a capacity constraint on the
supply of the electricity technologies.
Energy is a composite of fossil fuels and electricity. In turn, fossil fuel is a composite of coal and a bundle
of the “other fossil fuels”. At the lowest nest, the composite “other fossil fuels” commodity consists of crude
oil, refined oil products and natural gas. The values of the substitution elasticities are chosen as to imply a
higher degree of substitution among the other fuels than with electricity and coal.
The model adopts a putty/semi-putty technology specification, where substitution possibilities among
factors are assumed higher with new vintage capital than with old vintage capital. In the short run, this
ensures inertia in the economic system, with limited possibilities to substitute away from more expensive
inputs. However, in the longer run, this implies relatively smooth adjustment of quantities to price changes.
Capital accumulation is modelled as in the traditional Solow/Swan neo-classical growth model.
Household consumption demand is the result of static maximisation behaviour, which is formally
implemented as an “extended linear expenditure system”. A representative consumer in each region – who
takes prices as given – optimally allocates disposal income among the full set of consumption commodities
and savings. Savings are considered as a standard good in the utility function and do not rely on forwardlooking behaviour by the consumer. The government in each region collects various taxes to finance
government expenditures. Assuming fixed public savings (or deficits), the government budget is balanced
through the adjustment of the income tax on consumer income. In each period, investment net-of-economic
depreciation is equal to the sum of government savings, consumer savings and net capital flows from
abroad.
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International trade is based on a set of regional bilateral flows. The model adopts the Armington
specification, assuming that domestic and imported products are not perfectly substitutable. Moreover,
total imports are also imperfectly substitutable between regions of origin. Allocation of trade between
partners then responds to relative prices at the equilibrium.
Market goods equilibria imply that, on the one side, the total production of any good or service is equal to
the demand addressed to domestic producers plus exports; and, on the other side, the total demand is
allocated between the demands (both final and intermediary) addressed to domestic producers and the
import demand.
ENV-Linkages is fully homogeneous in prices and only relative prices matter. All prices are expressed
relative to the numéraire of the price system that is arbitrarily chosen as the index of OECD manufacturing
exports prices. Each region runs a current account balance, which is fixed in terms of the numéraire. One
important implication from this assumption in the context of this report is that real exchange rates
immediately adjust to restore current account balance when countries start exporting/importing emission
permits.
As ENV-Linkages is a recursive-dynamic model and does not incorporate forward-looking behaviours,
price-induced changes in innovation patterns are not represented in the model. However, the model does
entail technological progress through an annual adjustment of the various productivity parameters in the
model, including autonomous energy efficiency and labour productivity improvements. Furthermore, as
production with new capital has a relatively large degree of flexibility in choice of inputs, existing
technologies can diffuse to other firms. Thus, within the CGE framework, firms choose the least-cost
combination of inputs, given the existing state of technology. The capital vintage structure also ensures
that such flexibilities are larger in the long run than in the short run.
The sectoral and regional aggregation of the model, as used in the analysis for this report, are given in
Table A.1 and Table A.2, respectively.

Unclassified

ENV/WKP(2022)9

 69

Table A.1. Sectoral aggregation of ENV-Linkages
Agriculture

Manufacturing

Paddy rice
Wheat and meslin
Other grains
Vegetables and fruits
Sugar cane and sugar beet
Oil seeds
Plant fibres
Other crops
Livestock
Forestry
Fisheries

Paper and paper products
Chemicals
Non-metallic minerals
Metals n.e.s.
Fabricated metal products
Other manufacturing
Motor vehicles
Electronic equipment
Textiles

Natural resources and energy

Services

Coal
Crude oil
Gas extraction and distribution
Other mining
Petroleum and coal products
Electricity (5 technologies*)

Land transport
Air transport
Water transport
Construction
Trade other services and dwellings
Other services (government)

Note: Fossil fuel based electricity: combustible renewable and waste based electricity; nuclear electricity; hydro and geothermal; solar and wind.
Source: ENV-Linkages.

Table A.2. Regional aggregation of ENV-Linkages
Macro regions
OECD America

OECD Europe

OECD Pacific

Rest of Europe and Asia

Latin America
Middle East & North Africa
South and South-East Asia

Sub-Saharan Africa

ENV-Linkages countries and regions
Canada
Chile
Mexico
United States
EU large 4 (France, Germany, Italy, United Kingdom)
Other OECD EU (other OECD EU countries)
Other OECD (Iceland, Norway, Switzerland, Türkiye, Israel)
Oceania (Australia, New Zealand)
Japan
Korea
China
Non-OECD EU (non-OECD EU countries)
Russia
Caspian region
Other Europe (non-OECD, non-EU European countries)
Other Latin-American countries
Middle-East
North Africa
India
Indonesia
ASEAN9 (other ASEAN countries)
Other Asia (other developing Asian countries)
Other Africa (other African countries)

Source: ENV-Linkages.
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The baseline economic trends are described in the recent Global Material Resources Outlook to 2060
(OECD, 2019[77]). For the dynamic calibration of ENV-Linkages to 2050, macroeconomic projections are
based on two long-run macroeconomic growth models. First, the growth scenarios result from simulations
of the OECD Economics Department (Guillemette and Turner, 2018[117]). These projections cover
42 OECD and G20 countries up to 2060. Second, the ENV-Growth model, hosted at the OECD
Environment Directorate, is used to complete these projections for countries not covered by the OECD’s
Economic Department. Together, macroeconomic projections are provided for almost 180 countries.
The baseline construction also reproduces specific sectoral trends for the energy and agricultural sectors.
Energy system projections are calibrated to the 2018 World Energy Outlook (IEA, 2018[65]) and they are
fundamental to ensure that energy-related emissions reflect the latest energy trends.Modelling the
economic feedbacks of air pollution in ENV-Linkages

Modelling the economic feedbacks of air pollution in ENV-Linkages
The economic feedbacks of air pollution are modelled directly in ENV-Linkages following a production
function approach, as outlined in The Economic Consequence of Outdoor Air Pollution (OECD, 2016[8]).
This means that market impacts directly affect specific elements in the economic system, such as labour
productivity or land productivity. The impacts are thus modelled as changes in the most relevant
parameters of the production function underlying the model structure.
Changes in health expenditures are implemented in the model as a change in demand for health services
(in the model part of the aggregate non-commercial services sector). These health expenditures reflect
costs related to treatments of the illnesses as well as hospital admissions. The additional health
expenditures affect both households and government expenditures on healthcare. The distinction between
households and government expenditures is based on World Bank data on the proportion of healthcare
expenditures paid by households and by the government (World Bank, 2015[118]). Health expenditures
caused by outdoor air pollution are calculated multiplying the number of cases for each illness (e.g. chronic
bronchitis) with a corresponding unit cost value (e.g. the health expenditures linked to a case of chronic
bronchitis), using a methodology similar to the cost of illness approach in which only the tangible healthcare
costs are considered. The reference unit values for the healthcare costs used in this report for the OECD,
which are outlined in Table A.3, are established based on existing studies, as elaborated in Holland
(2014[102]). These representative OECD values are then adapted to individual countries, multiplying them
by the ratio of each country’s income and the average OECD income, for each year.
Table A.3. Unit values used to calculate healthcare costs

USD, 2017 PPP exchange rates
Effect
Chronic bronchitis in adults (new cases)
Bronchitis in children (cases)
Equivalent hospital admissions (respiratory and cardiovascular diseases)

Value
15,810
69
4,149

Note: Values are for the OECD. They are unit values and as such, they refer to costs per statistical life, case of illness, hospital admission and
day with restricted activity.
Source: Own evaluation based on Holland (2014[102]).

Changes in labour productivity are directly implemented in the model as percentage changes in the
regional productivity of the labour force. Productivity losses are calculated from lost work days, following
the methodology used in Vrontisi et al. (2016[119]). This methodology calculates labour productivity losses
as proportional to the number of lost work days, as compared to the average number of work days per
year in each region (World Bank, 2014[120]).
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Changes in crop yields are implemented in the model as a combination of changes in the productivity of
the land resource in agricultural production, and changes in the total factor productivity of the agricultural
sectors. This specification, which is in line with OECD (2015[121]), mimics the idea that agricultural impacts
affect not only purely biophysical crop growth rates but also other factors such as management practices.
Air pollution affects crop yields heterogeneously in different world regions, depending on the
concentrations of ground-level ozone. Overall, the demand for agricultural products, which changes over
time in the model even in the baseline scenario, is affected in each region by the air pollution-driven
changes in crop yields.
Once the shocks from the air pollution impacts are incorporated in ENV-Linkages, the model finds a new
equilibrium that takes into account the impacts of air pollution. Following the adjustment processes that
takes place in the model, the direct impacts of air pollution also result in indirect impacts. For instance, an
increased demand for healthcare may result in a lower demand for other services, while changes in crop
yields for certain crops may result in changes in production of substitute crops or related economic activities
(such as food production). These changes in production can then lead to changes in trade patterns.
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Annex B. Methodology for calculation of
mortality and morbidity endpoints and their
valuation
This annex provides a detailed overview of the methodology used to create projections of health impacts
of air pollution, including both mortality and morbidity, as well as their valuation in monetary terms. The
first part explains the methodology used to calculate air pollution-related deaths linked with high
concentrations of fine particulate matter, while the second part focuses on morbidity impacts. Finally, the
last part presents the methodology used for the monetary valuation of mortality and morbidity impacts.

Mortality calculations
Following the Global Burden of Disease (GBD, 2018[106]), the total amount of air pollution-related deaths
attributable to outdoor air pollution corresponds to the sum of the deaths due to each disease for which
there is an increased risk due to outdoor air pollution of fine particulate matter and ground-level ozone. For
PM2.5, these illnesses are: ischemic heart disease (IHD), strokes, chronic obstructive pulmonary disease
(COPD), lung cancer (LC), lower respiratory infection (LRI) and diabetes mellitus type 2 (DM). For groundlevel ozone, the Global Burden of Disease (GBD, 2018[106]) indicates that exposure to increases the risk of
deaths due to chronic obstructive pulmonary disease (COPD).
The mortality calculations for each disease is based on this formula:
i.

𝐷𝑡𝑟 = 𝐴𝐹 ∙ 𝐵𝐷𝑟𝑡

ii.

𝑤𝑖𝑡ℎ

iii.

𝐴𝐹 = (1 − 𝑅𝐹)

1

Where deaths related to air pollution (D) are derived as the product between baseline deaths (BD) for each
disease and the attributable fraction (AF), namely the fraction of baseline mortalities that can be associated
with air pollution. The attributable fraction (AF) is derived as (1-1/RF), where RF is a disease-specific risk
factor, which reflects how, for each disease, the risk of dying because of air pollution increases with higher
concentrations of pollutants (PM2.5 and ground-level ozone).
The calculations of the health risks (RF) linked with exposure to PM2.5 used in this report rely on the GBD’s
Integrated Exposure-Response (IER) functions (Cohen et al., 2018[104]; Burnett et al., 2014[103]). These
functions are non-linear and become flat at higher exposures. The formula contains various parameters,
one of which is the zero risk threshold, which is set at 2.5 μg/m 3 concentrations of PM2.5.
For ground-level ozone, the RF is based on the following formula:

iv.

ln(

𝑅𝐹 = e

𝑅𝑅
)∗(𝐶𝑜𝑛𝑐−𝐶𝑜𝑛𝑐 𝑡ℎ𝑟)
10

Where Conc is the concentration of ground-level ozone measure in part per billions (ppb), Conc thr is the
zero risk threshold of ozone concentration and RR is the Relative Risk associated to ground-level ozone.
Following GBD (2018[106]), this study uses the seasonal average of daily maximum eight hours mean as
the metric for ground-level ozone, the concentration threshold is flat at 29.1 ppm and at a relative risk
of 1.06.
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Baseline mortalities are obtained from the GBD results tool (GBD, 2018[106]). To create the projection for
2020-40 we use GBD foresight, which relies on GBD 2016 data (Institute for Health Metrics and Evaluation
(IHME), 2018[107]). To avoid discontinuities between GBD 2016 foresight and GBD 2017 data after 2017,
the foresight data were scaled with their respective GBD 2016 value in 2017; this correction factor was
applied on all years beyond 2017. Therefore, the final foresight data in the current set differ slightly from
the GBD 2016 foresight data because they were tuned to match the 2017 data from GBD 2017. For 2050,
base mortalities are assumed equal to 2040 levels.
Baseline mortalities are obtained from the GBD results tool (GBD, 2018[106]). To create the projection for
2020-40 we use GBD foresight, which relies on GBD 2016 data (Institute for Health Metrics and Evaluation
(IHME), 2018[107]). To avoid discontinuities between GBD 2016 foresight and GBD 2017 data after 2017,
the foresight data were scaled with their respective GBD 2016 value in 2017; this correction factor was
applied on all years beyond 2017. Therefore, the final foresight data in the current set differ slightly from
the GBD 2016 foresight data because they were tuned to match the 2017 data from GBD 2017. For 2050,
base mortalities are assumed equal to 2040 levels.

Morbidity impacts calculations
The morbidity impacts of PM2.5 exposure that are quantified in this report are: the effect of chronic exposure
on adult and childhood bronchitis, the effect of acute exposure on hospital admissions for respiratory and
cardiovascular illness, restricted activity days, lost working days and asthma symptom days for children.
The morbidity impacts for ground-level ozone are: the effect of acute exposure on hospital admissions for
respiratory and cardiovascular illness and minor restricted activity days.
Quantifying morbidity effects requires detailed data, including the concentration response relationship, the
size of population risk, and the prevalence of morbidity. However, this level of information is only available
for a small number of countries. To obtain estimates at the global level, the morbidity impacts are
extrapolated as a multiplier on mortality from air pollution exposure, based on the EU Clean Air Policy
Package studies (Holland, 2014[102]; European Commission, 2013[122]). The advantage of assuming a linear
relation between mortality and morbidity is that the calculation of morbidity automatically factors in the nonlinearity in response functions that is accounted for in the mortality calculations. The drawback is that nonlinearities are missed and that this approach cannot fully capture the connection between exposure to air
pollution and illness.
The mortality-to-morbidity ratios are taken from the European Commission’s Clean Air Policy Package
studies (Holland, 2014[102]; European Commission, 2013[122]). The study by Holland (2014[102]) supplies
region-specific morbidity-to-mortality ratios for the 28 European countries in which the package was
implemented. To calculate morbidity impacts at the global level, for countries not covered by the Clean Air
Policy Package studies, the average of the ratios of the European countries is used. While this
extrapolation is not ideal, no data are available at the global level. This assumption is limiting, as it assumes
that mortality-to-morbidity ratios throughout the world are similar to those of European countries.
Furthermore, it implicitly assumes that healthcare provision is similar in all countries. For hospital
admissions, it implies that European admission rates are typical of all other countries, when there is
substantial variation around the world with respect to access to healthcare systems. This problem is
particularly serious for developing countries, where access to healthcare is much lower. A similar issue
arises with respect to lost working days. The European results are based on European rates of
absenteeism, reflecting specific social welfare and employment conditions.
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There are other limitations of the methodology used to calculate morbidity impacts in this report. Ideally,
changes in behaviour (e.g. in diet, smoking habits, etc.), social changes (e.g. healthcare and employment)
and medical changes (e.g. changes in healthcare systems and in treatment of diseases) over time and in
different world regions should be explicitly factored into the analysis, but this is not possible owing to lack
of data at the global level.

Valuation of the welfare costs of mortality and morbidity impacts
The valuation of the welfare costs of the health impacts of outdoor air pollution includes both mortality and
morbidity. The total welfare costs are calculated by multiplying each impact considered (e.g. number of
hospital admissions, cases of illness, and mortality) by estimates of the unit welfare cost of each impact
(e.g. the welfare cost of a hospital admission, a case of illness, and a mortality).

Welfare costs of mortality
The welfare costs of air pollution-related mortality are obtained from a meta-analysis of a large number of
studies of individuals’ willingness to pay (WTP) for a marginal reduction in their risk of mortality over time.
Aggregating the individual results of the various WTPs in the meta-analysis allows us to quantify the socalled Value of a Statistical Life (VSL), a long-established metric that attributes a monetary value to life
and, as a consequence, can be used to estimate the welfare costs of mortality (OECD, 2014[101]; OECD,
2012[100]). As a result of this meta-analysis, the base VSL in OECD countries is USD 3 million (2005 PPP)
per life lost in 2005.
As this report has global coverage, it was necessary to calculate VSL values for countries outside the
OECD. This report relies on the OECD database “Mortality and welfare cost from exposure to
environmental risks” (OECD, 2020[99]) for the base year value for each region of the study, since it provides
country-specific VSL for OECD countries and emerging economies. Welfare costs in this database are
calculated using a methodology adapted from Roy and Braathen (2017[123]).
Furthermore, since the report also considers economic projections, the VSL values need to be adapted
over time. A previous OECD study (OECD, 2014[101]) provides a benefit transfer methodology to determine
country-specific VSL values from an OECD reference value, based on country income differentials. The
benefit transfer methodology is used to adapt VSL to individual countries, but also to estimate its growth
over time, as income rises. As argued in OECD (2006[124]), income should be used as the reference
variable to adapt WTP over time, so as to avoid situations in which the WTP to save a statistical life rises
faster over time than the rate of inflation. Existing studies – such as Costa and Kahn (2004[125]), who
calculate the VSL changes in the United States for the period 1940-80 – find that VSL rises over time as
income rises. The country-specific income levels over time that are necessary for the calculations are
obtained from the International Monetary Fund until 2017 (IMF, 2019[126]) and from the economic
projections of the OECD’s ENV-Growth model, which are also used for the calibration of the ENV-Linkages
model.
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The formula used to calculate the VSL is:
𝑉𝑆𝐿𝑡𝑟

=

𝑉𝑆𝐿2017
𝑂𝐸𝐶𝐷

𝑌𝑟𝑡

𝛽

( 𝑡 )
𝑌𝑂𝐸𝐶𝐷

Where Y is the average income (GDP per capita) of country r in year t expressed in 2017 USD PPP; and
β is the income elasticity of VSL. The income elasticity measures the percentage increase in VSL for a
percentage increase in income.
The income elasticity used to calculate the country-specific VSL values is a key parameter; choosing
different values can alter the results for welfare costs. The income elasticity variable assumes that as
incomes rise, the WTP for a marginal reduction in the risk of death also rises, but not quite in proportion to
the rise in incomes. The meta-analysis (OECD, 2012[100]) finds that the income elasticity is in the range of
0.7-0.9 for OECD countries, with significantly higher income elasticities for countries in the bottom 40th
percentile of income. However the range proposed in OECD (OECD, 2012[100]) was considered to be too
low for low-income countries as using such values would imply unrealistically high WTP values for these
countries. Existing work on VSL (Hammitt and Robinson, 2011[127]; Roy and Braathen, 2017[123]) supports
the assumption that the impact of income elasticity on the WTP does not necessarily hold true for emerging
economies. Thus, following previous OECD work (OECD, 2016[8]) this report differentiates elasticity values
by income group and uses a slightly higher elasticity for low-income countries. Specifically the income
elasticities used are: 0.8 for high-income countries, 0.9 for middle-income countries and 1 for low-income
countries (where country groups are distinguished using the World Bank income thresholds).
Given the difficulty in establishing the WTP to reduce the risks of mortality and the high dependency of the
results on the key parameter value of income elasticity, the welfare costs results need to be interpreted in
the context of the uncertainty surrounding the VSL values. An uncertainty analysis on the parameter values
is provided in (OECD, 2016[8]).
While the VLS values are surrounded by uncertainty, a change in methodology would not affect the overall
policy results of the analysis, which show high welfare costs associated with the deaths caused by outdoor
air pollution.
Welfare costs of morbidity
The analysis of the health impacts of air pollution in this report distinguishes between two types of costs
related to illness, as outlined in OECD (2016[8]):
i.

The healthcare costs that are used to calculate healthcare expenditures as input to
calculate the macroeconomic consequences of air pollution. Healthcare costs reflect
the expenditures linked with each case of illness (e.g. the costs of hospital admissions,
of going to the doctors or of buying medicines).

ii.

Welfare costs of morbidity, which reflect the pain and suffering of each case of illness.
In other words, welfare costs of morbidity reflect the disutility of illness.

The welfare costs of morbidity used here rely on previous work by the European Commission (Holland,
2014[102]), which provides unit values for the welfare costs of the morbidity impacts (Table B.1). Morbidity
welfare costs are adjusted to specific countries based on income, using the benefit transfer methodology
used for mortality. Although there is a bias in transferring estimates of the disutility of morbidity from existing
studies, mostly developed in Europe, to the global context, the benefit transfer method is the only available
technique in this context, since valuation studies on the welfare impacts of air pollution-related illnesses
only exist for a few areas in the world.

Unclassified

76  ENV/WKP(2022)9

Table B.1. Unit values used for the analysis of the welfare costs of morbidity
USD, 2017 PPP exchange rates
Effect
Chronic bronchitis in adults (new cases)

Value
74,526

Bronchitis in children (cases)

817

Equivalent hospital admissions (respiratory and cardiovascular diseases)

695

Restricted activity days

180

Minor restrict activity days (asthma symptom days)

58

Note: Values are for the OECD. They are unit values and as such, they refer to costs per case of illness, hospital admission and day with
restricted activity.
Source: Own evaluation based on Holland (2014[102]).
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Annex C. Detailed results
Sectoral share in total emission of air pollutants by countries
Figure C.1. Sectoral share in total emission of air pollutants by Northeast Asian countries
Sectoral share, 2020

Panel A. Japan

Panel B. Korea

Panel C. China

Note: 2020 values are estimates. “Other” includes emissions from the waste sector (except agricultural waste, which is included in “Agriculture”.
Source: IIASA’s GAINS model.
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Concentration maps
Figure C.2. Projected concentrations of PM2.5 in Japan and Korea in the CP and NEAPA scenarios
2050, Annual average anthropogenic PM2.5 concentrations, μg/m3

Panel A. Japan, CP scenario

Panel B. Japan, NEAPA scenario

Panel C. Korea, CP scenario

Panel D. Korea, NEAPA scenario

Note: In panel A and B, Eastern data is not presented due to lack of data.
Source: IIASA’s GAINS model.
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Figure C.3. Projected concentrations of PM2.5 in the extended Asian region
2050, Annual average PM2.5 concentrations, μg/m3
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Panel A. Current policy (CP) scenario

Panel B. Northeast Asia policy action (NEAPA) scenario

Panel C. Global policy action (GPA) scenario

Source: IIASA’s GAINS model.
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