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Foreword

The Arctic is a vital region that helps preserve the balance of the global climate. The Arctic environment is
particularly sensitive to short-lived climate pollutants, such as black carbon, which is the most light-
absorbing component of particulate matter. Ambitious policy action to reduce air pollution would therefore
reduce the negative environmental, health and economic impacts of air pollution, while slowing down
climate change by reducing emissions of short-lived climate pollutants.

Due to their proximity to the Arctic region, a central role in reducing air pollution in the Arctic is played by
Arctic Council countries, namely Canada, Denmark, Finland, Iceland, Norway, the Russian Federation,
Sweden, and the United States. Arctic Council countries have affirmed their support to collectively bring
black carbon emissions down by 25-33% by 2025 from 2013 levels. Ambitious policy action to reduce air
pollution in Arctic Council countries would help achieve this target.

This report presents a quantitative assessment of the environmental, health and economic consequences
of ambitious policy action to reduce air pollution in Arctic Council countries. The scenario analysis is based
on a suite of modelling tools to project the impacts of increasingly ambitious policies up to 2050. The report
compares a business-as-usual scenario with policy scenarios in which Arctic Council countries, and other
regional groupings, adopt the best available techniques to reduce air pollutant emissions, including end-
of-pipe technologies, the use of cleaner fuels, and measures to reduce emissions in the agricultural sector.

The modelling shows that these policies could substantially curb emissions of several air pollutants,
including bringing black carbon emissions well below the collective target. The benefits would include
better air quality, and reductions in air pollution-related premature deaths and illnesses. The costs of
achieving the emission reductions would be offset by the economic benefits resulting from improved human
and environmental health. When also accounting for the welfare benefits of reduced mortality and pain and
suffering from iliness, the economic benefits of air pollution policies become substantial.

Overall, the results presented in this report highlight that policy action addressing air pollution in Arctic
Council countries could lead to significant environmental, health and welfare benefits, whilst also helping
to preserve the Arctic ecosystems.

Rodolfo Lacy, Director, OECD — Environment Directorate
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Executive summary

The Arctic is a delicate ecosystem that plays a vital role in maintaining stability in the global climate.
Changes in the local climate could amplify global warming, with far-reaching consequences for the global
environment, human health and well-being.

A range of air pollutants are driving changes in the Arctic region, including greenhouse gases, black carbon
— a component of fine particulate matter — and ground-level ozone. These pollutants contribute to
atmospheric warming, thus accelerating snow melting and exacerbating the effects of climate change in
the Arctic.

Arctic Council countries — Canada, Denmark, Finland, Iceland, Norway, the Russian Federation, Sweden,
and the United States — play a central role in reducing air pollution in the Arctic. These countries have
affirmed their support to collectively reduce black carbon emissions by 25-33% by 2025 from 2013 levels.
In Arctic Council countries, around 18 million people live in areas where fine particle concentrations exceed
the World Health Organization (WHO) safe air quality guidelines (10 pug/m?3). Ambitious policy action to
reduce emissions of a wide range of air pollutants, including black carbon, would reduce these negative
health impacts and contribute to slowing down climate change in the Arctic. But how much would this cost
and what would the impacts be on their economies and the health of the region’s populations?

This report sets out to answer these questions by providing a quantitative assessment of the biophysical
and economic benefits of air pollution policies in Arctic Council countries. The analysis relies on a suite of
modelling tools to project the impacts of increasingly ambitious policy action up to 2050, compared with
business as usual.

Key findings

e Thanks to policies currently in place and to the deployment of the best available techniques (such
as end-of-pipe technologies and the use of cleaner fuels), emissions of air pollutants have been
decreasing for some years in Arctic Council countries and are projected to decrease further in the
coming decades. Arctic Council countries are projected to come close to meeting the collective
black carbon target.

e Additional policies to extensively adopt the best available techniques would allow Arctic Council
countries to reduce their emissions more substantially and halve their black carbon emissions by
2025, exceeding their collective target. This would require additional investments in best available
techniques especially in the residential and transport sectors.

e These emission reductions would improve air quality and lower populations’ exposure to high air
pollution levels. In particular, by 2050 the number of people exposed to fine particle concentrations
above the WHO air quality guidelines of 10 ug/m3 would decrease from 18 million to 1 million
people. These air quality improvements could avoid four out ten air pollution-related deaths in Arctic
Council countries by 2050, as well as thousands of cases of debilitating illnesses, such as chronic
bronchitis and childhood asthma.

THE ECONOMIC BENEFITS OF AIR QUALITY IMPROVEMENTS IN ARCTIC COUNCIL COUNTRIES © OECD 2021
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e These improvements in air quality can be achieved without affecting economic growth. Despite
some additional costs for households and firms, this report shows that at the aggregate level, the
macroeconomic costs of achieving the emission reductions are offset by the macroeconomic
benefits of improved human and environmental health. Such benefits include higher labour
productivity, lower health expenditures, and higher agricultural productivity. These aggregate
results hide substantial differences across regions. In particular, macroeconomic costs are higher
in the Russian Federation, as baseline emissions are higher compared to the other Arctic Council
countries.

e Adding the welfare benefits of reduced mortality and pain and suffering from iliness, the positive
economic consequences of air pollution policies become substantial.

o If other regions of the world also reduced their pollutant emissions, Arctic Council countries would
reap additional benefits from lower transboundary air pollution. The competitive position of Arctic
Council countries would also improve with widespread international policy action, thus levelling the
playing field.

e The implementation of air pollution policies in combination with a sustained energy transition and
the achievement of global climate targets would reduce greenhouse gas emissions and air
pollutants simultaneously, bringing significant additional health, environmental, and welfare gains.

A call for action

In addition to the many benefits from air pollution policies included in the modelling, there are many others
benefits that could not be quantified. These include impacts on biodiversity and ecosystems; preservation
of buildings and sites of cultural heritage, and tourism; health effects such as on fertility, cognitive abilities
and birth weight. Furthermore, improvements in air quality can also reduce the severity of the respiratory
problems caused by viruses such as COVID-19. Taken together, this suggests that the benefits of air
pollution policies could be even greater than those quantified in the modelling analysis.

The results presented in this report need to be interpreted bearing in mind the uncertainties surrounding
socio-economic projections, emissions estimates, and the biophysical and economic consequences of air
pollution policies. However, these uncertainties should not deter policy action. The results clearly highlight
that policy action addressing air pollution in Arctic Council countries will lead to significant environmental,
health and welfare benefits. In addition, improvements to the local climate in the Arctic can improve the
livelihood of local communities, reduce global climate change, and lower the risk of triggering climate
tipping points.
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1. Air pollution in Arctic Council
countries

The fragile Arctic environment is particularly vulnerable to some pollutants
that contribute to atmospheric warming, such as black carbon and ground-
level ozone. While an important share of air pollutants reach the Arctic from
outside the region, emissions from the Arctic Council countries have the
greatest impact. This chapter introduces the motivations for policy action on
air pollution in Arctic Council countries, highlighting the environmental,
health and economic benefits. Particular attention is given to the role of
short-lived climate pollutants, and specifically black carbon, whose
reduction plays an important role in mitigating climate change. The chapter
then provides an overview of the sectoral sources of air pollution in Arctic
Council countries.
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1.1. Introduction

Air pollution is one of the most serious environmental challenges at the global level, with adverse effects
on human health, well-being and the environment. In 2017, outdoor air pollution alone was responsible for
approximately 3.5 million deaths (GBD, 2018(1)); in the absence of stricter policies, air pollution-related
mortality is projected to reach a global total of 6 to 9 million by 2060 (OECD, 20162)). Air pollution also has
significant impacts on ecosystems and climate change, as some air pollutants — most notably black carbon
and ground-level ozone— are major contributors to atmospheric warming. Such impacts are especially
detrimental for fragile environments, such as the Arctic.

Owing to the low population density and limited economic activity characterising the Arctic region, local
emissions of air pollutants in the Arctic are limited. An important share of air pollutants reaching the Arctic
originates at lower latitudes, highlighting the need to reduce emissions well beyond the Arctic region. Most
notably, emissions occurring in Arctic Council (AC) countries have greater impact in the Arctic region, due
to their proximity (AMAP, 20153)). For this reason, Canada, Denmark, Finland, Iceland, Norway, the
Russian Federation (hereafter Russia), Sweden and the United States have affirmed their support to
achieve a collective 25-33% reduction of black carbon emissions by 2025 compared to 2013 levels (Arctic
Council, 2019u4)).

Alongside concerns about black carbon emissions, Arctic Council countries have put in place policies to
reduce emissions of a wide range of air pollutants. Besides delivering environmental and health benefits,
improved air quality can have positive effects on the economy, increasing labour productivity and crop
yields while lowering health expenditures (OECD, 20162;). Recent literature has focused on the economic
benefits of improved air quality and on the additional co-benefits of climate policies (Amann et al., 2020;s};
Harmsen et al.,, 2020p); Markandya et al., 20187;; Amann et al., 20175; Vandyck et al., 2018q). For
example, Vandyck et al. (2018jq)) demonstrate that the air quality co-benefits of climate policy alone
counterbalance the costs of meeting the Nationally Determined Contributions that countries presented
under the Paris Agreement. Recent evidence from the empirical literature also highlights the substantial
economic benefits of reducing air pollution (Dechezleprétre, Rivers and Stadler, 20191q)).

This report contributes to the existing literature by quantifying the economic consequences of implementing
policies that directly target air pollution in Arctic Council countries. In particular, the report compares the
outcomes of five scenarios:

e A baseline scenario that assumes the continuation of air pollution policies and legislation already
in place.

e A scenario in which Arctic Council countries implement additional policies to reduce air pollution.

e A scenario in which these policies are also implemented in the 13 Observer countries to the Arctic
Council.

e A scenario that assumes the global implementation of these policies.

e An integrated policy scenario, in which these air pollution policies are implemented alongside
ambitious climate and energy transition policies.?

While this analysis focuses primarily on the benefits of policy action in Arctic Council countries by
comparing current legislation with additional policy action in these countries, the additional scenarios
consider two important aspects that can influence the success of air pollution policies: transboundary air
pollution, and integrated policy action across different environmental domains. In all policy scenarios, air
pollutant emissions are reduced through policy-induced adoption of the best available techniques (BATSs).
Such policies target a wide range of air pollutants, aiming to improve air quality. Specifically, this report
considers emissions of black carbon (BC), organic carbon (OC), sulphur dioxide (SO:2), nitrogen oxides
(NOx), non-methane volatile organic compounds (NMVOCs), nitrous oxide (N20), carbon monoxide (CO),
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and ammonia (NH3).3 These pollutants are particularly relevant as they drive the concentrations of fine
particulate matter (PM25) and ground-level ozone (Os).

Building on the report The Economic Consequences of Outdoor Air Pollution (OECD, 2016y2), this report
adopts a modelling approach that links economic activity to projected emissions, pollutant concentrations,
the biophysical impacts of outdoor air pollution, and their feedback effects on the economy. The main
modelling tool used in the analysis is the OECD ENV-Linkages model (Chateau, Dellink and Lanzi,
2014111), which can quantify the economic consequences of air pollution to 2050. This economic analysis
is supported by results from the Greenhouse Gas and Air Pollution Interactions and Synergies (GAINS)
model developed by the International Institute for Applied Systems Analysis (IIASA),* which provides
projections of air pollutant emissions, as well as the costs of adopting BATs to reduce air pollution (Amann
et al., 201112;; Hoglund-Isaksson et al., 2020;13;; Winiwarter et al., 2018y14;; Klimont et al., 2017115). Finally,
the TM5-FASST model developed by the Joint Research Centre of the European Commission links
emission projections with human exposure to PMzs and ground-level ozone pollution (Van Dingenen et al.,
201816)).

The economic consequences of air pollution policies are quantified in this report by considering two
complementary aspects: (1) macroeconomic effects; and (2) welfare improvements. The macroeconomic
effects result from the market impacts of air pollution, which affect specific sectors resulting in changes in
economic growth and gross domestic product (GDP). Welfare improvements account for the impacts of air
pollution on well-being and, in this report, they result from changes in the incidence of air pollution-related
mortality and illness. The macroeconomic effects are calculated in ENV-Linkages considering both the
benefits and associated costs of reducing emissions and improving air quality. Drawing on previous OECD
analysis (OECD, 2016y2), the benefits are calculated estimating the improvements in labour productivity
and agricultural productivity and the decrease in health expenditures that would result from improved air
quality. The emission reduction costs are included in ENV-Linkages as additional sector-specific costs for
firms and households, based on the costs the BATs from the GAINS model. Meanwhile, welfare
improvements from air pollution policies are quantified using valuation techniques that attribute a monetary
value to lives lost and to the pain and suffering associated with iliness.

This report is structured as follows. The rest of Chapter 1 highlights the main motivations for policy action
to reduce air pollution in Arctic Council countries and provides an overview of the sources, distribution and
impacts of air pollution in these countries. Chapter 2 outlines the methodology used for the modelling
analysis and describes the policy scenarios studied in the report. Chapter 3 presents the emission and
concentration projections as well as the health benefits from policy action on air pollution. Chapter 4
outlines the economic consequences of the policy scenarios, including both macroeconomic and welfare
effects. Chapter 5 illustrates possible additional benefits from wider geographical adoption of air pollution
policies and from integrated air pollution, climate and energy transition policies. Finally, Chapter 6
discusses the overall benefits of air pollution policies, also consdiering the additional benefits of policy
action that could not be included in the modelling analysis, and concludes with a call for action on air
pollution.

1.2. The focus of Arctic Council countries on air pollution

Air pollution is one of the most serious environmental challenges of our times, due to its severe effects on
human health and the environment. The impacts of air pollution — and in particular of short-lived climate
pollutants (SLCPs) — are particularly detrimental for the fragile Arctic environment due to the region’s
exceptional sensitivity to local and global temperature changes (EPA, 201217;). SLCPs are air pollutants
that also have a warming impact on the climate. They include black carbon (Box 1.1), methane, ground-
level ozone, and hydrofluorocarbons.®
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While local emissions contribute significantly to air pollution in the Arctic region, most pollutants affecting
the Arctic are transported to the region from lower latitudes by the wind (AMAP, 20153). As a
consequence, emission reductions occurring in the whole territory of the eight Arctic Council countries can
largely help to preserve air quality in the Arctic. Emission reductions in other regions — and particularly in
the 13 Observer countries to the Arctic Council (Table 1.1) — can contribute further to reducing pollutant
concentrations in the Arctic.

Table 1.1. Arctic Council countries and Observers

Arctic Council countries Arctic Council Observers
Canada France India
United States Germany Korea
Russian Federation Italy Singapore
Denmark Japan Spain
Finland Netherlands Switzerland
Iceland People’s Republic of China (hereafter, China) United Kingdom
Norway Poland
Sweden

Source: (Arctic Council, 20211g)).

In recent years, Arctic Council countries have increased their engagement for addressing air pollution.
Owing to its effect on the local and global climate (Box 1.1), black carbon has become a major concern for
these countries, which have set an aspirational collective target to reduce their aggregate BC emissions
from between 25 to 33% by 2025 compared to 2013 levels (Arctic Council, 2019).%

Besides helping to preserve the Arctic environment, improved air quality in the region would also have
economic and health benefits throughout the whole territory of the eight Arctic Council countries. These
benefits would be particularly significant in densely populated areas characterised by high levels of
economic activity, as well as in agricultural areas. Indeed, lower pollution levels lead to improved health
and improved agricultural productivity (Van Dingenen et al., 20091¢;; Holland, 201420;; OECD, 20162)).

The health impacts of outdoor air pollution in Arctic Council countries are large. The Global Burden of
Disease (GBD) project estimates that in 2017, over 420 000 people died from air pollution in the region,
accounting for almost 9% of all deaths in Arctic Council countries that year (GBD, 201821}). In addition,
human exposure to high concentrations of PM2s increases the risk of cardiovascular diseases (e.g. cardiac
arrhythmia, stroke, and coronary and ischaemic heart disease), respiratory problems (e.g. asthma,
bronchitis, and pulmonary dysfunctions), lung cancer, respiratory infections, diabetes and kidney failure.
Furthermore, exposure to PMzsis associated with adverse birth and nervous system outcomes, reduced
cognitive functions and accelerated biological aging. Exposure to ground-level ozone is also responsible
for respiratory diseases, leading to significant levels of mortality and morbidity. Lower concentrations of
fine particulate matter and ground-level ozone would reduce the incidence of air pollution-related illnesses
and deaths (GBD, 201821)).
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Box 1.1. Black carbon and climate change in the Arctic

Black carbon is a primary component of fine particulate matter and can have serious impacts on human
health and the environment. Although the eight Arctic Council countries are responsible for 8% of black
carbon emissions globally, they are responsible for 30% of BC’s warming effect in the Arctic (AMAP,
2015(3)).

Due to its dark colour, BC is the most light-absorbing component of particulate matter and, as such, it
is a major contributor to climate change. BC is a short-lived climate pollutant with a strong atmospheric
warming potential. It is the second-largest anthropogenic contributor to global warming after carbon
dioxide (CO2) (Yang et al., 201922;; Bond et al., 201323; Shrestha, Traina and Swanston, 2010p4j;
Moffet and Prather, 200925); AMAP, 201926)). Despite its short lifetime in the air, the radiative forcing of
one gram of black carbon is comparable to that of a ton of carbon dioxide (CCAC and WHO, 201527).

Besides sparking a warming effect when suspended in the atmosphere, black carbon further interferes
with the Arctic climate when it is deposited on snow and ice cover, darkening the surface and thus
decreasing the albedo, i.e. the ability to reflect solar radiation (AMAP, 2015). The Arctic region is
particularly vulnerable to the effects of BC deposition, due to the presence of large snow and ice-
covered surfaces. The dark coat accelerates ice and snow melting while warming the atmosphere
(AMAP, 2015(3)). In recent decades, BC deposition alone has accounted for 0.5 to 1°C of warming in
the Arctic (Bice et al., 2009p2¢7). A recent study of Greenlandic snow cover suggests that snow albedo
might decrease by over 10% by the end of the century (Tedesco et al., 201629).

Nonetheless, black carbon is co-emitted and can interact with other pollutants, some of which — such
as sulphur dioxide (SO2) — can have a counterbalancing cooling effect (AMAP, 2015(3; Smith et al.,
2020p307). In some instances, black carbon itself can lead to a slight cooling effect, as BC particles
facilitate cloud condensation, thus enhancing cloud reflectivity. Since BC emissions are always
accompanied by cooling effects, climate modelling studies have shown that the climate mitigation
potential of BC is relatively small and highly uncertain (Kihn et al., 202031)).

Despite these uncertainties, the possible impacts of black carbon on the Arctic climate represent a
major threat in and beyond the Arctic region. Arctic warming accelerates sea level rise and interferes
with the water cycle, increasing the risk of floods and droughts and affecting water availability in other
regions of the world. For this reason, and given the multifaceted effects of black carbon pollution,
policies targeting BC have the advantage of addressing the challenge of climate change and air
pollution simultaneously.

Besides affecting human health, air pollution also has adverse effects on plant development and health.
Ground-level ozone is absorbed by leaves, where it induces cell death and reduces physiological functions.
Thus, high concentrations of ground-level ozone lead to slower growth, reduced flowering and lower seed
production, hindering crop yield and quality (Latha et al., 2017[32)).

As a consequence, the biophysical impacts of outdoor air pollution entail substantial economic costs
(OECD, 20162; OECD, 201433;; Roy and Braathen, 201734;), which result from (1) losses in labour
productivity; (2) additional health expenditures; (3) lower agricultural productivity; and (4) the welfare costs
of air pollution-related mortality and suffering as a result of iliness.

1.3. Anthropogenic sources of air pollution in Arctic Council countries

In the Arctic Council region, the largest contributors to the emission of black carbon and organic carbon —
both components of primary PM2.s — are the energy and industrial sectors, together with residential wood

THE ECONOMIC BENEFITS OF AIR QUALITY IMPROVEMENTS IN ARCTIC COUNCIL COUNTRIES © OECD 2021



20 |

burning, and transport.” While Arctic Council countries have set an aspirational emission reduction target
for black carbon, substantial health benefits can only be achieved if other pollutants are also reduced.
Specifically, reducing emissions of total primary PMzs and of other air pollutants that contribute to the
formation of secondary PMzs is necessary to reduce PMzs pollution, which is the main driver of the health
impacts of air pollution (Box 1.2). Abating emissions of gases which form secondary PMzs (precursor
gases), such as sulphur dioxide, nitrogen oxides, ammonia, and non-methane volatile organic compounds,
could further contribute to reducing the concentration of fine particles in the atmosphere.

Box 1.2. What are primary and secondary pollutants?

Pollutants can be classified into primary and secondary pollutants depending on how they are
generated. Primary pollutants, such as carbon monoxide and sulphur dioxide, are the direct by-product
of human activities. Secondary pollutants, such as ground-level ozone, are formed when primary (or
precursor) pollutants react with other elements in the atmosphere. Some pollutants, such as NOxand
NMVOCs, are precursor gases of both ground-level ozone and PMzs.

PM_sis both a primary and secondary pollutant. Therefore, both primary and secondary PM2s are taken
into account in air pollution measurements. Primary PMzs is emitted directly into the atmosphere by
activities such as the combustion of fossil fuels and road transport. Particles composing primary PM2.5
include organic carbon and black carbon. Secondary PM2s is generated when PM2.s precursors such
as sulphur dioxide, nitrogen oxides, volatile organic compounds and ammonia react with other elements
in the atmosphere. This process can take place far away from the original emission source (Hodan and
Barnard, 200435)).

Ground-level ozone is a secondary pollutant, as it is not directly emitted into the atmosphere. Ground-
level ozone is an example of photochemical oxidants, i.e. it is formed from the interaction between
sunlight and precursor gases — mainly volatile organic compounds, nitrogen oxides, carbon monoxide
and methane (CHa4) (Unger et al., 2006(3g)).

Meteorological and climatic conditions, such as atmospheric temperature, play a role in the chemical
interactions occurring in the atmosphere (Lam etal., 2011;37). For example, a rise in global
temperatures could result in higher concentrations of ground-level ozone and secondary PMzs. Other
climatic factors, such as the frequency of precipitation and the presence of sunlight, can also influence
the formation of secondary pollutants. For instance, the higher levels of sunlight in the summer months
facilitate the formation of ground-level ozone.

Transport is an important source of air pollution in Arctic Council countries. It contributes significantly to
the formation of PM2.s and ground-level ozone. According to estimates of IASA’s GAINS model, in 2015
transport accounts for around 70% of CO emissions, half® of NOx and BC emissions and for one-quarter
of OC and NMVOCs emissions in the region (Figure 1.1).

The industry and energy sectors are other key sources of pollution in Arctic Council countries. Together,
energy production and consumption and the industrial sector are responsible for nearly all SOz emissions
and one-third of NMVOCs and NOx emissions in the region. These sectors are also responsible for a
significant share of BC (18%) and OC (6%) emissions (Figure 1.1). Flaring® alone represents 7% of total
anthropogenic NMVOCs and 14% of black carbon emissions.

The residential sector is a key contributor to the formation of primary and secondary PM25s and ground-
level ozone. In particular, the combustion of solid and liquid fuels for domestic heating is a major source of
organic carbon (40%) and black carbon (over 20%), while also contributing to NMVOCs (10%), NOx (5%)
and SOz (3%) emissions in the region (Figure 1.1).
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Finally, the agricultural sector is a major contributor of NHs (92%), and it also has an important role in the
emission of NMVOCs (27%) and OC (20%) (Figure 1.1). Agricultural fires,’® which are often used to
dispose of crop residues, are responsible for nearly all the OC, NMVOCs and BC emissions from the sector
and for 70% of primary PMz.s emissions in the region.

Figure 1.1. Emissions of air pollutants in Arctic Council countries
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Note: “Residential” emissions are due to wood and fuel burning. “Other” includes emissions from the waste sector (except agricultural waste,
which is included in “Agriculture”). In this figure, PM2s refers to primary emissions only.
Source: IASA’s GAINS model.

StatLink Sw=r https:/stat.link/p6m9lr

Although ground-level ozone is not directly emitted to the atmosphere, human activities contribute to the
emission of its precursor gases, which include methane, NMVOCs, NOx, and CO. In Arctic Council
countries, the transport, industry and power generation sectors emit large shares of these pollutants
(Figure 1.1). Most notably, emissions of methane and CO, which are particularly relevant to ground-level
ozone formation, are largely driven by industry and energy-related emissions and by transport emissions.

Other emission sources in the Arctic Council region — such as shipping and gas and oil flaring — are only
included as part of aggregate emissions of Arctic Council countries, as their projections are characterised
by high levels of uncertainty that did not allow emissions to be distinguished by country. Shipping activities
in the Arctic are projected to keep growing, potentially quadrupling by 2050 (AMAP, 2015j3)) as reduced
ice cover will open new shipping routes and opportunities across the region’s seas. However, navigating
in Arctic waters implies significant costs, which might reduce the net economic gains of shorter transit
routes (ITF, 20193s1), thus making the sector’s development in the region rather uncertain. Emissions from
flaring activities are also subject to uncertainty due to the variation in gas and oil composition and in flaring
operating practices (Huang and Fu, 201639;; Conrad and Johnson, 20170;; Conrad and Johnson, 2017 0j;
Klimont et al., 2017p15); Stohl et al., 2013u1)."" Flaring inventories and projections are particularly uncertain
for key emitters, such as Russia, due to the lack of detailed activity data for a wide array of sources, and
of a country-specific emission factor'? (Béttcher et al., forthcomingsz)).

Finally, emissions from wildfires — which are also highly uncertain — are not included in the emission
projections presented in this report, although they are accounted for in the calculations of pollutant
concentrations (Section 3.2). Wildfires are an important and increasing source of several pollutants (van
Marle et al., 2017u43)) that also contribute to global warming, including black carbon. In Europe and North
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America, the frequency of wildfires has increased in recent years, and wildfire locations have changed too,
moving towards more northern latitudes. Climate change is estimated to have a considerable impact on
this trend. Indeed, increasing temperatures and changes in precipitation patterns leading to arid conditions
and lower soil moisture facilitate the development and spread of forest fires (Arctic Council, 2019u4j).

Notes

" The 13 non-Arctic countries approved as Observers to the Arctic Council are France, Germany, ltaly,
Japan, the Netherlands, the People's Republic of China (hereafter China), Poland, India, Korea, Singapore,
Spain, Switzerland, and the United Kingdom.

2 The climate and energy transition policies considered in this report are those included in the Sustainable
Development Scenario (SDS) presented by the International Energy Agency (IEA) (IEA, 2018us)).

3 While greenhouse gases are not directly targeted by the air pollution policies considered, this report also
looks at methane (CHa4) and carbon dioxide (COz) emissions. This report does not include the long-range
transport of mercury and persistent organic pollutants (POPs).

4 All scenarios based on inputs from the GAINS model were developed with the support of the European
Union-funded Action on Black Carbon in the Arctic.

5 Chapter 6 in this report also discusses the specific impacts of SLCP emissions in more detail.
6 For simplicity, the report will refer to policy action to reduce black carbon as the collective target.

7 Regional estimates of pollutant emissions by sector are obtained using the GAINS model developed by
IIASA (Rao et al., 2016p4;; Amann, Klimont and Wagner, 2013us5; Amann et al., 2011127). All emission
figures in this Chapter refer to 2015.

8 All the emission rates presented in this chapter refer to Arctic Council countries’ totals, unless otherwise
specified.

% Gas flaring is a combustion process that burns associated, unwanted or excess gases and liquids
released during many industrial processes, such as oil and gas extraction or refineries.

10 Other types of fires, such as forest and grassland fires, represent major sources of air pollution but are
not linked to the agricultural sector.

" Gas and oil composition can vary substantially across different oil and gas fields, and is also severely
affected by environmental conditions such as temperature and atmospheric pressure.

12 Country-specific emission factors allow to activity levels to be linked to emission levels at the national
scale, rather than relying on regional or global averages.
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2. Description of the approach and
scenarios

The methodology used to analyse the economic consequences of policies
targeting air quality in Arctic Council countries is described in this chapter.
This methodology requires multiple steps, from creating plausible economic
projections and changes in air pollutant emissions, to calculating
concentrations of key pollutants, the biophysical impacts on health and crop
yields, and the economic consequences of the policy scenarios. The
scenario analysis relies on the OECD ENV-Linkages model, along with
[IASA’s GAINS model and the European Commission JRC’s TM5-FASST
model.
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2.1. Scenarios overview

This report analyses the economic consequences of policies targeting air pollution, based on a scenario
analysis performed with the OECD Computable General Equilibrium (CGE) model ENV-Linkages
(Chateau, Dellink and Lanzi, 20141]). The report compares four policy scenarios to a reference baseline
scenario, all with a 2050 time horizon (Table 2.1; see also Chapter 1).

Table 2.1. Overview and regional coverage of scenarios

. . - Arctic Council Observer Rest of the
Scenario label  Scenario description . .
countries countries world

CLE Current Legislation (Baseline) CLE CLE CLE
MTERAC !\/IaX|m'um Tech'nlcally Eeamble Reduction MTFR CLE CLE

in Arctic Council countries only
MTFR-AC&Obs !\/Iamm_um Tech_nlcally Feasible Redugtlon MTER MTFR CLE

in Arctic Council and Observer countries
MTER-Global Maximum Technically Feasible Reduction MTFR MTER MTFR

at the global level

Maximum Technically Feasible Reduction
MTFR-SDS and Sustainable Development Scenario at MTFR - SDS MTFR - SDS MTFR - SDS

the global level

The baseline scenario assumes the effective implementation of the current legislation (CLE) in the eight
Arctic Council countries. The legislation considered addresses air pollution from combustion plants,
industrial processes, road and non-road vehicles, shipping, agriculture, and use of solvents and paint, as
well as residential emissions.

The CLE scenario is compared with four policy action scenarios that reflect the implementation of
maximum technically feasible reductions (MTFR) to abate pollutant emissions. The MTFR scenario
explores the extent to which emissions could be further reduced through the policy-induced application of
all existing best available techniques (BATs), in addition to the implementation of current regulations.

The main policy scenario analysed in this report considers the achievement of the maximum technically-
feasible emission reductions in the eight Arctic Council countries, referred to as the MTFR-AC scenario.
For this scenario, data on the investments needed to reduce air pollution are provided by the GAINS model
and included in ENV-Linkages (see Section 2.2) below on the modelling framework).

As emission reductions in other regions can also contribute to improving air quality in Arctic Council
countries through reduced transboundary air pollution, two additional scenarios are considered: one in
which MTFR technologies are also adopted in Arctic Council Observer countries (referred to as MTFR-
AC&Obs), and one representing the global deployment of the MTFR technologies (MTFR-Global).

Finally, an additional scenario (MTFR-SDS) considers integrated policy action across different
environmental domains, focusing on the interaction among air pollution, climate and energy transition
policies. This scenario assumes that the policies of the MTFR-Global scenario are complemented by the
climate and energy policies.

All scenarios are are designed based on inputs from the Greenhouse Gas and Air Pollution Interactions
and Synergies (GAINS) model developed by the International Institute for Applied Systems Analysis
(IIASA) (Box 2.1). The MTFR-SDS scenario reflects the climate and energy policies included in the
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International Energy Agency (IEA)’s Sustainable Development Scenario (SDS) presented in the 2018
World Energy Outlook (IEA, 20182;) (Box 2.2).

While a full analysis of the costs and benefits of the deployment of MTFR technologies is only presented
for the MTFR-AC scenario, the three additional scenarios highlight the importance of wider policy action in
the fight against air pollution. For these scenarios, only the welfare improvements are presented, as a full
assessment of the macroeconomic consequences of these scenarios is beyond the scope of this report.

Box 2.1. The GAINS model’s emission abatement scenarios

The scenarios analysed in this report are based on inputs from IIASA’s GAINS integrated assessment
model, which provides projections of air pollutants, emission reduction potentials, as well as the cost of
emission reductions (Amann et al., 20113}; Hoglund-Isaksson et al., 2020p;; Winiwarter et al., 2018s);
Klimont et al., 20176)). The emission projections provided by the GAINS model stem from projections
of economic activities, and rely on specific assumptions about current environmental legislations as well
as existing technical options to reduce air pollution. While GAINS offers a coherent framework to assess
emission projections, its projections can differ from the ones developed by individual countries. Data
quality varies across countries and, for those cases in which information is missing, the model’s default
assumptions are applied. These include representative emission factors, which reflect the state of
technology deployment in a country, assumptions about the shares of specific technologies to achieve
a given emission standard, and sometimes also alternative sources of activity data (e.g. peer reviewed
studies, international assessment reports, contacts with local experts). The latter is often the case for
residential combustion of wood fuels (accounting for non-commercial fuel use), open burning of
agricultural residues, and gas flaring.

The CLE scenario reflects the continuation of current legislation on energy use, energy efficiency, and
climate mitigation, as described in the World Energy Outlook 2018’s New Policies Scenario (IEA,
2018p2)). In addition to these policies, the CLE scenario considers detailed inventories of national
emission control legislation described thoroughly by Amman et al. (2018(7;). The policies and inventories
included in the CLE scenario include all those in place in 2017. Therefore, recent zero-emission pledges
and targets are not included in this scenario.

The MTFR scenario reflects efforts to reduce the emission of air pollutants through regulations,
emission standards, and emission limits. Such reductions are achieved thanks to the deployment of
existing best available techniques (BATSs) in different sectors. In other words, the MTFR scenarios
reflect the maximum mitigation potential that is possible in each sector. The GAINS model contains an
inventory of technically-feasible and commercially-available measures that could cut emissions below
the baseline projections, adding to the measures already in place and included in the CLE scenario.
Hence, when compared to the CLE scenario, the MTFR policy scenarios entail higher emission
reductions.

The MTFR scenario reflects the deployment of source- and region-specific technologies that can reduce
the emissions of several pollutants. These include (1) end-of-pipe technologies such as filters,
scrubbers and catalytic converters; (2) pollutant capture and recovery systems (e.g. addressing non-
methane volatile organic compounds emissions from the solvent sector); (3) cleaner and more efficient
solid fuels for stoves and boilers; and (4) measures to reduce ammonia and methane emissions in the
agricultural sector.

The BATs included in the MTFR scenarios differ in the timing of deployment, which depends on their
ease of implementation. For instance, some BATs can quickly complement existing technologies (e.g.
end-of-pipe cleaning techniques), while others, which completely replace existing technologies, have a
longer lifetime and require more complex changes (e.g. heating stoves replacement).
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Box 2.2. The IEA’s Sustainable Development Scenario

The SDS scenario takes into account climate change mitigation and energy transition policies. The SDS
scenario describes a path for the global energy sector that is aligned with the mitigation targets
established by the Paris Agreement — i.e. holding the increase in global temperature to “well below
2°C” and “pursuing efforts to limit [it] to 1.5°C” (UNFCCC, 2015)). The policies included in the SDS
scenario also allow for the energy-related goals established by the United Nations’ (UN) 2030 Agenda
for Sustainable Development to be achieved. Most notably, the SDS scenario includes the policies
needed to transform the energy sector in order to (1) achieve universal access to energy (SDG 7);
(2) reduce the health impacts of air pollution (SDG 3); (3) tackle climate change (SDG 13); and
(4) achieve universal access to clean water and sanitation (SDG 6).

The policy instruments needed to achieve these results are integrated into the SDS scenario and
include carbon pricing, energy taxes and the removal of fossil fuel subsidies. All these instruments are
implemented in the ENV-Linkages model. More specifically, in the SDS scenario, carbon prices
increase over time, from USD 121.5 to USD 140 per tCO:2 in 2040, with differences across countries
and sectors. In parallel, fossil fuel subsidies are gradually removed during the same period. In addition,
the share of non-fossil power sources rises to 40% in 2040, accompanied by improvements in energy
efficiency.! Energy efficiency is measured by the energy intensity of GDPs, which drops from
110 tonnes of oil equivalent (toe)/USD 1 000 in 2017 to 40 toe/USD 1 000 in 2040 at the global level
(IEA, 20182).

Source: (IEA, 20182).

2.2. Modelling framework

This report takes a quantitative approach to assess the economic consequences of air pollution to 2050.
The modelling framework is based on an impact pathway approach,? which includes multiple steps and
requires the use of different techniques and models. The methodology relies on the modelling framework
used for the OECD’s CIRCLE project, as described in the OECD report “The Economic Consequences of
Outdoor Air Pollution” (OECD, 2016(9)). The modelling framework used in this report links projections of
(1) sectoral economic activities to (2) emissions of air pollutants, (3) concentrations of fine particulate
matter and ground-level ozone, and finally to (4) the biophysical and (5) economic impacts of outdoor air
pollution (Figure 2.1). The steps outlined in Figure 2.1 are repeated for each scenario outlined in
Section 2.1.

This methodology relies on a suite of modelling tools. The main tool for analysing the economic
consequences of air pollution in the different scenarios is the OECD computable general equilibrium model
ENV-Linkages, described in Annex A (Chateau, Dellink and Lanzi, 20141;). This analysis is supported by
results from the GAINS integrated assessment model of the International Institute for Applied Systems
Analysis (IIASA), which provides projections of air pollutants, emission reduction potentials, and required
investments in emission reduction technologies (Amann et al., 20113;; Hoglund-Isaksson et al., 20204;
Winiwarter et al., 2018;5;; Klimont et al., 20176)). The global air quality source-receptor model TM5-FASST
(Van Dingenen et al., 2018y1q)) of the Joint Research Centre of the European Commission provides the link
between emission projections and exposure to PM2s and ground-level ozone.
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Figure 2.1. Methodological steps

1) PROJECTIONS OF SECTORAL *The OECD ENV-Linkages model provides projections of
ACTIVITIES sectoral economic activities for 19 geographical regions.

*||[ASA's GAINS model provides emission projections for 48
countries and regions, building on ENV-Linkages' economic
projections.

2) PROJECTIONS OF AIR POLLUTANT
EMISSIONS

3) PROJECTIONS OF
CONCENTRATIONS
OF AIR POLLUTANTS

*The EC JRC's TM5-FASST model uses emission projections to
calculate grid-level concentrations for PM, ¢ and O;.

eConcentration-response functions, based on the Global
Burden of Disease studies, provide projections of the
health impacts of outdoor air pollution by country (e.g.
numbers of deaths, cases of illnesses, work days lost),
based on the country-average concentrations of PM, 5 and
0 obtained with the TM5-FASST model.

*The EC JRC's TM5 FASST model provides projections of
agricultural impacts (i.e. lost crop productivity) by country.

4) PROJECTIONS OF THE
BIOPHYSICAL IMPACTS
OF OUTDOOR AIR POLLUTION

*The OECD ENV-Linkages model calculates projections of the
macroeconomic consequences of air pollution for Arctic
5) PROJECTIONS OF THE ECONOMIC Council countries, based on the projected biophysical
CONSEQUENCES OF OUTDOOR AIR impacts.
POLLUTION *Projections of the welfare consequences of air pollution,
resulting from mortality and morbidity, are quantified at
the country level using non-market valuation techniques.

Source: based on OECD (2016y)).

The models operate at different scales while sharing the same socio-economic baseline trends. Combining
these models allows the economic consequences of air pollution to be calculated at the macroeconomic
level, while accounting for pollution concentrations at the local level. Specifically, economic projections are
provided for 19 aggregate regions, while emission levels are available for 48 regions, and pollutant
concentrations are specified at a 1-degree grid-level (i.e. about 44 km?). The five methodological steps and
their models (Figure 2.1) are described in turn below:

1.

The projections of sectoral economic activities are obtained with the OECD CGE model
ENV-Linkages (Chateau, Dellink and Lanzi, 20141)). ENV-Linkages allows for the creation of
detailed projections of sectoral and regional economic activities to 2050 for 19 global regions.
These projections rely on a range of key assumptions, drivers and exogenous trends, including
demographic and technological developments, as described in OECD (201911}). The economic
projections underlying the five scenarios reflect the steady economic growth characterising OECD
countries and faster economic growth characterising non-OECD economies® (OECD, 201911)).
This difference in economic growth trends is due to the long-term convergence process of non-
OECD countries towards the OECD’s average income levels, conditional on country-specific
circumstances. Annex A contains more details on the ENV-Linkages model.

The economic activities are then used to obtain projections of air pollution emissions to 2050. This
is done using the GAINS model (Hoglund-Isaksson et al., 2020p;; Winiwarter et al., 2018s;; Klimont
et al., 20175;; Amann et al., 20113)). Although this technology-based model has high spatial and
sectoral resolution, this report relies on more aggregate information. Specifically, the analysis in
this report uses activity-specific emissions projections for 48 countries and regions.* The pollutants
projected in this report are: black carbon, organic carbon, sulphur dioxide, nitrogen oxides, volatile
organic compounds, nitrous oxide, carbon monoxide, and ammonia. Due to lack of data, the report
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does not cover other pollutants that affect the Arctic region, such as mercury (AMAP/UN
Environment, 2019127) and persistent organic pollutants (POPs) (AMAP, 201613)).

Projected emissions are then used to calculate atmospheric concentrations of PM2.s and ground-
level ozone, relying on the Fast Scenario Screening Tool TM5-FASST, a global air quality source-
receptor model developed by the European Commission’s Joint Research Centre (EC-JRC) (Van
Dingenen et al., 2018107)). Based on the aggregate emission projections provided by GAINS,
TMS-FASST provides grid-level concentrations of PMz2s and ground-level ozone on a 1-degree
grid. These are used as an input to calculate the country-specific biophysical impacts of air
pollution. In order to provide a comprehensive assessment of air pollutant concentrations,
TM5-FASST completes emission projections with additional data on emission sources that are not
covered in GAINS and ENV-Linkages. These include natural emission sources (desert dust and
sea salt), as well as emissions from forest fires, which are obtained from the Coupled Model
Intercomparison Project (CMIP) projections. The TM5-FASST model also provides population-
weighted® concentrations of air pollutants by country, which serve as an indicator of human
exposure to air pollution.

Pollutant concentrations are used to calculate the biophysical impacts of air pollution on human
health and agriculture. The biophysical impacts are described by a range of indicators, including
mortality, hospital admissions and crop productivity losses (see Annex A). Health impacts at the
country level are obtained using concentration-response functions based on the results of the
Global Burden of Disease project for PM2s (Forouzanfar et al., 2015141) and ground-level ozone
(Stanaway et al., 2018}15)) (see Annex B). There is evidence that some PM2s and ground-level
ozone precursor gases such as NO2 have direct negative health effects (COMEAP, 2015p1¢); EPA,
2016117;). However, the lack of available data with global coverage reduced the possibilities to
include the environmental impacts of these gases in the analysis. Finally, the agricultural impacts
are calculated using the TM5-FASST model, which estimates the crop yield changes associated
with ground-level ozone concentrations (Van Dingenen et al.,, 201810; Van Dingenen et al.,
20091s)).

Finally, the economic consequences of air pollution policies are calculated, and distinguish
between: (1) macroeconomic effects; and (2) the welfare improvements from reduced mortality and
morbidity. Since this step is central to the main results on the economic consequences of air
pollution policies, Section 2.3 presents additional details on the methodology used for the economic
analysis.

The benefits of policy action are quantified as the difference in results between the policy scenarios and
the baseline scenario.®

2.3. Quantifying the economic consequences of air pollution policies

This report quantifies the economic consequences of air pollution policies by drawing a distinction between
two complementary effects (Figure 2.2):

Macroeconomic effects: how air pollution and air pollution policies affect economic growth.

2. Welfare improvements: the reduced mortality and incidence of illness that follow from better air

quality when air pollution policies are implemented are presented in monetary values.
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Figure 2.2. Schematic overview of the economic consequences of air pollution policies

Macroeconomic effects Welfare improvements

(ENV-Linkages) (Valuation)

Reduced Investment Reduced Reduced

° in BATs 0

air pollution impacts premature deaths illness

Macroeconomic effects

The macroeconomic effects quantified reflect the impact of air pollution policies on the economic system
as a whole, including impacts on expenditures, factor productivity, production, consumption and trade. The
indicator used for the macroeconomic effect is gross domestic product, as in previous OECD work on the
costs of environmental inaction (OECD, 2015p19;; OECD, 2016i9)). While GDP is not a perfect indicator of
the success of environmental policies (Paltsev and Capros, 2013/2q)), it is a common indicator of economic
growth.”

The macroeconomic effects of air pollution policies are calculated relying on the OECD ENV-Linkages
model. The model considers both the benefits from the reduced air pollution impacts, and the costs of air
pollution policies based on the necessary investment in best available techniques (BATs). The overall
macroeconomic effect of policy action therefore depends on the relative size of such benefits and costs.

The modelling framework takes into account both direct and indirect effects. For instance, changes in
households’ health expenditures (direct costs) lead to changes in their consumption choices (indirect
costs). Furthermore, in ENV-Linkages higher government spending encourages firms to increase
investment, therefore leading to a positive effect on economic growth that partly offsets the initial costs.

The benefits of air pollution policies considered in ENV-Linkages result from reduced health expenditures,
and improved labour and agricultural productivity (see Annex A for details). The input data to calculate
these benefits are obtained by converting the biophysical impacts of air pollution (e.g. hospital admissions)
into indicators that can be linked to ENV-Linkages’ variables and regional aggregation (e.g. changes in
health expenditures). For instance, health expenditures are calculated by multiplying the number of
hospital admissions by the unit costs attributed to a single hospital admission.

The costs of the policy scenarios are quantified in ENV-Linkages, including as inputs the estimates of the
investment and expenditures (hereafter, investment) in new technologies for firms and households
provided by the GAINS model. In ENV-Linkages, the deployment of cleaner technologies is set to create
additional capital stock that allows less-polluting production processes for each sector and for households.?

These input data on investment are higher in the MTFR-AC scenario than in the CLE scenario, with some
differences across sectors and regions (Figure 2.3). In those regions or sectors where stringent emission
controls are already in place, investments associated with the adoption of the BATs are already included
in the CLE scenario, rendering the difference in investment between the two scenarios very small.
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However, overall for Arctic Council countries, the MTFR-AC scenario sees substantial additional
investments in the residential, energy and industry sectors, which have high potential for emission
reductions.

Figure 2.3. Arctic Council country investment in BATs
Value in million USD, 2017 PPP exchange rates, 2050

[ CLE @ MTFR-AC

United States Canada

Transport Energy and Residential Agriculiure Transport Energy and Residential Agriculture
Industry Industry
Russia Denmark
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0
Transport Energy and Residential Agriculiure Transport Energy and Residential Agriculture
Industry Industry
Finland Sweden
1250
1000
730
500
250
0
Transport Energy and Residential Agriculture Transport Energy and Residential Agriculture
Industry Industry
MNorway Iceland

Transport Energy and Residential Agriculture Transport Energy and Residential Agriculture
Industry Industry

Note: In the graph, for each bar, the sum of grey and blue colours reflects MTFR-AC levels, while blue reflects CLE levels. Scales differ for each
country. MTFR-AC: Maximum Technically Feasible Reduction in Arctic Council countries only; CLE: Current Legislation (Baseline); PPP:
purchasing power parity.

Source: IASA’s GAINS model.
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The differences in investment across sectors reflect the different costs and emission reduction potentials
of the BATSs, as well as the sectoral contribution to national emissions. Overall, two-thirds of the investment
needed to achieve emission reductions under the CLE scenario are in the transport sector. This includes
low-sulphur fuel for ocean ships, alongside end-of-pipe reductions that provide equivalent emission
reductions in the case that high-sulphur fuel is used. The implementation of the best available techniques
in the MTFR-AC scenario would require greater investments targeting the residential, energy, and
agricultural sectors. In fact, about half of the additional investments under the MTFR-AC scenario are
devoted to the residential sector, especially in Canada, the United States and the Nordic Arctic Council
countries.® The energy and industry sector is the second by volume of additional investments under the
MTFR-AC scenario, with most of these investments projected to take place in Russia.

Welfare improvements

The welfare improvements from reduced air pollution considered in this report include reduced air pollution-
related mortality, and pain and suffering caused by illness. These effects are monetised using economic
valuation techniques (see Annex B for details).

The welfare costs associated with mortality are calculated using the value of a statistical life (VSL),
following previous OECD work (OECD, 201421)). This is a long-established metric, which can be quantified
by aggregating individuals’ willingness to pay (WTP) to secure a marginal reduction in mortality risk over
a given timespan (Box 2.3) (OECD, 2012p22;; OECD, 201421;; Roy and Braathen, 201723). The OECD
environmental indicator database (OECD, 202024)) provides country-specific VSL values for adults for
OECD member countries and some non-OECD economies. These VSLs, as well as values for other
countries not covered by the database, are calculated using a benefit transfer methodology (Box 2.3).1°

Alongside mortality, this report accounts for several morbidity impacts, including adult and childhood
bronchitis, respiratory and cardiovascular illness, and asthma symptom days for children. While the
healthcare costs included in the modelling analysis reflect the expenditures linked with each case of iliness
(e.g. the costs of medicines), the welfare costs of morbidity reflect the pain and suffering of each case of
illness.

Welfare costs of morbidity impacts are monetised using previous work by the European Commission
(Holland, 201425)), which established unit values for the welfare costs of each morbidity impact (reported
in Annex B). Adjustment of morbidity welfare costs to specific countries is based on income, with the benefit
transfer methodology used for mortality (Box 2.3).
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Box 2.3. Valuing mortality using the value of a statistical life

One of the most common procedures to value risks to life in standard economic theory is the value of a
statistical life (VSL) (OECD, 200626). The VSL is derived from aggregating individuals’ willingness to
pay to secure a marginal reduction in mortality risks over a given timespan.

The VSL is most commonly elicited through stated preference techniques, although revealed
preferences techniques are also used. OECD (2012;22;) describes the basic process for deriving a VSL
from a stated preference survey. The VSL is not the value of an identified person’s life, but rather an
aggregation of individual values for small changes in risk of death (OECD, 2012/22;). As such, the total
economic cost of the impact equals the VSL multiplied by the number of deaths; the economic benefit
of a mitigating action becomes the same VSL multiplied by the number of lives saved (OECD, 201421).

Since not all countries have a specific VSL value that they use for cost-benefit analysis, country-specific
VSL values are established based on average national income, using a benefit transfer methodology
(OECD, 201222;; OECD, 201421;). The key parameter in this methodology is the elasticity of income,
which determines the extent to which the VSL changes according to different income levels. This
approach allows for comprehensiveness and comparability across countries by using the same
methodology and reference VSL. Furthermore, the VSL can be adapted over time to the income
changes in the economic projections for each country. While the methodological choices and parameter
values used could affect the magnitude of the results, the overall results and policy messages should
not be affected. A sensitivity analysis to the values of the income elasticities is presented in OECD
(2016y9)).

Mortality can also be valued using the “value of a life year lost” (VOLY). This technique calculates the
number of “years of life lost” (YOLLs) from a specific risk, based on an estimated life expectancy, and
then evaluates them by multiplying them by the VOLY. One issue with this technique is that the
combination of counting YOLLSs, rather than lives lost, means that the VOLY approach “explicitly places
a lower value on reductions in mortality risk accruing to older populations with lower quality of life”
(Hubbell, 200227;). There are also major complications in the robust estimation of YOLLs, and the extent
to which existing country-specific life expectancy values can and should be used. Given the limitations
of the use of VOLYs, and following OECD (201222; 201421;), mortality is evaluated with the same VSL
for all age groups in this report.
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Notes

" ENV-Linkages does not fully incorporate the investment costs of energy-saving technologies in non-
power industries, services and agricultural sectors, due to lack of information.

2 Impact pathway assessments estimate environmental benefits and costs following the pathway from the
sources of the environmental damage (in this case emissions of air pollutants), via changes in
environmental quality (air quality), to physical impacts, before being expressed in monetary benefits and
costs.

3 The economic projections underlying the scenarios presented in this report do not consider the current
COVID-19 pandemic and its effect on economic growth.

4 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., 2016291), which was also used in previous OECD work (OECD, 20169]), and on the
30t Energy Modelling Forum (EMF30) modelling comparison exercise on the potential role of Short-Lived
Climate Forcers (SLCF) mitigation in climate policy (Smith et al., 202030), which also included the
ENV-Linkages model (Chantret et al., 202031;; Harmsen et al., 2020;32)).

5 The population-weighted average concentrations link population density to air pollution exposure. This
indicator reflects the fact that areas with high population density imply higher exposure to air pollution,
thereby capturing more accurately the exposure to air pollution in that country.

% In this modelling set up, the damage from air pollution affects economic output and growth. Therefore, in
principle, for each scenario, emissions, concentration levels and impacts of air pollution should be re-
assessed after considering the economic feedbacks from air pollution. This additional step should be
repeated until convergence is reached between all steps in the framework. However, the reductions in
economic activity due to the air pollution impacts for each scenario are limited and estimated to be around
1% of emissions in the baseline scenario (OECD, 2016)). Therefore, the second-order effect of lower
emission projections on concentrations and impacts is very small, and can be ignored in the light of the
uncertainties surrounding all calculations in this report.

7 An alternative choice would have been to calculate the welfare impacts of the different scenarios in the
ENV-Linkages model. Following previous OECD work (OECD, 2016y9]), the choice was made to highlight
impacts on output and growth in the modelling analysis and to separately assess the welfare impacts of
the policy scenarios with valuation techniques.

8 This methodology is similar to the one used in the GEM-E3 model of the European Commission (Amann
et al., 20172g)).

% The Nordic Arctic Council countries are Denmark, Finland, Iceland, Norway and Sweden.

9 The income elasticity used for the calculations is 0.8 for high-income countries, 0.9 for middle-income
countries and 1 for low-income countries. See Annex B for a thorough description of the benefit-transfer
methodology and for a discussion of the elasticity values.
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3. Air quality improvements and health
benefits of air pollution policies

This chapter presents the projected emissions and concentrations of air
pollutants in Arctic Council countries to 2050 under two scenarios: the
baseline Current Legislation scenario (CLE) and a policy scenario reflecting
the Maximum Technically Feasible Reduction in emissions of air pollutants
in Arctic Council countries (MTFR-AC). The chapter begins by outlining the
projections for the key air pollutants: sulphur dioxide, nitrogen oxides, black
carbon, organic carbon, carbon monoxide, non-methane volatile organic
compounds and ammonia. It then looks at projections for fine particulate
matter and ground-level ozone concentrations. Finally, the chapter
quantifies projections of the health impacts of the scenarios in terms of
morbidity and mortality reductions, highlighting the benefits of policy-
induced technical changes for air quality and human health.
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3.1. Projections of key air pollutant emissions

Based on existing policies, emissions in Arctic Council countries are projected to decrease in the coming
decades, even in the absence of additional policy action (baseline CLE scenario)." Altogether, under the
baseline scenario, by the middle of the century Arctic Council countries are projected to see emissions fall
by 25% to 40%, depending on the pollutant? (Figure 3.1). Emissions of SO2 are projected to decrease by
40% by 2025 and to then decrease only marginally by 2050. Strong abatement of SO2 emissions has
already taken place prior to 2013, so by 2025 most of the abatement potential is exhausted. Emissions of
other pollutants are projected to decrease more substantially over time. However, according to the GAINS
model projections, Arctic Council countries are projected to achieve an aggregate BC emission reduction
of 21% by 2025 compared to 2013 in the baseline scenario, coming close to their aspirational collective
target of reducing these emissions by 25-33%.3

Although emissions are set to decline in Arctic Council countries even in the absence of additional policies,
the implementation of policies to deploy the best available techniques could achieve much greater air
quality improvements (Figure 3.1). Indeed, under the scenario of Maximum Technically Feasible Reduction
in Arctic Council countries (MTFR-AC), NOx, SOz, and CO emissions are projected to decrease by 60%
by the middle of the century. In addition, the MTFR-AC scenario would also allow a collective reduction of
BC emissions by 65% by 2025, thus significantly exceeding the countries’ reduction target.

Figure 3.1. Projected emissions of key air pollutants in Arctic Council countries

Index with respect to 2013 (Index =1 in 2013)
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Note: For each bar in this figure, the sum of dark and light colours represents emission levels under CLE, while dark colours alone represent
emission levels under MTFR-AC. CLE: Current Legislation baseline scenario; MTFR-AC: Maximum Technically Feasible Reduction in Arctic
Council countries scenario.

Source: IIASA’s GAINS model.

StatLink Sa=r https:/stat.link/zk32fo

However, BC emission projections for individual countries display large differences (Figure 3.2). With
current policies, the largest emission reductions in percentage change compared to 2013 levels would take
place in Nordic countries, which are projected to halve their emissions by 2025 under the CLE scenario.
By 2025, most Arctic Council countries are projected to be close to meeting their emission reduction
potential for several pollutants, with current legislation. As a consequence, the additional emission
reductions under the MTFR-AC scenario are relatively small. Conversely, Russia* is projected to
experience larger emission reductions under the MTFR-AC scenario.
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Figure 3.2. Projected black carbon emissions by Arctic Council country
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Note: Kt/year: thousand tonnes per year. The two graphs use different scales, as Nordic countries have lower emission levels.
Source: [IASA’s GAINS model.

StatLink Sa=r https:/stat.link/trSyun

The aggregate emission reductions result from different sectoral contributions to overall abatement, which
vary by pollutant. Most abatement of SOz and NOx takes place in the energy and industrial sectors,
whereas emissions of CO are mostly reduced in the transport sectors. BC emissions are projected to be
reduced most in the residential sector (Figure 3.3). These sectoral emission reductions are not necessarily
proportional to the sector-specific investments and they lead to reduced emissions for different pollutants
(Figure 3.3). The benefits of the sectoral investments in terms of emission reductions depend on the cost
of the BATs and their efficiency. For example, emission reductions in the residential sectors are more
costly than in other sectors, but they are also most efficient in reducing black carbon emissions.
Furthermore, these costs may fall on different stakeholders depending on the sector, while the benefits
may be seen elsewhere. For example, reducing residential wood-burning emissions can be costly, and
households might only benefit marginally from improved air quality. While there are differences in costs
and resulting emission reductions of each sector, a full cost-benefit analysis by sector is beyond the scope
of this report.
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Figure 3.3. Projected sectoral investment in BATs and emission reductions in Arctic Council
countries

Percentage of emission reduced by sector for each gas, 2050 (left axis)
Billion USD, 2017 PPP exchange rates, 2050 (right axis)
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Note: BATSs: best available technologies; BC: black carbon; CO: carbon monoxide; NOx: nitrogen oxides; PPP: purchasing power parity; SOa:
sulphur dioxide
Source: IASA’s GAINS model.

StatLink S https://stat.link/wmbjry

3.2. Projections of atmospheric concentrations of PM2sand ground-level ozone

Thanks to the declining emission trends in Arctic Council countries, atmospheric concentrations of PMzs
are projected to decrease even in the absence of further policy action (Figure 3.4, Panel A). However, by
2050 the additional policies in the MTFR-AC scenario would lead to an even greater improvement in air
quality, especially in urban areas® (Figure 3.4, Panel B). Furthermore, under the CLE scenario only a
limited area in the north of the Arctic has PM2s concentration levels close to zero, while in the MTFR-AC
scenario, a larger part of the Arctic would have near-zero emissions.
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Figure 3.4. Projected concentrations of PM25 in Arctic Council countries

Annual average anthropogenic PMz5 concentrations, ug/mé, 2050

Panel A. CLE scenario

Panel B. MTFR-AC scenario
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Note: ug/m3: micrograms per cubic metre.
Source: EC-JRC’s TM5-FASST model.

To better understand these air quality improvements, the concentration levels can be compared to the
World Health Organisation’s (WHO) Air Quality Guidelines (Box 3.1) (WHO, 2005}1;). The guidelines for
PM2s indicate a target value of 10 ug/m?® average annual concentrations. However, there could still be
negative health impacts from air pollution below this level. The calculations of the health risks linked with
exposure to PM2zs used in this report rely on the Global Burden of Disease’s Integrated Exposure-
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Response functions (Cohen et al., 2018j2;; Burnett et al., 20143)), which set the zero risk threshold at
2.5 ug/mS3 concentrations of PM2s (see Annex B).

Box 3.1. WHO guidelines on outdoor air quality

The WHO air quality guidelines provide guidance on exposure levels to air pollutants that are dangerous
to human health. Relevant to this report are the guidelines for particulate matter and ground-level ozone.
These guidelines were issued for the first time in 1987; they were updated in 2005 and are currently
under revision. In addition to the guidelines, the WHO has also issued some “interim targets” (Table
3.1). The interim targets can be considered as intermediate objectives to incrementally improve air
quality up to the guideline value. Intermediate targets are particularly useful for regions that are affected
by more severe pollution, where a direct achievement of the air quality guidelines would be more
difficult.

Table 3.1. WHO guidelines and interim targets for particulate matter and ground-level ozone

PMio (pg/m?3) PM2s (ug/m?) 03 (ug/m?)
(annual concentration) (annual concentration) (8-hour daily mean)
Interim target-1 (IT-1) 70 35 160
Interim target-2 (IT-2) 50 24
Interim target-3 (IT-3) 30 15
Air quality guideline (AQG) 20 10 100

Note: WHO guidelines list only one interim target for ground-level ozone concentrations.
Source: (WHO, 2005p1;), WHO Air Quality Guidelines for Particulate Matter, Ozone, Nitrogen Dioxide and Sulfur Dioxide.

Under the CLE scenario, concentrations of PM2.s are projected to remain above the levels recommended
by the WHO'’s Air Quality Guideline value in several areas (red areas in Figure 3.4, Panel A). However, in
the MTFR-AC scenario, average concentrations of PM2.s are projected to fall below the guideline value in
Arctic Council countries by 2050 (Figure 3.4, Panel B). The United States and Russia still have higher
levels of concentrations of PM2s than other Arctic Council countries, but, on average, they also have the
largest improvements compared to the CLE scenario.

This improvement in air quality would reduce the number of people exposed to fine particles at
concentrations above the WHO guidelines (Figure 3.4). According to the projections for 2050, with existing
policies (the CLE scenario), 8% of the population living in Arctic Council countries would be exposed to
concentration levels of PM2s above the WHO guidelines. However, in the MTFR-AC scenario only 1%
would be exposed to these concentrations. This decrease is equivalent to a change from 18 million people
being exposed to concentrations higher than the WHO guidelines in the CLE scenario to 1 million people
in the MTFR-AC scenario. Furthermore, while under the CLE scenario only 16% of the population would
be exposed to very low PM2s air pollution levels (with concentrations below 2.5 micrograms per cubic
metre), under the MTFR-AC scenario this share of the population would rise to more then 50%.
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Figure 3.5. Projected exposure to PM..s concentrations in Arctic Council countries

Percentage of population exposed to different concentration levels, 2050
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Note: The highest threshold (10 pg/m3) refers to the WHO Air Quality Guidelines, while the lowest (2.5 ug/m3) to the threshold under which the
Global Burden of Disease functions consider that PM2.s pollution does have significant health impacts. ug/m3: micrograms per cubic metre.
Source: EC-JRC’s TM5-FASST model.

StatLink S=r https:/stat.link/14gq3w

In the CLE scenario, the seasonal average of daily maximum eight-hour concentrations of ground-level
ozone is projected to increase to 2050 in all the Arctic Council countries. However, with additional policy
action in the MTFR-AC scenario, ground-level ozone concentrations would slightly decrease in 2050, with
stronger effects in the United States and Russia (Figure 3.6).°6 Compared to PMzs, the longer lifetime of
ground-level ozone in the atmosphere makes it more dependent on historical emissions, weather
conditions and emissions from neighbouring countries. Thus, even when Arctic Council countries reduce
emissions of ground-level ozone precursor gases, the decrease in concentrations is limited.
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Figure 3.6. Projected concentrations of ground-level ozone in Arctic Council countries

Seasonal (6 months) average of daily maximum 8-hour mean, ppb, 2050
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Note: ppb: parts per billion.
Source: EC-JRC’s TM5-FASST model.

3.3. Projections of the health impacts of PM2.s and ground-level ozone pollution

In Arctic Council countries, fine particulate matter and ground-level ozone are responsible for more than
200 000 deaths every year. Despite the projected improvement in air quality in Arctic Council countries by
the middle of the century, projected population growth and urbanisation mean that, in the absence of
additional policy action, an increasing number of people are set to be exposed to air pollution in the region.
Therefore, the total number of deaths linked to exposure to PM2.s and ground-level ozone” in Arctic Council
countries is projected to remain approximately constant over time. As illustrated in Figure 3.7, under the
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CLE scenario, deaths attributable to these air pollutants in the Arctic Council region are projected to
decrease from 225 000 in 2025 to 216 000 in 2050.8

The full deployment of the best available techniques to reduce air pollution in Arctic Council countries
(MTFR-AC scenario) could result in at least 61 000 fewer deaths from PMzs and ground-level ozone every
year by 2025 compared to the current policies scenario; 70 000 fewer deaths per year by 2030 and
80 000 fewer per year by 2050 (Figure 3.7). Overall, by the middle of the century, 4 out of 10 air pollution-
related deaths could be avoided. While this reduction in mortality is a positive outcome of the air pollution
policies, it is not as large as it could be given the large size of the emissions reductions. Air pollution causes
mortality and iliness even at low levels and, despite the emission reductions, air pollution persists especially
in urban areas.

Figure 3.7. Projected mortality due to PM25 and ground-level ozone in Arctic Council countries
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Notes: In the graph, for each bar, the sum of grey and blue colours reflect CLE levels, while the grey colour alone reflects MTFR-AC levels.
While this report presents a single value estimate for the health impacts, there is an uncertainty range, which is discussed in (OECD, 201614)).
Source: ENV-Linkages’ model projections, based on Global Burden of Disease (GBD, 2018js)).

StatLink Sa=r https:/stat.link/54yd9i

The projected reductions in air pollution-driven mortality vary significantly across countries (Figure 3.8).
For example, the benefits experienced by Iceland are very small, as the country is projected to already
nearly reach its full emission reduction potential under the CLE scenario. Conversely, most of the other
Arctic Council countries are projected to experience substantial benefits. These benefits are also projected
to increase over time. Thus, by 2050, the deployment of the best available techniques included in the
MTFR-AC scenario could reduce 36% of pollution-driven mortality in most Arctic Council countries
(Figure 3.8).
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Figure 3.8. Projected mortality due to PM2s and ground-level ozone by Arctic Council country
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Note: In the graph, for each bar, the sum of grey and blue colours reflect CLE levels, while the grey colour only reflects MTFR-AC levels.
Source: ENV-Linkages’ model projections, based on Global Burden of Disease (GBD, 2018;s)).

StatLink Su=r hitps://stat.link/4vp6zq

The implementation of more stringent policies targeting air pollution would not only reduce air pollution-
related mortality, it would also decrease morbidity effects (i.e. the incidence of illness).® While in the
absence of further policy action the morbidity impacts of air pollution are projected to remain roughly
constant until the middle of the century, the implementation of the best available techniques would
significantly reduce the incidence of illness, with the most significant benefits resulting after 2025
(Table 3.2). For example, the avoided days of children suffering from asthma symptoms would amount to
2.2 million in 2025 and to 3 million in 2050. Furthermore, by the middle of the century, the MTFR-AC
scenario would avoid 33 million lost workdays every year. Similarly, by 2050, air pollution-related hospital
admissions are projected to fall by 60% compared to the CLE scenario for the same year.

Table 3.2. Projected avoided morbidity impacts in Arctic Council countries

2025 2030 2050
Respiratory diseases (thousands of cases)
Bronchitis in children aged 6 to 12 232 303 330
Chronic bronchitis in adults 67 87 95
Asthma symptom days (millions of days)
Asthma symptoms in children aged 5 to 19 2.2 2.8 3
Healthcare costs (thousands of admissions)
Equivalent hospital admissions 74 92 100
Restricted activity days (millions of days)
Lost working days 23 30 33
Restricted activity days 98 128 139

Note: The reductions reflect the comparison between the MTFR-AC scenario and the CLE scenario.
Source: ENV-Linkages’ model projections and Holland (2014e)), based on Global Burden of Disease (GBD, 2018;s}; Institute for Health Metrics
and Evaluation (IHME), 20187)).
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The decrease of morbidity impacts will result in healthcare savings for Arctic Council countries. Healthcare
savings calculated in this report are attributed to fewer cases of bronchitis in children and adults and a
reduction in hospital admissions. In 2025, reduced air pollution from the implementation of policy action
promoting deployment of BATs will save USD 1.3 billion (2017 PPP) in health expenditures, rising to
USD 1.8 billion (2017 PPP) by 2050.

Notes

" The emission projections presented in this section and used in this report rely on the GAINS model’s
scenarios developed for the European Union-funded Action on Black Carbon in the Arctic (Klimont et al.,
forthcominge)). These scenarios provide a consistent framework to assess emission projections. The
country-specific emission projections used might differ from projections developed individually by each
country (see Box 2.1, Chapter 2).

2 All emission reductions in this section are calculated with reference to 2013 levels, unless otherwise
specified.

3 This result is specific to the simulations produced for this report. Other assessments might lead to different
results. Specifically, this result differs from the projected emission reductions submitted by individual Arctic
Council countries to the Expert Group on Black Carbon and Methane (EGBCM), as reported in the 2019
EGBCM Summary of Progress and Recommendations (Arctic Council, 201910)). According to the
EGBCM'’s report, Arctic Council countries are projected to achieve a 23% reduction by 2025, assuming no
change in emissions from Russia since 2013. Russia has not submitted individual projections, which
makes it difficult to assess progress on BC emission reductions.

4In the 2015 and 2017 national reporting, all Arctic Council countries have some level of BC emission data
available. However, Russia only reported BC emissions to the Arctic Council in 2015 and has not provided
BC inventory data to the Convention on Long-Range Transboundary Air Pollution. The absence of routine
reporting by Russia represents a particularly significant gap in monitoring BC emissions that directly affect
the Arctic (AMAP, 2019js)). Nevertheless, there are independent BC emission inventories for Arctic Council
and Observer countries, such as the GAINS model emission estimates used in this report. These include
source- and region-specific technology characteristics (Klimont et al., 201711)).

5 Urban areas are visible as the red areas in Figure 3.4, Panel A.

® These concentration levels cannot be compared directly to the WHO’s Air Quality Guidelines (100 pg/m?3)
as the guidelines are relative to a daily average, and not to a seasonal average. This is because, while
there is evidence of the effect of peak exposure to ground-level ozone on health, there is not enough
evidence on the effects of long-term exposure, which would justify using a yearly average (WHO, 2005(1).

" Mortality figures presented in this report include deaths due to stroke; ischaemic heart disease; tracheal,
bronchus and lung cancer; chronic obstructive pulmonary disease; diabetes mellitus type 2; and lower
respiratory infections resulting from exposure to PM25 concentrations only.

8 See Annex B for the methodology for calculating air pollution-related mortality.

% This report focuses on a subset of health impacts that can be quantified at the global level. These include
chronic bronchitis in adults, 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 1Part IAnnex B for the methodology for calculating the morbidity impacts of air pollution.
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4. Economic consequences of air
pollution policies

This chapter presents the economic consequences of air pollution policies
including both macroeconomic and welfare effects. The macroeconomic
effects cover the benefits from reduced air pollution and the costs of the
policy-induced deployment of best available techniques. These effects are
presented in terms of GDP and with a breakdown of costs and benefits by
region. The chapter also estimates the economic impacts of welfare
improvements arising from improved health, specifically lower mortality and
morbidity.
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4.1. Macroeconomic effects

There are both macroeconomic costs and benefits associated with reducing air pollution. The biophysical
impacts of air pollution can affect sectoral productivity and consumption choices, resulting in what are
referred to as “market costs”. In particular, air pollution leads to lower labour and agricultural productivity
and higher health expenditures. When air quality improves, the market costs of air pollution decrease, with
resulting macroeconomic benefits. However, improving air quality is not free of cost. The emission
reductions considered in this report result from policies that stimulate investments in the best available
techniques (BATSs) to abate emissions. Investments in new technologies entail additional expenditures for
firms in a variety of sectors, as well as for households (e.g. for acquiring and installing pollution filters),
which result in macroeconomic costs. The market costs of air pollution and the investments in BATs also
have indirect effects, which can be either negative or positive (e.g. lower disposable income due to
expenditure on BATs versus higher output thanks to increased labour productivity). Together, these lead
to a net “macroeconomic effect” calculated as an overall change in GDP, as described in Section 2.3.

The MTFR-AC scenario suggests that by 2025, Arctic Council countries’ actions to improve air quality
would have no significant impacts on economic growth. Overall, in these countries in the short term, the
macroeconomic effect of the air pollution policies considered in the MTFR-AC scenario is minimal and
even slightly positive (Figure 4.1). The economic benefits from the reduced market impacts of air pollution
in Arctic Council countries in 2025 amount to 0.2% of their aggregate GDP, while the total cost of adopting
BATSs to reduce air pollution amounts to 0.1% of their aggregate GDP.

In the longer term, the economic benefits from improved air quality keep increasing. The costs of
technological investments also increase at the same time, as newer — and thus more expensive —
technological options are adopted. As firms and households in Arctic Council countries incur additional
expenditures, several economic sectors are likely to lose out to competitors from countries that are not
adopting any additional air pollution policies. As a result, the macroeconomic effects of reducing air
pollution are projected to become slightly negative by 2050. Nevertheless, these effects are very small and
overall the air pollution policies reflected in this modelling analysis can be considered GDP-neutral.
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Figure 4.1. Overall GDP impact of adopting BATs to reduce air pollution in Arctic Council countries
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Source: OECD ENV-Linkages model.
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The aggregate results mask differences across countries (Figure 4.2). Whereas all Arctic Council countries
benefit economically from reduced air pollution in the MTFR-AC scenario, these benefits are higher in the
three largest countries — the United States, Canada, and Russia — than they are in the Nordic countries.’
Nordic countries are projected to experience smaller changes in emissions between the CLE and MTFR-AC
scenarios, as many of the technological improvements have already been implemented in the current
legislation scenario.? In addition, differences in population density across and within countries further
influence the results. In a country like Canada, the population density is drastically different between the
north, which has very low population density, and the south, where the largest share of the population lives
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in urban areas with higher exposure to air pollution. Consequently, as more people benefit from decreased
exposure to air pollution, the health and economic benefits are likely to be higher than in other countries.

The costs associated with the BATs deployment also differ by country. Investment costs are particularly
high in Russia due to the lower existing technological standards and the less stringent current legislation
— this makes it more costly to achieve more ambitious emission reductions. In addition, policy costs are
projected to increase substantially in Russia and the Nordic countries by 2050 as their competitiveness
declines as they implement stricter regulations than other European countries.

Overall, in the MTFR-AC scenario, the costs resulting from the policy-induced investments in BATs are
generally compensated for by the economic benefits of reduced air pollution, making the implementation
of such policies close to GDP-neutral in all Arctic Council countries. Specifically, in 2050 the net change in
GDP is marginally positive in the United States and Canada, while Nordic countries incur a small GDP
loss. In Russia, the net GDP effects of implementing air pollution policies are close to zero but marginally
negative, amounting to less than 0.2% of GDP.

Figure 4.2. Regional GDP impact of adopting BATs to reduce air pollution in Arctic Council countries

% GDP, MTFR-AC scenario
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Source: OECD ENV-Linkages model.
StatLink = hitps://stat.link/p6d3gs
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The size of the benefits, costs and net macroeconomic effects of air pollution policies in Arctic Council
countries are small.® This is because both policy costs and benefits are the result of adjustments that take
place within the economy, as the additional investments and expenditures shift production and trade flows.
For example, losses in labour productivity will result in a sectoral loss of output, and if products from these
sectors are substituted with imported products; this would imply a loss in competitiveness. On the other
hand, investments made in specific sectors comprise an additional sale (e.g. pollution filters), and thus
create value added in those sectors.

For these reasons, while the investments needed to deploy BATs in Arctic Council countries imply
substantial financial outgoings, the net macroeconomic costs are much lower (Figure 4.3). At the aggregate
level in Arctic Council countries, investments in BATs are projected to amount to USD 500 billion in 2050
—i.e. 0.4% of aggregate GDP.* Yet the net macroeconomic costs are approximately five times lower,
amounting to around USD 100 billion and thus equivalent to 0.07% of the regional GDP. This observation
also applies to individual countries that face high costs, such as Russia, where investments in BATs would
amount to over 1% of GDP in 2050, but the macroeconomic costs are approximatively equivalent to 0.3%
of GDP.

Figure 4.3. Projected investment in BATs versus resulting macroeconomic costs by region

% GDP, MTFR-AC scenario, 2050
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Source: OECD ENV-Linkages model.

StatLink Sa=ra https:/stat.link/lckn42

4.2. Economic effects of welfare improvements

In addition to the macroeconomic effects presented above, the welfare improvements resulting from air
pollution policies also have economic benefits. Welfare improvements result from a reduced risk of
mortality and a lower incidence of illness. As outlined in Section 3.3 and Annex B, a variety of valuation
techniques can be used to attribute an economic value to mortality and morbidity. The welfare cost of air
pollution-related mortality is calculated using the value of a statistical life (VSL; see Box 2.3 in Chapter 2),
relying on the OECD methodology to calculate country-specific VSL values (OECD, 2014¢1;) as well as the
OECD database “Mortality and welfare cost from exposure to environmental risks” (OECD, 2020p).
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Morbidity impacts are calculated on the basis of previous work by the European Commission on the Cost-
benefit Analysis of Final Policy Scenarios for the EU Clean Air Package (Holland, 20143)).°

In the current legislation scenario (CLE), air pollution-related mortality in Arctic Council countries is
projected to result in high welfare costs, exceeding USD 750 billion per year by 2050. These costs are
projected to occur despite the air quality improvements achieved. While air pollution-related deaths are
projected to slightly decrease until 2050, the projected income increases over the period imply a higher
VSL, which results in higher welfare costs.

The implementation of additional air pollution policies in Arctic Council countries (MTFR-AC scenario) is
projected to result in a significant reduction in the number of deaths, thus translating into welfare
improvements. These improvements are projected to already occur in all Arctic Council countries by 2025
and to increase over time in most countries. The countries benefitting the most from these welfare
improvements — both in absolute and per capita terms — are Canada, Russia and the United States (Figure
4.4).% The main driver of the welfare improvements in these countries is the significant decrease in mortality
in the MTFR-AC scenario. Altogether, at the aggregate level, additional air pollution policies are projected
to lead to welfare improvements from reduced mortality equivalent to USD 210 billion in 2025, and to reach
almost USD 280 billion by 2050.

Figure 4.4. Projected welfare improvements from avoided mortality in Arctic Council countries

USD per capita, 2017 PPP exchange rates, difference between MTFR-AC and CLE scenarios
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Note: While this report presents a single value estimate for the welfare cost associated with mortality, these values are uncertain. Uncertainty
ranges are presented in (OECD, 2016j).

Source: (OECD, 2020p), Air Quality and Health: Mortality and welfare cost from exposure to air pollution (database); Holland (20143)), Cost-
benefit Analysis of Final Policy Scenarios for the EU Clean Air Package; and ENV-Linkages’ model projections.

StatLink Sa=ra https:/stat.link/hordvw

In the MTFR-AC scenario, the reduced incidence of air pollution-related illnesses (morbidity) also
generates additional welfare improvements. In all Arctic Council countries, the largest welfare
improvements result from a reduced number of days on which normal activities are disrupted (i.e. a lower
number of restricted activity days) and from the lower incidence of respiratory diseases, such as asthma
and bronchitis (Figure 4.5). At the aggregate level in Arctic Council countries, the yearly welfare
improvements associated with reduced morbidity impacts are estimated at USD 12 billion in 2025 and
USD 16 billion in 2050. Canada is the country benefitting the most from reduced morbidity, followed by the
United States and Russia.
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Figure 4.5. Projected welfare improvements from avoided illnesses in Arctic Council countries

USD per capita, 2017 PPP exchange rates, difference between MTFR-AC and CLE scenarios, 2050
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Note: “Reduced respiratory diseases” includes reduced cases of chronic bronchitis in adults, reduced cases of bronchitis and asthma symptoms
in children, and reduced hospital admissions.

Source: (OECD, 2020y), Air Quality and Health: Mortality and welfare cost from exposure to air pollution (database); Holland (20143), Cost-
benefit Analysis of Final Policy Scenarios for the EU Clean Air Package; and ENV-Linkages’ model projections.

StatLink = https:/stat.link/Ocutdl

While in macroeconomic terms the implementation of additional air pollution policies is likely to be GDP-
neutral in the eight Arctic Council countries (Section 4.1), this analysis of welfare effects highlights the
large additional benefits of implementing air pollution policies. In summary, this analysis supports the
implementation of air pollution policies in Arctic Council countries on the basis of their environmental, health
and welfare benefits, which can be achieved without significant impacts on long-run economic growth.
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Notes

' The results for the Nordic countries are partly driven by the modelling set up. In the ENV-Linkages model,
Nordic countries are part of larger aggregate regions also containing European countries that are not part
of the Arctic Council (see Table A.2 in Annex A) and that, in the MTFR-AC scenario, do not undertake any
new policy action to reduce air pollution. Thus, the aggregate results for this region are likely to be smaller

than they would be if the Nordic countries were analysed separately in ENV-Linkages.

2 For this same reason, any comparison of changes in competitive position among sectors and countries

has to be interpreted carefully, as the starting point is not necessarily the same.

3 This result is similar to the outcome of the analysis of the costs and benefits of air pollution policies in the
European Union, performed by the European Commission using the GEM-E3 model (Amann et al.,

20171g)).
4 All monetary values in this chapter are expressed in 2017 USD PPP.
5 For details see Annex B.

6 Per capita costs are calculated using UN population projections (United Nations, 2017s)).
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5. Benefits of wider and integrated
policy action

As a large share of the air pollutants that reach the Arctic originates from
territories outside Arctic Council countries, policy action addressing both
long-range pollution and local sources is important to curb pollution. This
chapter considers the potential additional benefits for Arctic Council
countries of wider geographical adoption of air pollution policies by Arctic
Council Observer countries and by the rest of the world. It also models the
impacts of global policy action to reduce air pollution alongside climate
mitigation and energy transition policies, to highlight the potential additional
benefits from such integrated policy action.
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5.1. Benefits of wider geographical adoption of air pollution policies

Air quality in Arctic Council countries partly depends on policy action in other regions, as several air
pollutants can be transported over long distances. Indeed, limiting transboundary air pollution is recognised
as fundamental for reducing air pollution, as stated in the the United Nations Economic Commission for
Europe (UNECE) Convention on Long-Range Transboundary Air Pollution (CLRTAP) (UNECE, 2018}1)).

While black carbon emitted closer to the Arctic has a stronger atmospheric warming effect, a greater portion
of black carbon particles in the Arctic are emitted from non-Arctic sources (AMAP, 20112), including
neighbouring countries, such as Ukraine, China, and many European countries (Sarofim et al., 20093)).
Black carbon emissions from outside Arctic countries account for two-thirds of black carbon’s warming
effects in the Arctic (AMAP, 20154). For this reason, policy action addressing both long-range pollution
and local sources is important to curb BC pollution in the Arctic.

The implementation of air pollution policies in a wider group of countries would not only be beneficial for
the countries implementing the policies, but also for other areas. In order to assess the extent to which
Arctic Council countries would benefit from emission reductions taking place in other countries, this section
compares the original two scenarios with two new ones: (1) maximum technically feasible reductions
implemented in Arctic Council and Observer countries (MTFR-AC&Obs);" and (2) MTFR implemented at
the global level (MTFR-Global). Comparing these additional scenarios with the scenario previously
presented focusing on Arctic Council countries (MTFR-AC) highlights the interactions among the three
country groups (i.e. Arctic Council countries, Arctic Council Observer countries, and the rest of the world).
Due to data limitations, this chapter focuses solely on the benefits of policy action, without taking into
account the costs.?

Understanding the impact of wider policy action on air pollution is particularly relevant as many countries
outside the Arctic Council show large potential for emission reductions. According to the modelling
analysis, the most substantial emission reductions would take place in Observer countries, followed by the
rest of the world (see Figure 5.1 for PM2.5 projections).
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Figure 5.1. Projected global PM2s concentrations with wider policy action

Annual average anthropogenic PMz5 concentrations, ug/mé, 2050

Panel A. MTFR-AC scenario

e
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Note: pg/ms3: micrograms per cubic metre.
Source: EC-JRC's TM5-FASST model.

Relatively speaking, Arctic Council countries would contribute a smaller share of emission reductions. This
is explained by the fact that some large air pollution emitters, such as China and India, are amongst the
Observers. Figure 5.2 shows the potential for reductions of PMz.s concentrations in Arctic Council countries
when other countries are acting. The comparison of average atmospheric concentrations of PMzsin Arctic
Council countries in the four scenarios highlights the role of transboundary air pollution. For example, PMz.s
concentrations in Nordic countries are particularly dependent on emission levels in the Observers, due to
Nordic countries’ proximity to European Observer countries. Following the same principle, PMzs
concentrations in Russia are at their lowest when MTFR policies are implemented globally, due to the
proximity of other Eurasian major emitters. In the United States and Canada, however, PM2s
concentrations are less dependent on emission reductions in neighbouring countries.
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Figure 5.2. Projected average PM2s concentrations in Arctic Council countries with wider policy
action

Annual average population-weighted anthropogenic PM2s concentrations, ug/m3, 2050
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Source: EC-JRC’s TM5-FASST model.

StatLink Si=m hitps://stat.link/qzk4sw

By 2050, the global implementation of the MTFR scenario (MTFR-Global) would save 20% more lives in
Arctic Council countries than the MTFR-AC scenario, implying 100 000 fewer air pollution-related deaths
a year than in the CLE scenario (Figure 5.3). Nevertheless, the largest mortality reductions in Arctic Council
countries are attributed to air quality improvements from domestic policy action, amounting to around
80 000 fewer deaths.

Similarly, mortality reductions are attributed to air quality improvements within the region also in the other
two country groups (Observers and rest of the world). Hence, by reducing their pollutant emissions, every
country would also benefit from improved human and environmental health domestically, as displayed in
Figure 5.3.
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Figure 5.3. Projected impact of wider policy action on air pollution-related mortality

Thousands deaths per year, 2050
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Notes: Each graph shows the number of deaths in that region projected from the different levels of geographical coverage of the MTFR policy.
Each graph shows the potential additional contribution of each country group to reducing mortality. The bar on the left shows the initial values
from the baseline (CLE) scenario, from which the contribution of each scenario is subtracted, to arrive at the total (MTFR-Global). The graphs
relate to premature deaths due to fine particles as well as ground-level ozone.

Source: ENV-Linkages’ model projections, based on Global Burden of Disease (GBD, 2018js)).

StatLink Sa=ra hitps://stat.link/sx7q3u

The reduction in mortality translates into significant welfare improvements. By 2050, compared to action
by Arctic Council countries alone, when Arctic Council Observers also implement air pollution policies,
welfare improvements in Arctic Council countries would amount to USD 15 billion more per year. There
would be an additional USD 56 billion in welfare benefits in Arctic Council countries if all countries were to
implement MTFR policies, bringing the total to USD 339 billion (Table 5.1). The implementation of MTFR
policies in Arctic Council and Observer countries would improve global welfare by almost USD 2 ftrillion
every year by the middle of the century compared to the continuation of current policies, with 15% of this
total welfare improvement taking place in Arctic Council countries. In the MTFR-Global scenario, global
annual welfare improvements would be even higher, reaching over USD 3 trillion by 2050 (Table 5.1).
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Table 5.1. Projected welfare improvements by region with wider policy action

Comparison with the CLE scenario, annual impact, billion USD 2017 PPP, 2050

MTFR - AC MTFR - AC & Obs MTFR - Global
Impacts in Arctic Council countries 283 298 339
Impacts in Observer countries 38 1662 2079
Impacts in the rest of the world 20 94 730
Global impacts 341 2042 3148

Source: (OECD, 2020)), Air Quality and Health: Mortality and welfare cost from exposure to air pollution (database); (Holland, 2014), Cost-
benefit Analysis of Final Policy Scenarios for the EU Clean Air Package; and ENV-Linkages’ model projections.

There would be additional economic benefits from the reduced market impacts of air pollution (for impacts
on sectoral productivity and consumption choices in the MTFR-AC scenario; see Chapter 4). For example,
as PM2s emissions are reduced in a broader number of countries, the resulting health and environmental
improvements lead to lower market costs of air pollution in most countries and regions, eventually resulting
in higher economic growth. However, the necessary investments in BATs are likely to be particularly large
for countries with high levels of air pollution or laxer air pollution policies. Overall, a wider implementation
of MTFR policies is likely to have positive consequences for the competitiveness of manufacturers in Arctic
Council countries. As industries in trading partner countries also implement similar regulations, they are
likely to face similar costs, thus levelling the playing field across countries and making it easier for countries
to tighten their policies.

5.2. Benefits of integrating air pollution, climate mitigation and energy transition
policies

Air pollution, climate mitigation and energy policies are strongly linked due to significant overlaps in
emission sources and policy solutions. Thus, addressing key emitting sectors, such as transport and fossil-
fuel based power generation, can achieve joint benefits for tackling both air pollution and climate change
(Lanzi and Dellink, 2019jg)). Air pollution policies can lead to structural change in the economy, specifically
driving a shift in production towards cleaner sectors; this would also lower greenhouse gas emissions.
Similarly, climate mitigation and energy policies can reduce air pollution. For example, reducing fossil fuel
combustion is normally beneficial for both climate mitigation and air quality, except when fossil fuel is
substituted with biomass combustion for residential heating, which increases emissions of combustion-
related air pollutants, such as black carbon.

In order to assess the interactions among air pollution, climate mitigation and energy transition policies,
this section considers a scenario that includes the global coverage of the MTFR scenario (MTFR-Global)
together with the implementation of the Sustainable Development Scenario (SDS) developed by the
International Energy Agency (IEA) for the World Energy Outlook (IEA, 2018g). This scenario (MTFR-SDS)
represents a more stringent policy mix that targets air pollution while also implementing climate mitigation
policies and a transition to a cleaner energy system (IEA, 20189)). The modelling analysis explores the
potential environmental, health and welfare benefits of this integrated policy action. Due to data limitations,
however, the analysis does not take into account the costs of policy action.

In the MTFR-SDS scenario, countries would see air pollution fall even more substantially than under the
MTFR-Global scenario alone. This is the case for Arctic Council countries (Panel A, Figure 5.4), as well as
across the globe (Panel B, Figure 5.4). At the same time, the MTFR-SDS scenario has the potential to
slow down global warming. Greenhouse gas emissions are already projected to decline in the
MTFR-Global scenario, as illustrated for carbon dioxide (COy2), nitrous oxide (N20),and methane (CHa).
This highlights the potential for air pollution policies to also contribute to mitigating climate change.
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However, the MTFR-SDS scenario involves greater curbs on GHG emissions— both in Arctic Council
countries and at the global level — through climate mitigation and energy policies.

Figure 5.4. Projected air pollution and greenhouse gas emission reductions from integrated policy
action
Indexed, CLE = 1, 2050

Panel A. Impact in Arctic Council countries
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Source: ENV-Linkages, based on input from [IASA’s GAINS model.

StatLink S=r https://stat.link/7w5f2p

When looking at specific GHGs, methane is the greenhouse gas that shows the strongest interactions with
air pollution policies. Indeed, methane emissions are nearly halved when the best available techniques of
the MTFR scenario are deployed at the global level (MTFR-Global) (Hoglund-Isaksson et al., 2020;107). The
MTFR-SDS scenario leads to further methane emission reductions. These synergetic effects in the
reduction of air pollutants and methane emissions are important, especially given the high radiative forcing
of methane, which on a 100-year timeframe has a warming potential 28 times higher than that of CO2, as
estimated in the Fifth IPCC Assessment Report (IPCC, 2013[11)). These changes in methane emissions
refer exclusively to anthropogenic sources. Natural sources of methane, such as oceans and soils in

THE ECONOMIC BENEFITS OF AIR QUALITY IMPROVEMENTS IN ARCTIC COUNCIL COUNTRIES © OECD 2021


https://stat.link/7w5f2p

68 |

permafrost regions, are not accounted for in this analysis, as they result from natural processes.
Nonetheless, even natural releases of methane can be exacerbated by global warming. Thus, reducing
the emissions of greenhouse gas and short-lived climate pollutants, such as black carbon, would also
generate additional co-benefits in and beyond the Arctic, by reducing the risk of natural methane releases.

Besides significant climate co-benefits, the implementation of more stringent policies under the MTFR-
SDS scenario would also reduce mortality associated with exposure to PM2s and ground-level ozone.
Overall, by 2050 in the MTFR-SDS scenario, air pollution-related deaths in Arctic Council countries would
be half the level of the baseline scenario (CLE) (Figure 5.5, Panel A). Globally by 2050, the MTFR-SDS
scenario could avoid half a million more deaths than the MTFR-Global scenario (Figure 5.5, Panel B).

Figure 5.5. Projected impact of integrated policy action on air pollution-related mortality
2050
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Notes: The two graphs use different scales (Thousand in Panel A and Million in Panel B). Each graph shows the number of deaths in that region
projected from the different levels of policy ambition. Each graph shows the potential additional contribution of the different levels of policy
ambition to reducing mortality. The bar on the left shows the initial values from the baseline (CLE) scenario, from which the contribution of each
scenario is subtracted, to arrive at the total (Global MTFR-SDS). The graphs relate to premature deaths due to fine particles as well as ground-
level ozone.

Source: ENV-Linkages’ model projections, based on Global Burden of Disease (GBD, 2018;s)).
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The positive environmental and health outcomes stemming from the MTFR-SDS scenario are likely to
translate into welfare improvements, which in comparison to the MTFR-Global scenario, would amount to
almost USD 70 billion more in 2050 Arctic Council countries. (Table 5.2). At the global level, compared to
the MTFR-Global scenario, the MTFR-SDS scenario would add at least another USD 1 ftrillion in global
welfare benefits by 2050, with 10% of these welfare improvements taking place in Arctic Council countries.

While these estimates only account for welfare improvements from reduced air pollution-related mortality,
the mitigating impact on climate change of lower GHG emissions would lead to additional welfare benefits,
most notably those resulting from reduced mortality from air-borne diseases, temperature extremes, and
climate disasters.

Table 5.2. Projected welfare improvements by region with integrated policy action

Comparison with the CLE scenario, annual impact, billion USD 2017 PPP, 2050

MTFR - AC MTFR - Global MTFR - SDS
Impacts in Arctic Council 283 339 408
Impacts in Observer countries 38 2079 2745
Impacts in rest of the world 20 730 1003
Global impacts 341 3148 4146

Source: ENV-Linkages’ model projections, based on OECD VLS values from the OECD Environment Database (OECD, 2020)); and morbidity
values from Holland (20147)).

Additional policy action to reduce greenhouse gas emissions is also likely to result in economic benefits
from the reduced air pollution impacts. However, as the policy costs of implementing the MTFR-SDS
scenario are also likely to be higher, the net macroeconomic effects are difficult to predict.®

Finally, reducing GHG emissions through air pollution, climate mitigation and energy policies would also
lead to additional benefits resulting from reduced climate risks and impacts (OECD, 201512)). Mitigating
climate change at the global level would be particularly beneficial for the Arctic region and its ecosystems.
Indeed, the effects of climate change on the Arctic environment — which include a reduction of sea-ice and
permafrost, changes in weather and temperataure patterns, severe loss of biodiversity and ecosystem
services, and damages to indigenous communities — are becoming increasingly visible. In turn, Arctic
warming has severe repercussions at the global level, causing rising sea levels, changes in climate and
precipitation patterns, increasing frequency of severe weather events, and loss of fish stocks, among other
risks. Therefore, when considering all the regional and global consequences of climate change, the
benefits of policy action highlighted in this section are likely to be underestimated.
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Notes

' This scenario expands policy action to Arctic Council Observer countries, which include China France,
Germany, India, Italy, Japan, Korea, the Netherlands, Poland, Singapore, Spain, Switzerland, and the
United Kingdom. Observer countries can participate in meetings and areas of work of the Arctic Council.
Decisions within the Arctic Council can only be made by the eight Arctic Council countries (Arctic Council,

201913)).

2 The main reason for this is that detailed regional costs are not available at the global level. In any case,
the main analysis is focused on Arctic Council countries, for which estimates of both costs and benefits

are calculated.

3 A full assessment of the macroeconomic effects of the MTFR-SDS scenario at the global level is beyond

the scope of this report.
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6. Overall benefits of air pollution
policies

This final chapter first briefly summarises the benefits of air pollution
policies quantified in the modelling analysis and outlined in previous
chapters. The chapter then highlights the additional benefits from reducing
air pollution that could not be accounted for in the quantitative scenario
analysis. It includes an overview of the climate benefits from reduced
emissions of short-lived climate pollutants. These additional benefits
strengthen the call for policy action on air pollution.
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6.1. Benefits of air pollution policies quantified in the modelling analysis

The quantitative scenario analysis presented in previous chapters of this report has highlighted the
potential environmental, health and economic benefits of policy action to improve air quality in Arctic
Council countries.

More ambitious air pollution policies are projected to result in emission reductions that lead to substantial
air quality improvements. With lower exposure to air pollution, air pollution-related health impacts would
also decrease. In particular, air pollution-related deaths would decrease. While the net macroeconomic
effects are close to zero, the welfare improvements from reduced mortality and morbidity are high.

Inevitably, the results in the modelling analysis are subject to uncertainties concerning the economic
projections, the estimations of emission projections and of concentrations of air pollution, the quantification
of the biophysical impacts of air pollution, and the evaluation of the economic consequences. While
changes to the modelling framework and key parameters would lead to changes in the numerical results,
they would not affect the overall conclusions and policy messages that show the beneficial effects of air
pollution policies (OECD, 20161)).

6.2. Additional benefits of air pollution policies

There are many additional benefits from reducing air pollution that could not be included in the analysis
due to lack of data. These add to the rationale for policy action on air pollution. For example, besides the
numerous health impacts of PM25 and ground-level ozone discussed in this report, air pollution can also
have other impacts on health, affecting fertility (Nieuwenhuijsen et al., 20142;), cognitive abilities in children
(Sunyer et al., 20153;; Allen et al., 2017(4;; Basner et al., 2014(5) and low weight at birth (Wang et al.,
199716)). The latter two impacts are particularly important as they can have long-term effects on children’s
school outcomes (Zhang, Chen and Zhang, 20187)), education levels and therefore earnings, with long-
term implications for human capital.

Additionally, SO2 and NOx have direct impacts on health, leading to respiratory symptoms such as
increased bronchitis symptoms in children with asthma (WHO, 2013g; Walton et al., 2015(), as well as
increased mortality (RCP, 201610)).

Similarly, the use of fertilisers in agriculture leads to negative local environmental impacts, including water
and soil pollution. Reducing fertilisers would imply healthier ecosystems, greater food quality and lower
health risks.

Additional health benefits can occur specifically in urban areas when traffic circulation is limited to tackle
air pollution emissions. These include reduced noise and traffic congestion, which can both affect health.
Transport-related air pollution policies can also encourage people to be more active, with further potential
health benefits (OECD, 201911)).

Finally, exposure to air pollution can also exacerbate the consequences of diseases that affect the
respiratory system, such as COVID-19 (Wu et al., 202012;). Health damage resulting from long-term
exposure to air pollution can diminish the body’s ability to fend off respiratory infections. Research found
that a person living for decades in areas in the US with high levels of fine particulate matter is 15% more
likely to die from COVID-19 than someone in a region with one unit less of the fine particulate pollution
(Wu et al., 2020112)).

There are also additional economic benefits from better air quality beyond those from improved health and
agricultural productivity. High concentrations of air pollution can damage buildings and cultural heritage
(Screpanti and De Marco, 2009113)), decrease visibility, and reduce tourism (Dong, Xu and Wong, 201914)).
Furthermore, air pollution can have negative impacts on biodiversity, forests and ecosystems (UNEP,
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2010ps)). These impacts are likely to generate significant value losses, additional expenditures and an
overall disutility, affecting human activity and economy.

Finally, while this report focuses on the macroeconomic effects and welfare improvements, improved air
quality can also have beneficial effects on well-being. A recent OECD report highlights the potential
benefits of environmental policies on well-being, including quality of life improvements from improved air
quality (OECD, 201911)).

6.3. Climate benefits from reducing emissions of short-lived climate pollutants

Short-lived climate pollutants (SLCPs) have a warming impact on the climate and include black carbon,
methane, ground-level ozone, and hydrofluorocarbons. Reducing SLCP emissions could help preserve
the local Arctic climate and prevent some global impacts of climate change, including a rise in sea levels,
changes in weather patterns, and loss of fish stocks.! Although these climate benefits are not included in
this report, they add weight to the economic case for increased policy action on air pollution, including
SLCPs, in Arctic Council countries.

According to O’Garra (20171¢]), Arctic ecosystems provide value to society equivalent to about USD 287
billion per year? in food supply, mineral extraction, oil production, tourism and leisure, as well as climate
regulation services. Many of these services could be lost due to a rapidly changing climate. For example,
changes to the local Arctic climate can have severe repercussions for Arctic wildlife and communities,
which are highly dependent on natural resources. The thinning of sea ice and the lengthening melt season
have made it hard for Northern local communities to obtain wild sources of food.

Reducing SLCP emissions, and the resulting climate impacts, could mitigate the potential release and
transport of persistent organic pollutants (POPs), such as organochlorine pesticides, industrial chemicals
and dioxins, and mercury, to the Arctic environment. Rising temperatures could result in the release of
deposits of POPs and increase the potential for the long-range transport of POPs in gaseous form or
alongside aerosol particles such as black carbon (Ma, Hung and Macdonald, 2016(17;). Two recent reports
from the Arctic Monitoring and Assessment Programme (AMAP) show the negative impact of POPs on the
Arctic environment (AMAP, 20161s;; Science for Environment Policy, 201719, AMAP/UN Environment,
2019p0)). These include high dietary exposure to mercury and other POPs through the accumulation of
these two elements in fresh water fish and large mammals. These especially affect the Arctic’s indigenous
population, who consume these animals more than people in urban areas. Despite decreasing in previous
decades, the levels of POPs in indigenous people’s blood are still high enough to cause neurological and
cardiovascular damage (AMAP, 201621)).

Thawing permafrost can lead to releases of carbon dioxide and methane that would aggravate climate
change and result in high economic costs (Hope and Schaefer, 2015;22;). There are a large number of
natural methane and organic carbon deposits in the Arctic, on the seabed, and in soils and lake sediments.
The contribution of short-lived climate pollutants to climate change can create conditions suitable for the
decomposition of the organic material in these reservoirs, which can release methane, with further warming
effects on the climate (AMAP, 2015p23)).

Slowing down global warming in Arctic Council countries might also limit climate impacts that would
otherwise lead to increases in specific emission sources. For example, climate change can result in
increased incidence of forest fires, due to ice and snow melting and higher temperatures (Kim et al.,
2020r241). Similarly, as Arctic sea ice recedes, shipping activities might also increase (ITF, 201825;; AMAP,
2015p¢)), resulting in higher emissions. In turn, forest fires and shipping contribute to air pollution and short-
lived climate pollutants emissions, thus leading to a vicious cycle that aggravates the climate crisis.

Finally, the Arctic hosts multiple climate tipping points® that could be triggered by changes in the local
climate. The Arctic sea-ice loss amplifies global warming caused by the surface albedo impacts (Yumashev
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etal., 20197) and the Greenland Ice Sheet disintegration may lead to global sea level rise of up to
7 metres (Dowdeswell, 200625]). These ice-loss events could trigger other climate tipping points, such as
the slowdown of the Atlantic Meridional Overturning Circulation (AMOC) that could change weather
patterns in Europe (Jackson et al., 2015p2¢1)) and permafrost thawing that could release large amounts of
carbon dioxide and natural methane deposits, further enhancing global warming (AMAP, 201523;; Gasser
et al., 201830)).

6.4. A call for policy action on air pollution

To conclude, despite uncertainties about the exact figures presented in this report, there are clear
environmental, health and welfare benefits in scaling up commitments to reduce air pollution in Arctic
Council countries. Furthermore, climate change and socio-economic developments might exacerbate
future environmental impacts of air pollution. This risk should encourage countries to put in place policy
action to reduce air pollution.

Policy action on air pollution requires an all-encompassing approach that considers all emission sources.
Policy options include incentivising or requiring the adoption of cleaner technologies, implementing air
quality standards, automobile emission standards, fuel quality standards, and emission taxes, among
others. Urban policies leading to reduced traffic would also imply lower non-exhaust emissions from cars
(OECD, 202031).

Policy action on air pollution can also benefit from interactions with other policy domains. Reducing air
pollution though the deployment of the best available techniques provides an opportunity to reap synergies
with investments in green growth and promoting innovation. As highlighted in Chapter 5 and Section 6.3,
there are strong interactions between air pollution and climate change (Lanzi and Dellink, 201932).
Integrated policies that consider trade-offs and co-benefits for policy objectives on climate change, energy
and air pollution are needed. Stimulating energy efficiency is the typical example of an integrated policy
response that has multiple benefits (IEA, 201433)).

While this report focuses specifically on Arctic Council countries and their key role in contributing to
preserving the Arctic environment, additional policy action on air pollution will be beneficial to most
countries and could contribute to slowing down global warming through a substantial reduction of short-
lived climate pollutants.

The current momentum for building back better after the COVD-19 pandemic and for a low-carbon
transition creates opportunities for governments to also improve air quality, health and make progress
towards sustainable development goals. Leveraging this momentum will help to establish a more central
role for air quality policies, which can contribute to improving both human health and the environment.
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Notes

' See for example results on historical ocean’s warming on marine fisheries production (Free et al.,
201935))

2 The original figure reported in O’'Garra (2017(16)) is USD 281 billion per year (in 2016 USD PPP). It has
been converted to 2017 USD PPP for comparability with other estimates in this report.

3 The IPCC defines a tipping point as a critical threshold at which global or regional climate changes from
one stable state to another stable state, usually in a non-linear and often irreversible way (IPCC, 201934)).
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Annex A. ENV-Linkages model

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. (201411). 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. Indeed, GAINS can provide a higher regional disaggregation with
country-specific emission projections for all Arctic Council countries.

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 non-
fossil electricity technologies is similar to that of other sectors, except for a top nest combining a sector-
specific 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 forward-
looking 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.

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,

THE ECONOMIC BENEFITS OF AIR QUALITY IMPROVEMENTS IN ARCTIC COUNCIL COUNTRIES © OECD 2021



82|

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
Tables A.1 and A.2, respectively.

Table A.1. Sectoral aggregation of ENV-Linkages

Agriculture Manufacturing
Paddy rice Paper and paper products
Wheat and meslin Chemicals
Other grains Non-metallic minerals
Vegetables and fruits Metals n.e.s. (not elsewhere specified)
Sugar cane and sugar beet Fabricated metal products
Oil seeds Other manufacturing
Plant fibres Motor vehicles
Other crops Electronic equipment
Livestock Textiles
Forestry
Fisheries
Natural resources and energy Services
Coal Land transport
Crude oil Air transport
Gas extraction and distribution Water transport
Other mining Construction
Petroleum and coal products Trade other services and dwellings
Electricity (5 technologies™) 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.
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Table A.2. Regional aggregation of ENV-Linkages

Macro regions ENV-Linkages countries and regions
OECD America Canada
Chile
Mexico
United States
OECD Europe EU large 4 (France, Germany, Italy, United Kingdom)

Other OECD EU (other OECD EU countries)

Other OECD (Iceland, Norway, Switzerland, Turkey, Israel)
OECD Pacific Oceania (Australia, New Zealand)

Japan

Korea
Rest of Europe and Asia China

Non-OECD EU (non-OECD EU countries)

Russia

Caspian region

Other Europe (non-OECD, non-EU European countries)

Latin America Other Latin-American countries
Middle East & North Africa Middle-East

North Africa
South and South-East Asia India

Indonesia

ASEANS9 (other ASEAN countries)
Other Asia (other developing Asian countries)
Sub-Saharan Africa Other Africa (other African countries)

Source: ENV-Linkages.

The baseline economic trends are described in the recent Global Material Resources Outlook to 2060
(OECD, 2019yz). 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, 20183)). 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, 20184;) 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

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, 2016s)).
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

THE ECONOMIC BENEFITS OF AIR QUALITY IMPROVEMENTS IN ARCTIC COUNCIL COUNTRIES © OECD 2021



84 |

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, 2015p)). Health expenditures
caused by outdoor air pollution are calculated multiplying the number of cases for each iliness (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(7)). 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 Value
Chronic bronchitis in adults 15,810
Bronchitis in children 69
Equivalent hospital admissions (respiratory and cardiovascular diseases) 4,149

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

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(s)). 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, 20149)).

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(10)), 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 calculating and
valuing mortality and morbidity impacts

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;11)), 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
PMz2s, these ilinesses 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 ground-
level ozone, the Global Burden of Disease (GBD, 2018;11;) 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:

D = AF - BD}
with

AF = (1 ! )

B RF

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 (PM2s5 and ground-level ozone).

The calculations of the health risks (RF) linked with exposure to PM25 used in this report rely on the GBD’s
Integrated Exposure-Response (IER) functions (Cohen et al., 201812;; Burnett et al., 201413;). 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 pg/m?3 concentrations of PMz.s.

For ground-level ozone, the RF is based on the following formula:

RF = eln(%)*(Conc—Conc thr)
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 (2018y11)), 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(11;). To create the projection for
2020-40 we use GBD foresight, which relies on GBD 2016 data (Institute for Health Metrics and Evaluation
(IHME), 2018141). 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.s 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 iliness, 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(7; European Commission, 2013y15)). The advantage of assuming a linear
relation between mortality and morbidity is that the calculation of morbidity automatically factors in the non-
linearity in response functions that is accounted for in the mortality calculations. The drawback is that non-
linearities 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, 20147;; European Commission, 2013[15]). The study by Holland (2014(7;) 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.

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
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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 so-
called 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, 201416;; OECD,
2012p171). 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, 2020y1g)) 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[1g9)).

Furthermore, since the report also considers economic projections, the VSL values need to be adapted
over time. A previous OECD study (OECD, 201416)) 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 (200620;), 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 (200421;), 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, 201922})) and from the economic projections of the OECD’s
ENV-Growth model, which are also used for the calibration of the ENV-Linkages model.

The formula used to calculate the VSL is:

Yt B
VSLL = VSLEYY, (—)
YOECD
Where Y is the average income (GDP per capita) of country r in year t expressed in 2017 USD PPP; and
B 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}17)) 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
40t percentile of income. However the range proposed in OECD (OECD, 201217;) 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, 201123; Roy and Braathen, 201719))
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, 2016s)) 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).

THE ECONOMIC BENEFITS OF AIR QUALITY IMPROVEMENTS IN ARCTIC COUNCIL COUNTRIES © OECD 2021



88 |

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, 20165)).

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 (20165)):

1. The healthcare costs that are used to calculate healthcare expenditures as input to calculate the
macroeconomic consequences of air pollution (see Annex A). 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).

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

The welfare costs of morbidity used here rely on previous work by the European Commission (Holland,
201471), 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.

Table B.1. Unit values used for analysing the welfare costs of morbidity

USD, 2017 PPP exchange rates

Effect Value
Chronic bronchitis in adults (new cases) 74 526
Bronchitis in children (cases) 817
Equivalent hospital admissions (respiratory and cardiovascular diseases) 695
Restricted activity days 180
Minor restricted 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 admissions and days with
restricted activity.
Source: Own evaluation based on Holland (2014)).
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The Economic Benefits of Air Quality Improvements
in Arctic Council Countries

The Arctic is a vital region that helps preserve the balance of the global climate. The Arctic environment is
particularly sensitive to short-lived climate pollutants, including black carbon, due to their strong warming
effect. With ambitious policy action to reduce air pollutants, Arctic Council countries would obtain a positive
effect on health and the environment throughout their territory, while also helping to slow down climate change
by reducing emissions of black carbon. This report calls for ambitious policy action to reduce air pollution

in Arctic Council countries, highlighting the environmental, health, and economic benefits from policy action.
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