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Abstract

This thesis examines the impact of globalization and trade on the environment, focusing on
carbon dioxide emissions. Specifically, it tests the Environmental Kuznets Curve (EKC)
hypothesis, which suggests that environmental degradation initially worsens with economic
growth but eventually improves once a certain level of development is reached. Two dependent
variables are used namely: production-based carbon emissions and consumption-based carbon
emissions. The thesis employs an econometric model called Autoregressive Distributed Lag
(ARDL) model to analyse panel datafrom 56 countries over the period of 1990-2021 and for

economic sectors, including agriculture, Forestry and Fishing, Fossil fuel and Energy
consumption, Alternative and Nuclear Energy, and renewable energy consumption.

The results indicate that an EKC relationship exists for production-based carbon emissions,
but not for consumption-based carbon emissions. This suggests that policies targeting
production-based emissions may be more effective in mitigating the environmental impact of
globalization and trade. In addition, the role of globalization and trade in shaping carbon
emissions is considered by the thesis. The results suggest that trade openness has a positive

effect on both production-based and consumption-based emissions, while economic growth
has a positive effect on production-based emissions but not on consumption-based emissions.

These findings highlight the importance of considering both production-based and
consumption-based emissions when examining the environmental impact of globalization and
trade. However, the thesis also highlights the complexity of the relationship between
globalization, trade and the environment, and the importance of considering multiple factors

and perspectives when examining this relationship.

Keywords: EKC, Trade, ARDL Model, CO2 emissions, Globalization



Executive summary

GDP per capita may have two effects on pollution. On the one hand, the rise in GDP
necessitates increased resource use, production, consumption, and therefore, pollution. Onthe
other hand, economies transition to service-intensive structures and could increase investments
in technical advancement, which reduces material consumption and pollution as a result of
rising income levels. Similar to this, globalization may also result in such dual effects by
triggering economic activities that increase pollution and by quickening the pace of

technological advancement and environmental consciousness.

The focus of this thesis is to analyze the trade-environment relationship and what role
globalization plays in it. Economic theory suggests that trade can have both positive and
negative effects on the environment, depending on the circumstances. On the one hand, trade
can lead to improvements in the environmental quality through the transfer of technology,
knowledge and resources. On the other hand, trade can also lead to environmental degradation
through increased production and consumption of goodsand services, which can lead to higher
levels of pollution, deforestation and other forms of environmental damage. In particular, the
theory suggests that countries with weaker environmental standards may engage in “pollution

havens”, attracting industries with low environmental standards and regulations.

One important theoretical framework for understanding the relationship between economic
growth and environmental quality is called the Environmental Kuznets Curve Hypothesis
(EKC). This theory proposes that as countries develop, their demand for goods and services
increases, leading to higher levels of production, consumption and pollution. However, as the
countries reach a certain level of income, they begin to prioritize environmental quality and
invest in cleaner technologies and policies, leading to a decline in pollution and environmental

degradation.

Therefore, an analysis is carried out for fifty-six developing and developed countries, ranging
from Europe, Asia, the pacific, Africa, Latin America, over the period 1990-2021 and for
economic sectors, including agriculture, Forestry and Fishing, Fossil Fuel and Energy

consumption, Alternative and Nuclear Energy, and renewable energy consumption.



This is done to check the relationship between the per capita output level and carbon dioxide
emissions for the chosen sectors. Secondly, an econometric model called autoregressive
distributed lag (ARDL) model is used which allows us to evaluate the casual relationship
between X variables (GDP, agriculture, Forestry and Fishing, Fossil Fuel and Energy
consumption, Alternative and Nuclear Energy, and renewable energy consumption) and our
outcome variable which is also known as the Y variable or dependent variable. In this case, it
will be carbon dioxide emissions. However, instead of using the total carbon dioxide emissions
as the dependent variable, | am going to separate the production-based carbon emissions from
the consumption-based carbon emissions. So that | can explore how they are separately affected
by the X variables.

The autoregressive distributed lag (ARDL) model is incorporated in this thesis because it is a
statistical model that is used to analyze the long-term relationship between two or more
variables. In simple terms, it helps us to understand how changes in one variable affect the
other over time. The study adds to the existing literature as it recommends a sustainable
solution that can be applied to countries for carbon emissions reduction and challenges of

globalization in the presence of trade.

The results showed that an EKC exists in production-based emissions but not in consumption-
based emissions. The presence of the EKC in production-based emissions shows that as
countries develop and become wealthier, they may be able to implement cleaner and more

efficient technologies to reduce emissions from their own production activities.

However, the absence of an EKC in consumption-based emissions indicates that as countries
become wealthier, they may also increase their consumption of goods and services, many of
which may be produced in countries with less stringent environmental regulations. This could

lead to an increase in emissions embodied in these imported goods and services, offsetting any
reductions in production-based emissions.

Overall, the policy implications of this research highlights the need for international
cooperation and coordination in addressing climate change, as well as the importance of

considering issues of trade, investment, and climate justice.
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Introduction

The world is dealing with a number of environmental issues, such as pollution, deforestation,
biodiversity loss, and climate change. These issues have serious social and economic
repercussions and will probably have a severe effect on vulnerable communities especially in
developing countries (IPCC,2018). Trade and globalization are strong proponents of economic
growth and have contributed to significant improvements in living standards and reductions in
poverty around the world. However, they have also been linked to greater environmental

pressure, especially in poorer nations (Dasgupta, 2007).

Therefore, it is crucial for policymakers to understand how globalization, trade, and the
environment are related as they attempt to strike a balance between the economic benefits of
globalization and the need to assure sustainable development. Understanding the various
elements that affect environmental quality and how globalization and trade interact with these

aspects is crucial in order to establish effective policies to solve the environmental challenges
confronting the world today.

Furthermore, globalization, tradeand the environment are interconnected issues that have been
the subject of intense debate and discussion in recent years. Many benefits have been brought
to the world because of globalization and trade. But they also had negative impacts on the
environment. As economic activities have become more globalized, the environmental impacts

of trade have become more complex and difficult to manage (UN, 2019).

The transportation of goods across long distances is one of the primary ways that trade has an
impact on the environment. This may result in higher greenhouse gas emissions, which fuel
climate change. Deforestation, water pollution, and soil deterioration are just a few of the
negative environmental effects that can result from the extraction and processing of raw
materials for trade. There are also concerns about social and economic impacts of globalization.
Some critics argue that globalization has led toincreased inequality, as the benefits of economic
growth have been unevenly distributed. This has led to calls for more equitable trade policies,
and for greater support for workers and communities that have been negatively affected by
globalization (Stiglitz, 2002).
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Additionally, there is evidence that trade and globalization may have a big influence on people's
health. For instance, the spread of illnesses like the avian flu and mad cow disease has been
related to the international trade in food and agricultural goods (WHO, 2015). Secondly, the
production of goods for export can have negative health impacts on the workers, particularly
in developing countries where labour standards may be weak (ILO, 2019).

Despite these challenges, there are also opportunities for globalization and trade to contribute
to sustainable development and environmental protection. For example, the United Nations

Sustainable Development Goals (SDGs) recognize the important role of trade in promoting
economic growth, reducing poverty, and achieving environmental sustainability (UN,2015).

However, in order to accomplish these objectives, it will be required to deal with the complex
and interconnected issues of globalization, trade, and the environment. This will necessitate a
number of policy changes, such as stricter environmental laws, more equal trade laws, and
increased investment in environmentally friendly activities and technology. Additionally, it
will call for increased cooperation and collaboration between governments, corporations, and

civil society, as well as an understanding of the many views and requirements of various
stakeholders.

Sustainability in globalization and Trade

Sustainability is defined as meeting the needs of the present without compromising the ability
of future generations to meet their own needs (Brundtland, 1987). This requires a holistic
approach to economic development that considers the social, economic, and environmental
dimensions of sustainability. In the context of globalization and trade, this means promoting
sustainable economic growth that is environmentally responsible, socially inclusive, and

economically viable.

One key challenge in achieving sustainable globalization and trade is the need to balance
economic growthwith environmental protection. This requires the development of policies and
practices that minimize the environmental impacts of economic activity, while also promoting
economic growth and development. For example, the use of renewable energy sources, such as
wind and solar power, can help to reduce greenhouse gas emissions and mitigate the impacts
of climate change (IPCC, 2018). Similarly, sustainable agriculture practices, such as
agroforestry and organic farming, can help to reduce the environmental impacts of food
production (FAO, 2018).
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Another key challenge is the need to ensure that economic growth and trade benefit all
members of society, particularly the poor and marginalized. This requires the development of
social safety nets and support systems that help those who are negatively impacted by economic
globalization and trade. To achieve sustainable globalization and trade, it is also necessary to
promote international cooperation and collaboration. This can involve the development of
international agreements and frameworks that promote environmental and social sustainability,
as well as the promotion of international trade that is fair and equitable. Examples of such
agreements include the Paris Agreement on climate change and the Sustainable Development
Goals (SDGs) adopted by the United Nations in 2015 (UN, 2015).

Environmental regulations and standards

Environmental regulations and standards have a significant impact on the environment as they
are designed to reduce the negative impacts of human activities on the natural world. The
implementation of these regulations can vary widely between countries, depending on factors
such as political will, economic resources, and cultural attitudes towards the environment. One
example of the impact of environmental regulations can be seen in the case of air pollution in
the United States. The Clean Air Act, which was first passed in 1963 and has been amended
several times since, has been successful in reducing air pollution levels in the country
(EPA,2021). However, the implementation of the Clean Air Act has faced challenges,

particularly in terms of enforcement and compliance by industries (Pope,2017).

In contrast, other countries may have weaker environmental regulations, which can lead to
more negative impacts on the environment. For example, in China, air pollution has become a

major problem in recent years, due in part to the rapid pace of industrialization and weak
environmental regulations (Bai et al.,2019).

The implementation of environmental regulations can also be influenced by political and
economic factors. For example, developing countries may face challenges in implementing
environmental regulations due to limited economic resources and competing priorities for
development (Lele & Kurian,2018). In addition, countries with strong extractive industries,
such as oil and gas, may face resistance to environmental regulations from industry groups and
political leaders (Bast & Fisher, 2013).
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The implementation of environmental regulations and standards can have a significant impact
on globalization and trade, as they can create barriers to international trade and investment. For
example, countries with strong environmental regulations may require foreign companies to

comply with these regulations in order to do business in their country, which can increase the
cost of doing business and reduce the competitiveness of foreign firms (Bast & Fisher, 2013).

Environmental regulations can also impact the types of goods that are traded internationally.
For example, countries may impose restrictions on the import or export of goods that are
deemed to be environmentally harmful, such as products made from endangered species or
chemicals that are known to be toxic (WTO, 2021).

However, environmental regulations can also have positive effects on globalization and trade.
An example is by reducing negative environmental impacts, regulations can create a more
sustainable and stable global economy, which can benefit all countries (Lele & Kurian, 2018).
Regulations that promote environmentally sustainable practices can create opportunities for
innovation and new business models, which can drive economic growth competitiveness
(Porter & Van de Linde, 1995).

Environmental Justice

The effectsof trade policies on the environment and environmental justice are multifaceted and
can be both positive and negative dependingon the specific policies and their implementations.
One way in which trade policies can impact the environmental justice is through their effects
on the distribution of environmental risks and benefits. An example is, trade policies that
promote the expansion of extractive industries in developing countries may lead to increased
environmental degradation and pollution, which can disproportionately affect marginalized
communities that are often located near such industries (Bryner, 2016). Similarly, trade policies
that promote the export of agricultural products may incentivize the use of environmentally
damaging production methods, such as the overuse of pesticides and fertilizers, which can harm

the health and livelihoods of local communities (Friedman, 2017).

On the other hand, trade policies that promote sustainable development and the use of
environmentally friendly technologies can have positive impacts on environmental justice. An
example is the inclusion of environmental provisions in trade agreements can help to promote
sustainable development and reduce the negative impacts of trade (Bryner, 2016).
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Carbon emissions and climate change

The relationship between trade and carbon emissions depends on a range of factors, including
the nature of the traded goods, the production processes involved, and the policies that govern
trade and environmental protection. A way in which trade can have an effect on carbon
emissions is through the carbon embodied in traded goods. Trade can lead to the displacement
of carbon emissions from one country to another, as countries may import goods that are
produced in countries with lower environmental standardsor more carbon-intensive production
processes (Chen & Zhang, 2019). For example, a country that imports steel from a country
with less stringent environmental regulations may be indirectly responsible for the carbon
emissions associated with the production of that steel. This is known as embodied carbon or

carbon leakage.

Trade can also lead to the diffusion of low-carbon technologies and practices, which can help
to reduce carbon emissions. Additionally, trade can facilitate the transfer of technology and
knowledge between countries, which can help to promote the adoption of cleaner and more
efficient production processes (Chen & Zhang, 2019). For example, the import of renewable
energy technologies or energy-efficient appliances can help to reduce carbon emissions and

promote sustainable development.

In terms of globalization, the expansion of global trade and investment has led to increased
production and transportation of goods, which can lead to increased carbon emissions (Chen
& Zhang, 2019). Globalization can also lead to increased industrialization and urbanization,

which can further contribute to carbon emissions and climate change (Ghosh &Roy, 2020).

Furthermore, globalization can impact the ability of countries to implement effective climate
policies. Trade liberalization and investment agreements can limit the ability of governments
to regulate trade and investment in ways that promote environmental protection and reduce
carbon emissions (Ghosh & Roy, 2019). In a nutshell, trade can have significant impacts on
carbon emissions, and these impacts are closely linked to globalization. The specific impacts
will depend on the nature of the traded goods, the production processes involved, and the
policies that govern trade and environmental protection. By promoting sustainable production
and consumption, and by supporting the diffusion of low-carbon technologies and practices,
trade can help to mitigate carbon emissions and contribute to global efforts to address climate

change.
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Technology transfer and innovation

Technology transfer and innovation affects the environment in various ways. On the one hand,
new technologies and innovations can lead to more efficient and sustainable use of resources,
reduce pollution and mitigate climate change. On the other hand, they can also lead to increased
resource consumption, waste generation, and environmental degradation, particularly if they

are not designed with environmental considerations in mind.

One example of the positive effect of technology transfer and innovation on the environment
Is the use of precision agriculture technologies, which can help farmers optimize fertilizer and

pesticide use, reduce soil erosion, and increase crop yields, while also improving soil health
and reducing water pollution (Wang et al., 2020).

If technology transfer and innovation lead to increased resource consumption and waste
generation, then they can cause a negative effect. For example, the widespread use of electronic
devices such as smartphones and laptops has resulted in a significant increase in e-waste, which

can contribute to environmental pollution and health risks (Baldé et al., 2017).

The production of many high-tech products requires the extraction of rare and valuable metals,
which can have negative environmental and social impacts, particularly in developing countries

where mining regulations may be weak and non-existent (Ali et al., 2017).
Climate change

According to (IPCC, 2014), climate change refers to a long-term shift in global weather
patterns, including rising temperatures, changing precipitation patterns, and more frequent and
severe weather events such as hurricanes, droughts, and floods. The primary cause of climate

change is the release of greenhouse gases, such as carbon dioxide, into the atmosphere as a
result of human activities such as burning fossil fuels and deforestation.

Some potential benefits of climate change could include increased agricultural productivity in
some regions due to longer growing seasons, decreased heating costs in colder regions, and
increased shipping opportunities due to melting Arctic Sea ice (WTO, 2018). However, these
potential benefits are far outweighed by the many disadvantages, which include accelerated
sea-level rise, more frequent and severe natural disasters, mass extinction of plant and animal

species, and negative impacts on human health, among others (IPCC,2014).
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Climate change can have significant effects on trade and globalization such as disrupting
shipping lanes and port operations, damaging infrastructure and disrupting supply chains, and
potentially leading to trade disputes between nations (WTO, 2018). One example of the impact
of climate change on trade is the case of the Arctic region, which is experiencing rapid melting
of sea ice due to rising temperatures. This has opened up new shipping routes and increased
the potential for resource extraction in the region. However, it has also raised concerns about

the potential environmental impacts of increased activity in the Arctic, as well as the potential
for conflict over resource rights between nations (WTO, 2018).

Climate change affects all nations to some extent, but some regions of the world are more
vulnerable than others due to factors such as geography, economic development, and
infrastructure. Developing countries, particularly those in Africa and Asia, are generally
considered to be more vulnerable to the impacts of climate change due to their dependence on
agriculture, limited access to resources and technology, and exposure to extreme weather
events (IPCC, 2014).

In contrast, developed countries such as the United States and Canada are generally considered
to be less vulnerable to the direct impacts of climate change due to their greater economic
resources and more advanced infrastructure. However, they are still vulnerable to the indirect
impacts of climate change, such as disruptions to supply chains and increased costs for firms
(WTO, 2018).

It is also important to note that some countries, particularly those in the Global South,
contribute relatively little to greenhouse gas emissions but are disproportionately affected by
climate change (WRI, 2021). This is known as the “climate injustice” or “climate equity” issue,
as these countries often lack the resources and capacity to adapt to the impacts of climate
change and are therefore more vulnerable to its negative effects. It is important to recognize
that the impacts of climate change are not distributed evenly, and some countries contribute
relatively little to greenhouse gas emissions but are disproportionately affected by its negative

effects.
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Figure 1: list of events in International Environmental Involvement, referenced from
(Baylis, J. et al., 2020).

1946

1956

1958

1959
1962
1967
1969
1971

1972

1973

1979

1980

1982

1984
1985

1986
1987

1988

1989

1991

International Convention for the Regulation of
Whaling

UK Clean Air Act to combat ‘smog’ in British cities

International Convention for the Prevention of
Pollution of the Sea by Oil

Antarctic Treaty

Rachel Carson publishes Silent Spring
Torrey Canyon oil tanker disaster
Greenpeace founded

At the Founex Meeting in Switzerland, Southern
experts formulate a link between environment
and development

United Nations Conference on the Human
Environment (UNCHE) in Stockholm

Establishment of the United Nations
Environment Programme (UNEP)

MARPOL Convention on oil pollution from ships

Convention on International Trade in
Endangered Species (CITES)

Long-Range Transboundary Air Pollution
Convention (LRTAP)

Convention on the Conservation of Antarctic
Marine Living Resources

UN Law of the Sea Convention (enters into force
in 1994)

Bhopal chemical plant disaster

Vienna Convention for the Protection of the
Ozone Layer

Antarctic ‘ozone hole’ confirmed

Chernobyl nuclear disaster
Brundtland Commission Report

Montreal Protocol on Substances that Deplete
the Ozone Layer

Establishment of the Intergovernmental Panel on
Climate Change (IPCC)

Basel Convention on the Transboundary
Movement of Hazardous Wastes

Madrid Protocol (to the Antarctic Treaty) on
Environmental Protection
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1992

1995
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1998

2000

2001

2002

2005

2009

2010

2011

2012
2013
2014

2015

2018

United Nations Conference on Environment and
Development (UNCED) held at Rio de Janeiro;
publication of the Rio Declaration and Agenda 21;
United Nations Conventions on Climate Change
(UNFCCC) and Biological Diversity (CBD) both
signed

World Trade Organization (WTO) founded
Kyoto Protocol to the UNFCCC

Rotterdam Convention on Hazardous Chemicals
and Pesticides (PIC, prior informed consent)

Aarhus Convention on Access to Information,
Public Participation in Decision-making and
Access to Justice in Environmental Matters

Cartagena Protocol to the CBD on Biosafety
Millennium Development Goals set out

US President George W. Bush revokes signature
of the Kyoto Protocol

Stockholm Convention on Persistent Organic
Pollutants (POPs)

World Summit on Sustainable Development
(WSSD), Johannesburg

Entry into force of the Kyoto Protocol and
introduction of the first international emissions
trading system by the European Union

Copenhagen climate Conference of the Parties
(COP) fails to provide a new international
agreement

Nagoya Protocol to the CBD on access and
benefit sharing

Durban climate COP aims to produce a new
agreement by 2015

Rio + 20 Conference

Minimata Convention on mercury
IPCC Fifth Assessment Report

Paris Agreement at UNFCCC COP21

UNGA adopts Sustainable Development Goals

IPCC 1.5°C Report

UNFCCC COP24 agrees ‘rulebook’ to implement
the Paris Agreement



International organizations play a significant role in regulating globalization by providing a
framework for global cooperation, establishing policies, and promoting sustainable
development. The World Trade Organization (WTO), for instance, was established to govern
international trade and ensure that trade policies are fair and non-discriminatory (WTO, 2021).
The International Monetary Fund (IMF) provides financial assistance to countries facing
economic challenges and promotes international monetary cooperation, (IMF, 2021). The

United Nations Environment Programme (UNEP) promotes environmental sustainability by
providing guidance and support to countries and organizations (UNEP, 2021).

These international organizations work together to address global challenges such as climate
change, poverty, and inequality. For example, the United Nations Sustainable Development
Goals (SDGs) provide a framework for global cooperation to promote sustainable development

and address social, economic, and environmental challenges (United Nations, 2021).

International organizations also play arole in regulating transnational cooperations (TNCs) and
promoting corporate social responsibility. The Organisation for Economic Co-operation and
Development (OECD) provides guidelines for responsible business conduct and encourages
TNCs to respect human rights and the environment (OECD, 2021). Therefore, these
organizations play a crucial role in regulating globalization by promoting cooperation,
establishing policies, and addressing global challenges. They provide a framework for global
governance and help to ensure that globalization is sustainable, equitable, and beneficial for
all.

Role of International organizations in promoting environmental sustainability

International organizations promote environmental sustainability through various initiatives
and programs. These organizations work towards setting global standards, policies, and
regulations to protect the environment and ensure sustainable development. One of the most
prominent international organizations working towards environmental sustainability is the
United Nations (UN). The UN has established several programs and initiatives to address
environmental issues such as climate change, deforestation, and pollution. The UN Framework
Convention on climate Change (UNFCCC) is one such initiative that aims to reduce
greenhouse gas emissions and mitigate the effects of climate change. The UN also established
the intergovernmental Panel on Climate Change (IPCC), which provides scientific advice and

guidance to policymakers on climate change (IPCC, N.D).
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Another international organization that plays a significant role in promoting environmental
sustainability is the World Wildlife Fund (WWF). The WWF works towards the protection of
endangered species and their habitats, as well as promoting sustainable development practices
(WWEF, n.d). the organization also engages with governments, businesses, and communities to
develop sustainable environmental policies and practices. In addition to these organizations,
there are many other international organizations that work towards promoting environmental

sustainability, such as Greenpeace, the International Union for conservation of Nature (IUCN),
and the World Resources Institute (WRI).

Developing countries and their economies

Globalization has had both positive and negative impacts on developing countries and their
economies. While it has opened up new opportunities for trade, investment, and economic
growth, it has also exposed these countries to new challenges and risks such as increased
competition, economic volatility, and inequality. One of the positive impacts of globalization
on developing countries is increased access to global markets. This has enabled developing
countries to export their goods and services to a wide range of customers, leading to increased
employment and economic growth. For example, in the 1990s, Vietnam opened up its economy
to foreign investment and trade, which led to a significant increase in exports and foreign
investment, resulting in sustained economic growth (World Bank, 2021).

However, globalization has also exposed developing countries to increased competition from
larger and more developed economies. This has made it difficult for some developing countries
to maintain their competitiveness in global markets. For example, the textile industry in
Bangladesh, which is a major source of employment and exports, has faced increased
competition from other low-wage countries such as Vietnam and Cambodia (The Economist,
2019). Moreover, globalization has also exposed developing countries to economic volatility
and financial risks. Fluctuations in global commodity prices, currency exchange rates, and
capital flows have had a significant impact on the economic stability of many developing
countries. For example, the 1997 Asian financial crisis had a devastating impact on many
developing countries in the region, leading to economic recession and social unrest (World
Bank, 2021).
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Globalization contributed to rising income inequality within developing countries too. While

it has led to increased economic growth and employment, it has also led to a concentration of
wealth and power in the hands of a few individuals and corporations.

Corporate Social responsibility

Corporate social responsibility (CSR) is the concept of businesses voluntarily taking
responsibility for the social and environmental impacts of their activities. The effectiveness of
CSR in promoting sustainable development and responsible business practices has been
debated, with some arguing that it is an important tool for promoting social and environmental

sustainability, while others argue that it is merely a form of “greenwashing” or a way for

businesses to improve their image without making meaningful changes.

Several studies have found that CSR can have a positive impact on a company’s financial
performance and reputation, as well as on the social and environmental outcomes of their
activities (Dahlsrud, 2008). For example, a study by KPMG found that companies that
prioritizes CSR are more likely toattractand retain customers, employees, and investors, which
lead to improved financial performance (KPMG, 2017).

However, the impact of CSR on global trade is more complex and depends on various factors,
including the size and type of business, the industry in which it operates, and the specific CSR
initiatives it undertakes. Some argue that CSR can promote responsible business practices and
help to prevent human rights abuses, environmental degradation, and other negative impacts of
global trade (UNCTAD, 2018). Initiatives such as United Nations Global Compact, which
encourages businesses toadopt sustainable and socially responsible policies and practices, have

been credited with promoting responsible business conduct in global supply chains.

On the other hand, critics argue that CSR can be used to justify or even conceal unethical or
exploitative business practices, and that it may not be sufficient to address the systemic issues
that contribute to social and environmental problems in global trade (Matten and Moon, 2008).
For example, some companies have been accused of using CSR initiatives such as fair trade or
organic certification to create the appearance of ethical supply chains, while continuing to
engage in exploitative labour practices or environmental degradation. All in all, developing
and implementing CSR initiatives requires ongoing monitoring, evaluation, and improvement,
as well as collaboration with stakeholders across the global supply chain.
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Technology transfer and innovation

Technology transfer and innovation affect the environment too. On the positive side,
technology can help reduce environmental degradation by improving resource efficiency and
reducing the release of harmful pollutants into the environment. On the negative side, it can
contribute to environmental problems. For example, the production and disposal of electronic
devices can lead to the release of hazardous materials and contribute to electronic waste (Baldé
et al., 2020). Additionally, the use of new technologies can lead to increased resource
consumption and environmental impacts, such as the increased use of water and energy for
data centres and other digital infrastructure (Mills, 2018).

One way to mitigate the negative impacts of technology and transfer innovation on the
environment is through the development of sustainable technology. Sustainable technology
refers to technologies that meet the needs of the present without compromising the ability of
future generations to meet their own needs (United Nations, 1987). By incorporating

environmental considerations into the design and development of new technologies, it is
possible to reduce their environmental impact and promote sustainability (Schmidt etal., 2017).

Inconclusion, technology transfer and innovation have both positive and negative impacts on
the environment. To mitigate the negative impacts and promote sustainability, it is important
to develop and promote sustainable technology.

Structure of the thesis

This thesis will examine the impact of globalization and trade on the environment, with a
particular focus on the Environmental Kuznets Curve (EKC) hypothesis. Chapter 1 will provide
an analysis of the relationship between economic growth, trade and the environment. Also,
between trade and globalization. Chapter 2 will provide a review of the literature between trade
and the environment. Chapter 3 will discuss about the methodology. It will explain the
econometric model that will be used and the variables. Chapter 4 will discuss the results
obtained from the analysis. Chapter 5 will be the concluding chapter where recommendations

will be made.
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Chapter 1: Trade and Globalization

1.1. Economic growth, trade and the environment

Trade and globalization are closely connected concepts that have become increasingly
important in the global economy. One of the important drivers of globalization has been the
growth of international trade. As countries have become more connected, they have
increasingly relied on each other for goods and services, leading to a rise in cross-border trade.
This has been facilitated by advances in technology, transportation, and communication, which

have made it easier and cheaper to trade across borders.

Moreover, trade has also been a major driver of economic growth, particularly in developing
countries. By exporting goods and services, countries can earn foreign exchange and access
new markets, which help to stimulate economic growth and create jobs. In addition, trade can
lead to greater competition and efficiency, as firms are forced to improve their products and
processes in order to remain competitive in the global marketplace.

One of the main ways in which trade and globalization are connected is through the growth of
multinational corporations (MNCs). MNCs are companies that operate in multiple countries,
often taking advantage of lower costs or new markets. As these companies have grown in size
and influence, they have played a major role in driving global trade and investment flows.
MNCs account for more than half of all global trade in goods and services (UNCTAD, 2019)

According to Stiglitz, (2002) the growth of trade and globalization has also led to concerns
about inequality and environmental sustainability. Critics argue that globalization has
exacerbated income inequality, both within and between countries, by favouring those with
skills and capital over those without. In addition, increased trade can lead to environmental

degradation, as countries race to extract resources and produce goods as cheaply as possible.

To address these challenges, policymakers and businesses have focused on promoting more
inclusive and sustainable forms of trade and globalization. This includes efforts to promote
labour and environmental standards, as well as initiatives to promote greater participation by
small and medium-sized enterprises (SMEs) in global trade (UNCTAD, 2021).
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1.2. The role of trade and globalization

Trade plays an important role in maintaining food supplies and food prices because sufficient
food stocks in some countries exist side-by-side with shortages in other countries in a
globalized market. The relationship between environmental degradation and the overuse of
resources is complicated and sometimes, paradoxical. Globalization triggered changes in the
industry, the movement of the population away from the land, and increased consumption
among the population, which correlates with emissions of effluents and waste gases (Baylis, J
et al. 2020).

According to Baylis et al. (2020), there is limited evidence that globalization has prompted a
“race to the bottom” in the standards of the environment. Moreover, there have been arguments
that increasing levels of affluence have brought local environmental improvements, like the
way birth rates tend to fall as populations become wealthier. Economists stated that the opening
of markets by globalization can increase efficiency and reduce pollution, given that things
associated with the production of a good such as environmental and social damage are factored

into its market price.

Globalization promotes the contribution of knowledge and the strong presence of non-
governmental organizations (NGOSs) in environmental politics. However, things human beings
depend on for survival which are non-tradable (such as clean drinkable water, and a stable
climate) remain threatened. They are public goods and do not have a market and as a result
they are being depleted. Globally, we have dimensions of environmental change, but a
successful reaction still depends on a disintegrated international political system of more than

one hundred and ninety sovereign states.

In the history of environmental issues on the international agenda, there were two common
environmental concerns before the era of globalization. First, was the conservation of natural
resources and the second was the harm caused by pollution. There was no respect for pollution

or wildlife within international boundaries.

The action of mitigation or conservation sometimes had to involve more than one state and
Baylis J et al. (2020) stated that there were mostly unsuccessful efforts to control the
exploitation of maritime resources which lay beyond national jurisdiction. This included the

1946 International Convention for the regulation of whaling and several multilateral fisheries

commissions.
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After the Second World War, global economic recovery came along with signs of new
pollution, and ultimately the international agreements in the 1950s and 1960s. In the 1970s,
new types of transnational pollution like acid rain coupled with the realization that
environmental problems such as Ozone layer depletion and climate change is a concern on a
global scale. The UN conference on environment and development (UNCED) held in Rio de
Janeiro, Brazil in 1992 indicated the plan of sustainable development and an arrangement

between the environmental concerns of developed states and the economic demands of the
global south. The profile of the environment as an international issue was raised here.

On the tenth anniversary of the UNCED in 2002, the World Summit on Sustainable
Development (WSSD) assembled at Johannesburg. The discussions were on the importance of
globalization and the terrible state of the African continent. The issues in discourse were the
eradication of poverty, provision of clean water, sanitation and agricultural improvements. The

phases in which the environment entered the international political mainstream were marked
by the UN conferences.

Moreover, according to Runge (1998) there have been apparent issues in Agricultural trade and
the environment. Looking at Agriculture, there are some impacts of trade on the physical
environment. One of the impacts of agricultural trade has to do with the extent of economic
activity. literature in agriculture statethat excessive scale partially brought in by trade may lead
to substantial environmental stresses, especially in the sector of livestock. The second impact
of agricultural trade on the environment is allocative efficiency. This argument states that
specialization and comparative advantage utilize natural resources more efficiently than
policies of national or local self- sufficiency. This view is contrary to extreme advocates of
local self-reliance or food security. Natural resources in agriculture are more likely to be
efficiently utilized if the countries with comparative advantages produce the resources and
trade for others. Producing and consuming everything locally is unconvincing to be an efficient
use of natural capital (Runge, 1998).

The third impact of agricultural trade on the environment talks about the composition of output
by category and in the case of a sector like agriculture it leads to questions that are related to
intrasectoral composition such as does trade favour sectors that are ecologically threatened?
Taking the case of a specific sector like agriculture, for example, does trade influence extreme
production of more highly polluting crops such as cotton at the expense of small grains?
(Runge, 1998).
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Trade may also affect the environment by bringing technological innovation and the transfer

of both goods and bads. International diffusion of agricultural technology was blamed for the
use of extreme inputs like fertilizers and agrichemicals.

Finally, a more serious effect of agricultural trade on the environment is on policy and politics.
Rising incomes may make environmental protection more affordable. However, we are left
with the question of whether nations are willing to pay for such protection and can disclose this
choice through the political process. Consequently, market failure is linked to the possibility
of government failure in causing negative environmental impacts to which societies didn’t
respond (Runge, 1998). Although there is increasing evidence showing the immense
environmental impacts of agriculture, some of which are related totrade, the agricultural sector
has continued to evade the level of environmental regulatory oversight which is common in
many other sectors. This clearly implies that income growth is a necessary but not a sufficient

condition for environmental improvements in agriculture.

1.3 Definition of Globalization

According to Kolb (2018) the term "globalization™ refers to the increasing interconnectedness
of the economies, cultures, and populations throughout the world as a result of technology,
cross-border trade in products and services, and movements of capital, labour, and information.
For many years, nations have developed economic alliances to support these movements.
Nonetheless, the phrase became more common after the Cold War in the early 1990s because

of how these cooperative agreements influenced contemporary daily life.

Globalization has wide-ranging, intricate, and politically fraught repercussions. Similar to
significant technical advancements, globalization helps society as a whole while hurting some
groups. Recognizing the relative costs and benefits can help solve issues while maintaining

larger benefits.

Held et al. (2000) argue that globalization is a historical technique that changes spatial
organization of social links and interactions by making global interaction to exercise power.
According to Deardorff and Stern (2002) globalization entails that international markets are
becoming more integrated. For two centuries such integration has been the topic of
International Trade theory and economists have a good comprehension of its effects.
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Albrow (1996) explains a comprehensive perspective of globalization in the form of spill overs
in activities such as norms, skills and products that suggest that globalization exceeds the
concept of economic globalization. At some point, environment has been transformed through
political and social globalization. This is as a result of the international, political and
organizational struggle and cross-cultural broadcasting.

Most studies suggest that globalization has a non-significant impact on changes in the
environment. Akadiri et al. (2019) researched the impact of globalization, income, and tourism
on CO, emissions for Turkey from 1970 to 2014 using the ARDL approach. Their results
showed a non-significant negative effect of globalization on emissions although income and
tourism both harm the environment by increasing CO, emissions. Similarly, Haseeb et al.
(2018) looked at the effects of globalization on C0O,emissions in the presence of EKC for the

BRICSeconomies over the period 1995-2014. They suggested that globalization has a negative
but significant effect on carbon emissions.

Majeed and Mazhar (2020) made research on the impact of globalization (trade) on carbon
dioxide emissions for heterogeneous income groups for the period 1961 to 2018. They followed
the EKC approach together with energy consumption, human capital and bio capacity. Their
findings indicate mixed impacts of trade openness on environmental degradationdependingon
the level of income and existing level of environmental degradation.

Due to the fact that globalization has been connected to several issues in the political,
economic, social, cultural, and environmental fields all over the world, viewing the problem of
pollution just from one perspective might be deceptive. Investigating the varied effects of
globalization and its implications for environmental sustainability is crucial (Farooq et al.
2002).

Greenhouse gases surround the surface of the whole earth harming both developed and
developing countries, thereby making environmental degradation a worldwide problem. Most
of the consequences of environmental degradation are floods and earthquakes and they destroy
natural resources like forests, agricultural land, wildlife as well as human life. Another cause
of environmental degradation is rapid economic growth. This is why environmentalists and

economists are more concerned about these issues.
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Globalization can be divided in to three types namely, social, political and economic
globalization. These three types influence one another. For example, economic globalization is
fuelled by liberalized national trade policy. Political policies have an impact on social
globalization as well, making it easier for individuals to interact and travel freely throughout
the world. With the importation of products and services that expose individuals to foreign
cultures, economic globalization has an impact on social globalization too. These different

types are further explained below for a better understanding.

1.4. Social Globalization

Farooq et al. (2022) mentioned that social globalization affects environmental quality through
three mechanisms. They include transportation, lifestyle changes and technology spill overs.
Transportation is the predominant driver of globalization and represents an important
component of social globalization. It has significantly contributed to global carbon emissions.
Global flights brought about 915 million tonnes of carbon dioxide in 2019. Environmentalists
draw attention to the exploitation of natural resources in developing and transitioning
economies that are trying to follow western lifestyles. In terms of lifestyle, increased social
globalization is leading to a catch- up between developing and developed countries. This
copying of lifestyle is generally associated with deforestation which makes the environment
more vulnerable. When compared to discussed mechanisms, social globalization can lower
carbon emissions through technology spill overs. (Farooq et al. 2022)

1.5. Political Globalization

According to Bernauer (2013), the relationship of the environment with political globalization
is also worth investigating as political scientists gradually include environmental policies in
mainstream political sciences. Spilker (2012a, 2012b) stated three mechanisms through which
political globalization can affect environmental quality. He argued that membership in
intergovernmental organizations (IGOs) has an impact on the ecological quality of the

developing world in the following three ways. First, intergovernmental organizations can
compel member nations to follow their rules. This includes environmentally friendly ones.
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Secondly, intergovernmental organizations can promote norms of good behaviour and
discourage bad behaviour. Thirdly, even though economies join intergovernmental
organizations for specific purposes like economic assistance, they can be obligated to follow
environmentally friendly practices. For example, Laos joined the Association of Southeast
Asian Nations (ASEAN) in 1997 and was required to implement several reforms related to

sustainable agricultural development, thereby indirectly improving environmental quality.

These discussed mechanisms and their implications are not the same across developed and
developing economies. An example is the Kyoto Protocol has set carbon reduction targets for
developed countries, while developing countries are generally excluded from carbon reduction
targets. This can easily be seen as why the International Energy Agency (IEA) concluded that
carbon dioxide emissions of developing countries increased at a much faster rate. Ina nutshell,

the role of political and social globalization in ecological quality cannot be disregarded.
1.6. Economic Globalization

Economic globalization refers to the increasing interdependence and integration of the global
economy, particularly through the free movement of goods, services, capital, and people across
national borders. It is characterized by the expansion of international trade and investment, the

growth of multinational corporations, and the development of global financial markets.

According to OECD (2010), one way to measure economic globalization is through trade
indicators such as the value of international trade and the share of exports and imports in a
country’s gross domestic product (GDP). Other indicators include foreign direct investment
(FDI) flows, the number of multinational corporations, and the degree of economic openness,

as measured by the World Bank’s “trade and openness index.”

Economic globalization is closely linked to other dimensions of globalization, such as political
and social globalization. For example, the expansion of international trade and investment can
lead to increased economic growth and job creation, but it can also lead to income inequality
and environmental degradation. The growth of multinational corporations can create new
opportunities for innovation and technology transfers, but it can also limit the ability of
governments to regulate economic activity and protect workers’ rights. The development of
global financial markets can provide access to capital and risk management tools, bit it can also
create financial instability and worsen economic crises.
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Generally, the relationship between economic globalization and other dimensions of
globalization is complex and multifaceted and can have both positive and negative effectson
political and social outcomes. The direction and magnitude of these effects depend on a range

of factors, including the specific policies and institutions in place, the distribution of economic
benefits and costs and the degree of international cooperation and coordination.

According to Gao Shangquan (2000), economic globalization includes increasing
interdependence of world economies due to the growing scale of cross-border trade of
commaodities and services, the flow of international capital, and the wide and fast spread of
technologies. This reflects the continuous expansion and mutual integration of market frontiers
and is a trend that cannot be reversed for the economic development of the whole world at the
turn of the millennium. The two main forces of economic globalization are marketization and
the rapidly growing significance of information in all types of productive activities. The
process of economic globalization is the process of global industrial restructuring and
readjustment as well.

Industrial structures of all countries have been upgraded and readjusted. Economic
globalization has intensified the competition in the international market among enterprises
from different countries. Both domestic and international enterprises have been resorting to
mergers and acquisitions for the purpose of raising their positions and improving their
competitiveness in the international market. Developed countries, however, have been playing

a dominant role in the process of economic globalization.

Moreover, the dominant role of developed countries in the process of economic globalization
is also shown in the fact that it is the developed countries that determine the rules for
international economic exchanges. The involvement of developing countries in the
globalization process can make them to better utilize their comparative advantages, and
introduce advanced technologies, foreign capital and management experience. It is also
advantageousfor getting rid of monopolistic behaviours and strengthening market competition.
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Nonetheless, although economic globalization provides more development opportunities for
developing countries, it is also posing huge risks. First, economic globalization increased the
gap between the North and the South rather than reducing it (Gao Shagquan, 2000). Secondly,
developing countries are at risk of being hit by unfavourable external factors. Therefore, to
prevent and get rid of the risks brought by economic globalization to developing countries,
international economic organizations should play a bigger role in the process of economic

globalization.

Generally, globalization is one of the possible drivers of environmental pollution this is because
it stimulates production and consumption levels. It also helps to spread environmental
technologies. Carbon dioxide emissions can directly be increased by more production and
consumption activities. If the techniques of production do not change during the process of
globalization, environmental conditions will worsen. On the contrary, if globalization creates
the deployment of eco-friendly technologies, standards of the environment will improve with
increasing trade volume and foreign direct investment. All in all, anti-globalists argue that
globalization has a negative effect on environmental standards. While pro-globalists suggest
the opposite (Danish et al. 2022).
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1.7. Economic growth and the environment

The relationship between economic growth and the environment has been a topic of intense
debate among economists, policymakers and environmentalists. While economic growth can
bring many benefits, including higher standards of living and improved access to goods and
services, it can also lead to environmental degradation and resource depletion. One of the main
challenges related to economic growth is its impact on greenhouse gas emissions and climate
change. As economies grow, they typically consume more energy, which can lead to higher

levels of greenhouse gas emissions. This can contribute to climate change, which has the
potential to cause significant environmental and economic damage (IPCC, 2018).

The depletion of natural resources is another challenge related to economic growth. As
economies grow, they typically consume more resources, including minerals, timber, and
water. This can lead to resource depletion and environmental degradation, particularly in

developing countries where the regulations of the environment may be weaker (UNEP,2019).

Despite all these challenges, there are ways in which economic growth can contribute to
environmental sustainability. For example, technological innovation and improvements in
resource efficiency can help to reduce the environmental impact of economic activity. In
addition, policies that promote sustainable development, such as investments in renewable
energy and green infrastructure, can help to mitigate the negative environmental impacts of
economic growth (OECD,2021).

To address these challenges, policymakers and businesses have increasingly focused on
promoting sustainable forms of economic growth. This includes initiatives to promote
renewable energy, improve resource efficiency, and reduce greenhouse gas emissions. In
addition, there has been growing recognition of the need to integrate environmental
considerations into economic decision-making, this includes the use of environmental pricing
mechanisms like carbon taxes (IMF,2019).
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CHAPTER 2: Trade and the environment
2.1. Conceptual framework of the Environmental Kuznets Curve Hypothesis (EKC)

The environmental Kuznets curve which is named after Kuznets (1955) is a hypothesis that
comes from the first work of Kuznets. He showed an inverted-U shaped relationship between
income per capita and income inequality. Inthe initial stages, as income per capita rises, income
inequality follows the same path but begins to fall after reaching a turning point. With respect
to this, the first stage of income growth is distinguished by an unequal income distribution.
Nonetheless, as economic productivity rises, income distribution moves towards equality.
(Kuznets, 1955)

Thus, it is stated by Kuznets that the transition from a pre-industrial to an industrial
development initially led to income inequality. The EKC brought a lot of attention from
theorists, policy makers and empirical researchers. It started to be widely applied in
environmental studies through the research of Grossman and Krueger which was carried out in
1991. They showed that the relationship between income per capita and environmental
degradation follows an inverted U-shaped curve just like the income per capita and income
inequality of Kuznets (Leal and Marques 2022)

According to Leal and Marques (2022), the EKC is often interpreted in two ways. One of them
is categorized into two stages, namely the early and later stages of economic development. The
early stages on one hand are described by a decreasing capacity of ecosystem regeneration as
a result of the intensive use of resources that leads to an increasing ecological footprint and
pollution. On the other hand, the early stages are associated with lenient environmental

regulations related to a low capacity to pay for environmental conservation.

The latter stages are distinguished by mitigation of environmental degradation arising from the
dissemination of clean technology and innovation, effectiveness and environmental awareness
of the society and institutional quality related to a rise in the level of income. In addition to
this, the early and later stages are also characterized by two effects namely the policy and
income effect. The policy effect comprises of greater public concern about the environment,
which causes rigorous regulatory requirements. The income effect comprises of the increase in

income that causes an increase in the willingness to pay for environmentally friendly features.
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The second way in which the EKC is often interpreted as described by Leal and Marques (2022)
is when economic development is categorized into three stages namely, (1) the pre-industrial
economy. This is mainly distinguished by the primary sector and low levels of income. (2) The
second stage is the industrial economy. It is distinguished by the secondary sector and
associated with middle-income levels. (3) The third stage is the post-industrial economy. This
is formed by the tertiary sector and services, and it has to do with higher levels of income.
Economic activity is limited in the pre-industrial economy. This causes a natural resource
abundance and reduced formation of waste. In this stage environmental degradation rises

because of the lack of environmental awareness, the use of pollutant technology and the
prioritisation of economic growth.

The industrial economy consists of natural resources that are starting to run out and growing
waste accumulation as a result of industrialization. A positive relationship between economic
growth and environmental deterioration is verified in the industrial economy. This occurs
before the turning point is achieved. Moreover, the post-industrial economy is characterised by
a structural change in the economy, a services-directed economy and changing to information-
and technology-intensive industries. This change is related to the reinforcement of
environmental regulations, the use of cleaner and more efficient technology, and a
strengthening of environmental awareness, causing mitigation of environmental degradation.
A negative relationship between economic growth and environmental deterioration is

confirmed in this stage and it happens after the turning point has been reached.

Moreover, there are features that affect the inverse-U shaped relationship between
environmental deterioration and income levels. They include scale, composition and technique
effects, income elasticity and international trade (this includes the pollution haven hypothesis,

diffusion of modern technologies, foreign direct investments, etc.).
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2.2. Scale effect

Copeland and Taylor (2003) stated that the scale effect measures therise in pollution that would
be generated if the economy were simply scaled up, holding the mix of goods produced and
production techniques constant. For example, if there were constant returns to scale and all the
endowments of the economy increased by ten percent and there were no changes in emissions

intensities and relative prices, then we should expect to see a ten percent increase in pollution.

The scale effect indicates that economic development has a negative consequence on the
environment. Bigger production output requires more exploited natural resource base to meet
the demand. As aresult, it increases environmental degradation. Economic development is also
classified by high energy consumption from fossil-fuel energy sources which stay cheaper, and
the evident choice compared to renewable energy. Depending on fossil-fuel energy
consumption for industrial processes may lower production costs and help in the expansion of

goods and services to meet the growing demand. Thus, induces industry- related emissions
(Sarkodie and Strezov, 2018)

2.3. Composition effect

The composition effect states that economic development has a negative and /or positive
influence on the environment. It depends on the structural change in the economy. As agrarian
economy moves to energy-intensive and carbon- intensive industries, environmental
degradation tends to rise with increasing economic growth. The environmental degradation,
however, begins to fall as pollution-intensive industries contract and move to service-oriented
industries. In a nutshell, the composition effect simply involves the shifting of resources from
the industrial sectors that are polluting to the cleaner service sector and establishing cleaner
industries (Sarkodie and Strezov, 2018a)
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2.4. Technique effect

According to Dinda (2004) and Sarkodie and Strezov (2018b), the technique effect indicates
that economic development has a positive influence on the environment. Environmental quality
will improve as higher-income countries tend to spend more on research and development, the
replacement of polluting and vintage technologies with cleaner and more sophisticated

technologies. Coupled with stringent environmental regulations and industry standards.

Therefore, the EKC hypothesis suggests that the negative influence of income levels on the
environment as a result of scale effect only happens at the initial stages of economic
development. However, the positive influence of a joint composition and technique effectswill

recompense the previous environmental damage and therefore decline emission levels.
2.5. International trade

One of the crucial factors that explain the EKC hypothesis is trade policy. Environmental
policies also play a role. Trade liberalization causes countries to specialize in sectors where
they have a comparative advantage. The impact of trade liberalization will damage the
environment if the sector with a comparative advantage comes from soft environmental
regulations because each country will specialize in sectors with weak environmental
regulations and move from industrial production with high pollution abatement costs
(Grossman and Krueger, 1991).

The state of pollution-intensive industries and the environmental regulations in place will
determine the net effect of pollution levels. Trade liberalization can be associated with the
pollution haven hypothesis through the composition effect. Even though free trade is useful by
creating jobs, improving skills and raising income levels. This in turn will contribute to a
cleaner environment.

Furthermore, emissions embedded in trade refer to the greenhouse gas emissions that are
indirectly generated through the production of goods and services in one country but are
ultimately consumed in another country. These emissions can be significant and have important
implications for efforts to mitigate climate change, as they can distort the picture of emissions
responsibility and complicate international climate policies.
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To account for these emissions, scholars and policymakers often distinguish between
production-based and consumption-based emissions. Production-based emissions refer to the
emissions that are generated within a country’s borders as a result of its production activities,
while consumption-based emissions refer to the emissions that are embodied in the goods and
services that are consumed within a country, regardless of where they were produced.

Several studies have highlighted the importance of considering consumption-based emissions
in addition to production-based emissions. For example, Peters et al. (2011) found that when
the emissions embodied in traded goodswere considered, the emissions of developed countries
were significantly higher than previously estimated based on production-based emissions
alone. Similarly, Davis and Caldeira (2010) found that the United States’ consumption-based

emissions were substantially higher than its production-based emissions.

Consumption-based emissions are important to consider since they can give a more realistic
picture of a country's emissions responsibilities, especially for industrialized nations that
consume a lot of products and services made in other countries. It can also show the degree to

which emissions are transferred to other nations, which may have an impact on attempts to
combat climate change on a global scale.

The requirement for detailed information on the emissions intensity of various goods and
services, as well as information on trade flows between countries, makes accounting for
consumption-based emissions challenging, especially for developing countries that may have
less detailed data on their production and trade activities.

Despite these obstacles, there is a growing understanding of the significance of taking both
production-based and consumption-based emissions into account. For instance, the IPCC has
advised that both forms of emissions be considered in national greenhouse inventories, and a
number of nations have started to include consumption-based emissions in their climate policy
and reporting (IPCC, 2014).

If developing countries have weak environmental regulations, they attract a shift of pollution-
intensive and energy-intensive industries from developed countries. So, the pollution haven
hypothesis hypothesizes that high-income countries with strict environmental standards will
move their pollution-intensive industries to poor countries with lenient environmental pollution

policies.
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Therefore, weak environmental policies and regulations in poor countries become a source of
comparative advantage and consequently a shift in the pattern of trade. Hence, promote
environmental degradation in poor countries (sun et al., 2017; Sarkodie and Strezov, 2019).
Vintage technologies too can be replaced to lower the level of pollution if innovation, research
and development, clean and modern technologies are transferred through foreign direct

investment from developed to developing countries.

2.6. Trade as a channel to foster technological diffusion

Trade can be an effective channel for fostering technological diffusion between countries. The
term "technological diffusion” describes how new technology move from one nation or region
to another. Trade can facilitate this diffusion by enabling the transfer of knowledge and
technology between partners.

One way in which trade facilitates technological diffusion is through foreign direct investment
(FDI). When a business establishes a subsidiary or buys an existing business in another nation,
it engages in foreign direct investment (FDI). Therefore, FDI can bring new technologies and
knowledge to the host country, which can help improve its productivity and competitiveness.
For example, multinational corporations such as Toyota and Samsung have invested heavily in
research and development in their home countries and have subsequently transferred their
technology and knowledge to their subsidiaries in other countries through foreign direct
investment (UNCTAD, 2020).

Another way in which trade facilitates technological diffusion is through international
technology licensing. This occurs when a company in one country licenses its technology to a
company in another country. The licensing company receives royalties in return for allowing
the licensee to use its technology. This can be an effective way for companies in developing
countries to gain access to new technologies that they would not otherwise be able to afford.
For example, in the pharmaceutical industry, international technology licensing has enabled

developing countries to gain access to new medicines and treatments (UNCTAD, 2020)
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Trade can also facilitate technological diffusion through the creation of global value chains
(GVCs). GVCs refer to the process by which different stages of production are spread across
different countries. This enables countries to specialize in certain stages of the production
process, and to gain access to new technologies and knowledge from other countries. For
example, in the electronics industry, some countries specialize in the production of components
such as microchips, while others specialize in the assembly of finished products such as
computers (Gereffi, 2018).

2.7. Environmental policies

We can see that countries vary in the global environmental damage they inflict and in their
success at managing environmental quality in their country. Per capita, richer nations generate
more carbon emissions than poorer ones. According to Bowles et al. (2017), this is predicted
given that increasing wealth per capita results from increased production of products and
services per individual, which has an influence on the biosphere. Richer nations produce more
CO2 per person, but they also have better laws in place to manage their own natural resources,

such as forests, soil, biodiversity, and water.

Consider the "polluter pays" theory. This notion might be regarded as an application of the
basic economics of environmental initiatives. Making the polluter responsible for the costs of
environmental external effects is a technique to internalize (and subsequently eradicate) them.
Environmental external effectsfrequently impose costs on others. To achieve this, the polluting
activity might be taxed in away that equalizes the marginal private and marginal societal costs.
This may be a successful strategy to reduce pollution. Yet, the same reduction might be
achieved by giving the company a subsidy for using an alternative technology that produced
less pollution. Changes to environmental systems can trigger self-reinforcing feedback
mechanisms, which can cause tiny initial changes to have much bigger impacts and cause faster
and more severe degradation than expected. This presents a dilemma for environmental

policymakers (Bowles et al. 2017)
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2.8. Income Elasticity of the environmental quality

Baldwin (1995) mentioned that the income elasticity of environmental quality demand is the
proportional change in the environmental quality demand per the proportional change in
income level. When income levels rise, people tend to choose a higher standard of life and are
more ready to pay fora cleaner environment. In essence, they choose quality over quantity and
are more concerned about the environment. They thus demand improved environmental
services, which brings about an economic structural shift. decreasing the rate of environmental
degradation as a result.

When we look at the relationship between income level and the EKC, a higher income level
slowly tends to change the behavioural patterns and lifestyles towards energy-intensive and
carbon- intensive products. Rich people’s consumer behaviour leans towards energy- efficient
products and services. More actions like donations to environmentally friendly organizations
and defensive spending become a characteristic of the rich. Studies on the EKC hypothesis
(Dinda, 2004; Sarkodie and Strezov, 2018a; Baldwin, 1995) highlighted the role of income
elasticity in the fall of environmental degradation.
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Figure 2. The relationship between environmental degradation and income levels. referenced
from (Sarkodie and Strezov, 2018)

The concept of the EKC appeared following Grossman and Krueger’s (1991) study which
showed that the relationship between economic growth and pollution looks like an inverted U -
shaped curve. From figure 2 above we can see how income levels affect the environment. In
the primary stages of economic development environmental degradation and pollution
increases. But they diminish with further economic growth after getting to a certain income

level.

A bell-shaped EKC pattern as described by Grossman (1995) can be influenced by three
different factors including scale, composition and technique effect. Asa nation is developing,
there is a scale effect that causes pollution to increase along with its level of economic activity.
Here, environmental problems are ignored by policymakers, the condition of the environment
continues to deteriorate, and people are more tolerant of pollution. Also, the economy
undergoes a structural change from dirtier to cleaner economic activity when the nation enters

a more advanced stage of development.
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This entails creating cleaner industries and moving resources away from the polluting industrial
sectors and into the more environmentally friendly service sector. The composition effect is
what is known as this. At the final stage of economic development, technological progress
speeds up as government enforce environment-saving policies and citizens request for a
healthier and cleaner environment. This results in a lower level of environmental degradation

under the technique effect.

Erdogan (2014) presented an overview of the empirical investigations. He concluded that most
of the empirical research did not discover evidence to substantiate the effects of pollution
havens brought about by the transfer of foreign direct investment from industrialized to poor
nations. Empirical research does support the notion that trade integration and economic
expansion lead to environmental disruption of some environmental standards. An exception,
though, is, CO, emissions.

The influence of trade on pollution was not only addressed by Grossman and Krueger. Many
other studies also wrote about it with respect to the EKC hypothesis. The table 1 below shows
a collection of studies on the EKC hypothesis, the environmental indicator used and their
results. It also highlights the names of the authors, the year of publication of the article and the
econometric method employed for analysis. The relationship between carbon emissions,
econometric growth and other explanatory variables included in the study or descriptions
added, explained the observed relationship between carbon emissions and economic growth.
A comprehensive review of each separate study cannot be done here but some general

observations will be taken into consideration.

First, most of the studies use panel data analysis simply because of a lack of time-series data
for enough period for individual countries. Secondly, it is reasonable to conclude that there is
no unambiguous and robust evidence in support of the EKC. Even though six out of the

seventeen studies in table 1 below report findings in support of the EKC.
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One thing that the studies in table 1 share is that they rely on domestic production-based
emissions data to evaluate the EKC. This has two setbacks. The first setback of using
production-based emission data is that it disregards non-trivial emissions related to
international transportation and international trade. International trade cannot be ignored while
determining the fundamental driving forces behind global, regional, and national emissions.
Peters et al. (2011) mentioned that attributing emissions from international transportation to

countries is debatable and there is no transparent and agreed -upon method to allocate all these
emissions to trading countries.

The second setback of using production-based carbon emissions is that it disregards the fact
that the reductions in per capita carbon emissions especially in rich countries committed to the
Kyoto protocol (also called Annex | parties) have been at least partly offset by a rise in
emissions in developing countries who are industrializing and exporting. Who are not
committed to any binding emissions targets (the non-Annex | parties). This was shown by
Blanco et al. (2014) and Aichele and Felbermayr (2012). Furthermore, the Annex | countries
have been able to lower their national production-based carbon emissions by importing carbon-
intensive industrial products from abroad. This is because of the dramatic internationalization
of trade in global production chains. Thus, for some countries production-based and

consumption-based emissions are identified to differ considerably. (Mir and Storm, 2016).

The main cause of global warming is mostly the carbon emissions emitted from fossil fuel
consumption. A notable increase in energy demand leads to CO2 emissions. However, less
effort has been made on the consideration of consumption-based carbon emissions associated
with the consumption of goods and services in each country. This is a crucial point because
consumption-based carbon emissions are calculated by tracking different paths through traded
goods and services and directly or indirectly capturing emitted ones. Consequently, accounts

for carbon leakages which are one of the important problems for national emission inventories
(Danish et al.,2022).



Author Place Time Indicator and Method Outcome and Explanation

Ahmad etal. India 1971 to 2014 Economic growth, energy consumption,  The EKC hypothesis was invalid in India. The growth

(2016) and CO:2 emissions. Autoregressive rate of CO2 emissions depends on energy consumption.
distributed lag and Granger Causality test On a disaggregated level, coal energy source contributes
was used. more to pollution than a natural gas energy source.

Alam et al. India 1971 to 2006 Economic growth, CO2 emissions, and There was no EKC hypothesis. The study discovered a

(2011) energy consumption. Multivariate Toda  feedback hypothesis between CO2 emissions and energy
and Yamamoto model, Impulse- response consumption but no Causal relationship between energy
and Granger Causality test was used. consumption and economic growth.

Antonakakis 106 Countries 1971 to 2011 Economic growth, CO2 emissions, and The EKC hypothesis is invalid. A feedback hypothesis

et al. (2017) energy consumption. Panel vector auto between energy consumption and economic growth was
regression and Impulse-Response method discovered by the study.
was used.

Apergis and 6 Central 1971 to 2004 Economic growth, energy consumption Valid EKC hypothesis. There is a long-run relationship

Payne (2009)  American and CO2 emissions. A panel vector error  between energy consumption and CO2 emissions. A

Countries correction model was used. unidirectional  causality  running  from energy

consumption to output and a bidirectional causality
between CO2 emissions and energy consumption was

revealed by the Granger causality test.
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Cole (2004)

Heidari et al.

(2015)

Hu et al.
(2018)

Jalil and
Mahmud
(2009)

OECD countries

5 ASEAN

Countries

25 Developing

countries

China

1980 to 1997

1980 to 2008

1996 to 2012

1975 to 2005

Water pollutants, air pollutants, the share
of manufacturing, exports and trade
openness. Fixed and random effects

model

Economic growth, energy consumption
and CO2 emissions. Panel smooth

transition regression was used.

GDP per capita, CO2 emissions,
commercial services per capita, the share
of renewable energy, size of renewable
consumption per capita. Fully- modified
ordinary least squares and dynamic
ordinary least squares regression was
used.

Economic growth, energy consumption,
trade and CO2 emissions. An
autoregressive distributed lag bounds test

was used.

There was EKC hypothesis in higher-income countries.

The inversed-U shaped relationship is somehow
associated with the demand for environmental regulation
and increased investment in pollution abatement
technologies.

The EKC hypothesis in ASEAN countries was invalid.
Energy consumption increases CO2 emissions even in
regime changes in contrast to economic growth that

increases CO2 emissions in the first regime.

There was no EKC hypothesis found. The study
discovered a positive effect of economic growth on
renewable energy and vice versa. The negative role of

renewable energy on CO2 emissions was confirmed.

Valid EKC hypothesis. The Granger causality shows a
unidirectional causality running from economic growth
to CO2 emissions. The main determinants of CO2
emissions are economic growth and energy

consumption.
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10

11

12

13

Jaunky (2011)

Kais and Sami
(2016)

Narayan &
Narayan
(2010)
Saboori et al.
(2016)

Sarkodie
(2018)

36 High-income

countries

58 countries

43 Developing

countries

Malaysia

17 African

Countries

1980 to 2005

1990 to 2012

1980 to 2004

1980 to 2009

1971 to 2013

Economic Growth and CO2 emissions.
Generalized method of moments and
vector error correction model was used.
Economic growth, energy consumption
and CO2 emissions. Generalized method

of moments was used.

CO2 emissions and economic growth.

Panel cointegration was used.

CO2 emissions and economic growth.
Autoregressive distributed

lag was used.

Per capita GDP, CO2 emissions, birth
rate, energy consumption, fertility rate,
agriculture and ecological footprint.
Fixed and random effects, Utest and
Westerlund error- correction model was

used.

47

Valid EKC hypothesis. There is a unidirectional causality

running from economic growth to CO2 emissions.

The existence of EKC hypothesis in 58 countries was
found in the study. A positive long-run relationship
between economic growth and CO2 emissions was
confirmed.

There was no EKC hypothesis. The study showed that 15
of 43 countries decline pollution at long-run income
levels.

Invalid EKC hypothesis. No inverted U- shape between
CO2 emissions and economic growth. The study
discovered a long-run equilibrium relationship between
economic growth and CO2 emissions.

The validity of EKC hypothesis was confirmed at a
turning point of US $5702. A unidirectional causality
running from economic development to environmental

degradation was established.




14

15

16

17

Wang et al.
(2016)

Yang and
Zhao (2014)

York et al.
(2003)

Zaman and
Moemen
(2017)

China

China

142 Countries

90 countries

from low,

middle- income,

and high-
income

countries.

1990 to 2012

1970 to 2008

1996

1975 to 2015

Economic growth, CO2 emissions and
energy consumption. Vector error-
correction, impulse- response and
Granger Causality test was used.
CO:2 emissions, economic growth and

energy consumption. Granger causality

test and directed acyclic graphs was used.

Modernization, human ecology and
political economy variables. The
Stochastic Impacts by Regression on
Population, Affluence and Technology
(STIRPAT) model was used.

Economic growth, energy consumption,
service value added and CO2 emissions.
The generalized method of moments was

used.

There was no EKC hypothesis. The study discovered a

unidirectional  causality  running  from  energy
consumption to CO2 emissions and a feedback hypothesis
between economic growth and energy consumption.
There was no EKC hypothesis. The study discovered a
unidirectional  causality  running  from energy
consumption to CO2 emissions and a feedback hypothesis
between CO2 emissions and economic growth.

Valid EKC hypothesis. Institutional change enhances
ecological sustainability. Age-structure of the

population has environmental effects.

EKC hypothesis confirmed in low and middle- income
countries. Service value added increases CO2 emissions
in the long term. Increasing levels of energy consumption

seem to facilitate the growth of environmental pollution.

Table 1: A summary of various empirical literatures on the EKC hypothesis
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2.9. Gaps in the assessment of the EKC

The EKC is a widely used method to analyse the environmental performance of economies.
However, it has been noted that crucial components for environmental degradation such as
consumption instead of production and technological progress may not have been taken into
consideration. This leads to a criticism of the EKC since it does not consider the evolution of
consumption corresponding with economic growth. This simply means that the EKC only
describes how the process of production is changed into something environmentally friendly

as an effect of economic growth (Leal and Marques, 2022)

Kaika and Zervas (2013) stated that the EKC focuses only on domestic production and pays no
attention to the effect of the consumption of imported goods on the environment. So, the EKC
disregarded the income elasticity of demand for dirty goods. If the demand for dirty goods
persists with high- income levels, then it will lead to their importation by developed countries
from the developing economies to satisfy demand. Thus, economic growth will cause more
environmental degradation and any environmental improvement caused by the technological

process will be offset.

Technological progress is an important tool to aid with the mitigation of climate change and
global warming. Those in support of the EKC presume that environmental mitigation depends
on technological progress and improvement. In order to accomplish the Sustainable
Development Goals, also known as the agenda 2030, it is crucial to produce more economic
growth with less environmental damage. The issue of rising climate disasters across the globe
is a result of global economic growth patterns. Therefore, reducing global emissions and
moving toward decarbonisation is a priority. But the accomplishment of sustainable
development goals needs large investment (Leal and Marques, 2022)

In addition, Leal and Marques (2022) mentioned that in the later stages of economic growth,
the EKC hypothesis assumes that the environmental damage as a result of economic growth
can be reversed. But this assumption is an object of criticism by various researchers. Being
able to reverse environmental damage might be effective for specific air and water pollutants.
However, it might not work with things like carcinogenic chemicals because they are
considered irreparable. Environmental damage due to industrialization is also complicated to

reverse.
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The most critical environmental problem humanity has ever faced is global warming. For now,
it is not sufficient toonly analyse if a country or group of countries perform the EKC trajectory.
It is essential to start exploring how the environmental damage that is provoked in the first
stage of the EKC can be repaired.

A doubt about if the growth path discovered by the inverted U-shaped is a Pareto efficient is
also raised here. Pareto efficient or optimal describes the optimum resource allocation at which
it is impossible to reallocate for the benefit or improvement of a specific resource allocation
without harming the allocation of others. According to Leal and Marques (2022), the message
that the EKC hypothesis passes is to “grow now and clean later”. So, this makes it incompatible

with being Pareto efficient because this growth strategy is highly intensive in resources.

Taking these factors into consideration it is probable that the environmental damage provoked
in the first stages of the EKC might not be repairable. When a growth path simultaneously takes
charge of both economic development and the environment, it could avoid substantial losses
and avoid the big environmental impact of economic development. Finally, in order to achieve

decarbonisation, it is important and urgent for all countries all over the world to collaborate.

2.10. Potential contribution of this study

Based on the existing studies of the EKC hypothesis, which is illustrated in table 1 above, the
potential contribution of this study is as follows: previous studies related to the environment
mostly focused on variables like Economic growth, carbon emissions and energy consumption.
However, when it comes to using CO2 emissions as an environmental indicator, most studies
do not specify whether they are using production-based or consumption-based CO2 emissions.
According to Karakaya et al. (2019), there are two methods when measuring the emissions of
greenhouse gases caused by humans namely, production-based and consumption based-

emissions.

The former estimates emissions from domestic production of goods and services regardless of
whether they are exported or consumed domestically. Countries are obligated to create their
national GHG emission inventories using production-based accounting as a result of the Kyoto
Protocol and its follow-up agreements. Nevertheless, this method has drawn criticism since it
ignores international emission flows in the form of products and services that are produced in

one nation and used in another.

50



In order to address this problem, some studies recommend considering national emissions
determined by consumption-based accounting systems (CBA) in GHG assessments for
development and international comparisons. These studies recommend using the CBA
technique in emission estimates in order to better understand environmental footprints since it
links all emissions, direct and indirect occurring along the manufacturing chain to the final user
of the products (Peters and Hertwich 2008; Tukker and Dietzenbacher 2013; Steininger et al.
2014; Afionis et al. 2017; Grasso 2017; Peters et al. 2016)

The allocation of the CO: trade balance between the two trading partners is the primary
distinction between the production-based accounting (PBA) and the consumption-based
accounting (CBA). The PBA often offers large benefits to the nations who have delegated some
of their emissions todeveloping nations. This result notably sparks some criticism from nations
hosting emission-intensive exporting businesses, who believe that the obligation should fall on

the importers of emission-intensive goods.

For instance, it is more likely that a nation would have more consumption-based emissions than
production-based emissions if it has a significant trade imbalance, where imports outpace
exports. On the other side, it is feasible to find that a country's consumption-based emissions
are lower than the production-based emissions if it primarily exports energy-intensive items
and imports less energy-intensive productsin its commerce. As a result, although some nations

profit from this outcome, it may be detrimental to others (Karakaya et al.2019)

Moreover, a significant number of empirical EKC studies use domestic production-based
carbon emissions data to test the Kuznets hypothesis and consequently overlooking the

emissions included in international trade and in global commodity chains.

According to the IPCC (2007) guidelines, greenhouse gas emissions are counted as the national
emissions coming from domestic production. This geographical definition conceals the
greenhouse gas emissions contained in international trade and covers the empirical fact that

domestic production based GHG emissions in the EU for example have declined. However,
consumption-based emissions related to the EU standards of living have gone up.
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This study will estimate the impact of trade on the environment by incorporating both
production and consumption-based carbon emissions in the methodology. This will be done in
order to be able to analyse the different effects they will have on the environment. Rather than

focusing on only one. Secondly, the role of globalization will be considered on the
environmental impact of trade for both selected developing and developed nations.

The study will add to the literature as it will recommend a sustainable solution that can be
applied to developing and developed countries for carbon emission reduction and challenges
of globalization in the presence of trade. Finally, the autoregressive distributed lag (ARDL)
model will be incorporated into this study which will allow us to evaluate valid and consistent
results
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Chapter 3: A new empirical investigation of the EKC

3.1. Data

The studywill use panel dataspanning 1990-2021 from a global standpoint by taking datafrom
56 developing and developed countries ranging from Europe, Asia, the pacific, Africa, Latin
America, etc. Variables will be taken from World Development Indicators of the World Bank.
Both production-based and consumption-based carbon dioxide emissions will be analysed
along with other sectors. The sectors that will be looked at are Agriculture, Forestry and
Fishing, Fossil Fuel Energy consumption, Alternative and Nuclear Energy, and renewable
energy consumption. This will be done to check the relationship between the per capita output

level and carbon dioxide emissions for the different sectors. Other variables that will be added
are GDP per capita, open trade and foreign direct investments.

3.2. Specification of the model

To find out about the relationship between carbon dioxide emissions of the selected sectors and
income level, we will examine the following model specification for the chosen sectors:

PCOy = By + B1Ye + .Bz(th)z + ZﬁyXy,ct + Ut
y ()

CCOu = B+ B1Yer + ﬁz(yct)z + z 'ByXy.ct + Ut @)
y

Where PCO,.. and CCO,. stands for production-based and consumption-based Carbon

dioxide emissions in country c and year t.

Y., Stands for the Sectoral Output

X, ¢t ‘s Represents the independent variables related with the emissions of Co,.

U Represents the error term.

The model and explanatory variables were formed on the existing literature of (Zoundi, 2017;

Ganda, 2019; Sugiawan & Managi, 2016; Udeagha & Ngepah, 2019; Danish et al.2022).
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The environmental Kuznets curve hypothesis is the theoretical hypothesis guiding this
research. Research related to the environmental Kuznets curve hypothesis of the relationship
between output and emissions use extensive quadratic specification of output level. This
specification takes into consideration the non-linear link between per capita level of output and

sectoral Co, emissions. Inorderto measure a country’s output level, this research will use real

GDP per capita. Moreover, things such as the total final energy consumption and share of
renewable energy in thetotal final energy consumption will be incorporated for other variables.

In order to consider the long and short run of the relationship between the level of output and
carbon dioxide emissions, Panel autoregressive distributed lag (ARDL) model will be used. It
is a statistical model used to analyse the long-term relationship between two or more variables.
The model works by estimating the short-term and long-term effects of changes in one variable
on another variable. It does this by adding lagged values of both variables in the model. This
model has more advantages than other panel models like the fixed effects and others.
Irrespective of whether the variables are stationary at the level, first difference or at an
integration, the long-run relationship can be searched with this model. Moreover, the estimates
of the ARDL are unbiased even though some regressors are endogenous (Harris and Solis,
2003). The ARDL model for equation (1) and (2) will take the following error correction form:

p—-1 q-1

APCOth = ¢CECTct + Z a:j APCOth—j + Z AXct—j :8:] + Uee (3)
j=1 j=0
p-1 q-1

ACCOye = @ ECT, + Z QZjACCOZa—j + Z AXct—j ﬁc*J + Ut 4)
j=1 j=0

ECTct = PCOth—l +Xctgc (5)

ECTct = CCOth—l + Xctec (6)
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A 1Is the difference.

PCO,., and CCO,,, is the production-based and consumption-based Carbon dioxide emissions

in country ¢ and year t.

The difference between the production-based and consumption-based carbon emissions is that
Consumption-based accounting counts the carbon emissions imported through international
trade, whereas production-based accounting only counts the generation of carbon emissions in

a specific geographic region (single country).

X s the vector of the explanatory variables, including Y and Y2

ECT,, Is the error correction term and p,, is the error term.

The error correction model (ECM) is a group of multiple time series models that explicitly
estimate how quickly a dependent variable (Y) returns to equilibrium following a change in an
independent variable (X). The ECM is useful for estimating both short term and long-term
effects of one time series dataon a another. Therefore, they often work well with theories of

political and social approaches. It is useful when dealing with integrated data but can also be
used with stationary data.

Moreover, the ECM is versatile and as a result it has a number of desirable properties such as:
(1.) it helps with the easy interpretation of short-term and long-term effects. (2.) it models

theoretical relationships. (3) it is applicable to both integrated and stationary time series data.
(4) it can be estimated with ordinary least squares (OLS).
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Q.= (1-25.’=1 a.; ) is the coefficient on the error correction term and it keeps the speed of

convergence to the long-run equilibrium. The coefficients of the error correction term must be
significantly negative, that is (¢.< 0) so that the system meets the long run equilibrium.

.=~ XJ_oB; s the long-run coefficient.
Pc
Whereas the short-run coefficient is given by a;; = — X7_ ., a., and g G t=j+1Bea

A mean group (MG) or Pooled mean group (PMG) can be used to estimate a Panel ARDL
model (Pesaran et. al 1999; Hitke et. al 2021). The difference between the mean group and the
pooled mean group is that the pooled mean group imposes a homogeneity restriction on the
long-run coefficients, but it allows short-run coefficient and error variances to be different
across countries. While the mean group allows parameters to be different across countries. The
Hausman test will be performed to know whether the mean group or pooled mean group
estimator is appropriate for the panel ARDL model in this research.
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3.3: Results

The results were analysed using a statistical software called Stata and the version that was used
is 17. Table 2 contains the results of the descriptive statistics. Descriptive statistics in a
regression analysis refer to the summary statistics that are used to describe key features of the
variables being studied. In particular, these statistics are used to describe the distribution of the
data, to identify any outliers or influential observations, and to assess the relationship between
variables.

They are important in a regression analysis because they provide a basis for understanding and
interpreting the results of the regression model. They help to identify potential issues with the
data and to determine whether the assumptions of the model have been met. They also provide
insights into the nature of the relationship between the variables and can help to guide further
analysis.

Table 2: The descriptive statistics of the analysis.

Variable Variable Obs Mean Max Min Std.dev
(Short (Long name)
name)

Production- 1,792 52.074 126.673 -35.193 22.533
PCO based carbon
emissions
Consumption- | 1, 792 95.300 331.251 -21.602 37.517
CCO based carbon
emissions
Foreign
Direct

FDI Investment, 1,792 3.714 138.215 -57.532 9.191
net flows (%
of GDP)
Agriculture,
Forestry and
AFF Fishing, value | 1, 792 8.404 56.544 0.1950 10.261
added (% of
GDP)
Renewable
energy

REC consumption | 1,792 30.370 98.34 0 27.704
(% of total
final energy
consumption)
Fossil Fuel
FFEC and Energy 1,728 63.172 131.177 -2.829 27.858
Consumption
(% of total)
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Alternative
and nuclear
energy

Alternative
and nuclear
energy (% of
total energy
use)

1,664

11.063

50.593

-7.912

12.225

Trade

Trade
openness (%
of GDP)

1,792

75.872

388.120

-5.992

47.223

TNRR

Total natural
resources
rents

1,792

3.517

55.875

-0.048

6.827

GDP

GDP per
capita (annual
%)

1,792

1.527

23.201

-41.099

4.603

Table 3 below shows the correlation matrix.

PCO CCO FDI

PCO 1.00

CCO -0.79 1.00

FDI -0.08 0.01 1.00
AFF -0.28 043 -0.14
=@ -0.37 052 -0.14
F==% 042 -0.52 0.08
ANE -0.13 0.13 -0.03
Nalael=) -0.15 0.02 0.40
NS 025 025 -0.04
GDP 0.01 -0.07 0.08

AFF REC FFEC

1.00
0.73
-0.60
-0.32
-0.32
0.40
-0.06

1.00
-0.86
-0.12
-0.20
0.56
-0.06

1.00
-0.15
0.05
-0.45
0.07

ANE TRADE TNRR GDP

1.00
0.07
-0.24
0.02

1.00
-0.05
0.08

1.00

-0.06  1.00

The strength of the linear link between variables in a dataset is displayed using a correlation

matrix. It indicates the correlation using the correlation coefficient. A degree of link between

variables is referred to as correlation. We can say there is a positive correlation when an

increase in variable X causes an increase in variable Y. while a negative correlation occurs

when an increase in variable X causes a decrease in variable Y. -1 indicates a perfectly negative

linear correlation between two variables. 0 indicates no linear correlation between two

variables and 1 indicates a perfectly positive linear correlation between two variables. From

the table above, there is a weak positive correlation between GDP and production-based

emissions. While there is a weak negative correlation between GDP and consumption-based

emissions.
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Alternative and nuclear energy have a weak positive correlation with consumption-based
emissions and a weak negative correlation with production-based emissions. Inadditionto this,
trade have a weak negative correlation with production-based and a weak positive correlation

with consumption-based carbon emissions. However, there is a strong negative correlation
between production and consumption-based emissions.

3.3.1. Testing for cross-section dependence

The Pesaran’s (2004) cross- section dependence test, also known as the Pesaran CD test will
be carried out to detect cross-sectional dependence in the panel data. Panel data refers to a
dataset that includes observations on multiple individuals or entities overtime. Cross-sectional
dependence occurs when the observations on one entity are influenced by the observations on
another entity in the same period. The Pesaran’s CD test was developed by Mohammad
Hashem Pesaran in 2004 and it assumes that if there is no cross-sectional dependence in the
panel data, then the residual errors from a regression model should be uncorrelated across
individuals. The null hypothesis of the test is that there is no cross-sectional dependence in the
panel data, while the alternative hypothesis is that there is cross-sectional dependence.

This test is a useful tool for researchers working with panel data, as it allows them to test for
cross-sectional dependence and adjust their analysis accordingly. However, before doing the
CD test, I will first of all do a panel data analysis. It has different approaches, but the fixed

effects model will be used here. Below is the results of the fixed-effects regression for the
dependent variable (production- based carbon emissions) and the independent variables.

Table 4: results of the fixed effects regression for the dependent variable (Production-

based emissions)

Production-based Coefficient t P>|t|
carbon emissions

Foreign direct 0.023 0.90 0.367
investment

Agriculture, forestry | 0.740 10.00 0.000
and fishing

Renewable energy 0.149 2.71 0.007
consumption

Fossil fuel energy 0.548 11.40 0.000
consumption

Alternative and 0.408 6.70 0.000
nuclear energy

Trade Openness -0.037 -2.94 0.003
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Total natural 0.299 3.34 0.001
resources rents

GDP per capita -0.009 -0.17 0.866
GDP? 0.007 2.30 0.021

From the results above there is a negative relationship between trade openness and production-
based carbon emissions. The p-value of 0.003 shows that they are statistically significant

because it is less than the 0.05 significance level.

There is also a negative relationship between per capita GDP and production-based carbon
emissions. On the other hand, foreign direct investment and GDP per capita are not significant
because their p-values are high (greater than 0.05). The rest of the variables are all statistically
significant. It is important to note that the lack of statistical significance does not necessarily
mean that a variable is not important or relevant in explaining the outcome variable. Other
factors such as measurement error, omitted variable bias or other limitations of the data or
model could also affect the results. The prob > F which is the probability of obtaining the
estimated F-statistics or greater (the p-value) is 0.0000. it is less than the 0.05 significance
level. This means that there is evidence to reject the null hypothesis. Since the statistical
analysis shows that the significance level is below the cut-off value that was set (0.05). I reject
the null hypothesis. The null hypothesis in a fixed effect regression typically states that there
is no significant difference between the groups being compared. From the results above there
is proof of statistical significance between the variables.

Table 5: fixed-effects regression for the dependent variable (consumption-based carbon
emissions)

Consumption- Coefficient t P>|t|
based emissions

Foreign direct -0.047 -0.91 0.361
investment

Agriculture, forestry | 0.400 2.69 0.007
and fishing

Renewable energy 0.638 5.81 0.000
consumption

Fossil fuel energy -0.416 -4.31 0.000
consumption

Alternative and -0.352 -2.88 0.004
nuclear energy

Trade Openness -0.001 -0.03 0.976
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Total natural -0.386 -2.15 0.032
resources rents

GDP per capita 0.032 -0.30 0.768
GDP? -0.002 -0.37 0.714

From the results above, there is a positive relationship between output (GDP per capita) and
consumption-based carbon emissions. However, they are not statistically significant because
the p-value is greater than the 0.05 significance level. There is a negative relationship between
trade openness and consumption-based carbon emissions. They are also not statistically
significant given that the p-value is above the 5% level. Agriculture forestry and fishing, which
has a positive relationship with the consumption-based carbon emissions is significant. All the
remaining variables are statistically significant. The null hypothesis is also rejected here. The
prob > F is 0.0000. It means that the likelihood of observing the relationship between the
dependent variable and the independent variable by chance is extremely low. Therefore, | can
conclude with a high degree of confidence that the relationship between the variables is

meaningful and not likely to be due to random chance.

Furthermore, after conducting Pesaran’s test of cross-sectional dependence, the following

results were obtained for the first dependent variable which is production-based emissions and
the independent variables.

Pesaran’s test of cross-sectional dependence = 0.747, Pr = 0.4553
Average absolute value of the off-diagonal elements = 0.497

The results indicate that the CD statistic is not significant. This is due to the fact that the Pr=
0.4553 is greater than the 0.05 significance level. Therefore, the null hypothesis of no cross-
section dependence is accepted. The average absolute value of the off-diagonal elements is
0.497, which is low. Off-diagonal elements refer to the correlations between the individual
observations in the panel data set. The closer the average absolute value of the off-diagonal
elements is to one, the stronger the cross-sectional dependence. Hence, there is enough

evidence suggesting that there is no presence of cross-sectional dependence between the
variables.
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Moreover, the results of the cross-sectional dependence test between the second dependent

variable (consumption-based emissions) and the independent variables is as follows.
Pesaran’s test of cross-sectional dependence = 0.427, Pr = 0.6692
Average absolute value of the off-diagonal elements = 0.415

In this case too, the null hypothesis is accepted just like the results above. Hence there is no

presence of cross-sectional dependence.
3.3.2. Panel unit root tests

According to (Pesaran et al., 1999, 2001), all variables must be stationary at the level or the
first difference for the panel ARDL model. Traditional unit root tests were used in earlier
research to investigate the stationarity of variables, including those by Levin et al. (2002),
Breitung (2000), Im et al. (2003), and Hadri (2000). However, these conventional unit root
tests are susceptible to bias and inconsistent results since they require cross-sectional error
independence in the panel data.

Inorder to test for stationarity, | must discover if the variables are cross-sectionally independent
or dependent. From the results above, the cross-section dependency (CD) test developed by
Pesaran (2004) to confirm the existence of cross-section dependence was used and the results
confirmed that there is no cross-section dependence. The CD test may be used with many
different panel data models, such as stationarity and unit root dynamic heterogeneous panels
with brief periods and huge cross-section units. Additionally, it is robust to the presence of unit
roots. Table 6 below shows the CIPS test statistics, which confirm that all the variables are
stationary at the level or the first difference at the 5% significance level. This result allows me
to proceed with the analysis of panel cointegration and ARDL estimation. The test is based on
an expanded version of the common augmented Dickey-Fuller (ADF) regressions, which
include the cross-sectional averages of lagged levels and first differencesof the individual time
series.

62



Table 6: results of the panel unit root test

Variables CIPS t-stat p-value CIPS t-stat

(level) (difference)
Production-
based 7.88 1.0000 -17.96 0.0000
emissions
Consumption-
based 5.06 1.0000 -20.22 0.0000
emissions
Foreign direct  -9.12 0.0000 -26.43 0.0000
investment
Agriculture,
forestry and -9.53 0.0000 -22.80 0.0000
fishing
Renewable
energy 5.87 1.0000 -17.61 0.0000
consumption
Fossil fuel
energy 6.32 1.0000 -14.38 0.0000
consumption
Alternative 5.48 1.0000 -17.10 0.0000
nuclear energy
Trade -0.95 0.1702 -23.21 0.0000
Total natural
resources rent  -5.64 0.0000 -25.30 0.0000
GDP per
capita -18.06 0.0000 -30.65 0.0000

3.3.3. Panel cointegration test

The majority of studies consider residual-based cointegration tests, which call for the long-run
cointegrating vector to be at levels equal to the short-run adjustment process in their
differences, as described by Engle & Granger (1987), Kao (1999), and Pedroni (2004). This
limitation is regarded as a common-factor limitation. For residual-based cointegration tests,
failure to adhere to such a constraint reduces their power (Banerjee et al., 1998; Kremers et al.,
1992). Even when cointegration is strongly predicted by theory, the loss of power may prevent

the null hypothesis of no-cointegration from being rejected (Westerlund, 2007).

63



Rather than depending on common-factor limitations, Westerlund (2007) created panel
cointegration tests based on structural dynamics. Compared to previous residual-based
cointegration tests, this one has a greater power and a better size accuracy. Group mean
statistics (G, and G, ) and panel statistics ( P, and P, ) are the four test statistics that were
suggested by Westerlund (2007).

To determine if at least one cross section is cointegrated, the group mean statistics are used.
On the other hand, panel statistics are intended to determine if the entire panel is cointegrated.
The panel statistics will be employed in this study. Westerlund (2005) cointegration test will
be used. It is a panel data test that determines whether a long-run relationship exists between
two or more non-stationary variables. One of the advantages it has is that it can be applied to a
panel of datawith both cross-sectional and time series dimensions, which makes it a useful tool

for analysing data that has both spatial and temporal dimensions.

Secondly, it is easy to implement and can be used with a variety of statistical software
packages. This makes it a popular choice for researchers and practitioners who need a simple
yet powerful tool for analysing panel data.

After conducting a cointegration test between the dependent variable (production-based
emissions) and the independent variables, the statistics obtained was 14.66. while the p-value

is 0.0000. so, the null hypothesis of no cointegration is rejected.

The statistics of the second cointegration test between the dependent variable (consumption-
based emissions) and the independent variables is as follows; statistics = 1.92 p-value =
0.0276. The null hypothesis of no cointegration is rejected too. Thus, there is evidence showing
that the variables are cointegrated. So, this means that there exist a long run equilibrium
relationship. In other words, cointegration implies that the variables move together in the long

run, despite the fact that they may be unrelated or even negatively correlated in the short run.

3.3.4. ARDL estimation

Following the conclusion of the stationarity and cointegration tests, | estimate the ARDL
model. The Hausman test is used to determine whether the mean group (MG) or pooled mean
group (PMG) estimator will be incorporated, as recommended by Pesaran & Smith (1995) and

Pesaran et al. (1999). The numbers from the Hausman test are insignificant for all sectors.
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Suggesting that the PMG estimator is preferable to the mean group estimator. Therefore, the

PMG-ARDL model to estimate the income- emissions relationship is adopted.

Table 7 below shows the long-run and short-run coefficients of the PMG-ARDL model with
quadratic specifications for the dependent variable, production-based carbon emissions and the

independent variables. While table 8 shows the linear estimates.

Table 7: PMG-ARDL estimates for the production-based emissions and the independent
variables. Quadratic specification

Short run estimates Long run estimates
variables coefficients | t-statistic | p-value coefficients | t- p-value
statistic

GDP 0.025 0.80 4.25 0.347 453 0.000
GDP? 20.002 20.41 0.683 20.036 -3.39 0.001
Foreign

direct 0.012 0.32 0.750 0.035 0.85 0.396
Investment

Agriculture

Forestry and | ;- 1.62 0.105 0.291 235 0.019
fishing

Renewable

enerey o025 0.31 0.759 -0.142 -2.78 0.005
Consumptlon

Fossil fuel

andenergy | ., 159 0.112 0.340 7.90 0.000
Consumptlon

Alternative

and nuclear | 5 ), 1.10 0.270 -0.065 -1.40 0.161
energy

Trade

OPENNEss 0.045 2.95 0.003 -0.009 054 0.590
Error

correction 1 4 139 6.11 0.000
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The long-run coefficients of GDP per capita and its square term is significantly positive and
negative respectively, confirming the validity of an inverted U- shaped environmental Kuznets
curve for the income-emissions relationship. In other words, this means that this result supports
the EKC hypothesis. Therefore, this is consistent with Apergis and Payne (2009), Hu et al.
(2018), Jalil and Mahmud (2009), Jaunky (2011) and Sarkodie (2018) whose results confirmed
that there is the presence of the EKC for the output-emissions relationship.

Secondly, considering production-based carbon emissions as the dependent variable of the
ARDL model, heterogeneity of the income-emissions relationship across all sectors was
observed. Based on the estimated long-run coefficients of the GDP per capita and its square
term, all the sectors can be divided into two groups, and they are sectors witha negative-income
emissions relationship and sectors with a positive income-emissions relationship. None of these
sectors supported the EKC hypothesis. The first group supporting a negative income-emissions
relationship comprises alternative and nuclear energy and renewable energy consumption. |
observe in these sectors that with rising income levels, carbon emissions monotonically
decline. Generally, the negative relationship implies that the composition and technique effects

offset the scale effect in these sectors.

Therefore, the results imply that the EKC hypothesis does not apply to the renewable energy
sector and that greater income levels may potentially result in reduced emissions in this sector.
The EKC does not also apply to the alternative and nuclear energy sector too.

The second group supports a positive income-emissions relationship, and it comprises
agriculture, forestry and fishing and fossil fuel and energy consumption. In these sectors I
observe that with rising income levels, carbon emissions increase. This suggests that the scale
effect outweighs the composition and technique effect in these sectors.
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Table 8: results of the multiple linear regression for the production-based emissions and
our independent variables. Linear specification

variables coefficients | t-statistic | p-value
GDP 0.248 2.71 0.007
GDP? 0.030 5.95 0.000
Foreign

direct -0.106 241 0.016
investment

Agriculture

Forestry and | ) - 654 0.000
fishing

Renewable

energy - | o113 -3.06 0.002
consumption

Fossil fuel

andenergy | o, 253 0.011
consumption

Alternative

and nuclear | 4 6.84 0.000
energy

Trade -0.091 -9.66 0.000
openness

In the context of a multiple regression, the null hypothesis is that the independent variables do
not have a significant effect on the dependent variable. However, from the results on table 8, |
reject the null hypothesis of the linear regression. This is because the p-value is significant (less
than 0.05 significance level). This means that there is strong evidence to suggest that the

independent variables are associated with the dependent variable, in this case production-based

emissions.

Table 9 below shows the results of the PMG-ARDL estimation for the dependent variable
consumption-based emissions with quadratic specifications. While table 10 shows the linear

specifications. From the results, we can see that the long run coefficients of GDP per capita
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and its square term is not significantly negative and significantly negative respectively.
Confirming that there is no U-shaped environmental Kuznets curve for the income-emissions
relationship. This is consistent with the findings of studies such as Yang and Zhao (2014),
Wang et al. (2016), Saboori et al. 92016), Hu et al. (2015). Their findings showed that there
was no EKC for the income-emissions relationship. In addition to this, heterogeneity of the
income-emissions relationship across sectors was also observed. Agriculture, forestry and
fishing have a positive income-emissions relationship. While renewable energy consumption,
fossil fuel and energy consumption and alternative and nuclear energy have a negative income-

emissions relationship.

Table 9: PMG-ARDL estimates for the dependent variable, consumption-based emissions
and the independent variables. Quadratic specification

Short-run estimates long-run estimates Quadratic

variables coefficients | t-statistic | p-value | coefficients | t- p-value
statistic

GDP 0.013 0.11 0916 | -0.145 092 |0356
GDP? 20,010 054 0593 | -0.083 393 |0.000
Foreign
?r:\r/eeimen .| 0004 0.03 0974  |0171 3.56 0.000
Agriculture
E;:?rfgy and | 5 097 0.26 0792 | 1.100 6.72 0.000
Renewable
igf}gﬂfnption 0.586 2.14 0033  |-0.021 012 |0.906
Fossil fuel
22:53?1,?;% |oars 0.74 0461 | -0.309 174 |0.082
Alternative
zrr]\gr;\;clear 2541 0.60 0552 | -0378 158 |0.114
Trade
Openness 0.035 0.74 0457 | -0.010 237 |0018
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Error 0.137 5.69 0.000
correction

In table 10 below, the result of the linear regression shows that the values are significant.
Therefore, the null hypothesis is rejected too. Showing that the independent variables are
associated with the dependent variable (consumption-based emissions)

Table 10: estimates of the multiple linear regression forthe consumption-based emissions
and the independent variables. Linear specification

variables coefficients | t-statistic | p-value
GDP 0.248 2.71 0.007
GDP? 0.030 5.95 0.000
Foreign

direct

. -0.106 -2.41 0.016
investment

Agriculture

Forestry and

fishing -0.459 -6.54 0.000
Renewable

energy ) )

consumption 0.113 3.06 0.002
Fossil fuel

andenergy | o 253 0.011
consumption

Alternative

and nuclear |, 57 6.84 0.000
energy

Trade -0.091 -9.66 0.000
openness
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Chapter 4: Discussions and policy implications

4.1: discussions of the results of the analysis

GDP per capita may have two effects on pollution. On the one hand, the rise in GDP
necessitates increased resource use, production, consumption, and therefore, pollution. On the
other hand, economies transition to service-intensive structures and could increase investments
in technical advancement, which reduces material consumption and pollution as a result of
rising income levels. Similar to this, globalization may also result in such dual effects by

triggering economic activities that increase pollution and by quickening the pace of
technological advancement and environmental consciousness.

The link between pollution and per capita GDP in the context of the EKC predicts this
outcome. The term "developing stage" refers to this stage of economies, and these economies'
structures mainly rely on the industrial sector, which is less environmentally friendly than the
service sector. Because economies at this stage are growing in size and producing more. The
scale effect is thought to be responsible for the rise of pollution. The square of GDP per capita,
however, demonstrates the greater per capita income levels that allow individuals to make
investments in innovative production methods with resource and energy-efficient
characteristics. Additionally, an economy's proportion of the service sector which generates
less pollution than the industrial sector intensifies concurrently with rising income levels.

Furthermore, our results showed the existence of Environmental Kuznets Curve hypothesis in
production-based emissions but not in consumption-based emissions. This could have
important implications for the impact of globalization and trade on the environment. The EKC
hypothesis suggests that there is an inverted-U-shaped relationship between income and
environmental degradation, where environmental degradation initially increases with income,
but then decreases after a certain level of income is reached. The fact that the EKC is present
in production-based emissions but not in consumption-based emissions suggests that the

relationship between income and environmental degradation may depend on the nature of the
economic activity.

The presence of the EKC in production-based emissions shows that as countries develop and
become wealthier, they may be able to implement cleaner and more efficient technologies to

reduce emissions from their own production activities.

70



However, the absence of an EKC in consumption-based emissions indicates that as countries
become wealthier, they may also increase their consumption of goods and services, many of
which may be produced in countries with less stringent environmental regulations. This could

lead to an increase in emissions embodied in these imported goods and services, offsetting any
reductions in production-based emissions.

The role of globalization and trade in this context is complex, as increased trade can lead to
both increases and decreases in emissions. On the one hand, increased trade can lead to the
relocation of production activities to countries with more stringent environmental regulations,
leading to a reduction in global emissions. On the other hand, increased trade can also lead to
an increase in emissions embodied in traded goods, particularly for countries that rely heavily

on imports.

Overall, these findings indicate that policies aimed at reducing emissions need to consider both
production-based and consumption-based emissions, and that policies aimed at reducing
emissions from production activities may need to be complemented by policies aimed at

reducing emissions embodied in traded goods and services.

One example of a policy that aims to address the environmental impacts of trade is the
European Union’s Emissions Trading System (ETS), which puts a cap on greenhouse gas
emissions from power plants, factories and airlines, and allows companies to trade emissions
allowances. The ETS aims to incentivize companies to reduce emissions and invest in low-
carbon technologies. This is a good policy which other countries should try and adopt so that

carbon emissions will be reduced more.

Moreover, from my results in table 7, based on the estimated long-run coefficients of the GDP
per capita and its square term and production-based emissions as our dependent variable, all
the sectors were divided into two groups, and they are sectors with a negative income-
emissions relationship and sectors with a positive income-emissions relationship. A negative-
income emissions relationship was found in the renewable energy consumption sector.
Therefore, the results imply that the EKC hypothesis does not apply to the renewable energy
sector and that greater income levels may potentially result in reduced emissions in this sector.
This may have significant policy implications for encouraging the development of renewable
energy sources as a way to combat climate change and reduce greenhouse gas emissions. The

policy repercussions may include prioritizing initiatives that support the growth of renewable
energy sources. Examples of such policies are:
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(1.) Subsidies and incentives: Governments may offer subsidies and incentives to promote the
use of renewable energy sources like solar, wind, and hydropower. To make renewable energy
more cost-competitive with fossil fuels, this might entail tax credits, feed-in tariffs, or other

financial incentives.

(2.) renewable energy targets: targets could be set by the government for renewable energy use,
instructing that a certain percentage of the energy mix must come from renewable sources. This

could encourage investment in renewable energy infrastructure and drive innovation in the
sector.

(3.) research and development: governments could invest in research and development to
improve the efficiency and cost-effectiveness of renewable energy technologies. This could

lead to breakthroughs in energy storage, grid integration and other areas that are critical to
expanding the use of renewable energy.

(4.) carbon pricing: carbon pricing mechanism could be implemented by the government such
as a carbon tax or cap-and-trade system, to put a price on carbon emissions and incentivize the
use of renewable energy sources. All in all, the findings of the analysis suggest that policies to
promote renewable energy development could have a significant impact on reducing
greenhouse gas emissions and addressing climate change. This is in line with a study by Aklin
and Urpelainen (2018). Who also found a negative income-emissions relationship in the

renewable energy sector.

Furthermore, a negative income-emissions relationship was also found in the alternative and
nuclear energy sector. One policy implication to promote the use of these forms of energy in a
sustainable manner is that financial incentives or subsidies may be provided by governments
to encourage the development of alternative and nuclear energy technologies, especially in the
early stages of their adoption. For example, feed-in-tariffs have been used in many countries
to support the deployment of renewable energy technologies. Additionally, policies that
promote research and development of these technologies could help to further reduce
emissions. For example, the U.S. department of energy’s advanced research projects agency-
energy (ARPA-E) funds high-risk, high-reward research projects aimed at developing new

energy technologies.
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The second group that supports a positive income-emissions relationship comprises agriculture
forestry and fishing and fossil fuel energy consumption. Therefore, this implies that policies
aimed at reducing emissions from these sectors may need to focus on reducing overall energy
consumption, instead of just improving efficiency or promoting the use of alternative energy
sources. Examples of policies that could help to reduce emissions from these sectors include
carbon pricing mechanisms such as, carbon taxes or cap-and-trade systems, which create a
financial incentive for companies to reduce their emissions. In addition, regulations that require
companies to report their emissions or to meet emissions reduction targets could also be

effective in reducing emissions from these sectors.
4.2. Policy Implications of this study in international relations

Based on the results of this study, there exists an environmental Kuznets Curve (EKC) in
production-based emissions but not in consumption-based emissions. This has important
implications for international relations. Specifically, this suggests that policies aimed at
reducing emissions should focus on the production side of the economy rather than
consumption. For example, policies that promote the use of renewable and alternative energy
sources, reduce fossil fuel consumption, and encourage foreign direct investment in clean
technologies could be effective in reducing production-based emissions. Policies that target
consumption-based emissions, such as carbon taxes or emissions trading schemes, may not be

as effective given the absence of an EKC relationship.

One potential concern with policies aimed at reducing production-based emissions is that they
could lead to carbon leakage, where emissions simply shift to countries with weaker
environmental regulations. To address this, policymakers could consider implementing border
carbon adjustments or other measures to ensure that all countries are held to the same

environmental standards.

The policy implications of finding that an environmental Kuznets Curve (EKC) exists in
production-based emissions but not in consumption-based emissions is relevant to international
relations because they have implications on how countries can work together to address climate
change and reduce global emissions. First, the findings suggest that countries should focus on
reducing production-based emissions rather than consumption-based emissions. This has
effectson international trade and cooperation, as countries with high levels of production-based

emissions may need to shift their economies towards cleaner production processes, which could
involve changes in trade patterns and investment flows.
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Secondly, the findings highlights the importance of international cooperation in addressing
climate change. Given that emissions are a global issue, countries will need to work together
to reduce emissions and mitigate the environmental impact of economic growth. This could
involve sharing best practices, providing financial assistance to developing countries to support
their transition to cleaner technologies, and implementing international agreements and
regulations to reduce emissions.

Finally, the study also raises questions about climate justice and the distributional impacts of
climate policies. Countries with high levels of consumption-based emissions may argue that
they should not bear the full burden of reducing emissions, since much of the pollution is
generated by goods and services that are consumed by other countries. This could create
tensions and disagreements between countries, which could have implications for international

relations.

Overall, the policy implications of this research highlights the need for international
cooperation and coordination in addressing climate change, as well as the importance of

considering issues of trade, investment, and climate justice.
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Chapter 5

Conclusion

This paper investigates the impact of globalization and trade on the environment using the EKC
hypothesis. The Panel-ARDL model was incorporated and two dependent variables,
production-based and consumption-based emissions were employed in the model. Stata 17
software package was used to perform all the regressions and subsequent tests.56 countries
were taken for the observation. The research adapted econometric analysis of secondary data
gathered from World Bank Data. The results showed the existence of EKC in production-based
but not in consumption-based emissions. Secondly, the EKC analysis can be undertaken with
various pollutant indicators such as Methane, Nitrous oxide, ecological footprint and

greenhouse gas emissions. The pollutant that this study uses is Carbon dioxide emissions.

Overall, the impact of globalization and trade on the environment is complex and varies
depending on the specific context. Policymakers may need to consider a range of policies to
promote sustainable development and reduce emissions, such as carbon taxes, subsidies for
clean technologies and regulations on multinational corporations. One example is the Paris
Agreement, an international agreement under the United Nations Framework Convention on
Climate Change, which aims to limit global warming to well below 2 degrees Celsius above
pre-industrial levels and pursue efforts to limit the temperature increase to 1.5 degrees Celsius.
The Paris Agreement includes commitments from countries to reduce emissions, increase

resilience to climate change, and provide financial support to developing countries.

One limitation of this study is that it did not incorporate other macroeconomic variables in the
context of the EKC such as tourism revenue (Paramati et al., 2017; Zhang & Gao, 2016),
urbanization (He et al., 2017; Pata, 2018; Wang et al., 2016) and financial development (Ozatac
etal., 2017). Therefore, a more thorough knowledge of the sectoral EKC phenomenon's pattem

may be achieved by doing the inquiry with the inclusion of other macroeconomic and pollution
variables, which could be conducted in future research.

Finally, to answer the question of my sub-topic which states “should globalization and trade be
at the expense of the environment”? The answer is a big no. In the case of globalization, it may
have two effects on the environment. It can trigger economic activities that increase pollution,
and it can also quicken the pace of technological advancement and environmental
consciousness. However, it is a complex process that involves the integration of economies,
societies, and cultures across national borders.
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While globalization has brought many benefits such as increased economic growth, improved
standards of living, and greater global cooperation, it also has negative environmental impacts.
To address these challenges, it is important to ensure that globalization is pursued in a
sustainable manner. This means integrating environmental considerations into trade and
investment policies, promoting sustainable production and consumption patterns, investing in
clean technologies and infrastructure. Governments, businesses, and civil society organizations

all have a role to play in promoting sustainable globalization and protecting the environment
for future generations.

In the case of trade, economic growth and development are important for raising living
standards but they should not come at the expense of degrading the natural environment upon

which we all depend. Instead, trade and economic development should be pursued in a
sustainable manner just like globalization.
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Appendices

The table below is the list of countries used for this observation.

Argentina
Armenia
Angola
Australia
Austria
Bahamas
Bangladesh
Belgium
Benin
Botswana
Burkina Faso
Burundi
Canada
Cameroon
Chile
Colombia
Cote d’ivoire
Czechia
Denmark
Democratic republic of Congo
Estonia
Finland
France
Ghana
Germany
Greece
Hungary
Iceland
India
Ireland

The tables below show the full results of the ARDL estimates, including the results of the

Israel

Italy

Japan
Korea, Rep
Latvia
Lithuania
Luxembourg
Mexico
Netherlands
New Zealand
Nigeria
Norway
Poland
Portugal
Slovakia
Slovenia
Spain
Sweden
Switzerland
Senegal

The Gambia
Tuarkiye

United Kingdom

United States
Kenya
South Africa

Hausman test and Dynamic fixed effects regressions.
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. regress poco GDP GDP2 FDI AFF REC FFEC ANE trade

Source 55 df M5 Wumber of abs = 1,664
F(B, 1655) = 73.17
Model 130024 @28 g 17493.583% Prob > F = 8.606a
Residual 395628.81 1,655 239.858157 R-squared = 8.2613
Adj R-squared = 8.2577
Total 535552.838 1,663 322.83971 Root MSE = 15.461
pco | Coefficient Std. err. t P>t [95% conf. interval]
GDP 2475821 LB91241 2.71 @.a87 . B685421 LA264621
GDOP2 .B3pde27  .BE51180 £.05 @.808 .E8234225 . Bda5a 20
FDI -.1859847 .8d43e41R -2.41 @8.816 -.1921721 -.@197974
AFF -.4585414 L @788B6S -6.54 B.884 -.GO6BERE -.3218730
REC -.1129764 8368549 -3.86 @.882 -.1853419  -.@486l88
FFEC LB912458 8368287 2.53 @.811 8285791 .1619124
ANE -.2784577  .@35519% -6.84 8.888 - 3479712 -.15920442
trade -.8914233 | 880de24 -9.66 9.888 -.1899829 - 8728637
_cons B5.90434 3 BR2E87S 17.88 8.888 SE. 37847 73.6182
. regress cco GDP GDP2 FDI AFF REC FFEC ANE trade
Source 55 df M5 Number of obs = 1,664
F(8, 1655) = 124,56
Model 030pd40, 55 g 117456.1%4  Prob > F = B.888a
Residual 1568631, 68 1,655 042 979866  R-squared = @.3758
Adj R-squared = 8.3728
Total 2588281.23 1,663 1583.4763%  Root MSE = ig.788
cco | Coefficient Std. err. t Px|t| [95% conf. interval]
GDP -.0416265 1812162 -5.28 9.888 -1.297864  -.5861805
GDOP2 -.8699182 .818lo68 -0.88 8.088 -.B8%8514 -, 84090502
FDI .2151313 . 8872730 2.47 B.814 . B430524 . 3863182
AFF 1.442771 . 1392885 18.36 9.8838 1.169744 1.715759
REC L5E5e8d1 8732778 6.98 9.888 L 3621771 LB456311
FFEC .B@g0n37 L @71557s 8.12  98.988 -.1313502 . 1493465
ANE LB198336  .87B4987 18.44 8.888 .BE5BE2 . 9737851
trade L137577 L@187936 7.32  f.888 . 1887153 L 1744387
_cons 52.63739  7.711877 6.83 9.088 37.51132 67.76345

78



Pooled Mean Group Regression

(Estimate results saved as pmg)

Panel Variable (i): id
Time Variable (t): year

Number of obs

Number of groups
Obs per group: min

Log Likelihood

1612
52
31

31.e
31

-2492.129

D.pco | Coefficient Std. err. z P>|z]| [95% conf. interval]
_ec
GDP .34748062 .8766999 4.53 0.000 .1971512 .4978092
GDP2 -.8359969 .8186232 -3.39 0.081 -.8568119 -.8151698
FDI .08345048 .940639 0.85 0.396 -.0451461 .1141558
AFF .2909487 .1248401 2.35 0.019 .8478346 .53408628
REC -.142839 .9514174 -2.78 0.0085 -.2436153 -.0420627
FFEC .3403468 .9431689 7.90 0.000 .255855 .4248387
ANE -.8653749 .8466782 -1.48 0.161 -.1568625 .8261126
trade -.0093807 .9173993 -0.54 0.590 -.0434827 .8247212
SR
__ec .1297347 .021247 6.11 0.000 .B886913 .171378
GDP
D1. .8248563 .9311693 0.8606 0.425 -.0362463 .885941
GDP2
D1. -.06820983 .8851153 -9.41 0.683 -.0121161 .8879355
FDI
D1. .08119898 .837567 .32 0.750 -.0616482 .8856197
AFF
D1. .4256869 .2625463 1.62 0.165 -.0888944 .9402681
REC
D1. .024774 .0808541 0.31 0.759 -.1336972 .1832452
FFEC
D1. .1615895 .1816962 1.59 0.112 -.0377314 . 3609185
ANE
D1. 3.0813988 2.73656 1.18 0.270 -2.33781 8.365787
trade
D1. .8450923 .9152985 2.95 0.003 .9151878 .8750768
_cons -5.895734 .8983266 -5.72 0.000 -6.840742 -3.356726
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Dynamic Fixed Effects Regression: Estimated Error Correction Form
{Estimate results saved as OFE)

Coefficiemt Std. err. z Pxlz]| [95% conf. imterwval]
__&ac
alhp L2l FAb4 1984716 1.896 [ st ] - A1F15491 .
Gl 2 MA1LFES LE116E 34 a. 98 a.327 -.d113EFS A1 5E
FOL LA156EA1 L EHE S 1d3 £.44 g .816 LB 1S . FH5AEY
aFF LoSEIEAL e ] 2.5 H.81d AFE5EE HBEIRSES
RELC LABES A4 1B fB356 1.12 d.264 - 14121449 2154
FFEL AITEFAS 1545685 1.48 g.13E -.drfhEa43 253553
BNE LA SAEL L AEY35EE 1.496 o . 2EY -. 13945 LSF1BAER
trade - 1244882 «B3bEEED =337 g.8d1 - 1896 .41 -d5218F 3
5K
_&c LALE 3RS BB A 14.44 [5Is L L] . 168945 BB A 321FNE
alhp
o1. - HA1HE6 LHLYSEREY -1.42 .3 -.d5B 35 36 A1E4336
e 2
o1. HAdl5514 LB 1A 5 1.44 g.1449 -. 55 1 HE3EE
FOLL
D1. LA135453 ML E 1.61 .14 F - Bdiuq 14 A 1EEE
aFF
o1. LSSAE5A S S FEERS b. /9 [5Is L L] 2RI EE JASEARF
REL
o1. A9 AEY S A5 E2ERED 1.61 g.149E - G189 Ea 55 LAEEESAS
FFELC
D. 258436 - 35 B9 66 4.42 o .8dd « 1A e A4 S F353548
BME
o1. AE9E1S1 HEIE5E 2.8 H.oEas LBAHYLS 53 LLAEHESAY
trade
o1. 245158 LE181111 2.2 g.4815 LBl EH R A4 3345
Cons -4.518655 1. 87145 -2.48 H.d813 -8 .gE8E 31 - H4865E 3
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. hausman DFE pmg,sigmamore

— Coefficients

(b} (B} {b-B) sgrit(diag(V_b-V_BE))
DFE pmg Difference std. err.
GDP L 2817264 L 3A7ARE2 -.1457538 1452613
GOP2 .8113037 -.@350080 LB473B46 .
FOI .21768aE1 . B345848 .1831753 . BEEEAED
AFF . 5581881 . 2089487 2671515 L 1482872
REC . 1873440 -.142830 .3381830 .1351286
FFEC . 2372385 . 3483468 -.1831163 . 1388636
ANE . 2887261 -. 8653740 L2E61811 L 1564872
trade -.1244882 -.e|ae3gay -.1158275 LB266343

b = Consistent under H& and Ha; obtained from xtpmg.
B = Inconsistent under Ha, efficient under Ha; obtained from xtpmg.

Test of H8: Difference in coefficients not systematic

chi2(8) = (b-B) "[(V_b-V_B}(-1)1({b-B)
= 11.41
Prob » chi2 = @.1796

(V_b-V B is not positive definite)
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Pooled Mean Group Regression
(Estimate results saved as pmg)

Panel Variable (i): 1id Number of obs = 1612
Time Variable (t): year Number of groups = 52
Obs per group: min = 31
avg = 31.8
max = 31
Log Likelihood = -3085.482
D.cco | Coefficiemt Std. err. z P>|z| [55% conf. imterval]
__ec
GDP -.145843 1571885 -8.92  8.356 -.4531268 . 1638489
GOP2 -.B88325928  .8212187 -3.93  8.088 -.1248651 -. 8417286
FDI LA712881 0 8488732 3.56 @.888 .B7 78584 . 2655818
AFF 1.999%963 . 2976684 6.72 @.888 1.416543 2.583382
REC -.8213517 .1887993 -8.12 8.986 -.3757118 . 33388584
FFEC -.3@52544 L 1777R23 -1.74 @.882 -.6577813 . 8391925
ANE -.3775643 .235188 -1.58 @.114 -. 3462873 .B918787
trade -. 899657 8428614 -2.37 8.818 -.1828050 -.8172181
SR
__EBC 1378862 8248999 5.69 @.888 . BE9R541 1843243
GDP
D1. LB12088% 1227284 8.11 @.91s -. 2276186 . 2534364
GOP2
D1. -.8188347  .@187519 -8.54 @8.553 -.B467ET7 .B267183
FDI
D1. .Bedload 1382249 8.83 @.974 -.2518458 . 2594266
AFF
D1. -.85973638  .3781846 -8.26 @.7%2 -. 8227555 . 6288278
REC
D1. LSE570A3 2743233 2.14 @.833 . B4E1385 1.123458
FFEC
D1. 1751314 L 2375764 8.74 @8.4e8l -. 2985858 . BAETT27
ANE
D1. -2.541859 4.278871 -8.68 8.552 -18.91824 5.828126
trade
D1. -.8353876 .84749598 -8.74  @.457 -. 1234854 .B577983
_cons -15.93178 2.753721 -5.79 ©.888 -21.32897 -16.53458
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Dynamic Fixed Effects Regression: Estimated Error Correction Form
(Estimate results saved as DFE)

Coefficient Std. err. z Px]z| [95% conf. interval]
__BeC
GDP -.18@0546 . 3813374 -8.47  B.635 -.928361 . SE645 29
GOP2 -.8153572 .@233382 -8.83  @.4a7 - . BE5AE35 LE2E3651
FDI -.1468387 1881837 -8.78  ©.434 -. 4935355 L 2121582
AFF 1.382469  .4355242 3.15  @.8a82 . 5218176 2.24381
REC LSA3644E L 3363571 1.62  ©.186 -.115683 1.2@2893
FFEC -.8758512  .3179168 -8.24  @.811 B 5472143
ANE -.8511752 .3798221 -8.14 @.893 - . 7943448 . BO16%44
trade L1341123 L @735228 1.82 @.868 - . BBYSE5E L 27E2144
SR
__EeC L1747562 8123221 14.18 @.8068 1586853 L198%9871
GOP
Di. LB4ETOS L 8596413 B.83  @.489 - BEE5239 . 1645138
GDP2
bi. .BEleasl  .ea32413 #.31  8.756 -. 8853476 LBETISTY
FDI
bi. -.B@28584 8254381 -8.36  B.722 - . 8585885 L BABTEIT
AFF
Di. -.5OAEEEE . 1682278 -3.69 @.008 -.0940894 -, 2768281
REC
bi. LFE11996 L 196897 4,49 §.808 LA286135 1.853785
FFEC
Di. -.43@6426  .1762889 -2.44  @.815 -. 7761626  -.@851227
ANE
Dl. -.3324786 . 1848549 -1.84  9.865 -. 7882115 LB2127@2
trade
Di. LB201185 . 8384743 B.96 ©.339 -. 838618 LBERE4AT1
_cons -11.7333  5.625135 -2.8%9 B.837 -22,.75837  -.7882435
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. hausman DFE pmg,sigmamore

Coefficients

(b) (B (b-B) sgrif{diagiV_b-V_B))
DFE pmg Difference 5td. err.
GDP -. 18809545 -.145843 -.83508116 1.326928
GDhP2 -.8193572 -. 8232028 .B635357 LE7 80452
FDI -. 1488387 LA712881 -.3121187 L B292455
AFF 1.382465 1.999563 -.6174536 1.511452
REC 5436448 -. 8213517 56459965 1.164645
FFEC -. 8758512 -. 38592544 L2333633 1.8599782
ANE -.8511752 -. 3775643 .3263891 1.386301
trade .1341123 - .B90857 L23376853 L 2541671

B = Inconsistent under Ha,

Test of Ha:

chi2(8)

Prob » chi2

Difference in coefficients not systematic

(b-B)"[(V_b-V_B)*(-1)]1(b-B)

3.25
8.9176
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b = Consistent under H& and Ha; obtained from xtpmg.
efficient under Ha; obtained from xtpmg.
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