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Abstract

Air pollution problems arose in the last decades of the eighteenth century given the use
of coal and fossil fuels that resulted from the increasing energy demand. Since energy
demand has not decreased, on the contrary, these problems have persisted until our
days and have become a crisis of global dimensions; the World Health Organization
(WHO) estimates and states in its website that 4.2 million deaths every year are
attributable to exposure to ambient (outdoor) air pollution. This topic was recognized to
have a significant impact on the development of countries and was included as part of
several Sustainable Development Goals (SDGs). The introduction of international
environmental spillover effects as indicators of the SDG Index and Dashboards Report
2017 highlights the fact that not only producers are responsible from emissions that
generate air pollution but that consumers also are, and that high amounts of emission
are actually embodied in trade. It also states that high-income countries tend to be the
ones that import most emissions and generate the more negative spillover effects. This
thesis pays particular attention to indicators regarding SO2 emissions and PM2.5, as they
are related to severe health effects and environmental degradation. Through the analysis
of such indicators this thesis compares the performances of countries in regards to
production-based and consumption-based emissions, in addition to that on
concentrations of PM2.5. This study also seeks to analyze the relation of those indicators
with the indicator “death rate attributable to household and ambient air pollution” that is
comprised in SDG 3 Good Health and well-being. Moreover, this work discusses the
cases of Norway and China concerning production-based and consumption-based
emissions, since they represent very well the situation of intensive importing countries
that may not suffer from air pollution problems and intensive exporting countries facing
severe air pollution problems; furthermore, their performances in regards to production
and consumption of emissions are extreme. Finally, this study concludes by presenting
the concept of Circular Economy as a solution to reduce emissions both from production
and consumption processes.
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1. Introduction
The problem of air pollution has been one of the main challenges of the last centuries
and it has been triggered by human activities, that is to say, it is mainly of anthropogenic
origin. In their book The Great Acceleration, McNeill and Engelke (2014) argue that air
quality diminished since the late eighteenth century because of the increase burning of
coal and fossil fuels, resulting from the energy demand of continuously growing urban
settlements. In addition, the development of machinery that require coal, oil, or natural
gas to function, as well as the discovery and use of chemicals in different sectors, have
also contributed to the emission of high amounts of substances that end up in the
atmosphere as gases or particles.
People from all low, middle, and high-income countries suffer from the effects of air
pollution; nonetheless, the higher rates of premature death and disease related to air
pollution are seen among the population of low-income and middle-income countries
(Landrigan et al. 2018), due to the fact that those countries are on the way to
development and industrialization. High-income countries, on the other side, have better
legislation, better technology available, and more resources allocated to maintaining the
environment clean (Ibid.).
Air pollution poses a serious threat to human health and to the environment, and
many studies confirm that, should there not be enough efforts to reduce it, people will
continue suffering from its adverse effects worldwide. According to the 2016 report from
the World Health Organization (WHO), Preventing Disease through Healthy
Environments, approximately 4.2 million premature deaths are attributable to or linked
to air pollution, from respiratory infections to noncommunicable diseases (NCDs), such
as lung cancer and cardiovascular disease (Prüs-Üstün et al. 2016). Therefore, it is
crucial that the international community takes significant measures to reduce emissions
of the main air pollutants. Back in 2006, the WHO published an update of the WHO Air
quality guidelines1 in order to offer a global guidance on limits and thresholds of the key
air pollutants that pose risks to health: particulate matter (PM), ozone (O 3), nitrogen
dioxide (NO2), and sulfur dioxide (SO2) (WHO 2006).
The Millennium Development Goals (MDGs) were a set of eight goals contained in
the United Nations Millennium Declaration, adopted in 2000, with the general objective
of making people’s lives better through an international united effort, by the year 2015
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Air quality guidelines were published by WHO, for the first time, in 1987 and were revised in 1997. The
WHO Air quality guidelines are currently under revision and it is expected that the revised version is
published on 2020.
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(UNGA 2000). The eight goals were: 1) eradicate extreme poverty and hunger, 2)
achieve universal primary education, 3) promote gender equality and empower women,
4) reduce child mortality, 5) improve maternal health, 6) combat HIV/AIDS, malaria, and
other diseases, 7) ensure environmental sustainability, and 8) develop a global
partnership for development. As stated in the Millennium Development Goals Report
2015, the progress to the achievement of the goals was measured through 21 targets
and 60 official indicators. The MDGs represented the initial framework for development;
nevertheless, the economic, social, and environmental dimensions of sustainable
development were not included there (UN 2015a). That is, perhaps, one of the most
important differences between the MDGs and set of goals that followed them: The
Sustainable Development Goals (SDGs).
In 2015, the Member States of the United Nations adopted the SDGs as the heart of
the 2030 Agenda for Sustainable Development. Contrary to the MDGs, which main
objective was fostering prosperity and growth in developing countries while protecting
the planet, the SDGs involve both developed and developing countries; therefore, the
whole international community has the call to act and contribute to the aim. There are
seventeen goals, encompassing 169 targets, that function as a guideline of the overall
plan of action that envisages to improve human lives and the protection of the
environment (UN 2015b). As stated before, the SDGs represent the continuation and
enhancement of the MDGs, and are much more explicit and comprehensive2.

Figure 1.1. The Sustainable Development Goals. Source: https://sustainabledevelopment.un.org/sdgs

Since SDGs are broad and encompass many other aspects and sectors, they allow
for different ways of classification. One of them is the one presented by Rockström and
Sukhdev in 2016, which shows an illustration of the SDGs as the representation of a
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Detailed information on the 17 goals and the targets associated to them can be found in
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
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“wedding cake”. At the bottom, the SDGs related to the biosphere are found, e.g. goal
14 Life below water or goal 15 Life on land; the next level to the top comprises the goals
focused on society, e.g. goal 3 Good health and well-being and goal 5 Gender equality;
the goals that address economy are found next, such as goal 12 Responsible
consumption and production; and finally, SDG 17 Partnerships for the goals is the cherry
at the top of the “cake”. This way of classifying the SDGs shows that society and
economy are embedded sectors of the biosphere, therefore, they are considered as
parts of the whole paradigm of sustainable development, instead of being single,
separate aspects.

Figure 1.2. SDG “wedding cake” model. Source: Stockholm Resilience Center

The SDGs cover 169 specific targets that make the goals be interwoven; thus, the
efforts done by a country may touch or tackle several of them at the same time. In 2015,
David Le Blanc proposed that the SGDs can be seen as a network, in which the nexus
among goals is done by targets that refer to several goals, and that make them be
closely interconnected.

3

Figure 1.3. “The SDGs as a network of targets”, from David Le Blanc, “Towards integration at last?”,
DESA working paper No. 141 ST/ESA/2015/DWP/141

Building upon this idea of interlinkages, Pradhan et al. (2017) developed a system to
identify positive and negative interconnections among the goals; the researchers argued
that an action taken for a specific goal could be enabling or detrimental for the
achievement of another one. Positive interconnections were identified as synergies and
negative interconnections as trade-offs (Pradhan et al. 2017). Consequently, and
bearing this idea in mind, the better the synergies and trade-offs are identified, the more
precise the development of strategies to reach sustainable development as a whole will
be.
The SDGs were conceived as the core of an agenda that has to be implemented
nationally; countries are expected to develop action plans to fulfill their commitments
and achieve the goals. Nonetheless, it is important to consider it as a global agenda as
well, given that the decisions made and actions taken by one country might have positive
or negative impacts on others’ possibility to achieving the goals. These impacts were
described for the first time in the SDGs Index and Dashboards Report 2017 as
international spillover effects (Sachs et al. 2017). It is important for me to analyze these
effects given the fact that countries might be succeeding in achieving SDGs in general,
but at the same time they might be preventing others in doing the same, through
irresponsible consumption patterns.
The aim of this research work is to focus on air quality, which is considered in several
SDGs, sometimes explicitly and some others implicitly. Furthermore, the spillover effect
4

that is relevant for the scope of this thesis is the one described in the spillover indicators
as transboundary air pollution and air pollution embodied in trade as net imports of sulfur
dioxide (SO2) emissions; this effect derives from the SDG 12 Responsible Consumption
and Production (Ibid., 5). This thesis will focus on the case of two countries: Norway and
China.
Norway is one of the countries with the best rankings of SDGs achievement;
however, when it comes to responsible and sustainable consumption, it is one of the
countries with the worst performances. This is mainly because the country relies in high
proportion on imports, which are expected to have high degrees of embodied pollution.
(Peters, Briceno, and Hertwich 2004). More than half of the products that are consumed
there are produced in and imported from Norway’s main importing partners: Sweden,
Germany, and China, among others (Ibid.).
Air pollution is present in Norway but it is not a serious issue as it is in other countries.
The most common air pollutants in the country are NO x and PM, mainly produced by
road traffic. The release of SO2 emissions is low because most of the energy needed is
produced by hydropower (Peters, Briceno and Hertwich 2004).
The case of China is particular because the country has to tackle air pollution from
several fronts. The first one is created because of the big amount of fossil fuels that are
burnt locally for transportation, heating, and other household needs, which has led to
very bad air quality levels that have been registered through measurements of very high
soot and sulfur dioxide concentrations and shocking images of cities’ skies full of haze
(McNeill and Engelke 2014), issuing red alert for haze mainly in the Beijing-TianjinHebei area (Huang et al. 2018). The second one is the one produced by the huge
industry sector that is present in the country because of the cheap workforce.
China followed the example of the so called “tiger” economies (South Korean,
Taiwan, Hong Kong, and Singapore) and became a full participant of the capitalist
regime in the 1990s (McNeill and Engelke 2014). This allowed the country to benefit
from export trade, while using its enormous low-wage population to attract foreign direct
investment from all over the world. Even though this fact fostered economic growth,
increased income, and enabled the development of technologies, it also imposed a
great burden on air quality and on the environment, in general (Ibid).
The problem of air pollution in China has been of great concern for the people, media,
and policy makers. As Huang et al. state, that shared worry led the State Council of
China to introduce, in September 2013, an “air pollution prevention and control action
plan” (Huang et al. 2018, 2) with the aim of reducing public concern on air quality. This
5

is just one of the overall measures that the Chinese government took to address this
situation; some others, in particular on reduction of SO 2 emissions, will be described
further down. Yet, many more actions are needed, and not only from this Asian country.
The aim of this thesis is to analyze and compare the situation of the above mentioned
countries mainly in terms of SO2 emissions generation via consumption, production, or
both, and the link of this with the ability of those countries in achieving the related SDG;
moreover, it is intended to explain how poor air quality prevents also the achievement
of SDGs related directly or indirectly to health. Finally, the thesis has also as an objective
to raise awareness on the importance of acquiring responsible and sustainable
production and consumption patterns.
This thesis is divided into six chapters: the first one introduces the main topics of
research.
The second one presents a definition of air pollution and its impacts to humans and
ecosystems; moreover, air pollutants that are considered as indicators within the SDGs
are selected and presented in more detail for further discussion; finally, the second
section closes with a short description of air pollution control and monitoring.
The third chapter gives an overview of the Sustainable Development Goals and
indicators based on air quality, introduces the international spillovers, making an
emphasis on the environmental spillover that is more important for this thesis, and
presents the first results of the performances of the selected countries. Subsequently,
the fourth chapter introduces the cases of Norway and China, the two countries that
were selected for a description of their air pollution situation in general, as well as, in
terms of net imported SO2 emissions.
The fifth chapter discusses and compares the situation of the two countries, helps to
establish the relation of their cases and to compare their performances with those of
other countries; furthermore, the concept of Circular Economy, which can lead to the
reduction of both production-based and consumption-based emissions, is introduced.
Finally, the thesis closes with a set of conclusions and recommendations for future
studies.
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2. Air pollution
2.1 What is air pollution?
Air pollution can be defined as the presence of substances, resulting from anthropogenic
activities, at concentrations that are higher than normal levels and that can pose a threat
for human health and the environment (Seinfeld and Pandis, 2006). Natural phenomena,
such as volcanic eruptions, also contribute to the emission of substances into the
atmosphere; however, the main difference is that those occur unexpectedly, whereas
emissions from anthropogenic origin, e.g. combustion of fossil fuels and development of
synthetic chemicals, occur knowingly.
Air pollutants have been classified in order to have a better understanding and an
easier way to studying them. In the first classification, substances are recognized as
primary and secondary air pollutants, depending on whether they are emitted directly
into the atmosphere or they are formed within the atmosphere itself (WHO 2006). In the
second classification, pollutants can be distinguished for their physical state; they can be
found either in a gaseous3 or a particulate form4 (Ibid.).
When talking about air pollution, it is important to consider the location of the sources,
the distribution patterns of pollutants, as well as their residence time in the atmosphere.
According to Seinfeld and Pandis (2006), the scales of motion in the atmosphere vary
from tiny eddies of a centimeter or less in size to huge airmass movements of continental
dimensions; therefore, four
categories of atmospheric
scales of motion have been
created:

1)

microscale-

phenomena occurring on a
range of 0 to 100m; 2)
mesoscale-

phenomena

occurring on a range of
tens

to

kilometers;

hundreds
3)

of

synoptic

scale- motions occurring
on a scale of hundreds to
thousands of kilometers;
Figure 2.1. Spatial and temporal scales. Seinfeld and Pandis
2006.
3
4

and

4)

global

scale-

Gases or vapors
Material in solid or liquid phase suspended in the atmosphere
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phenomena occurring on scales exceeding 5x10 3 km. Even if the majority of impacts of
high air pollution levels are seen in local and regional scales, transboundary impacts
have to be observed, as well. In fact, this spatial distribution of emissions led to the
creation and adoption of the Convention on Long-range Transboundary Air Pollution
(CLRTAP), which will be explained in more detail in the next section.
There are different sources of pollutants emissions; the most common are the
combustion of fossil fuels from transportation, industrial processes, and energy
production, as well as from household activities, such as heating and cooking. High
levels of particulate pollutants, i.e. dust, are due to construction works, building
maintenance, vehicle exhaust, unpaved roads, and brake and tire wear (WHO 2006).
As stated in Molina et al. (2004), air pollution problems are not from the same nature
everywhere, given that they are influenced by several factors such as topography,
demography, meteorology, mobility and transportation patterns, fuel use, and existing
industry. Other factors, such as unplanned urban enlargement, increase in energy
consumption and production, and increased motorization, also drive serious impacts on
air quality in cities around the world.
In 2006, the WHO published an update of the WHO Air quality guidelines as a source
of information and instruction about the thresholds for the four most common air
pollutants that lead to adverse health effects: particulate matter (PM), ozone (O 3),
nitrogen dioxide (NO2), and sulfur dioxide (SO2) (WHO, 2006). In addition, it contains a
set of recommendations for countries to be able to develop regulatory frameworks on air
pollution according to their needs. Given that this research work is focused on the net
imports of SO2 emissions, this pollutant, as well as PM that derives from it and poses
adverse effects on human health, are the ones that will be described in the following
subsections.

2.2 Sulfur dioxide (SO2)
Sulfur dioxide is a compound that is emitted naturally, mainly by volcanic eruptions;
however, it is considered the predominant anthropogenic sulfur-containing air pollutant,
both by Seinfeld and Pandis (2006) and the WHO (2006). It is a colorless gas, with high
solubility in water, whose residence time in the atmosphere is from days to about one
week and its main source is the combustion of fuels containing sulfur, such as coal or
heavy oils. The sintering process used in metal smelting can also contribute to SO 2
emissions, because it involves roasting metal sulfide ores in a stream of air (WHO 2006).
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Furthermore, marine transport is also responsible for sulfur dioxide production as a result
of ships burning residual fuel oils, which have high sulfur content (Ibid.).
Oxidation of sulfur dioxide leads to the formation of sulfurous and sulfuric acids, and
its neutralization results in bisulfates and sulfates (Seinfeld and Pandis 2006). SO2, in
the form of sulfates and acids, contributes to the disturbance of marine and land
ecosystems through aerosols that impair visibility and acid deposition, respectively (Liu
et al. 2018).
Given its adverse effects, regulations on SO 2 emissions were adopted worldwide.
Mitigation strategies have been implemented in the power generation and industrial
sectors, mainly in Europe, the United States, and China; however, it has not been the
case yet in the international shipping sector (Klimont et al. 2013).
In spite of all the development of technologies to desulfurize fuels and gases from
stacks before being emitted, not all the countries are able to do that because of lack of
infrastructure or resources. In developed countries, much of the sulfur is removed from
motor fuels in the refining process and gases go through lime scrubbing processes
before being released from industrial, power, or incineration plants (Fellner 2019);
notwithstanding, in less developed countries, the burning of coal, and the use of fuel oils
and automotive diesel with high sulfur content continue being predominant.
The WHO recommended the following guideline values in regards to sulfur dioxide:

Table 2.1. Sulfur dioxide air quality guidelines and interim targets to be achieved in improving air
quality. Source: WHO 2006

24-hour average

10-minute average

WHO interim target 1
(IT-1)
(2000 guideline level)

125 µg/m3

__

WHO interim target 2
(IT-2)

50 µg/m3
Intermediate goal based on controlling
either (a) motor vehicle (b) industrial
emissions and/or (c) power
production; this would be a reasonable
and feasible goal to be achieved
within a few years for some
developing countries and lead to
significant health improvements that
would justify further improvements
(such as aiming for the guideline).

__

WHO air quality
guidelines

20 µg/m3

500 µg/m3

9

It acknowledged, however, that it might be difficult for some countries to achieve the
recommended 24-hour guideline in a short term; in consequence, it suggested the
interim targets also shown in Table 1, as part of a progressive approach (WHO 2006).
According to the WHO (2006), air quality measurements have revealed that the
highest concentrations of sulfur dioxide are found in urban areas, mainly in developing
countries in Africa, Asia, and Latin America.
The improvement in Europe and North America has been driven by the adoption of
national and international regulations, such as the Protocols under the Convention on
Long-range Transboundary Air Pollution (CLRTAP). The Convention was signed in
1979, in Geneva, and entered into force in 1983; its aim is described in Article 2, which
states that “parties shall endeavor to limit and, as far as possible, gradually reduce and
prevent air pollution including long-range transboundary air pollution” (UNECE 1979, 2).
The Convention was the first international legally binding instrument to address air
pollution on a broad regional basis; therefore, it created an essential framework for the
protection of human health and the environment from the damage caused by
transboundary air pollution. Moreover, it has contributed to the development of
international environmental law.

2.3 Particulate Matter (PM)
Particulate air pollutants are found suspended in the atmosphere as a mixture of particles
with different sizes, composition, and properties, in a liquid, solid, or mixed phase;
particles form either by vapor condensation or chemical reactions that take place among
gases and vapors, and they can be removed from the air by sedimentation, a process
through which particles are taken from the air to the ground by hydrometeors, or
impaction, when particles reach solid surfaces such as trees, plants, soil, or buildings
(Vallero 2008). Particles are visible as smoke, haze, dust clouds, fog, and clouds.
Sulfur dioxide is a major precursor compound of secondary Particulate Matter (PM),
which, as the name describes, and as stated before, is created by secondary formation
through chemical reactions in the atmosphere. The gas (SO2) is released through the
combustion of fossil fuels containing sulfur and then is oxidized to sulfur trioxide (SO 3):
2SO2 + O2 → 2SO3
Subsequently, SO3 reacts with water vapor and forms sulfuric acid:
SO3 + H2O → H2SO4
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Finally, sulfuric acid reacts with various compounds and forms sulfates, which are fine
particles (Ibid.).
The aerodynamic diameter of new secondary particles can cover a wide range of
sizes, from 1-2nm (1nm=10-9m), which are super fine and light particles, until 100µm
(1µm=10-6m) or 0.1 mm, which are large, heavy, and coarse (WHO 2006). The lifetime
of particles in the atmosphere depends on their size. Large particles have a short
residence time and tend to sediment rapidly, whereas fine particles are stabilized in the
atmospheric aerosol system and remain longer there (Vallero 2008).
PM10 (i.e. particles ≤10µm in diameter), PM2.5 (fine fraction), PM2.5-10 (coarse fraction),
and ultrafine particles have been the best studied forms of air pollution, since they are
linked to a wide variety of cardiovascular, pulmonary, and noncommunicable diseases
(Landrigan et al. 2018); particular attention is given to PM2.5 due to the fact that these
particles tend to be more toxic and can penetrate more deeply in the human body
because they traverse the body’s trapping mechanisms, i.e. nasal hair, mucous fluid,
and fiber cilia in the tracheobronchial region (Vallero 2008).

Figure 2.2. Size range of airborne particles. Source: WHO 2006

Several epidemiological and toxicological studies analyzed by the WHO have shown
that short- and long- term exposure to PM has negative impacts on human health, mainly
on the cardiovascular and respiratory systems (WHO 2006). Since the span of effects is
broad, depends on location and time, and is also determined by individual exposure
responses depending on age, state of health, and amount of time spent outdoors, the
Organization did not set specific guideline values for PM. It proposed, instead, annual
guideline values on the concentrations at which increasing and specified mortality
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responses due to PM could be seen (Ibid.). It also defined three interim targets that can
be achieved through the implementation of continuous reduction measures.

Table 2.2. Air quality guideline and interim target for PM: annual mean. Source: WHO 2006

Annual mean level
WHO interim target 1
(IT-1)

WHO interim target 2
(IT-2)

PM10
(µg/m3)

PM2.5
(µg/m3)

70

35

50

25

WHO interim target 3
(IT-3)
30

These levels are estimated to be
associated with about 15% higher
long-term mortality than AQG
levels.
In addition to other health benefits,
these levels lower risk of premature
mortality by approximately 6% (211%) compared to IT-1.

15

In addition to other health benefits,
these levels reduce mortality risk
approximately another 6% (2-11%)
compared to IT-2 levels.

10

These are the lowest levels at
which total, cardiopulmonary and
lung cancer mortality have been
shown to increase with more than
95% confidence in response to
PM2.5 in the ACS study (323). The
use of the PM2.5 guideline is
preferred.

WHO air quality
guidelines (AQG)
20

Basis for the selected level

Besides the annual average guideline value, the Organization proposed 24-hour average
values, including interim targets.

Table 2.3. Air quality guideline and interim targets for PM: 24-hour mean. Source: WHO 2006

24-hour mean levela
WHO interim target 1
(IT-1)

WHO interim target 2
(IT-2)

PM10
(µg/m3)

PM2.5
(µg/m3)

Based on published risk coefficients
from multicenter studies and metaanalyses (about 5% increase in
short-term mortality over AQG)
Based on published risk coefficients
from multicenter studies and metaanalyses (about 2.5% increase in
short-term mortality over AQG)

150

75

100

50

75

37.5

About 1.2% increase in short-term
mortality over AQG

50

25

Based on relation between 24-hour
and annual PM levels

WHO interim target 3
(IT-3)b

WHO air quality
guidelines (AQG)

Basis for the selected level

a

99th percentile (3 days/year).
For management purposes, based on annual average guidelines values, the precise number to be determined on
the basis of local frequency distribution of daily means.
b
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Even if air pollutants are not visible at the naked eye, they are always present in the
atmosphere. However, it is common to notice their presence because, when found in
high concentrations, bad odor is perceived, irritation in eyes and nose may be felt, and
visibility can be considerably impaired, which consequently impairs safety (Vallero 2008).
Vallero explains that the decrease of visibility occurs because of two processes that take
place in the atmosphere: light scattering by gaseous molecules and particles, and light
absorption by gases or particles. Light scattering results from the interaction of light with
gases or particles that change the direction or frequency of the light; light absorption, on
the other hand, is the result of the interaction of electromagnetic radiation with gases and
particles and its transferal into them (Ibid.). It is important to mention that, besides the
concentration, the species of aerosols, i.e. sulfates, nitrates, organic, among others, also
play a significant role on visibility reduction.
In order to have an idea if the concentration of air pollutants is low, intermediate, or
high, researchers have established a relation between PM and visibility, which is shown
in the next Table:
Table 2.4 Range of visibility depending on pollutants concentrations. Source: Puxbaum, 2018.

PM - Visibility
Concentration of PM

Visibility

1000 µg/m3

1.8 km

100 µg/m3

18 km

10 µg/m3

180 km

<5 µg/m3

Max. 300 km

Decreased visibility as a consequence of haze events have been experienced and
recorded in megacities of the world, such as Los Angeles, Beijing, London, and Mexico
City (McNeill and Engelke 2014).

Figure 2.3. Bike riders in a polluted day in Beijing 2013. Source: Miniharm.com
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Figure 2.4. View of air pollution in Mexico City 2016. Source: Time/ Pedro Mera-Xinhua Press

Given that visibility impairment as a consequence of haze has been a serious problem
for a long time, some countries have issued regulations to prevent it and control it. The
Clean Air Act (CAA) of the United States, for example, contains provisions to address
the visibility problem since the amendments of 1977, when the national goal for visibility
was established in Section 169A of the CAA which calls for the “prevention of any future,
and the remedying of any existing, impairment of visibility in Class I areas which
impairment results from manmade air pollution (US Code 2013)”. Building upon it, the
Environmental Protection Agency (EPA), after conducting a series of studies and
analysis throughout the country, proposed regulatory amendments to the CAA in 1999,
in order to improve air quality and visibility in national parks and wilderness areas (US
EPA 1999).

Figure 2.5. View of Yosemite National Park, California, with and without haze. Base Image and
Modeled Image with a range of visibility of 390 km and 31 km, respectively. Source: IMPROVE5

5

Modeled via WinHaze-Visual Air Quality Modeler at http://vista.cira.colostate.edu/Improve/winhaze/
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Besides impaired visibility, other negative effects of air pollution can be seen among
humans, flora, fauna, and urban facilities and materials. The following table shows
examples of receptor’s responses to bad air quality depending on the time of exposure
to it.
Table 2.5. Examples of receptor category characteristic response time. Source: Vallero 2008

Characteristic response times
Receptor category
Human

Animal, vegetation

Material

Short-term
(seconds-minutes)
Odor, visibility,
nasopharyngeal and
eye irritation
Field crop loss and
ornamental plant
damage
Acid droplet pitting
and nylon hose
destruction

Intermediate-term
(hours-days)
Acute respiratory
disease
Field crop loss and
ornamental plant
damage
Rubber cracking,
silver tarnishing, and
paint blackening

Long-term
(months-years)
Chronic respiratory
disease and lung
cancer
Fluorosis of
livestock, decreased
fruit and forest yield
Corrosion, soiling,
and materials
deterioration

2.4 Health effects of air pollution
Air pollution is relevant because of the threat that it represents for the health and wellbeing of people living not only in urban areas, but also out and far from them. The WHO
(2006) and studies carried out by researchers conclude that many respiratory and
cardiovascular diseases have been linked to short- and long-term exposure to bad
quality air.
Table 2.6. Health effects of air pollution. Source: WHO 2006
Effects attributed to short-term exposure


Daily mortality



Respiratory and cardiovascular hospital admissions



Respiratory and cardiovascular emergency department visits



Respiratory and cardiovascular primary care visits



Use of respiratory and cardiovascular medications



Days of restricted activity



Work absenteeism



School absenteeism



Acute symptoms (wheezing, coughing, phlegm production, respiratory infections)



Physiological changes (e.g. lung function)

Effects attributed to long-term exposure


Mortality due to cardiovascular and respiratory



Chronic respiratory disease incidence and prevalence (asthma, COPD, chronical pathological changes



Chronic changes in physiologic functions



Lung cancer



Chronical cardiovascular disease



Intrauterine growth restriction (low birth weight at term, intrauterine growth retardation, small for gestational age)
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Population in general can be affected by air pollution and might present subtle or
temporary effects; there are subgroups, however, that are more susceptible to pollutants
exposure, namely people with pre-existing medical conditions, elderly people, pregnant
women, and young children. In the WHO Air quality guidelines (2006) it is described that
the effects of pollutants are perceived even at very low levels, which may be the reason
why a large fraction of the population is affected by them.
In the case of sulfur dioxide, inhalation is the only route of exposure that is of interest
regarding its effects on health (WHO 2006). Epidemiological studies have confirmed that
short-term and long-term exposure to SO2 leads to adverse effects on the respiratory
system, from irritation of the airways to higher prevalence of bronchitis, or pulmonary
function changes. In addition, it has been proven that changes in cardiac function and
the autonomic nervous system can be fostered by exposure to the mentioned air
pollutant (Ibid.).
Pollution-related diseases impose high costs to health care systems and losses to
the economy of a country in general. As stated by the Lancet Commission on pollution
and health (2018), hospital admissions and cares derived from pollution-related diseases
result in high medical expenditures; in addition, work and school absenteeism leads to
decrease of productivity and economic losses. Costs that are consequence from
damages to ecosystems should be taken into consideration, as well, but most of the time
they are not.
When costs are recognized, positive impacts among sectors, instead of negative
ones, can be generated. With the adoption of proper ambient air pollution prevention and
mitigation measures, for instance, the expenditure in health care systems and losses
derived from lack of productivity could decrease considerably. In consequence, there
would be an increase in resources savings, which could eventually be allocated to other
areas in need. Those positive results could be translated, then, to the accomplishment
of SDGs and lead to a cascade of synergies among them, as proposed by Pradhan et
al. (2017); let us consider the following scenario: if a country regulates or determines the
use of cutting-edge technologies in order to limit emissions of air pollutants in several
industries, it would lead to ambient air pollution reduction in the region and, therefore,
create synergies among SDGs 12, 11, and 3, because it will result in better values for
indicators regarding more responsible production, enhancement of cities and
communities, and, thus, health and well-being for its citizens. In addition, if other country
imports products from the country with better technology and more efficient production
processes, this would account for good values in indicators related to responsible
consumption for the importing country, SDG 12 again.
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When it comes to transboundary air pollution, costs have to be examined likewise.
The pollutants resulting from the production of goods that are produced in one country
but are consumed in another one impose costs to the country where they are produced
and are not “internalized” in market prices for consumers (Sachs et al. 2017). Those are
the costs that will be presented and analyzed in depth further on as international spillover
effects.

2.5 Air pollution control
Air pollution mitigation and control is one of the aspects that contemporary societies have
to consider, given that, by doing it, quality of life can be enhanced and pollution-related
diseases can be prevented. It makes a lot of sense to spend the necessary amount of
time and resources in developing strategic plans of pollution abatement and
management so as to identify priorities, solutions, and benefits, for they have proven to
be highly cost-effective. According to Vallero (2008), controlling air pollution means
limiting or eliminating emissions from the sources and, in order to achieve that, countries
must develop emission standards that should be, then, adopted and enforced.
Most of the times, humans do not perceive air-borne pollutants, even though they are
always present in air masses. In order to guarantee clean air or to improve air quality it
is necessary to carry out measurements of ambient air regularly; in consequence
national, regional, and international monitoring networks have been developed.
The purpose of designing and developing monitoring networks is not only to collect
data, but also to provide information to policy-makers and the public about exposure to
pollutants, in order to plan air pollution control programs accordingly (WHO 1999).
Monitoring networks or programs are not the same everywhere, given that their design
and implementation depend on the objectives that are defined for them, which must be
clear, realistic, and achievable; hence, they change from region to region, and country
to country (Ibid.).
Their implementation, however, follows normally the same path; first of all, there is a
site selection of representative locations with “typical” air quality, such as city centers or
residential areas. Then, another location at a “clean” area in the city or region of interest
is also selected in order to measure air pollution levels that are considered background
levels, which serve as a control. Finally, the data obtained from the monitoring stations
is compiled and analyzed (Ibid.).
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Many developed countries have their own national networks or institutions that are in
charge of air quality monitoring; there are, as well, international networks or programs
that have the common goal of surveying the state and behavior of pollutants in the
atmosphere, such as the European Monitoring and Evaluation Program (EMEP) and the
Global Atmospheric Watch (GAW) of the World Meteorological Organization (WMO).
Not all countries have access to monitoring systems, though. High costs of
implementation and maintenance make it difficult for some developing countries to
design and develop national monitoring networks. Luckily, there are efforts done by the
United Nations Environment Program (UNEP) to design “Affordable Air Quality
Monitoring Systems in order to enable those countries to monitor air quality and estimate
the effects of air pollutants on human health. (UNEP 2015)”.
The Lancet Commission on Pollution and Health (2018) states there has been a lot
of progress in the scientific understanding of air pollution and its effects on health;
modern technologies, such as remote sensing and Earth Observation (EO), have
facilitated the mapping and measuring of pollution, as well as the identification of
pollution sources and the tracking of temporal trends.
Monitoring of air pollution encompasses ground-level monitoring and atmospheric
dispersion modelling, which help to know air pollution concentrations and transportation
patterns. Nonetheless, the use of satellite-based remote sensing is substantially
increasing since EO methods and data can cover large areas with spectral bands and
spatial scales and resolutions which can then be analyzed and interpreted (United
Nations Satellite Imagery and Geospatial Data Task Team 2017). Still, refinement of the
interpretation of satellite data is required, and increased efforts in training and capacity
building, mainly in developing countries, are needed. Klimont et al. (2013) suggest that
satellite observations can be helpful only for trend verification given that estimation of
absolute values of emissions through satellite data turns to be more complicated.
EO has already been used to estimate PM concentrations in South East Asia by
modelling and integrating in-situ and satellite data. Its use has been successful and the
data obtained have been highly valuable for policy decision making and for the
implementation of air quality management measures that can lead to the achievement
of SDG 11 (Sustainable cities and communities) and SDG 3 (Good Health and Wellbeing) (GEO 2017). According to the GEO, it is expected that the launch of new satellites
covering this, and other regions, will increase the amount of information for better
estimations of surface PM concentrations, which will be helpful for authorities and the
scientific community.
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As indicated by the Lancet Commission on Pollution and Health (2018), it is essential
to include all the relevant stakeholders in the design of the above mentioned pollutioncontrol plans. The participation of government (at all levels), private sector, industry,
scientific community, academia, international organizations, and civil society is
necessary to design, develop, implement, and monitor the plans that can contribute to a
significant reduction of air pollution in cities, and all the advantages that emerge from
that, both in the short-term and long-term.
Some countries, such as China, and regions, such as Europe, have done a lot of
progress in developing action plans with specific targets for environmental improvement
and limits for air pollutants emission (Klimont 2013). Nonetheless, it is worrying that, in
the last years, the trend of air pollution emissions in other countries, for example SO 2
emissions in India, is going upwards (Ibid.). In addition, regulations for one of the main
contributors of emissions, i.e. international shipping, have to be further developed and
enforced, in order to see a considerable decrease (Klimont 2011); the trend of emissions
from this sector is going upwards, which may be linked to the increase of goods that
have been loaded and transported worldwide (Ibid.). In the globalized era we are living,
it is necessary to encourage cooperation and action not only among national
stakeholders, but also among the international ones.
Air pollution accountability is of paramount importance at a global scale nowadays.
Taking into consideration its transboundary condition, air pollution has to be looked at
both from the national perspective and from the international one; even though this issue
was covered long time ago with the adoption of the CLRTAP, not only do countries have
to consider and be responsible of pollution that is generated within their territories and
that travels to neighboring countries, but also the one generated in other parts of the
world for the production of goods that are imported. This is the point where the SDG 12
Responsible production and consumption acquires its relevance.
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3. Sustainable Development Goals and International spillover effects
The adoption of the Agenda 2030 represented a milestone in the interest and focus on
global sustainable development. By adopting the Sustainable Development Goals
(SDGs), and the targets within them, the United Nations member states committed to
working on implementing measures to achieve sustainable development and to
cooperating among them to help others achieve it, as well. It is through the SDGs, the
targets, and global indicators that countries and the international community can
measure, manage, and monitor progress on economic, social, and environmental
sustainability.
A key feature of SDGs is that they are all interconnected. Some of the aspects of
SDGs are intertwined; therefore, developing strategies to tackle them together, rather
than separately, can lead to better results, given that the impacts can be seen both at
the socio-economic and environmental levels.
The progress has been tracked over the years and has been documented on the
Sustainable Development Goals Report that is published annually. As stated in the
introduction, the report that has been considered and used throughout the drafting of this
thesis is the SDG Index and Dashboards Report 2017, since relevant indicators
regarding air quality, encompassed as environmental spillover effects, were introduced
for the first time that year. The most recent edition of the SDG Index and Dashboards
report was launched in July 2018; however, the data reported on it in regards of air quality
refer to those presented previously in the 2017 report. This means that no changes were
made to the indicators considered in this thesis and that no new indicators related to air
quality were introduced for the new edition.
According to the authors, the SDG Index and Dashboards Report 2017 covered 157
of the 193 UN member states and was developed from 99 indicators 6. The amount of
indicators differs from goal to goal; that means that the number of variables considered
for the evaluation of the performance of a country for one SDG is not the same for the
rest of the goals and, in some cases, is not the same for all the countries either7. It is
important to reflect on this fact given that the value resulting for a certain indicator might

6

Sachs et al. state that, after a revision of the initial SDG indicators, the UN Statistical Commission
endorsed a set of 232 official indicators in April 2017. However, given that there is a lack of data for
most of the indicators and for most of the countries, the SDG Index and Dashboards Report includes
indicators for which official data is available and indicators that were developed from reputable studies
and sources.
7
There are some indicators that apply only for OCDE countries, for example.
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have a strong impact on the overall performance for an SDG, if the goal has few
indicators, or a light impact, if the goal has plenty of them.
The aim of this thesis is to analyze a set of indicators from the SDG Index and
Dashboards Report that have a direct connection to air pollution and that jeopardize
human health in a more direct way; in addition, the recently added indicator on net
imported SO2 emissions is of particular interest for it allows to estimate the impact that
production of goods in one country for consumption in another have on air quality in the
producing country. Nonetheless, there are some indicators related to air pollutants and
other emissions connected to air pollution that are left out of this work since they go
beyond the scope and deal with other effects that are not taken care of here, namely
CO2 and emissions of reactive nitrogen.
Through the SDG Index and Dashboard Report it is possible to know how the
countries are doing in the process of achieving sustainable development; it presents a
dashboard that allocates a color to the performance of a country on each one of the
seventeen goals, based on indicators: color green suggests that the efforts done by the
country have been positive and that the specific SDG has been already fulfilled; color
yellow represents that there has been some improvement; color orange highlights that
there has been improvement but more efforts have to be done; and finally, color red
means that the country is still far from achieving the goal (Sachs et al. 2017). It does not
come as surprise that there are some countries that are doing better than others, and
that, in general, high-income countries perform better than low-income ones, which does
not mean that the first ones have nothing else to do to improve.
One of the steps of the procedure for calculating the SDG Index8 is the rescaling of
data. In order to make the comparison of the data across indicators easy and
manageable, Sachs et al. rescaled the variables from 0 to 100 to denote the worst and
the best performance, which could be achieved by a country, respectively. First of all,
the researchers had to set upper and lower bounds for each indicator; in the case of the
upper bound, the values were determined through a five-step decision tree defined by
the authors as the following:

8

The whole procedure comprises four steps: 1) perform statistical tests for normality and censor
extreme values from the distribution of each indicator; 2) rescale the data to ensure comparability
across indicators; 3) aggregate the indicators within and across SDGs; and 4) conduct sensitivity and
other statistical tests on the SDG Index (Sachs et al. 2017)
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1. Use the absolute quantitative thresholds outlined in the
SDGs and targets, such as zero poverty or universal access
to water and sanitation (…) 2. Where no explicit SDG target
is available, set upper bound to universal access or zero
deprivation for the following types of indicators (…) 3. Where
scientific-based targets exist that must be achieved by 2030
or later, use this to set 100% upper bound (…) 4. Where
many countries already exceed the SDG target, use the
average of the top five performers (…) 5. For all other
indicators use the average of the top five performers. (Sachs
et al. 2017, 42-43).
The lower bounds were determined by “censoring the data at the bottom 2.5 th percentile
as the minimum value for the normalization.” (Ibid.), only with two exceptions: the
indicators for Tax Haven Score (0-5), and Fresh water withdrawal (%).
Once the upper and lower bounds were established, the authors used the following
rescaling equation for the range [0;100]:

𝑥′ =

x − min(𝑥)
max (𝑥) − min(𝑥)

(1)

where x represents the raw data value; max and min indicate the upper and lower
bounds, respectively; and x’ denotes the normalized value after scaling (Ibid.). The
rescaled data is easier to interpret since a score of 50 would denote that a country is
half-way towards achieving the best value, for example.
The SDGs Dashboards were designed to show the SDGs that need special attention
and on which countries should focus. The data used for the SDGs Index is also used for
the Dashboards; as stated before, the four color bands were introduced to indicate the
progress of a country on the different indicators. The green band represents the optimum
value of the variable, i.e. the upper bound, and the threshold for achieving the goals,
while the red band indicates the lower bound of the indicator (Ibid.). In between, there
are three color bands ranging from yellow to orange and red that denote the way still to
be covered for the achievement of a particular SDG. Given that thresholds are not the
same for the different indicators, it is not possible to establish general values for all the
countries.
The interlinkage of SDGs goes beyond borders, that is to say that the actions taken
by one country to fulfill its commitments may have positive or negative transboundary
impacts. In the SDG Index and Dashboards Report 2017, these impacts were recognized
for the first time, emphasizing that countries may not achieve the goals if others do not
contribute and do their part. According to the Report, international spillover effects
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appear “when one country’s actions generate benefits or impose costs on another
country that are not reflected in market prices, and therefore are not ‘internalized’ by the
actions of consumers and producers (Sachs et al. 2017, 3)”. The Report mentions three
different areas where spillover effects contained in the SDG Agenda can be found, them
being: environment; economy, finance, and governance; and security (Ibid.).
Spillover effects had not been mentioned in other assessments reports; that is why
their introduction in the SDG Index and Dashboards Report 2017 constitutes a landmark
since they turned the attention to “consumers” of pollution, allocating some of the
responsibility of air pollution in the producing countries. Nonetheless, one of the
drawbacks of spillover effects, at the moment, is that they are not properly measured or
even acknowledged, both at national and international levels. This results as a
consequence of the lack of robust and consistent data that can be analyzed and
measured in order to have a clear image of the effects (Sachs et al. 2017). In addition,
the absence of linkages between activities and the effects that go along with them, that
is to say the impacts that arise throughout all the supply chain, make it difficult to follow
their development and recognize the points where the spillover effects appear.
Notwithstanding, it is expected that in the coming years more indicators and better data
about them can be obtained and used to fill in the gaps that exist nowadays.
The spillover effects that are relevant for this work are the ones related to the
environment, in particular transboundary air pollution and pollution embedded in trade,
more specifically the net imported SO 2 emissions. The cases of China and Norway,
concerning this indicator, were selected for comparison in this paper, since one of them
is an intensive exporting country and the other an intensive importing country, which
makes them have a relation between the exchange of SO2 emissions as producer and
consumer.
Table 3.1. presents the complete list of environmental spillover indicators.
Table 3.1. Environmental spillover indicators. Source: Sachs et al. 2017

SDG

SDG spillover indicator

6

Imported groundwater depletion

12

Net imported SO2 emissions

12

Net imported emissions of reactive nitrogen

13

Imported CO2 emissions, technology-adjusted

15

Imported biodiversity impacts

23

As previously stated, some of the spillover indicators were not considered within this
thesis, even if they have a connection to air pollution, in order to keep the focus of this
work.
3.1 Selected indicators from the SDG Index and Dashboards Report 2017
Several indicators of the SDGs Report have a connection with air pollution and health;
however, a selection of some of them had to be done in order to limit the scope of this
work and to establish the link between air pollution and its harmful consequences to
human health in a more direct manner. Furthermore, given the fact that the indicators
belong to different SDGs, their direct connection might not be recognized at first sight.
The selected indicators are four: 1) PM2.5 in urban areas (µg/m 3), from SDG 11; 2)
Death rate from household and ambient air pollution (per 100,000), from SDG 3; 3)
Production-based SO2 emissions, from SDG 12; and 4) Consumption-based SO2
emissions, from SDG 12, as well. In order to introduce these indicators in a better way,
a table with the statistics regarding the number of observations (N), statistical mean
(Mean), standard deviation (SD), minimum (Min), and maximum (Max) values across all
countries, retrieved from the SDGs Report, will be presented. Since the intention is to
analyze and compare the performance of Norway and China in those indicators, their
respective values will be cited, as well.
The first indicator to be described is found on SDG 11 Sustainable Cities and
Communities; it refers to the annual mean concentration of particulate matter of less than
2.5 microns of diameter (PM2.5) in urban areas. As established in subsection 2.3,
particles of this size are extremely harmful given that there is no trapping mechanism in
the human body that can prevent them from reaching organs from the respiratory and
cardiovascular systems; therefore, it is essential to keep concentrations at the lowest
possible levels. They are considered in this section since inhalation of PM2.5 have direct
effects on human health.
The thresholds estimated by Sachs et al. for this indicator are the following:
Table 3.2. Thresholds for annual mean concentration of PM2.5 (µg/m3). Source: Sachs et al. 2017

Bound/threshold

Value

Upper bound

6.3

Green band

<=10

Yellow band

10< x <=17.5

Orange band

17.5< x <25

Red band

>25

Lower bound

87
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and its statistics are:
Table 3.3. Statistics for annual mean concentration of PM2.5 (µg/m3). Source: Sachs et al. 2017

SDG

Indicator

N

Mean

SD

Min

Max

11

PM2.5 in urban areas (µg/m3)

186

26

18.4

3.4

104.2

Norway has a value of 8.9 (µg/m3) for this indicator, which gives the country a green
rating, whereas China reaches a value of 57.2 (µg/m3), obtaining, therefore, a red rating.
With information regarding mean annual exposure of PM2.5 from 2013 to 2017,
retrieved from Brauer et al. 2017, it is possible to see that China continues dealing with
high amounts of PM2.5 but in the last five years there has been a considerable decrease
due to the enforced regulations; in contrast, PM2.5 has not been a real problem for
Norway but concentrations of it have decreased as well, given the introduction of national
and European limits.
PM2.5 air pollution- mean annual exposure (µg/m3)
Norway-China
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Figure 3.1. PM2.5 air pollution- mean annual Exposure-Norway and China. Source: graph compiled by
the author with data from Brauer, M. et al. 2017, for the Global Burden of Disease Study 2017

The second relevant indicator appears on SDG 3 Good health and well-being and
deals with death from household and ambient air pollution (per 100,000 population); this
is an extremely broad goal since it encompasses numerous indicators9 and ambient air
pollution is just one of the factors contributing to it. The thresholds for this indicator are
defined as follows:

9

Other indicators of SDG 3 are: Maternal mortality, Neonatal mortality, Under 5 mortality, Incidence of
tuberculosis, HIV prevalence, Death rate from NCDs, Traffic deaths, Healthy life expectancy at birth,
Adolescent fertility, Births attended by skilled health personnel, Infants who receive 2 WHO vaccines,
UHC Tracer index, Subjective well-being, and Daily smokers (Ibid.).
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Table 3.4. Thresholds for death from household and ambient air pollution (per 100,000 population).
Source: Sachs et al. 2017

Bound/threshold

Value

Upper bound*

0

Green band

<=25

Yellow band

25<= x <=50

Orange band

50<= x <=75

Red band

>75

Lower bound

368.8

The values obtained by Norway and China in this indicator are quite contrasting, for they
are 13 and 163, respectively. This shows that the range of values for this indicator is
quite broad, as the following statistics confirm:

Table 3.5. Statistics for death from household and ambient air pollution. Source: Sachs et al. 2017

SDG
3

Indicator
Death from household and ambient
air pollution

N

Mean

SD

Min

Max

190

67.9

81.9

0

460.9

The third and fourth indicators are comprised in SDG 12 Responsible Consumption
and Production, which also includes several indicators but much less than SDG 3. The
third indicator is related to production-based SO2 emissions (kg/capita), and the
thresholds for this were calculated by Sachs et al. as the following:
Table 3.6. Thresholds for production-based SO2 emissions (kg/capita). Source: Sachs et al. 2017

Bound/threshold

Value

Upper bound

0.5

Green band

<=10

Yellow band

10< x <=20

Orange band

20< x <=30

Red band

>30

Lower bound

68.3

The performances of the countries considered for this paper, i.e. Norway and China, in
this indicator, are dissimilar but not extremely opposite as in other indicators, for Norway
scores 4.3 and China, 25.5 (Ibid.).
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In regards of the statistics, the indicator has the following numbers:
Table 3.7. Statistics for production-based SO2 emissions (kg/capita). Source: Sachs et al. 2017

SDG
12

Indicator

N

Mean

SD

Min

Max

Production-based SO2 emissions

159

13.5

23.5

0.4

176.3

Finally, the last indicator considered is net imported SO2 emissions (kg/capita), which
was introduced as an indicator for spillover effects. The thresholds defined for it are:

Table 3.8. Thresholds for net imported SO2 emissions (kg/capita). Source: Sachs et al. 2017

Bound/threshold

Value

Upper bound

0

Green band

<=1

Yellow band

1<= x <=8

Orange band

8<= x <=15

Red band

>15

Lower bound

30.1

In this indicator, the performances of Norway and China are quite contrasting and their
values go beyond the upper and lower bounds; the Nordic country scores 34.2 and the
Asiatic country, -5.7. In this case, the scores given are within the minimum and maximum
values presented in the summary statistics for the indicator, which are the following:

Table 3.9. Statistics for net imported SO2 emissions (kg/capita). Source: Sachs et al. 2017

SDG
12

Indicator

N

Mean

SD

Min

Max

Net imported SO2 emissions

187

1.6

12

-52

60.9

3.2 Transboundary air pollution and pollution embedded in trade
As stated by Zhang et al. (2017), in this globalized era, international trade has contributed
enormously to the spread of emissions and pollution because the production of goods
(and emissions resulting from it) takes place in a region of the world, and consumption
of goods takes place in another. The spillover effect of transboundary air pollution and
pollution embedded in trade results from the impact that a country has on others through
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trade in raw materials, products, or services (Sachs et al. 2017), and hinders the
achievement of SDG 12 Responsible Production and Consumption. Additionally, and
perhaps most significantly, it has a direct association with pollution that remains in cities
because of production processes, which harms citizen’s health and prevents the
countries where those processes take place from achieving the goals related to health
and improvement of the environment, namely SDG 3 and SDG 11.
Pollution generated from the distribution of the goods all around the world is not the
only one that is relevant; pollution generated from the production of the goods that stays
in the producing region, and surroundings, is perhaps more important, since it can be
the driver of direct, and sometimes immediate, health effects on the inhabitants of the
area, and most of the times it is far away from the country or region where the goods are
consumed in the end (Zhang et al. 2017). Estimations by the authors indicate that 22%
of 3.5 million premature deaths linked to PM2.5 in 2007 worldwide were connected to
goods and services that were produced in a country but consumed in another one.
Taking into consideration this spillover effect is important because, in this way, it is
possible to attribute air pollutant emissions to the countries where goods and final
products are demanded and bought; therefore, in today’s world, the burden of pollution
must also be borne by developed countries, which consume the most, so as to foster
responsible consumption (Sachs et al. 2017).
One of the SDG Environmental Spillover Indicators presented in the SDG Index and
Dashboards Report 2017 is the net imported SO2 emissions, which can be considered a
consumption-based emission. A stated previously, consumption is a key driver of air
pollutant emissions; hence, consumption-based emissions can be identified as the air
pollutants that are released all along the supply chain of a material, good, or service, and
that can be attributed to their consumption (Zhang et al. 2017).
Estimating the amount of consumption-based emissions is not an easy task, due to
the fact that plenty of trade data regarding input-output, industry sectors, and world
regions have to be taken into consideration. Nevertheless, according to Zhang et al., it
is possible to apply a “multi-regional input-output model (MRIO)”1011 within which all the
factors can be interconnected and the air pollutants released can be granted to the region
where the goods or services are finally consumed. In the research paper, the authors
10

The framework of the input-output model was developed by Wassily Leontief in the late 1930s, and
its main objective is to analyze the interdependence of industries in the economy. The basic linear
equation of the input-output model is 𝑋 = (𝐼 − 𝐴)−1 𝑌 , where 𝑋 represents the total output vector, 𝑌 is
the final demand vector, 𝐼 denotes the identity matrix, and (𝐼 − 𝐴)−1 is the Leontief inverse matrix.
11

More about the model can be found in Peters and Hertwich, 2004.
28

explain that by using the MRIO it is possible to quantitatively split the emissions produced
in a region into the components that are related to consumption of materials, goods, or
services, both in the same region and in others.
Several steps have to be followed before the estimation of consumption-based
emissions can be done. The basic equations used by Zhang and collaborators to do the
calculations are shown hereunder. They used the data from the 8th version of the Global
Trade Analysis Project (GTAP) Data Base12, which considers 129 regions and 57 sectors
(Zhang et al. 2017b); therefore, the first step was to aggregate the production-based
emissions from the number of countries in the emission inventory to the number of
regions considered and to map from sub-sectors to sectors. Once this was done, the
following formula was used to decompose the production-based emissions:
129

𝐸𝑠,𝑘,𝑐 = ∑

𝑓𝑘,𝑟,𝑐 𝐸𝑠,𝑘,𝑐

(2)

𝑟=1

where 𝑠 represents the species, 𝑘 represents the economic sectors, and 𝑐 represents
the consumption regions. 𝐸𝑠,𝑘,𝑐 constitutes the total production-based emissions from
sector 𝑘 in region c; and 𝑓𝑘,𝑟,𝑐 stands for the production fraction of sector 𝑘 in region 𝑐 in
relation to the consumption activity in region 𝑟 (Ibid.).
The next step taken by the researchers was to calculate the region- and sectorspecific production in relation to consumption on a given region r, under the MRIO model,
which was translated in the equation:
.𝑟
𝑥𝑐𝑜𝑚
= (𝐼 − 𝐴)−1 𝑦 .𝑟

(3)

where 𝐴 denotes the inter industry requirements matrix 13 , 𝑦 .𝑟 represents the final
consumption in region r and includes the final products produced in region 𝑟 in addition
.𝑟
to the products imported from other regions. 𝑥𝑐𝑜𝑚
constitutes the total production of the

considered 129 regions for 57 sectors, in relation to consumption in region 𝑟. Therefore,
the proportion of region- and sector- specific production (𝑓 .𝑟 ) in relation to consumption
in given region 𝑟 could be calculated with the formula:

12

“The GTAP is a global network of researchers and policy makers that conduct analysis of international
policy issues (Center for Global Trade Analysis 2019)”. The masterpiece of the GTAP is the GTAP Data
Base, which is a fully documented, global data base that contains complete bilateral trade information,
transport and protection linkages, and that is available for the public.
https://www.gtap.agecon.purdue.edu/databases/v9/default.asp
13
It is a normalized matrix of the intermediate coefficients where columns contain the inputs required
from sectors in one region to produce one unit of production from each sector in other region.
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.𝑟
𝑓 .𝑟 = 𝑥𝑐𝑜𝑚
/𝑥

(4)

Finally, once having these calculations done, the consumption-based emissions can be
derived from the regional total production-based emissions, by subtracting the exported
and adding the imported emissions (Ibid.).
The graphs comparing production- and consumption- based SO2 emissions
presented by Zhang et al. (Figure 4), show that, in general, in the developed regions,
consumption-based emissions are higher than production-based emissions, which
indicates that this air pollutant has been transferred to developing regions through
international trade. Consumption in developed regions, therefore, entails negative
spillover effects.

Figure 3.2. Comparison of production- and consumption- based SO2 emissions the 13 world regions.
Source: Zhang et al. 2017b.

In order to calculate emissions of a particular air pollutant it is necessary to consider
the activity rate, in terms of fuel consumption in different sectors, and emission factors.
For SO2, for example, information about emissions from combustion sources and noncombustion sources is needed. The first one can be derived from, the sulfur content of
fossil fuels that are used in the different sectors; the second one can be acquired from
emission factor databases containing unabated SO 2 emission factors (Ibid.).
Plenty of data is required to carry out this sort of calculations; therefore, researchers
have developed national, regional, and international emission inventories, as well
databases so as to make the gathering of information and the availability of it easier.
The results of the calculations done by Zhang et al. were the basis for the inclusion
of consumption-based emissions as part of the environmental spillover effects in the
SDG Index and Dashboards Report 2017, since they show that high-income countries
tend to generate air pollution through consumption.
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The countries with the highest net per capita import of SO 2 embodied in trade,
according to the calculations done by Sachs et al., are shown in the following table:
Table 3.10. Countries with the highest net per capita import of SO 2 emissions (kg/capita). Source:
Sachs et al. 2017

Country

Net imported SO2 emissions

1. Luxembourg

60.9

2. United Arab Emirates

58.4

3. Switzerland

34.4

4. Norway

34.2

5. Belgium

30.1

6. Denmark

24.8

7. Qatar

23.8

8. Cyprus

23.2

9. Ireland

22.0

10. Finland

21.1

As the numbers show, the consumption of SO 2 emissions by the countries listed
above is remarkable; however, if they are compared to the numbers of production-based
SO2 emissions, other SDG 12 indicator considered for this work, the result is contrasting,
since most of the countries produce much more less emissions than they consume, with
the exception of Cyprus, because the country produces even more emissions than it
consumes. The production-based SO2 emissions absolute values of the above
mentioned countries are shown in the following table:
Table 3.11. Production-based SO2 emissions per capita (kg/capita). Source: Sachs et al. 2017

Country
1. Luxembourg

Production-based SO2
emissions
4.8

2. United Arab Emirates

13.9

3. Switzerland

1.7

4. Norway

4.3

5. Belgium

11.2

6. Denmark

4.3

7. Qatar

7.9

8. Cyprus

29.6

9. Ireland

10.9

10. Finland

17.6
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Consequently, given that the performance of those countries is dissimilar in regards to
production-based SO2, it would not be possible for us to list them together again.
The difference of behavior in these two indicators for the above mentioned countries
makes us see that, with the exception of Cyprus, their main contribution to SO 2 emissions
is through imports.
Concerning the values (all given in kg/capita) used for allocating color bands to the
performance of the countries in this respect (Table 3.6.), five of the ten countries listed
(Denmark, Norway, Luxembourg, Qatar, and Switzerland) have values lower than 10,
which grant them with a green band; four of the remaining ones (Belgium, Finland,
Ireland, and United Arab Emirates) have values between 10 and 20, which give them a
yellow band; finally, Cyprus is the one that performs the worst in this indicator with a
value of 29.3, which represents an orange band for it.
In the SDG Index and Dashboard Report 2017 it is shown that all of these countries
have a bad performance on SDG 12 overall, that is, they have a color red cell in their
respective dashboard. This implies that the results for the remaining six indicators of the
SDG range in the negative values as well or are more leaned towards them.
The following table shows the list of the countries with the lowest absolute values,
that is to say, the ones that perform the best in this indicator and that have a color green
cell in the respective Dashboard:

Table 3.12. Countries with the lowest net imported SO2 emissions (kg/capita). Compiled by the author
with data from Sachs et al. 2017.

Country

Net imported SO2

1. Kazakhstan

-52.0

2. Peru

-33.3

3. Zambia

-31.8

4. Chile

-31.1

5. Bulgaria

-31.0

6. South Africa

-22.2

7. Namibia

-20.7

8. Australia

-16.8

9. Canada

-15.3

10. Kuwait

-11.1
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For a long time, it has been the producer the one responsible for emissions. Total
emissions in a country are derived from all its producing industries, without taking into
consideration if the production is for domestic consumption or for export. As stated by
Peters et al. (2004), if the consumer is responsible, from the total amount of emissions
emitted during the production of goods in a given country, the amount of emissions
related to the goods that are imported should be subtracted, leaving only emissions from
producing goods for domestic consumption. By doing so, the burden has to be borne by
the consumer, who will eventually might be more interested and informed about the
efficiency of production processes in other countries and will consume in a more
responsible manner; as established by the authors “the net difference between producer
responsibility and consumer responsibility is the balance of trade for emissions.” (Peters
et al. 2004)
As for the other indicators considered in this paper, namely, PM2.5 in urban areas from
SDG 11, and death rate from household and ambient air pollution, from SDG 3, the
performance of the countries listed in Table 3.10. is surprising. PM2.5 in urban areas
fluctuates considerably from country to country; it is a concerning problem for Qatar and
the United Arab Emirates, since both of them have values above 25 which, according to
Table 3.2., grant them with a red color band; Luxembourg, Switzerland, Belgium,
Denmark, get a yellow color band, and Cyprus, an orange one, since their values are
between 10 and, slightly beyond, 17.5. Finally, Norway, Ireland, and Finland are the
countries with the best ratings and green color bands.
Regarding the ratings for death rate from household and ambient air pollution, nine
of the ten countries listed have very good ratings; only Belgium has a rating of 30, which
represents a yellow color band for it. This is striking because one might think that given
that Qatar and the United Arab Emirates have high concentrations of PM 2.5, the death
rate for household and ambient air pollution would be high as well, but it is not. The
explanation for it could be that PM2.5 is just a factor of all air pollution and that, in this
case, it does not play an important role.
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4. Country cases
The introduction of new indicators in the SDG Index and Dashboards Report 2017,
namely the international spillover effects, has shown that the full accomplishment of the
Agenda 2030 is still far, even for the countries with the best scores. It is possible to see
in the Index that the top ten countries have difficulties for the achievement of SDG 12
Responsible Consumption and Production, SDG 13 Climate action, SDG 14 Life below
water, SDG 15 Life on land, and SDG 16 Peace, justice, and strong institutions, these
goals being from which spillover effects have derived (Sachs et al. 2017).
As previously stated, it has been seen that high-income countries are the ones for
which spillover effects are more problematic. In an assessment of the performance on
all SDGs of the countries that comprise the Baltic Sea Region (BSR) 14, Beyersdorff and
Lanthén (2018) concluded that, despite having good accomplishments overall, the
countries still face difficulties that the SDGs focused on the environmental aspect of
sustainable development pose to them, and that work is still to be done on a national
and regional basis. One of the countries that can be seen as an example of this
challenging situation is Norway.

4.1 Norway
The Kingdom of Norway is located in the
north of Europe, in the western part of
the territory known as the Scandinavian
Peninsula; it has a total area of 323, 802
km2 and shares borders with Sweden,
Finland, and Russia. It also has a long
coastline facing the North Sea and the
North Atlantic Ocean (US CIA 2016).
According to The World Factbook of the
Central Intelligence Agency (CIA), the
Nordic country has a very stable
economy with an active private sector, a
large state sector, and an extensive
social security net. Norway’s economy

Figure 4.1. Map of Norway. Source: Worldatlas

is based on the industries of petroleum
14

The countries that form the BSR are Denmark, Estonia, Finland, Germany, Iceland, Latvia, Lithuania,
Norway, Poland, Russia, and Sweden
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and gas, shipping, fishing, aquaculture, ship building, pulp and paper products, timber,
metals, chemicals, mining, and textiles.
Air quality has been an important issue in the Nordic country; however, it has not been
as bad as in other regions of the planet. According to the Norwegian Environment
Agency, air pollution levels in the country have remained stable in the last decades, are
similar to those of other Scandinavian countries, and are lower than in other areas of
Europe; NOx and PM are the dominant air pollutants, being road traffic their main
source 15 . Transboundary SO2 emissions were significant in the past given that they
contributed to acid deposition in Norwegian aquatic and terrestrial ecosystems. The
country itself does not produce high SO2 emissions because approximately 90% of the
energy consumed domestically is produced by hydropower (Peters, Briceno, and
Hertwich 2004).
Norway is ranked in the fourth place in the SDG Index 2017 with a score of 83.9
(Sachs et al 2017), which means that, overall, it is a country that is going in the right
direction to reach sustainable development; yet, in regards to the indicator pollution
embodied in trade, it is one of the countries performing the worst.

Norway’s SDG Dashboard 2017
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Figure 4.2. Norway’s SDG Dashboard 2017. Data source: Sachs et al. 2017

Researchers have had a particular interest in studying the case of pollution embodied
in trade in Norway since this country has a high proportion of imports ($95.06 billion USD
in 2017, according to CIA 2016). Sweden, Germany, and China are Norway’s top
importing partners (United Nations 2019); the top seven are completed by the United
Kingdom, Denmark, the United States of America, and the Netherlands.1617
In the research paper “Pollution Embodied in Norwegian Consumption”, Peters,
Briceno, and Hertwich (2004) highlight that plenty of trade data is necessary to track
emission embodied in imported products; they state, in addition, that, depending on the
region the data are from, some of these are different or incomplete. That is why it is

15

https://www.environment.no/topics/air-pollution/local-air-pollution/
https://comtrade.un.org/labs/data-explorer/
17
In the Observatory of Economic Complexity, South Korea is also considered as a relevant importing
partner. https://atlas.media.mit.edu/en/profile/country/nor/
16
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necessary to develop methodologies that allow to aggregate the available data and make
it easier to manipulate. For the referred paper, the data was collected for Norway’s seven
major importing partners at that time 18, some of which were aggregated in importing
regions, namely the United States as North America, and China as Developing
Countries. Additionally, they worked with the assumption that most European countries
worked with German, Danish, or Swedish technologies, and that developing countries
worked with Chinese technology (Ibid.), factor that plays an important role in terms of
emissions production.
In order to calculate the fraction of imports from each region, Peters et al. used data
on the total share of imports from all countries into Norway, and derived the equation
𝑆𝑖 =

𝑀𝑖
𝑀𝑡𝑜𝑡𝑎𝑙

(1)

where 𝑀𝑖 represents the total imports from region 𝑖 and 𝑀𝑡𝑜𝑡𝑎𝑙 stands for the total
imports into the Nordic country. Moreover, they also estimated the fraction of imports
acquired by consumers by assuming that the ratio of imports for product 𝑗, 𝑟𝑗 , was
constant in all households and derived from
𝑟𝑗 =

(𝑦ℎ𝑖𝑚 )𝑗

(2)

(𝑦ℎ𝑑 )𝑗 + (𝑦ℎ𝑖𝑚 )𝑗

where 𝑦ℎ𝑑 means the household consumption of goods produced domestically, and 𝑦ℎ𝑖𝑚
represents the household consumption of imported goods (Ibid.). All these calculations
are needed to quantify the emissions embodied in the products that people purchase.
According to the calculations of Peter et al., the amount of SO 2 embodied in imports
from the aggregated region “developing countries” is the largest, with a total of 54.2x106
kg; it is followed by the United Kingdom with a total of 4.1x10 6 kg, and North America,
with 2.6x106kg. Moreover, the most SO2 imported emissions are found in the wearing
apparel sector, followed by are consumer goods and manufacture of chemicals (Ibid.).
It is worth mentioning that pollution from distribution, i.e. transportation, was not
considered in this study; this fact is important, mainly for imported products, since high
amounts of pollution derives from transportation.

18

Sweden, United Kingdom, United States, Germany, Denmark, Japan, and China
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4.2 China
China, officially called People’s
Republic of China (PCR), is
located in the Eastern part of Asia
and

is

the

most

populated

country in the world with around
1.415 billion people (UN 2018); it
covers a total area of 9, 596, 960
km2 and shares land borders with
Afghanistan,

Bhutan,

Burma,

India, Kazakhstan, North Korea,
Kyrgystan,
Nepal,

Laos,

Mongolia,

Pakistan,

Russia,

Figure 4.3. Map of China. Source: Worldatlas

Tajikistan, and Vietnam, as well as
maritime borders with the Yellow Sea, and the East and South China Sea (US CIA 2016).
The economic development of China started in the late 1970’s when the new Chinese
government implemented reforms pursuing the economic reintegration of the country to
the global economy; not only did the Asiatic country enter it, but it also grew into one of
its most influential players. As Hung put it, China became “a geo-economic and
geopolitical heavyweight capable of shaping the course of development of the world
system (Hung 2009, 2)”.
The applied reforms included, inter alia, liberalization of prices, fiscal decentralization,
autonomy of state enterprises, growth of private sector, and openness to foreign trade
and investment; besides receiving external capital, the country also benefited from
technical know-how, management methods, and marketing networks that the investors
brought with them (Ibid.). China’s growing economy has made the country be a key
participant of international trade and is based on a wide range of industries, e.g. mining
and ore processing of iron, steel, aluminum, other metals, and coal; textiles and apparel;
consumer products such as toys, electronic devices, and footwear; transportation
equipment; telecommunications equipment, among others (US CIA 2016).
The case of China has been interesting for research in several areas of study since
the effects of the newly open economy started to be noticed. Labor-intensive segments
of production of varied industries, both from domestic and foreign companies, were
installed in the country given the low wages that were paid to employees; this, eventually,
made the country turn into the biggest exporter of manufactured products worldwide
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(Hung 2009). The growth experienced by the Chinese economy in the last decades of
the 20th century was unprecedented and, according to Hung, it derived from three factors:
“the rise of new international division of labor, the rise of multiple and rival capitalist
centers among core countries, and the rollback of antisystemic movements (Ibid., 9).”
The accelerated and continuous growth fostered the design or enlargement of urban
settlements in China. Migration from rural areas made cities expand considerably, since
employment opportunities and access to social services such as hospitals and schools
were found there (McNeill and Engelke 2014). Nonetheless, as a result of the increase
of population and the establishment of industries in urban areas, health and
environmental problems arose. The main reason for this is the extensive use of coal for
industrial and power generation purposes, given its availability, stability of supply and
low cost19. According to McNeill and Engelke, Beijing, Shangai, Xi’an, and Wuhan are
some of the cities where very high sulfur dioxide and soot concentrations due to coal
combustion were registered in the last decades of the twentieth century.
China became the largest sulfur dioxide emitter of the world in 2005 (Fujii et al.
2013)20; SO2 emissions contributed enormously to bad air quality in several regions of
the country and, because of these serious ambient air pollution problems, twenty
Chinese cities were among the thirty most polluted cities in the world, at the time (Ibid.).
Environmental policies implemented by the Chinese government have helped to
significantly reduce SO2 and dust emissions from industries and power plants, since
2005. Given that SO2 is a precursor of secondary aerosols, which contribute to haze
pollution, it is of paramount importance to control it in order to reduce PM 2.5 levels in
Chinese cities (Huang et al. 2014). The measures taken have consisted mainly on
introducing desulfurization and dedusting technologies in both industrial and energy
sectors, and establishing strict demands to be met 21. Shi et al. report that, in 2017, the
national average for desulfurization was about 70% in industry and about 80.3% in
thermal power plants; with regard to dedusting, it was around 98% in the industrial sector
and 99.6% in thermal power plants. The wet limestone flue gas desulfurization
technology (FGD) is the most used technology in China and the world (Shi et al. 2017;

19

According to Shi et al., the use of coal-based energy in China will continue in the long-run because of
these three factors, even though the country is allocating resources to the introduction and use of clean
energies.
20
The study developed by Li et al. (2017) states that India is currently the largest emitter of sulfur
dioxide in the world.
21
One of the most rigorous measures implemented by the Chinese government was the reduction of
the limits of SO2 emissions for thermal power plants, from 400 mg/m 3 to 100 mg/m3 for new buildings
and 200 mg/m3 for existing plants (Shi et al. 2017).
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Klimont et al. 2013) 22. Even though concentrations of SO 2 have diminished in the last
years, haze events have continued occurring in the Asian country since emissions of
other air pollutants have not been strictly controlled yet (Li et al. 2017).

Figure 4.4. China’s Sulfur Dioxide concentrations 2005 and 2016. Source: NASA’s Earth
Observatory /Jesse Allen

China is ranked in the 71st position of the SDG Index 2017 with a score of 67.1 (Sachs
et al. 2017). The SDG Dashboard of the same year shows that there are four goals that
still represent an important challenge for the Asian country, SDG 3 Good Health and
Well-being among them. One of the causes of this situation is the amount of PM2.5 that
is present in the air of Chinese cities, which constitutes a link between SDG 3 and SDG
11.
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Figure 4.5. China’s SDG Dashboard 2017. Data source: Sachs et al. 2017

22

In the research article, the authors explain that the use desulfurization technology drives negative
effects, since the use of limestone produces gypsum particles that are smaller than 2.5µm, which are
harmful for human health; however, although PM2.5 is within the scope of this paper, this fact will not be
further addressed.
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With regard to the spillover effect net imported SO 2 emissions, as one may presume,
China performs very well and stands out with a value of 100 in the corresponding
indicator of the SDG Index (Ibid.). In fact, the country benefits from the allocation of those
emissions to other countries because the burden does not have to be borne only by it,
since they are consumption-based emissions. The value reported for production-based
emissions for China in the Index is 25.5; that is to say, that even if emissions are
subtracted and added to the count of other countries, China has to take further measures
to diminish the production of SO2 emissions.
By using a detailed technology-based methodology, Lu et al. (2010) estimated the
amount of sulfur dioxide emissions in China since 2000; the estimations were based on
activity data for 31 provinces in mainland China and on data from what they classified as
the four main emission sources: power plants, industry, domestic, and transportation.
According to their results, SO2 emissions from all sectors reached the amount of 32 323
Gg (1 Gg= 1 000 000 kg) in 200723, being power plants the dominant national emitter
with more than 50% of the emissions (Lu et al. 2010). The industrial sector took the
second place with 13 000 Gg, which represented 40.2% of the emissions in the Asian
country. This fact interests us, since it is from the industrial sector that most of the exports
from China to other countries take place, although it is considered that some of the
production is for local consumption.
According to Peters et al. (2004) and The CIA Factbook, Norwegian imports from
China are approximately 10%; this would mean that 10% of SO2 emissions released from
industry in China are actually consumed in the shape of a product in Norway24. Countries
listed in Table 3.6. that also have China as a main importing partner are Qatar (10.9%),
United Arab Emirates (8.5%), Denmark (7.1%), Belgium (4.1%), and Switzerland (5%)
(CIA 2019); hence, it is real that to through trade, these countries contribute significantly
to SO2 emission production and, therefore, those emissions should be allocated to them,
not exclusively, however, since many other countries import products from China, as
well.
The allocation of emissions becomes important in our days given that, in this way, it
is realized that countries contribute to bad air quality in the producing country from which
they import goods, and that, by adopting more sustainable consumption patterns, they
can help to prevent deaths and diseases directly related to ambient air pollution, besides
saving resources from importing processes.

23
24

The results agree with those obtained in other studies by Zhang et al., 2017, and Klimont et al., 2009.
This without considering emissions from power generation that are needed for production processes.
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5. Discussion
The main objective of this research work was to analyze air quality and air pollution in
the context of the Sustainable Development Goals. In other words, it was the aim to
identify in which indicators of the SDGs it is considered, and to compare the situations
of air quality and net imports of SO2 emissions, as a spillover effect, of Norway and China.
The thesis presented the origins and consequences of air pollution, as well as the
guidelines developed by the World Health Organization regarding the thresholds for
emissions of SO2 and Particulate Matter, two of the most common and harmful air
pollutants. In addition, the Sustainable Development Goals and the environmental
spillover effects were introduced, as well as the methodology that has been used to
estimate their values. Finally, the situation of air pollution in Norway and China, both
physical and embodied in trade, was presented. These two countries were selected
because they are examples of intensive importing and extensive exporting countries.
The causes and consequences of air pollution have been long studied since this
phenomenon started to affect human health and ecosystems worldwide; in this way,
measures and regulations were developed and enforced to prevent the rise of negative
effects. Nonetheless, the appearance and permanence of a capitalist system, as well as
consumption patterns peculiar of our era, have triggered and increased the production
of harmful emissions in several countries around the world, from which people have been
suffering.
Within the framework of the SDGs, indicators are the smallest parts that can interlink
one goal to another; therefore, by identifying and separating them, a stronger connection
among goals can be recognized and a more comprehensive methodology or framework
to address them can be developed, where they are consider as pressures within a
system that that would lead to the development of appropriate responses.
Countries acknowledged the importance of air pollution as a source of health,
economic, and environmental problems by including it in the 2030 Agenda, and created
several indicators to measure and track it. However, not until the inclusion of spillover
effects as an indicator of SDG12 in the SDG Index and Dashboards Report 2017 did
countries observe the need and fairness of sharing the responsibility of air pollution
production.
The indicators that were found to have a direct connection to air pollution are included
in SDG 3, SDG 11, and SDG 12; however, finding the link among them can be a little
tricky. The indicator in SDG 3 looks at the rate of age-standardized death attributable to
household air pollution and ambient air pollution (per 100,000 population); it is difficult to
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know exactly the amount of air pollution that is considered ambient air pollution given
that the data is aggregated in the indicator with household air pollution (Sachs et al.,
2017). The existing indicator in SDG 11 that looks at the annual mean concentration of
PM2.5 in urban areas has a direct link to SDG3, since particulate matter constitutes a
main emission of ambient air pollution. Although there is a straightforward connection, it
is outstanding how the bad performance in one indicator does not imply a bad
performance in the other indicator, as was proved in the last part of subsection 3.2, and
as far as the countries listed in Table 3.10. concern.
In SDG 12 there are two indicators that are relevant for the purposes of the analysis;
the first one is the one regarding production-based SO2 emissions, which constitutes the
emissions of production processes that stay in the territory because of domestic
consumption. Given that SO2 is a source of PM2.5, the values of this indicator are of great
importance to ambient air pollution. The second indicator refers to the net imported SO 2
emissions, which is the spillover effect known as pollution embodied in trade. The
comparison of Norway and China, in regards of the latter indicator, shows the extreme
cases of the performances that can be recognized in the Report; however, it is important
to highlight that this situation just applies for a determined group of countries, e.g.
countries from the Baltic Sea Region, and that the rest of the countries get values that
place them in between.
Through the consideration of the performances of countries in terms of net imported
SO2 emissions and production-based SO2 emissions, Table 3.10. and Table 3.11.,
respectively, it was possible to see that there is an important difference in absolute
values and that most of those countries contribute to bad air quality in other regions, in
terms of to SO2 emissions, through imports; the case of Cyprus is interesting because
its values illustrate that, if the production of the goods that are currently imported took
place in the country, its production-based SO2 emissions would be double and, therefore,
the costs to abate them would considerably increase.
For the cases in which all emissions are locally produced and perceived, a system
based on the Drivers Pressures States Impacts and Responses (DPSIR) framework25
could be developed nationally, since emissions can be considered as the pressures that
have an impact on environment and human health, and that need a proper response.
For the case of imported emissions, the situation becomes a little trickier since a proper
allocation of them to other countries would be necessary.
25

The DPSIR model is a framework that describes the interactions between human activities and the
environment. It was developed and adopted by the European Environment Agency (EEA) and has helped
to assess impacts to the environment and create effective responses to implement (EEA, 1997).
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Ambient air pollution

Health and
well-beingSDG 3

Figure 5.1. Pathway in which emissions, as stated in indicators, have adverse effects to human
health.

By recognizing the interconnections of the phenomena covered in the SDG’s
indicators, it is possible to create holistic frameworks that can help to create synergies
instead of trade-offs, not only domestically but also internationally.
The cases of Norway and China in terms of air pollution consumption and production
allow us to understand and explain a situation that links countries that are physically far,
through international trade, which perhaps is at its climax currently. The fact that many
industries outsourced production processes to China allowed the country to take
thousands of people from poverty and to install them in a middle class (Hung 2009). It
also allowed the rest of the countries, such as Norway, to allocate resources to and
specialize in other domains and just import the needed products from other parts of the
world. However, the supply and demand of goods and services from distant sources,
which in the end are the gears of trade, entail the exchange of virtual air pollution, not
only from the distribution phase, but also from the production one.
The consideration of spillover effects shows us that the values of pollution emissions
of a country can diminish if they are divided into production-based and consumptionbased emissions, and if the latter are properly allocated to intensive importing countries.
Thus, the exercise of calculating both types of emissions not only for China, but also for
other intensive exporting countries with air pollution problems, such as India, is
necessary. In this way, and in the context of the 2030 Agenda, it is possible to recognize
that actions that create positive effects, rather than negative ones, are to be developed
and implemented by all the countries.
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Fortunately, the need of a change to sustainable production and consumption
patterns has been acknowledged by the international community, and measures to
accomplish that have started to be developed in some regions. One of such measures
is a new paradigm that involves the economic and environmental aspects of production
and consumption; it has been called Circular Economy.
Resource scarcity and incomplete utilization is one of the main constraints of the
twenty first century; in terms of the environment, this was exposed by Rockström et al.
(2009) with the introduction of the planetary boundaries within which humanity can
continue developing, if they are not surpassed26; what matters is the protection of lifesupporting systems for survival. In terms of economy, all the resources that are extracted
and that are not fully exploited represent significant losses, and this is exactly what
happens in a linear economy, as it relies in a take-make-use-dispose paradigm (Moula,
Sorvari, and Oinas 2017).
The main objective of circular economy is to reduce the exploitation of resources, as
well as the production and consumption of raw materials, by keeping them in the “alive”
through recovery, reuse, and recycling practices (Ibid.); on the one hand, circular
economy helps to conserve and increase resources and, on the other hand, it contributes
to pollution reduction since products have a larger lifespan and are not quickly disposed.

Figure 5.2. Transition from a Linear Economy to a Green Circular Economy. Source: RLi 2015.

26

According to the authors, at least three planetary boundaries have already been transgressed: the
rate of interference with the nitrogen cycle, climate change, and the rate of biodiversity loss (Rockström
et al., 2009).
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The adoption of this new consumption paradigm offers opportunities at various levels;
first, it helps to promote growth in a sustainable, clever, and inclusive manner; second,
it leads to pollution reduction, which can be translated in disease prevention and,
therefore, less health care costs; third, it involves all sectors, from firms that have to
create new business models, governments that have to provide infrastructure for
collection and recycle processes, for example, and civil society that has to give a step
forward to more sustainable consumption habits. It requires both will and commitment
from all the participants but the protection of humanity life-supporting systems worth it.

5.1 Limitations
The research in this thesis faced several limitations in terms of lack of information and
data gaps. Since Environmental Spillover Effects were included in the SDG Index and
Dashboards Report in 2017, this is the only source that is available for analysis of this
phenomenon at the moment, in addition to the papers it developed from. Therefore, there
is still a lack of data that allows for a substantial comparison or elaboration; this problem
will be certainly reduced in the future when these effects are further studied and more
evaluation papers and reports about the topic are publicly available. In addition,
information gathering, publication, and reporting, both at national and international
levels, will contribute to closing data gaps.
Given that the writing process of this thesis faced time- and material constraints, the
information about pollution embodied in trade presented is not exclusive or
comprehensive. Many more input-output models, as well as life-cycle assessments, have
to be produced for several countries and on a regular basis in order to have reliable data
to compare and allocate production- and consumption-based emissions; with broader
information, more links to negative effects on health can be determined, and strategic
plans to reduce them, developed. Hence, in order to analyze this phenomenon in depth,
research is needed and encouraged.
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6. Conclusion
The findings of this thesis suggest that air pollution continues jeopardizing human health
and ecosystem stability in several regions of the world; it is a phenomenon that is
inherent to several processes related to economic growth, which has been pursued
tirelessly by countries in the last decades, and which is a central part of the 2030 Agenda.
Therefore, it is of paramount importance to acknowledge that one will lead to the other,
and that efforts to mitigate air pollution will continue being needed in order to avoid further
adverse effects for humanity and the environment.
This study presented the environmental spillover effects that were described for the
first time in the SDG Index and Dashboard Report 2017. Most of the study was based
on pollution embodied in trade, one of the spillover effects, and focused on SO2
emissions. Through the analysis of the data it was possible to see that, for some
countries, the difference between production-based and consumption-based SO2
emissions was significant; that is, the emissions consumed were doubled, tripled, or up
to 15 times higher than the produced ones; this fact confirms that intensive importing
countries contribute in big measure to bad air quality in producing countries. It was easier
to track this trend by using the absolute values, presented as metadata, instead of the
relative values available in the country profiles of the SDG Index and Dashboards Report
2017.
An interesting finding of this study is that, even if the selected countries had a bad
performance in terms of SO2 emissions production and PM2.5, they all had very positive
values concerning death rates for household and ambient air pollution, an indicator of
SDG 3, which clearly demonstrates that those emissions are just a tiny part of a problem
that is difficult to measure sometimes, and for which the data needs to be aggregated.
Through the comparison between the cases of Norway and China, this study
established that countries that are far in the general ranking of SDG achievement can
get closer when they are studied from the perspective of international spillover effects.
Pollution embodied in trade makes the burden of bad air quality to be borne not only by
producing countries but also, and perhaps most importantly, by consuming countries.
The SDG Index and Dashboards Report helps to track and understand how the
countries are evolving in the way to sustainable development; however, in order to
understand the data presented it is needed to shred all SDGs and indicators, and to use
the metadata from which they were developed.
The introduction of spillover effects in the 2017 edition represents a landmark given
that it encourages to acknowledge the responsibility of facts both from consumers and
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producers. It is then normal that the data to produce those spillover effects was compiled
and analyzed for several years before being presented, but year after year the data are
becoming outdated. For instance, the data from which the spillover effect “net imported
SO2 emissions” derived was reported in a study developed in 2007. Therefore, it is
important to continue studying these effects and updating the data, since there could be
changes in production and consumption trends. This study tries to contribute to a more
in depth analysis of the data that is available up to now.
Although technologies have been developed and help to clean emissions as much as
possible before their release, the end-of-pipe solution will not solve air pollution problems
forever; some studies, such as the one developed by Shi et al. (2016), indicate that the
use of certain types of technology, in this case desulfurization, has serious repercussions
on the environment by contributing to the formation of other emissions. In consequence,
as with many other issues, the best option is to address the problem from the root and
to change what is originating it.
In the case of air pollution, a change of transportation choices and the adoption of
more responsible consumption patterns could support the reduction of emissions, both
locally and abroad, which in the end will be translated into better air quality, less health
costs, and less impacts to flora and fauna. Nonetheless, the adoption of new production
and consumption patterns, such as the circular economy, must be a priority for the
international community, given that the harm to life-supporting systems, and nonprotection of the planetary boundaries, as presented by Rockström et al. (2009), will lead
to difficult times to humanity and would endanger the situation for generations to come.
Natural resources conservation and increase is an important aspect since we live in a
world with finite resources. In addition, societal change of habits will help to diminish
pollution production and impacts, which will be beneficial for all.
Peters et al. (2004) suggested that pollution is the result of consumer demand for
goods or services somewhere in the world; therefore, encouraging consumers to
demand less pollution intensive goods is a way in which countries can help to decreasing
global air pollution levels, and this has to originate from a change in consumption
patterns and system that exist nowadays; otherwise, the achievement of the overall
objective of the 2030 Agenda, that being leaving no one behind, will not be reached.
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