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The rapid economic growth across developing countries has raised concerns
about possible detrimental effects on the environment as the larger material and
energy inputs are required for the greater economic activities. In view of these,
this thesis aims to contribute to the literature on the environmental effects of
trade openness, effects of financial development on environmental quality, and
finally on the effects of air pollution on the health outcomes across the
developing countries. The study relies on the System-Generalized Method of
Moment (GMM) estimation technique for the analysis. In the first objective, the
estimation models were estimated using data from 59 developing countries
between the period of 2010 to 2017. From the analyses, the environmental
effects of trade openness were significantly positive, where openness to trade
appears to increase PMzslevels and CO2 emissions. The findings also suggest
that across the PM2s estimation models, the estimated coefficients on the
interactive term of trade openness with income per capita were significant,
implying that higher income has the capacity to reduce environmental pollution
caused by trade. In the second objective, the data covered 46 developing
countries for the period of 2010 to 2017. The estimation results suggest that a
country with higher domestic credit to the private sector to GDP may contribute
positively to environmental quality in a country. The relationship between
research and development expenditure and financial development was
significantly positive, indicating that research and development expenditure was
vital in enhancing environmental quality. Furthermore, improvements in
environmental quality can be strengthened by the positive effects of foreign
direct investment (FDI) and the inclusion of financial development in the same
model. The third objective analysis establishes a significant negative effect of air
pollution on health outcomes across the sample countries. The estimation of
models for this objective was performed using data from 72 developing countries
between the period of 2010 to 2017. Apart from that, the unfavourable effects of



air pollution (PM2s) on health outcomes were significantly moderated by
governance quality. Evidence from the first objective showed that greater
openness of trade policy could be detrimental to the environment. This study
highlights the importance of considering the indirect effects because, when
estimating trade openness impact on the environment, indirect negative effects
compensate for a direct positive impact. In light of this, a policy that intensifies
the trade-oriented development approaches to promote growth, which will bring
environmental benefits at the same time, is deemed important. Developing
countries should consider limiting emissions while maintaining economic growth
prospects by investing more in green technologies, particularly manufacturing.
Empirical evidence for the second objective endorses the policymakers to
regulate policy that implements green values within the financial sectors via
pertaining selective credit controls, such as a strategy that gives favoured
treatments to the businesses that embrace low-emission production norms,
which can contribute to environmental sustainability. On the other hand, a policy
that assists firms in integrating sustainability by conducting research and
development in upgrading available technologies and lowering financial barriers
to technology availability is essential. The findings also suggest that policies
aimed at improving the financial system will make financing more accessible to
foreign businesses and investors, allowing them to start on capital projects at a
lower cost. Empirical findings of the third objective emphasise the need for health
authorities considering the significant health burden, as well as the need for
environmental and health ministries to collaborate to address this issue.
Ministries of the environment should implement clear, effective, and credible
policies to reduce air pollution. Health authorities can raise public awareness on
environmental issues by educating the public about the health benefits of clean
air, as well as a partnership with a variety of public and private institutions. As
the developing countries pursue an acceptable balance between economic
development and environmental quality, growth policies need to integrate
effective strategies to protect the country's health population into policymaking.
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Pertumbuhan ekonomi yang pesat dikalangan negara membangun telah
menimbulkan kebimbangan kemungkinan kesan buruk terhadap alam sekitar
kerana input dan sumber tenaga yang lebih besar diperlukan untuk menampung
keperluan ekonomi yang lebih besar. Oleh itu, tesis ini bertujuan untuk memberi
sumbangan kepada literatur berkenaan kesan persekitaran oleh keterbukaan
perdagangan, kesan pembangunan kewangan terhadap kualiti alam sekitar, dan
impak pencemaran udara terhadap taraf kesihatan di kalangan negara
membangun. Kajian ini menggunakan kaedah System Generalized Method of
Moment (GMM). Pada objektif pertama, kajian menggunakan data dari 59
negara membangun antara tahun 2010 hingga 2017. Dari analisis, kesan
persekitaran dari keterbukaan perdagangan adalah positif, di mana keterbukaan
perdagangan telah meningkatkan pelepasan PM2sdan CO-. Hasil kajian juga
menunjukkan pada kesemua model PM2 s, pekali interaktif di antara keterbukaan
perdagangan dengan pendapatan per kapita adalah signifikan, menunjukkan
bahawa pendapatan yang lebih tinggi mempunyai keupayaan untuk
mengurangkan pencemaran alam sekitar dari perdagangan. Objektif kedua
merangkumi data dari 46 negara membangun untuk tempoh 2010 hingga 2017.
Hasil kajian menunjukkan bahawa negara dengan kredit domestik yang lebih
tinggi kepada sektor swasta kepada KDNK dapat memberikan sumbangan
positif terhadap kualiti persekitaran di sebuah negara. Hubungan antara
perbelanjaan penyelidikan dan pembangunan dan pembangunan kewangan
adalah signifikan dan positif, menunjukkan bahawa perbelanjaan penyelidikan
dan pembangunan sangat penting dalam meningkatkan pembangunan
kewangan. Tambahan pula, peningkatan kualiti persekitaran dapat diperkuat
dengan kesan positif pelaburan langsung asing dan kemasukan pembangunan
kewangan dalam model yang sama. Analisis objektif ketiga menunjukkan kesan
negatif pencemaran udara yang signifikan terhadap hasil kesihatan di seluruh
sampel. Kajian model untuk objektif ini dilakukan dengan menggunakan data



dari 72 negara membangun antara tahun 2010 hingga 2017. Selain daripada itu,
kesan pencemaran udara (PM2.5) yang tidak baik terhadap hasil kesihatan dapat
dikurangi oleh kualiti pemerintahan. Bukti dari objektif pertama menunjukkan
bahawa keterbukaan dasar perdagangan boleh merugikan alam sekitar. Kajian
ini menekankan pentingnya mempertimbangkan kesan tidak langsung kerana,
ketika menganggarkan kesan keterbukaan perdagangan terhadap alam sekitar,
kesan negatif tidak langsung mengimbangi kesan positif langsung. Sehubungan
dengan itu, polisi yang menekankan pendekatan pembangunan yang
berorientasikan perdagangan untuk mendorong pertumbuhan, yang akan
membawa manfaat alam sekitar pada masa yang sama, dianggap penting.
Negara membangun perlu mempertimbangkan untuk mengurangkan
pencemaran sambil mengekalkan prospek pertumbuhan ekonomi dengan
melabur lebih banyak dalam teknologi hijau, terutama dalam pembuatan. Bukti
empirikal untuk objektif kedua menyokong polisi yang menerapkan aspek alam
sekitar dalam sektor kewangan melalui kawalan kredit selektif, seperti strategi
yang mengutamakan perniagaan yang menerapkan norma pencemaran rendah,
yang dapat menyumbang kepada kelestarian alam sekitar. Selain dari itu, polisi
yang mengintegrasikan kelestarian dengan melakukan penyelidikan dan
pembangunan dalam meningkatkan teknologi yang ada dan menurunkan
halangan kewangan terhadap penggunaan teknologi sangat penting. Hasil
kajian juga menunjukkan bahawa dasar yang bertujuan meningkatkan sistem
kewangan akan menjadikan pembiayaan lebih mudah diakses oleh perniagaan
dan pelabur asing, yang memungkinkan mereka untuk memulakan projek modal
dengan kos yang lebih rendah. Penemuan empirikal objektif ketiga menekankan
perlunya pihak berkuasa kesihatan mempertimbangkan beban kesihatan, serta
keperluan kementerian alam sekitar dan kesihatan untuk bekerjasama dalam
menangani masalah ini. Kementerian alam sekitar perlu mengadakan polisi
yang jelas, efektif, dan kukuh untuk mengurangkan pencemaran udara. Pihak
berkuasa kesihatan dapat meningkatkan kesedaran masyarakat mengenai isu-
isu alam sekitar dengan mendidik masyarakat tentang manfaat kesihatan udara
bersih, serta kerjasama dengan pelbagai institusi awam dan swasta. Untuk
negara membangun mencapai keseimbangan di antara pembangunan ekonomi
dan kualiti alam sekitar, polisi pembangunan perlu mengintegrasikan strategi
yang efektif untuk melindungi kesihatan populasi negara dalam merangka polisi.
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CHAPTER 1

INTRODUCTION

1.1 Background of the Study

Environmental degradation is environmental deterioration by the depletion of
resources, including air, water and soil, the exploitation of ecosystems, and
wildlife loss (Choudhary, Chauhan & Kushwah, 2015). Environmental
degradation has raised global concerns by many academicians, governments,
policy makers, and other stakeholders after the Rio earth summitin 1992, Kyoto
Protocol in 1997, preceded by the current Paris Agreement of Climate Change
in 2015. Manufacturing intensification between many developing countries is an
increasingly significant concern during the process of economic development,
as the manufacturing process is accompanied by significant increases in
pollutant discharges and the depletion of a large number of natural resources
that lead to environmental degradation (Zafar, Saud & Hou, 2019; Wang et al.,
2018).

Empirical evidence has suggested that industry, particularly manufacturing, has
generated higher growth rates than agriculture and most services (Jiang, Kim &
Woo, 2020; Felipe, 2018; Chakraborty & Mukherjee, 2013). The key feature is
that activities in this sector have a higher capacity for productivity growth,
increasing returns to scale and externalities (technical and financial). For this
reason, the literature has referred to manufacturing as the engine of growth. In
developing countries, structural change in their economies has largely moved
away from primary products towards manufacturing-based production, leading
to high growth rates of their GDPs (McMillan, Rodrik & Sepulveda, 2017; Collier
& Venables, 2007). From Figure 1.1, manufacturing has shown to be more
significant in the developing countries (indicated by the middle-income
countries’) than high-income economies, pointing to the continued importance
of manufacturing as an important engine of growth.

" Available statistics from World Bank classification of economies by income (2018)
assigns the world's economies based on income groups. Lower-middle income and
upper-middle economies are the countries with per capita GNIs between $1,006 and
$3,955 and between $3,956 and $12,235 are considered as developing economies.
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Figure 1.1 : Manufacturing, value added (% of GDP) by income group,
2002-2017
(Source: Computed based on data from world development indicators, World
Bank, 2018)

The manufacturing processes in generating a product produce several waste
products, including air pollutants, which is a large proportion of manufacturing
pollution (Vallero, 2014; Richter & Klesta, 2011). Air pollution relates to the
discharge of hazardous pollutants into the earth's atmosphere, including toxic
gases, particulates, chemicals, etc., which are detrimental to human health and
the planet as a whole (Manisalidis et al., 2020). According to the United States
Environmental Protection Agency, the most common and harmful air pollutants
are carbon monoxide (CO), lead, nitrogen dioxides (NOz2), ground-level ozone
(Os), particle pollution (often referred to as particulate matter), and sulfur
dioxides (SOz2) (Figure 1.2).



Figure 1.2 : Types of air pollutants

(Source: US Environmental Protection Agency)

Based on their physical features, air pollutants can be categorised into one of
three categories (Hocking, 2016). Coarse particulate matter (PM) is the first of
these air pollutants, and it consists of solid particles or liquid droplets with an
average diameter of more than 10 um (known as PM10). This class of pollutants
has particles or droplets large enough to be visible to the naked eye. The aerosol
class, which consists of solid particles or liquid droplets, is the second group of
air pollutants. These particles or droplets are small enough in size, with an
average diameter of less than around 10 ym, and these are known as fine
particles (regarded as PM2.5). Gases are the third major category of air
pollutants, and they include any contaminant that exists in a gaseous or vapour
condition. This comprises gases, such as CO, NO2, Os, and SOa.

Varied pollutants have been adopted in the literature to assess air pollution;
however, this study emphasises particulate matter (PM2.5) and CO2 emissions
as air pollution measurements. PMzs chosen as these particles is a by-product
of goods production and is the primary form of local air pollution, which can be
intensified by rapid economic development, industrialisation and urbanisation (Li
et al., 2016; Wang et al., 2015). Furthermore, compared to large particles, which
is PM1o, PM25s has been posited to be more harmful to health due to its small
size (Fann et al., 2017; Li et al., 2018; Wang et al., 2019). In addition, CO: is
also included following many previous studies as it relates to air pollution in its
contribution to the greenhouse effect (Alam et al., 2015; Hao et al., 2016; Wang,
2018).



The scatterplots in Figures 1.3 and 1.4 show the relationship between
manufacturing, value added (% of GDP), and air pollutants (PM2.5 and CO3) from
2010 to 2017. Figure 1.3 indicates that many countries with greater reliance on
manufacturing activities have relatively higher levels of PM2.s. However, some
countries (India, Egypt, and Bangladesh) have higher PMzs levels than China,
even with lower manufacturing concentrations. On average, China's income
levels are comparatively higher than those countries, which may likely promote
better implementation of local environmental regulations, contributing to the
improved environmental efficiency of production processes.
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Figure 1.3 : Manufacturing, value added (% of GDP) and PMs levels,
average 2010-2017

(Source: Computed based on data from World Development Indicators, World
Bank, 2018)

The same pattern linked to manufacturing concentration can be observed for
CO2 emissions (Figure 1.4). CO2 is, however, a global pollutant and is
categorised as a global pollutant with a global impact (Frankel & Rose, 2005). It
has been well recognised that CO2 emission has a global occurrence; there is a
vertical and horizontal pathway for the airborne CO:2 concentration at least in a
certain region (Sohag et al., 2017). Therefore, in one country, it is likely that CO-
emissions may affect another country. Thus, even Kazakhstan and Russia have
a comparatively higher income than China, such domestic efforts (local
environmental regulations) are likely to be insufficient to reduce overall air
pollutant emissions from a global context.
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Figure 1.4 : Manufacturing, value added (% of GDP) and CO;, emissions,
average 2010-2017

(Source: Computed based on data from World Development Indicators, World
Bank, 2018)

The influence of disclosure on environmental pollution is much larger in
developing regions, in which population growth (nearly 70 per cent of the global
population resides in middle-income countries), urbanisation, and accelerated
industrialisation lead to a reduction in environmental quality (Mannucci &
Franchini, 2017; Pena & Rollins, 2017). Consequently, the present study
included three independent but related issues. It was anticipated that the
investigation of these issues would lead to a new understanding of the major
sources of environmental pollution and, therefore, the quality of the environment,
along with the effects of such pollution on health outcomes. The first issue
investigated the effects of trade openness on the environment, while the second
issue analysed the effects of financial development on environmental quality.
Finally, the third issue pinpointed the possible effects on health outcomes from
air pollution.

1.2 Trade Openness and Environment in Developing Countries

Trade openness can be described as the extent to which an economy's outward
orientation towards trade is maintained (Fujii, 2019). The degree to which
countries are open to international trade has facilitated the participation of the
developing countries in the global economy and made a progressively important
contribution to economic growth (Keho, 2016; Sun & Heshmati, 2010). The
argument that trade openness improves specialisation and division of labour,
thereby enhancing productivity and export capability, along with economic
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performance, explains the beneficial contribution of trade openness to growth
(Chandran, 2009). This study concentrated on developing nations as, since the
1980s, these governments have been aggressively adopting increased trade
openness in comparison to developed ones (Tee et al, 2018). The
manufacturing sector has long been recognised as the primary driver of export
performance and spectacular economic growth in developing countries (Figure
1.1). It demonstrates the importance of openness for manufacturing sectors in
developing countries.

Developing economies have seen a notable rise in their share of world trade in
the last two decades, whereby they now account for one-third of such trade, up
from about a quarter in the early 1980s. This upsurge in trade has led to greater
trade intensity in these countries, measured as the share of exports and imports
to GDP (Figure 1.5). Specifically, developing countries’ share of global trade of
goods and services has increased notably since the 1990s, but this growth rarely
outpaced the developed world (the high-income countries).
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Figure 1.5: Trade (% of GDP) by income group, 1990-2017
(Source: Computed based on data from World Development Indicators, World
Bank, 2018)

According to Cherniwchan (2017), high-income countries tend to outsource
production to lesser income countries in the dirty segment of such a value chain.
Consequently, they will import dirty, unfinished goods from the lesser income
countries, which are less likely to incur environmental regulatory costs for
domestic processing within that clean segment of the value chain. Empirical
studies also suggest that pollution stabilisation in developed countries is also



due to rising imports from the developing countries, the use of low-cost labour
and resources as well as weak environmental regulation to upsurge capital
returns (Xu, Dietzenbacher & Los, 2020a; Sato, 2014; Frankel, 2009). This will
put pressure on adverse environmental effects on the lesser income countries.
Thus, economic consequences of trade openness may lead to environmental
degradation due to the relocation of developed countries air emissions to other
developing countries.

International trade is defined as trade in goods (merchandise) and services.
Merchandise is the products that have completed the manufacturing process.
Feng et al. (2013) indicated that the utilisation of machinery and other massive
equipment in the manufacturing of merchandise products brought the use of
fuels as a source of energy, which could harm the environment. This will put
pressure on adverse environmental effects on these countries. Growth in the
manufacturing sector in producing merchandise goods could make the
developing countries specialise in the dirty segment of the value chain, which
are more likely to incur environmental costs.

In the context of global merchandise trade volume, it recorded a growth of about
32% between 2006 and 2016 (WTO, 2018). Among developing countries, there
was a threefold increase in the growth of merchandise trade (% of GDP) in the
last three decades, of which the growth increased from 16% in the 1990s to 47%
recently (Table 1.1). Currently, middle-income countries’ shares of PMzslevels
and CO:2 emission are increasing, as indicated in Table 1.1. Considering the
relationship between industrialisation and air quality, many studies have argued
that the increase in manufacturing activities has contributed to the increase in
PM2s levels (Hao & Liu, 2016). CO2, on the other hand, is undeniably a
contributor to global warming, where CO2 concentrations have risen gradually
from the beginning of the industrial era.

Table 1.1 : Average share of middle-income countries in PMazs, COo,
merchandise trade, GDP per capita, energy use, and population

Variables 1990-1999 2000-2009 2010-2017
PMz 5 levels (micrograms per cubic meter) 51.88 54.92 55.21
CO- emissions (metric tons per capita) 2.36 2.77 3.75
Merchandise trade (% of GDP) 15.91% 63.33% 47.01%
GDP per capita 2185.25 3001.70 4430.64
Energy use (per capita) 910.52 1055.33 1344.36
Urban population 38.61 44.09 49.64

(Source: Computed based on data from World Development Indicators, World Bank, 2018)



The scatterplots in Figures 1.6 and 1.7 show the nexus between merchandise
trade (% of GDP) and air pollutants (PM2.5 and COz2) from 2010 to 2017. The
trendline of PM2.sand merchandise trade are showing a decreasing trend (Figure
1.6). This could be related to the decreased amount of merchandise trade in the
current period compared to the previous period (2000-2009, in Table 1.2),
coupled with the fact that many countries have begun to adopt and enforce
environmental policies concerning air pollution to reduce the intensity of local
environmental degradation. In addition, this graph explains only a bivariate
relationship between merchandise trade and air pollutants but other factors such
as energy use and urban population have not been incorporated to explain this
relationship. Thus, the direction of drawing a meaningful association between
trade openness and environmental pollution in developing countries required
further empirical analysis.
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Figure 1.6 : Merchandise trade (% of GDP) and PM.5; levels, average 2010-
2017

(Source: Computed based on data from World Development Indicators, World
Bank, 2018)

Figure 1.7, on the other hand, shows that there is a growing trend in CO2 and
merchandise trade trends. It has been observed that increased merchandise
trade contributes to greater carbon emissions, at least for some countries (for
example, in the case of Iran, Russia, and Kazakhstan). The climate change
issues have been clarified by the fact that energy usage is growing with trade
openness, contributing to higher carbon emissions (Sun et al., 2019; Yu et al.,
2019; Yoshida & Honma, 2011). In addition to direct trade impact, Cristea et al.
(2013) suggests that increasing CO2 emissions are also rising in line with
merchandise trade activities from enhanced international freight transport.
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Figure 1.7 : Merchandise trade (% of GDP) and CO:, levels, average 2010-
2017

(Source: Computed based on data from World Development Indicators, World
Bank, 2018)

In addition, energy use and urban population are also showing increasing trends
(Table 1.1). The world's urban population is projected to double to over five
billion in the next 30 years, with nearly all growth in less economically developed
countries. Moreover, many developing countries are projected to undergo more
extensive urbanisation in the coming decades than most other countries (UN,
2019). In developing countries, urbanisation takes place at an unparalleled
speed and scale, which is generally characterised by unplanned growth, sprawl,
and growing reliance on transport that could relate to the rise in harmful
pollutants. Energy has a major role in the economic growth of a country, so it is
referred to as a catalyst in most service and production sectors. Moreover, the
economic activities of developing countries have mainly been fuelled by coal
use, which is a less sophisticated production and pollution mitigation
technologies (Tran, 2020; Minx et al., 2011). Thus, the increased usage of
energy (and the severity of that use) may have a negative effect on air quality
and environmental conditions (Salim, Rafiq & Shafiei, 2017).

On the other hand, Dean (2002) and Yu et. (2019) indicate that trade openness
has a detrimental direct impact on the environment, but it can be mitigated by a
favourable indirect impact through income. It could be argued that higher
economic growth may likely promote better implementation of local
environmental regulations, contributing to the improved environmental efficiency
of production processes. Furthermore, higher income causes a country's
populace to value the environment and, as a result, to demand higher
environmental quality (Frankel & Rose, 2005). As a result, the government is
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encouraged to design and implement various pollution-reduction initiatives. In
turn, the industrial sector is encouraged to develop and implement multiple
pollution-reduction efforts in their manufacturing processes. Consequently, this
situation might be described by economic structural changes and the technique
effect, which could be explained by income-induced demand for better
environmental conditions and more stringent environmental protections
(Grossman & Krueger, 1995). Thus, it demonstrates the importance of
understanding the association between trade openness and the environment by
bringing in income levels, which can influence not only trade openness but also
the state of the environment.

Considering that trade between and among countries is ever-increasing, there
is a growing concern about whether openness to trade is being promoted at the
expense of the environment, particularly in developing nations. Therefore,
understanding the in-depth association of trade openness and environmental
pollution was one of the objectives of the present study. This study is necessary
for the effective formulation and implementation of environmental policies that
will realise the region's growth potential.

1.3 Financial Development and Environmental Quality in Developing
Countries

Financial development corresponds to a country's decisions to promote the
activities of financial institutions such as the stock market, banking, and foreign
and domestic investment (Zafar et al., 2019). The development of the financial
sector has become vital that it is now recognised as an important connection to
ensuring the proper functioning of an economy, given its role in the acquisition
of reserves, the easing of business deals and the channelling of resources to
effective sectors (Moghadam & Dehbashi, 2017; Zhuang et al., 2009).
Nevertheless, while the financial sector's significance to fostering economic
growth is indisputable, environmental implications have increasingly become an
area of concern.

With the advent of financial growth, Lanoie, Laplante, and Roy (1998) and
Dasgupta et al. (2002) have highlighted its importance in terms of environmental
quality, arguing that a functioning financial sector would provide substantial
inducements for companies in developing countries to reduce their emissions.
Other studies, such as Jalil and Feridun (2011), Shahbaz et al. (2016) and
Seetanah et al. (2018), have recognised that when evaluating environmental
quality, financial development is a crucial factor that needs to be addressed.
Stronger financial development provides quick access to external finance for
local businesses with inadequate internal resources to undertake appealing
investment prospects that require huge fixed and variable costs early in the
production cycle (Desbordes & Wei, 2014). Therefore, if businesses gain access
to external financing at a lower cost, the adoption of environmentally friendly
technology would be promoted.
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Because of the global sustainable development agenda, the emphasis has been
on green economics and finance (Ntow-Gyamfi et al., 2020). Over the years,
interest has grown in developing indicators to measure sustainability, which
tends to be a mixture of economic, environmental and social indicators. In
addition to growing economic and financial sector growth, green economics and
finance are also concerned with the effective utilisation of natural resources to
promote economic and financial development while lowering pollution and other
types of environmental devastation. According to the International Trade Centre
(ITC), they are essential to support the flow of financial instruments and
associated services concerning the development and application of sustainable
business models, investments, economic, environmental, and social projects
and policies. Therefore, green economics and finance may have higher
environmental quality by being free of certain environmental stressors.

While some think that financial development is beneficial to the environment,
others claim that it damages the environment. According to Sadorsky (2011) and
Sehrawat et al. (2015), financial development would promote industrialisation,
leading to industrial pollution and a decline in environmental quality. Financial
development may also harm the environment by making it easier for consumers
and businesses to obtain low-cost credit to purchase large-ticket items and
expand or start new businesses, all of which increase energy consumption and
thus carbon emissions (Ganda, 2019). In addition, given the increase in the level
of credit availability, financial access in a range of environmentally sensitive
sectors can have significant implications, involving greenhouse gas emissions
and irreversible harm to the environment and natural resources that reduce the
quality of the environment. Therefore, recognising the effect of financial
development in developing countries on the environment will have
repercussions for sustainable development.

Since the previous studies focused heavily on CO2 as the measurement of
environmental impact, the current study combines ecological and environmental
policy components to reflect environmental quality. The study incorporates the
Environmental Performance Index (EPI) to evaluate the countries'
environmental quality and, thus, overall progress towards environmental
sustainability as this index rules out the aspect of the economy, society, and
environment that are the basis of sustainable development. From the report, the
EPI| score comprises two major components, namely environmental health and
ecosystem vitality (Table 1.2). This measure represents appropriate weights of
the national-level environmental performance of a country as it covers the
country’s performance in important environmental issues as a measurement of
its quality, offering directives for countries aspiring to promote environmental
sustainability.
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Table 1.2 : Environmental Performance Index framework

Environmental health Contribution (%)
Child mortality 15
Indoor air contamination 3.75
Particulate matter 3.75
Drinking water accessibility 3.75
Sanitation accessibility 3.75
SO; pollution per capita 4.38
SO, emissions per GDP 4.38
Water quantity changes 8.75
Total 47.51
Ecosystem vitality Contribution (%)
Biome protection 8.75
Marine protection 4.38
Critical habitat protection 4.38
Agricultural subsidies 3.89
Pesticide rule 1.94
Raising stock change (forest) 1.94
Loss of forest 1.94
Difference of forest cover 1.94
Fishing stocks desecrated 2.92
Coastal shelf fishing density 2.92
CO; emissions per capita 6.13
CO; emissions per GDP 6.13
CO, emissions per electricity generation 2.6
Renewable electricity 2.6
Total 52.46

(Source: Environmental Performance Index (EPI), 2016)

Figure 1.8 presents the relationship of domestic credit to the private sector (%
of GDP) and the Environmental Performance Index. In the period 2010-2017
(average), the trendline shows a fairly positive association of domestic credit to
the private sector with Environmental Performance Index scores in the
developing countries. This implies that more credit availability is correlated with
better environmental quality in the region but relatively minimal. Particularly,
Malaysia, Thailand, South Africa and China showed the highest levels of credit
provided to the private sector. On the contrary, Lesotho, Pakistan and Papua
New Guinea exhibited the lowest levels of credit extended to the private sector
as well as the levels of environmental performance.
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Figure 1.8 : Domestic credit to private sector (% of GDP) and
Environmental Performance Index scores, average 2010-2017

(Source: Computed based on data from World Development Indicators, World
Bank, 2018 and Environmental Performance Index, 2018)

This further suggested that EPl showed a positive association with per capita
GDP (country wealth), suggesting that pursuing sustainability goals needs
material prosperity to reinvest in the infrastructure required to preserve human
health and ecosystems. Thus, developing countries may face the inherent
tension of sustainable development to maintain their environmental quality in
that income growth can be at the expense of the environment, particularly
through the extraction of natural resources and unregulated industrialisation.

Foreign direct investment (FDI) inflows are a significant source of external
financing to many developing countries and provide important ways to achieve
sustainable development goals and private sector growth (UNCTAD, 2018).
Nevertheless, one crucial and frequently posed concern regarding FDI is its
potentially deleterious environmental impact (Demena & Afesorgbor, 2020;
Cole, Elliott & Zhang, 2017; Zhu et al., 2016). It is feasible that the economic
gains relating to a rise in FDI could be outweighed by conceivable environmental
costs, as FDI will occur at the same time as increased environmental pollution.
For instance, Pao and Tsai (2011) argue that, because of the growth-promoting
direction of FDI, environmental emissions related to FDI may easily be
neglected.
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Recognising the prospective environmental costs related to FDI, many countries
are now restrictive in FDI entering their country. Numerous countries are now
encouraging the so-called ‘green’ FDI, which focuses on FDIs that can stimulate
economic growth and internalise the negative environmental externalities
generated from industrial production (Golub, Kauffmann & Yeres, 2011). From
Table 1.3, middle-income countries share of FDI inflows to GDP decreased
slightly from 2.87% in 2000—2009 to 2.46% in 2010-2017. With this decrease in
FDI, it is also plausible that FDI contributes to a cleaner environment. FDI can
help promote environmental and social standards in the host country, particularly
if greener or cleaner technologies are used for foreign investment. There is also
an indication that foreign firms in developing countries are more environmentally
friendly compared to domestic firms because they use better management
practices and advanced technologies than their domestic counterparts
(Demena, & Afesorgbor, 2020; Zhu et al., 2016).

Table 1.3 : Average share of middle-income countries in foreign direct
investment and research and development expenditure

Variables 2000-2009 2010-2017
Foreign direct investment, net inflows (% of GDP) 2.87 2.46
Research and development expenditure (% of GDP) 0.83 1.26

(Source: Computed based on data from World Development Indicators, World Bank, 2018)

On the other hand, research and development (R&D) efforts encourage
innovation in green products and promote green process innovation, contributing
to the discrepancy between environmental regulations and energy conservation
and reducing emissions (Guo et al., 2018). Both in developed and developing
countries, R&D is an important catalyst for economic growth and industrial
development. In particular, according to the United Nations Industrial
Development Organisation (UNIDO), it is a crucial factor in improving the
technical competitiveness of developing countries. It thus helps to avoid being
stuck in a vicious loop occupying the lowest-value-added sections within global
value chains.

For a long time, large multinational companies in developed countries have
firmly occupied the high end of the value chain, which are associated with clean
production methods and apparently better environmental quality (Feng, Xin &
Cui, 2020). Therefore, by emphasising R&D, it represents the transition from the
traditional comprehensive method, which relies on greater energy consumption
and increases emissions, to an intensive method, which focuses on quality and
efficiency. Throughout 2010-2017, the allocation of government expenditure on
R&D activities in the middle-income countries has shown an improvement of
51.8% than the previous period (Table 1.3). This suggests that higher domestic
research and development allocation may enhance new, environmentally
friendly technological innovation.
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Financial development can influence the environment through the technology
effect channel by luring FDI and increasing R&D investments, driving economic
expansion and altering environmental performance dynamics (Frankel & Romer,
1999). Jensen (1996) revealed that foreign direct investment was encouraged
by the presence of the well-developed financial sector, which could facilitate the
transfer of foreign technology. According to Tamazian and Rao (2010), a well-
developed financial sector provides lower-cost finance that might encourage
governments to invest in domestic research efforts, leading to environmental
protection initiatives. This means that financially developed economies draw
foreign direct investment and stimulate research and development initiatives,
hence improving environmental quality.

In developing countries, financial development can have both positive and
negative consequences on environmental performance. Therefore, it is apparent
that financial development imposes an imperative role in assessing a country's
environmental quality. This fact revealed the necessity to undertake empirical
analysis in the present study to analyse the results in particular circumstances.

1.4 Air Pollution and Health Outcomes in Developing Countries

Rapid economic development in developing countries may be accompanied by
a massive overuse of natural resources and tremendous increases in pollutant
discharges, which can cause great damage to ecosystem sustainability and may
severely affect human health. Therefore, pollution is one of the most detrimental
environmental challenges facing the world today. Notably, air pollution is an
important issue that has been shown to be worse in rapidly developing countries
than in wealthy or very poor nations (Wu, 2017). Pena and Rollins (2017) and
Mannucci and Franchini (2017) indicate that environmental air pollution is
considerably higher in developing regions, whereby population growth and
accelerated industrialisation have poor air quality. Thus, the harmful effects of
air pollution on health will heavily affect people in developing countries.

Air pollution is a foremost health issue as the effect of pollution can cause poor
health and even death. It was found to be the leading environmental threat to
health globally, and research shows that air pollution is a significant risk factor
for the burden of disease (Balakrishnan et al., 2019; Cao, Rui & Liang, 2018).
Based on Figure 1.4, air pollution is one of the main risk factors for some leading
causes of death worldwide, including stroke, cardiac disease, lung cancer, and
respiratory diseases. It can be seen that the leading risk factors for death globally
among environmental concerns are outdoor air pollution. Conferring to the
Global Burden of Disease (GBD) study, 3.4 million people died as a result of
outdoor air pollution in 2017. To put that in context, this would be more than two
times the number of people who died from indoor air pollution and almost three
times the number of unsafe water source death.
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Figure 1.9 : Number of global deaths by risk factor (millions) in 2017
(Source: Global Burden of Disease (GBD), 2018)

Due to air pollution, a significant number of deaths worldwide emerge annually
(Figure 1.9), demonstrating that the air pollution problem is a crucial issue in
every country. Particulate matter is among the various air pollutants that have
been most strongly linked to adverse health effects. Disclosure to outdoor
concentrations of fine particulate matter is well thought out as an important
global health issue (Burnett et al., 2018). It has been acknowledged that the size
of particles is directly associated with the potential cause of health problems.
Compared to large particles (PM10), PM2s (particles less than 2.5 micrometres
in diameter) has been posited to be more harmful. It reveals higher health risks
because the particles can reach deep into the lungs and bloodstream, leading
to cardiovascular and respiratory diseases and consequently deteriorates health
conditions (Kloog et al., 2014; Lu et al., 2015; Garcia et al., 2016; Jin et al.,
2017).

However, many countries in the developing regions have the highest exposed
populations to ambient pollution of PM2s with annual means of concentrations
above World Health Organisation (WHO) guidelines (Figure 1.10). The figure
also confirms that the developing countries are among the countries that have
the highest populations exposed to high concentrations of PM2s (e.g., China,
India, Bangladesh, Myanmar, Iraq, Egypt, Sudan, Libya, Mauritania, Cameroon
and Congo).
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Figure 1.10 : Particulate matter (PMz5) concentration
(Source: Environmental Performance Index (EPI), 20182)

A rising body of research has confirmed the harmful impacts of PM2.5 on human
health in recent years. Evidence suggests that PMzsis a significant root cause
of the burden of death, disease and disability as exposure to polluted air
increases the frequency of various types of diseases that lead to a greater
incidence of mortality (Cao et al., 2018; Chen et al., 2017; Fang et al., 2016) and
lower life expectancy (de Keijzer et al., 2017; Wu et al., 2020; Bennett et al.,
2019; Chen, Chen & Yang, 2019). Over the last century, average years of life
(life expectancy) have risen continuously in many other countries (Beltran-
Sanchez, Soneji & Crimmins, 2015). While infectious diseases, the major cause
of death, has decreased massively, it was fair to associate the rise in life
expectancy with improved health.

However, the increase in the significance of chronic diseases as the primary
cause of death has meant that life expectancy is less adequate to estimate the
health and, therefore, should be integrated by indicators that measure the
quantity as well as the quality of life (Stiefel, Perla & Zell, 2010; Jagger, 2015).
The matter of either the extended years of life obtained are spent in good or poor
health has become increasingly significant with rising life expectancy in most
countries. Hence, healthy life expectancy (also known as disability-free life
expectancy), which integrates mortality and morbidity information, has attained
importance as a population health measurement. Healthy life expectancy
evaluates the number of anticipated disability-free years, which could be

2 The dark red areas of the map show higher concentrations of particulate matter in the air. The map
was developed based on the EPI report on worldwide pollution by Yale University, and can be found
at https://epi.envirocenter.yale.edu/2018-epi-report/air-quality.
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influenced by chronic diseases that may be responsive to factors such as the
ambient environment.

The scatterplots in Figures 1.11 and 1.12 show the relationship between PM2:s
levels with the life expectancy and healthy life expectancy. The figures indicate
that, on average, many countries with relatively higher levels of PMzs
concentration tend to have a lower life expectancy and healthy life expectancy.
For example, as the concentration of PMzs increases, as indicated by China,
Egypt and India, life expectancy and healthy life expectancy decrease. This
means that acquaintance to outdoor fine particulate matter (PMz.s) air pollution
may cause adverse health effects on the lifespan of the population. Tian et al.
(2019) indicate that even in areas where concentration levels are deemed safe,
PM2s can lead to decreasing life spans, indicating that the unfavourable
consequence may be more widespread as air pollution rises. While these health
indicators have shown growth rates over a long period of time, developing
countries still lag behind high-income countries. Thus, the extent to which the
enhancement in the quality of life keeps pace with the rise in life expectancy is,
therefore, a significant health policy issue in many countries.
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Figure 1.11 : PMzslevels and life expectancy, average 2010-2017
(Source: Computed based on data from World Development Indicators, World
Bank, 2018)
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Figure 1.12 : PMzslevels and healthy life expectancy, average 2010-2017
(Source: Computed based on data from World Development Indicators, World
Bank, 2018 and Institute for Health Metrics and Evaluation’s (IHME) Global
Burden of Disease, 2018)

On the contrary, higher CO2 emissions (primary sources of greenhouse gas
emissions) positively correlate with life expectancy and healthy life expectancy
(Figures 1.13 and 1.14). However, the positive correlation may not suggest that
CO:2 is not dangerous to human health. The levels of carbon dioxide do not
necessarily have a direct impact on health, but the rise in CO:2 levels will
significantly increase greenhouse gas emissions, contribute to severe weather
conditions and expand the spectrum of diseases. It can also be asserted that
when nations emit immense quantities of greenhouse gases due to
industrialisation and energy use, which then, in turn, causes economic growth,
they can invest more in social welfare and health care, which may have desired
effects on human health, apart from the adverse health impact of global
warming. Even though greenhouse gases harm the biosphere and human
health, they may also foster economic growth, enabling societies to spend more
on health care. Thus, the implication of the sign and magnitude of CO2 on the
health needs further empirical estimation.
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Figure 1.13: CO:levels and healthy life expectancy, average 2010-2017
(Source: Computed based on data from World Development Indicators, World
Bank, 2018)
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In recent years, due to the vital role of governance in the health community, good
governance seems to be an important matter. Furthermore, previous studies
indicate that in developing countries, good governance is one of the most
significant factors (Daryaei et al., 2012). Through the integration of good
governance, rather than ignoring environmental issues, the economy will
achieve greater economic and social benefits. The development policy
community argues that exterminating inefficiency in governance draws growth
back and helps restore environmental quality (Heckelman & Powell, 2010;
McMullen-Laird et al., 2015). Therefore, good governance principles in decision-
making may be the best way to resolve the increasingly visible risks to health
from environmental degradation by framing successful policy frameworks and
implementing appropriate strategies. Weak governance, in contrast, can impede
advancing well-being in many developing nations.

In addition, the effect of governance on health was discovered to be indirect or
modified by contextual variables. It is argued that stronger governance could
enforce improved environmental legislation to enhance environmental
conditions (Greenstone & Hanna, 2013; Tanaka, 2015; Ibrahim & Law, 2016).
Countries with stricter environmental rules would be better able to protect their
citizens from the negative impacts of unintended pollution and improve the
population's health outcomes. On the other hand, unregulated air pollution tends
to increase dangers not just to workers' safety but also to the health of the whole
society, which might be susceptible to air pollution (Grossman & Krueger, 1991).
Because of its significant impact on health and human capital development, this
circumstance may indicate the necessity for immediate attention to air quality
supervision. Thus, this study investigates whether the role of governance in
reducing the health effects of air pollution is viable.

As such, environmental concerns to human health must be considered in
shaping future policy interventions in developing countries. Better knowledge of
the proportion of environmental health effects related to air pollution in these
countries is crucial for policymakers to design an air quality standard that can
lessen the detrimental impacts of greenhouse gasses upon human health.

1.5 Problem Statement

The rapid expansion of economic activity across developing countries has been
found to be more environmentally damaging, owing to the production structure
of these countries, which is marked by a significant level of manufacturing
participation in the gross domestic product (Wang et al., 2018; Felipe, 2018).
This has raised concerns about the detrimental effects on the environment as
greater material and energy inputs are needed for increasing economic
activities. Moreover, despite concerted international attempts on environmental
concerns such as the Kyoto Protocol to reduce greenhouse gas emissions,
emissions rates are increasing, especially in developing economies (Bernad &
Mandal, 2016). According to CO2 emission trajectories, emissions in advanced
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economies decreased by 380 Mt in 2019, whereas emissions in the rest of the
world increased by 360 Mt (IEA, 2020). On the other hand, rapid economic
activity also contributes to excessive levels of pollution that can result in a range
of health problems. At present, environmental concerns have taken centre stage
not only in national and international policy debates but also in the court of public
opinion. Consequently, based on the above discussions, three environmental
implications were of interest to the present study.

First, increasing trade openness gives every country access to the international
market. Most developing countries have adopted trade policies focused on
greater exposure to international trade, emphasising manufacturing as the
catalyst of economic growth and growing living standards (Hossain, 2011; Tran,
2020). Thus, trade orientation in developing countries is said to contribute to
environmental degradation. However, it is not conclusive to say that
manufacturing or specialising in the production of merchandise goods cause
environmental problems. For instance, according to Ayeche, Barhoumi and
Hammas (2016), the countries facing competitive pressure can be more solid in
using resources, resulting in decreasing pollution emissions.

Furthermore, increased trade openness may motivate firms from rich countries
to relocate their polluting industries to poor or developing countries where
environmental standards are loose as developed countries adopt tighter
environmental protection (Chakraborty & Mukherjee, 2013; Hakimi & Hamdi,
2015; Cherniwchan, 2017). Thus, manufacturing industries (which are
considered more polluting) are primarily concentrated in less developed
countries. In contrast, the high-tech and service industries (which are considered
to be much less polluting) are concentrated in rich industrialised countries. Then,
they will be shifted to a decline in environmental degradation in developed
nations as countries with less environmental rules turned into pollution havens
in the developing world to stay attractive as low-cost boards for manufacturing.

If the developing countries seek to curb the pollution, there would be a
corresponding decrease in the income growth rate and/or trade volume.
Increased trade could boost economic growth, resulting in increased income, but
it could also have an undesirable impact on the environment by emitting
emissions into the air. If the countries afflicted were able to use more
environmentally friendly industrial processes, it would be beneficial to the
environment. The costs of protecting the environment, on the other hand, are
needlessly costly. They are the consequence of a regulatory structure that is
inefficient and ineffectual, which is a crucial issue for developing countries (Zhao,
2019). However, whether openness to trade that leads to more economic
progress is significantly harmful to the environment in developing countries is
still not adequately answered and measured. Therefore, the pollution that may
be associated with trade openness can be clarified through empirical
investigation.
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Second, there appears to be a relatively clear connection concerning financial
development and the quality of the environment, as there are several
mechanisms by which the environment is influenced by the financial sector. For
instance, improvements in financial activities will promote economic activities
that influence environmental quality. It is convenient to provide capital for
technologies that need significant amounts of investment in developed financial
structures. This would stimulate investments and encourage companies to
implement advanced, safer and environmentally sustainable methods to save
the environment from degradation (Mesagan & Nwachukwu, 2018). In turn, this
can accelerate advancement in technologies and positively affect energy
efficiency and hence influences a cleaner environment in developing countries.

Contradicting, financial development level of a country can vigorously influence
the provision of credit to investments that can reduce the quality of the
environment. The reason is that the financial development may provide the credit
facilities for the expansion of manufacturing activities that lead to the exploration
and exploitation of natural resources. Efficient financial intermediation often
tends to be beneficial to consumers' loan activities, making it easier for
customers to purchase big-ticket products such as vehicles, properties,
machinery, etc. and then emit further pollution (Raza & Shah, 2018; Sehrawat,
Giri, & Mohapatra, 2015). The developed financial system can, therefore,
negatively affect environmental health and ecosystem vitality.

Scholars believe that real, sustainable gains from foreign direct investment and
R&D activities can only be realised with the development of a country's financial
system (Mahmood, Furgan & Bagais, 2019). The developed financial system
serves as a resource allocator and information provider, as well as a cost-cutting
instrument that can spur further innovation and serve as a sign of trust for
international investors (Jiang & Ma, 2019). However, according to the World
Bank (2014), certain developing economies' financial growth is still in its early
stages, which will likely stifle FDI and R&D because a less developed financial
system makes investments more costly and uncertain. Furthermore, it may
worsen the environmental quality in developing countries if they do not have
appropriate resources to invest in pollution mitigation initiatives due to
inadequate institutional structures. It is apparent that financial development can
take a vital role, through mixed findings, in evaluating a nation's environmental
quality. Therefore, the conflicting empirical findings point to the need for a follow-
up investigation to elucidate this link.

Third, the levels of exposure on the general population in the developing
countries are typically greater compared to developed countries whereby air
pollution is more tightly regulated, and residential areas are usually far away
from industry (Sekrafi & Sghaier, 2018; Stavropoulos, Wall & Xu, 2018; Song &
Wang, 2013). According to a current nature assessment on air pollution, the
concentration of several outdoor air pollutants, such as PMzs, in developing
nations surpasses the WHO's air quality limit (UNEP, 2019), which will have a
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detrimental impact on health outcomes. While air pollution in high-income
countries has decreased dramatically, WHO reported that it still accounted for
some 4.9 million fatalities in 2017, mainly in low- and middle-income countries,
where air pollution has risen in the last 25 years (Boogaard et al., 2019). Poor
air quality is thus unavoidable in many developing countries, and it can have a
variety of health repercussions, including increased disability and a shorter
lifespan (Anser et al., 2020; Wang et al., 2019; Ebenstein et al., 2017).

Air pollution's health effects may correspond to low productivity and high costs
for health care. Despite the undesirable costs of pollution, there are relatively
inadequate governance improvements to enhance environmental quality, where
pollution mitigation remains mostly ignored in developing countries. Even most
of these countries have long-established legislations and formal governmental
systems to resolve their environmental concerns, but little have succeeded in
relieving those issues, so environmental laws and regulations are only a
formality (Ghosh, 2018; Nazeer, Tabassum & Alam, 2016). Thus, the rapid
economic activities together with the weak environmental standards pose
fundamental threats to human health due to poor air quality across developing
countries.

The health consequences of air pollution have already been demonstrated in a
wide range of epidemiological studies, but few studies have attempted to
quantify the economic perspective of this issue in developing countries (Aliyu &
Ismail, 2016). Understanding the influence of air pollution on human health is
vital for the formulation of effective pollution control strategies (Callan & Thomas,
2010). If the scarcity of developing specific research on the public health effect
of air pollution persists, then the formulation of effective pollution regulation
strategies may be difficult to achieve. Thus, the need to examine if air pollution
affects health outcomes across developing countries has been raised.

1.6 Research Questions

The following research questions were formulated:

i What are the effects of trade openness on the environment in
developing countries?

ii. What are the effects of interaction between trade openness and income
on the environment?

iii. What are the effects of financial development on environmental quality
in developing countries?

iv. What are the effects of interaction between financial development with
R&D and FDI on environmental quality?

V. What is the impact of air pollution on health outcomes in developing
countries?

Vi. What is the impact of the interaction between air pollution and
governance quality on health outcomes?
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1.7 Research Objectives

The general purpose of the current research was to examine the environmental
effects of trade openness and financial development and the impact of air
pollution on health outcomes in developing countries empirically.

171 Specific Objectives

The specific objectives of the present study were stated as follows:

i To examine the effects of trade openness on the environment

ii. To examine the effects of interaction between trade openness and
income on the environment.

iii. To investigate the effects of financial development on environmental
quality.

iv.  Toinvestigate the effects of interaction between financial development
with R&D and FDI on environmental quality.

v.  To analyse the impact of air pollution on health outcomes.

Vi. To analyse the impact of the interaction between air pollution and
governance quality on health outcomes.

1.8 Significance of the Study

The current study intends to add to the examination of the issues as mentioned
above by providing an extension of empirical analysis. Firstly, there are many
concepts with respect to assessing the degree of trade openness. The most
common trade openness measure is expressed as the total trade ratio to GDP
as itis the most straightforward estimation of trade openness (Aliyev & Gasimov,
2014; Lau, Choong & Eng, 2014; Yu et al., 2019). More recently, a composite
trade share established by Squalli and Wilson (2011) has taken into account the
multidimensional nature of trade openness. However, according to Fujii (2019),
conveyed trade information can be better described as the magnitude of the
specific distribution of sectoral production. As such, in contrast to most other
prior studies, the present study used the merchandise trade (contribution to
GDP), apart from total trade to GDP, to examine if the trade orientation in
developing countries facilitated the concentration of environmentally damaging
factors. Only a few studies on developing regions, for example, by
Jayanthakumaran, Verma and Liu (2012) and more recently by Khan, Peng and
Li (2019), have provided supportive evidence for the potential effects of
merchandise trade on trade-related environmental pollution.

However, limited empirical studies in these areas, particularly in developing
regions, also meant that these countries could not take advantage of practical
evidence on how decision-makers could make the right choices to enable the
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developing countries to benefit from freer trade without compromising
environmental conditions. In an attempt to bridge this gap, the present study
emphasises merchandise trade in relation to local and global types of pollutants.
The outcome of this study is to clarify certain empirical consequences regarding
developing countries' trade orientation, allowing evaluation of the good (and bad)
of developing countries' trade openness by examining its direct and indirect
environmental effects.

Openness to trade would encourage developing countries to specialise in
manufacturing, which can be considered dirtier, and export their products to
countries with stronger environmental requirements. as posited by the pollution
havens hypothesis. Transitioning developing economies to manufacturing tends
to pollute the environment since these countries are less motivated to adhere to
environmental requirements in order to reduce production costs and remain
competitive in the international market. On the other hand, the manufacturing
sector is the engine of productivity growth and, as a result, the sustenance of
technological advancement. Manufacturing has predominantly played a crucial
role in developing nations' economic growth (Jiang et al., 2020; Chakraborty &
Mukherjee, 2013). This study will empirically investigate whether the
concentration of manufacturing activity in developing countries is beneficial to
the environment. The findings would increase the knowledge available to
governments and policymakers regarding the types of environmental policies
appropriate in developing countries to reduce pollution caused by freer trade.

To evaluate the environmental effects of trade openness, it is necessary to
empirically look at the environmental effects caused by trade openness directly
as well as indirectly from the rapid economic expansion. Trade and economic
growth give countries the means to clean the air. Increased trade openness can,
in turn, by supporting economic growth and development, contribute to a greater
capacity to manage the environment more effectively. More importantly, greater
openness can boost access to new technologies that reduce the consumption
of energy, water, and other environmentally hazardous substances in local
industrial processes, making them more efficient. The outcomes can be used to
investigate the phases of development, which could influence how trade
influences the environment. As a result, this study will add to the argument over
whether trade promotes or hinders the environment in the context of growing
economic activities, particularly in developing countries.

Secondly, according to the literature, managing the financial development
process to encourage environmental sustainability is the main issue for
policymakers, financial institutions, and investors (Zhong & Li, 2020). The
financial development and environmental sustainability nexus are crucial to
balancing the transition of economic development and enhancing developmental
quality. Additional empirical study was therefore required to assess the validity
of the positive view of the development of the financial sector as a source of
financial services for environmentally sustainable projects that would boost the
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quality of the environment in developing countries as the sector evolves in the
future.

However, the existing literature has rarely considered the association of financial
development with sustainability when discussing the association of financial
development and environmental quality, with the available empirical evidence
mostly concentrated on using CO2 emissions as the environmental outcome
(Javid & Sharif, 2016; Dogan & Turkekul, 2016; Ali et al., 2019). Therefore, the
present study adopted domestic credit extended to the private sector as a
financial development indicator and then deployed the EPI to measure
environmental quality, which incorporated the element of sustainability. It was
anticipated that this study would provide empirical evidence on the strength of
financial institution support of environmental sustainability and would guide
future research efforts in these developing regions.

In addition, this study looks at the direct effect of financial development on
environmental quality and the indirect effect. Unlike earlier research (Abbasi &
Riaz, 2016; Hafeez et al., 2018; Saud & Chen, 2018), this study supplements
the body of knowledge by looking at the moderating effect of financial
development and foreign direct investment on the environmental study. FDI
could be attracted to developing host countries if their financial development
improves. FDI is a way of transmitting production technology, skills, innovative
ability, and organisational and managerial practices from one area to another,
resulting in increased economic development and reduced pollution (Frankel &
Rose, 2002; Tamazian & Rao, 2010). On the other hand, it appears that a more
developed financial sector allocates more resources to R&D, which, in turn,
upgrades technology and innovation to advance up the development ladder and
favourably influence environmental quality (Hwang, Min & Han, 2010). Thus, this
study is necessary as it provides a comprehensive understanding of this issue
and contributes to the literature.

Thirdly, although the health outcomes related to air pollution have been modestly
investigated empirically, most of the available studies can be found outside the
economic literature (mostly based on epidemiological studies) and in the
perspective of high-income countries. However, this issue is especially relevant
for the developing countries facing pressure to achieve rapid economic growth
while facing the risk of implementing economic policies that run counter to long-
term social objectives. As a result, research on the health effects of exposure to
poor air quality in middle-income countries has been limited and mostly focused
on mortality and life expectancy. As such, these studies provided decision-
makers with inadequate and ineffective information about overall population
health.
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Consequently, more scholars became interested not only in life spans but also
in life quality as measures of population health, therefore leading to the measure
of healthy life expectancy to illustrate this concern (Gangadharan & Valenzuela,
2001; Grigoli & Kapsoli, 2017). However, in many countries, the increase in life
expectancy does not always imply an increase in the number of years spent in
good health (Dicker et al., 2018). People are only able to work if they are in good
health, but the fact that poor air quality exposes human populations to dangerous
airborne compounds can exacerbate the state of population health. This signifies
the need to measure healthy life states, an area that has been minimally reported
in the literature. Due to the limited studies conducted on developing countries
where air quality problems are growing (West et al., 2016; Hao et al., 2018), this
may be the reason for environmental policy neglect. Therefore, the present study
is significant as it can add empirical evidence by considering the effects of
elevated levels of air pollution on healthy life expectancy in developing regions.

This indicator is regarded as a key indicator of a country's health and an
individual's well-being because it incorporates fatal and non-fatal health states.
World Health Organisation (WHO) reports that significant resources are spent to
decrease the occurrence, prevalence, and incidence of severe diseases that
cause morbidity but not mortality and their impact on people's lives. Reduced
morbidity risks can lead to longer and healthier working lives. Because capital is
a scarce input in developing countries, the first and most important driver of
economic development, particularly in low- and middle-income countries, is the
labour force. An enhancement in labour force health status upsurges the
productivity resultant in economic growth.

On the other hand, the interactive terms suggest that when government quality
is directly targeted at air pollution, it can significantly impact health outcomes.
This study differs from others in that the previous studies examine the interaction
effects of public health spending and government quality on health outcomes
(Makuta & O’hare, 2015; Kim & Wang, 2019). It is expected that the results of
the current study would provide convincing evidence that could be useful to
environmental health researchers and those responsible for public policy.
Governance's effective engagement leads to better government decision-
making, more environmentally responsible business practices, and more
comprehensive environmental law. This would enable the enforcement of
environmental policy options that unveil more sustainable development policies
to lessen the consequence of air pollution on long-term economic development
and population health within developing countries.

1.9 Scope of the Study

This study covers the effect of trade openness on the environment in developing
countries. Three measures of trade openness are included, namely
merchandise trade (% of GDP), total trade (% of GDP) as well as composite
trade shares, which is the recently trade openness measurement propositioned

28



by Squalli and Wilson (2011). The study includes the investigation of
environmental quality effects of financial development. The EPI scores from
historical data allow countries to measure their progress over time. In this way,
the EPI provides some relevant insights to identify how close countries are to
achieving better environmental quality.

This study is also limited to two pollutants, namely the concentration of
particulate matter (PM25) and carbon dioxide (CO2) emissions. Particulate
matter is a general term for very small solid and liquid particles in the
atmosphere. They vary in size, with the most damaging particles being the
smaller particles, known as PMzs (US EPA, 2019). This pollutant is created
primarily as a by-product of burning fossil fuels emitted from agricultural
activities, power plants, industrial production, transport which is largely from
diesel-fuelled vehicles, domestic energy use including smokes from biofuels
burning, fugitive dust from paved and unpaved roads, among others (US EPA,
2019; West et al., 2016). Additionally, due to the chemical reaction of certain
gaseous pollutants such as SOz and nitrogen oxides (Nox), it may also be
formed secondarily from fine particles in the atmosphere.

Differently, CO2 is produced through burning substances of fossil fuels that
consist of carbon, while other sources are made up of breathing and
fermentation (US EPA, 2019). In an attempt to understand how environmental
damages affect human growth, the study is confined to examining the effects of
air pollution on health outcomes, with a particular focus on life expectancy and
healthy life expectancy.

The study does not consider pollutants other than the two pollutants identified
above due to the limited data availability. The inclusion of the developing
countries is based on the availability of all the data needed for evaluating every
objective of the study. Countries with insufficient and up-to-date data are
removed from the analysis, relying on the required data for each objective and
methodology employed.

1.10 Organisation of the Study

The remaining of the thesis is organised as follows. Chapter 2 comprises
literature reviews of the previous studies. The chapter critically reviews the
theoretical as well as the empirical literature on the association of trade
openness and the environment followed by financial development and
environmental quality. The chapter correspondingly surveys the literature
regarding the pollution and health outcomes effects.
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Chapter 3 presents the research methodology. The chapter starts with the
theoretical frameworks covering derivations of applicable mathematical models
associated with theoretical considerations that supported that empirical
assessment of the thesis. Then, the empirical models, study variables and
econometric methods employed are reported and discussed in this chapter.
Finally, the chapter justifies the sample size and defines the sources of data.

Chapter 4 covers regression results. It starts with the presentation of the
descriptive statistics and correlation matrices related to the study variables. Next
is followed by the presentation of estimated results, interpretations and
discussions. Chapter 5 gives a summary of the research and major findings, as
well as suggests policy implications from the estimated results. The final part
outlines the limitations of this work and offers recommendations on the directions
for future research.
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