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2 Abstract

The concept of climate change has become increasingly important in recent years. The most developed
countries with the improvement of economic conditions and the opening of new production plants have
been more exposed to the increase in greenhouse gas emissions into the atmosphere.

In recent decades, national and international attention to climate issues has grown. As a result of
greater involvement, agreements have been created between states or rules at national level on maxi-
mum permitted emission levels to try to reverse the trend and reduce pollutants in the atmosphere.

One of the consequences for companies subject to greater environmental restrictions in developed
countries has been the relocation of production sites to developing countries where very often regula-
tion is less stringent.
This has led to an increase in foreign direct investment, foreign investment in developing countries.
From these movements the pollution haven hypothesis was born.

This assumption implies the creation of pollution havens in developing countries. The largest amount
of emissions is due to foreign companies present in the country. We will discuss this hypothesis in more
detail both at a general level and more specifically for Ghana in the following sections of this work.

The objective of this thesis is to find the link between Foreign Direct Investments and the pollu-
tion externalities.
The focus is to study the number of foreign firms in Ghana, understand the evolution in the number
of companies in the country and see whether the CO2 and CO emissions are affected by this evolution.
To comprehend if the two are co-related or not a regression analysis was performed.

The first period of the thesis was utilized to learn the software ARCGIS Pro. To do this I used
different sources, mostly coursera and Youtube.
The initial step was to geolocalize and graphically represents the foreign firms that I had as a table on
Excel on this software.

Later to plot the CO2 and CO emission data on it, NASA earth science data website was utilized
to gather the emissions data.
The Goddard Earth Sciences Data and Information Services Center (GES-DISC) created Giovanni,
a Web-based tool that offers a straightforward and user-friendly approach to explore, analyze, and
retrieve enormous volumes of Earth science remote sensing data.
I downloaded the information on CO and CO2 in GEOTiff, a special format file that contains also
geographical information.
The goal of the work on ArcGis was to build attribute tables, tables that for each point taken as a
sample on the territory would store the coordinates of the point, the number of companies and the
level of emission at that particular point.
A detailed description of the work done on ArcGIS and the steps required to get to the attribute tables
will be done later in the work.

For the final phase of the thesis I used different sources to learn how to use the STATA IC soft-
ware to perform regression analyses to detect any correlations between the variables of our interest.
Also for this phase a detailed explanation of the results obtained will be given in the following sections.
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3 Introduction

The role of environmental policies in the last years increase a lot especially in developed countries.
Environmental policies implemented in developed countries have an important impact on the operations
of firms within their jurisdiction. The primary objectives of these policies are to:

• address environmental pollution;

• promote sustainability;

• tackle climate change.

Figure 1: Process followed by firms with new policies [2]

When a new Environmental Policy comes into effect, companies can be highly affected.
A first aspect that can be affected by environmental policies is the competitiveness between companies.
For the environmental policies this can happen when between different firms or between different sec-
tors, that are competing in the same market, there is a difference in the level of regulatory stringency
applied.
For example, some firms may be subject to regulations while others are exempt, certain sectors may
face stricter pollution standards than others, or there may be variations in environmental stringency
across jurisdictions.
A further example can be found in the climate change mitigation policies where the regions under
the United Nations Framework Convention on Climate Change Paris agreement implement carbon
reduction actions at different speeds.
This leads to differences between firms and the possibility that competitiveness effects arise. When two
competing firms face identical regulations, competitiveness effects are not a concern. Environmental
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policies may result in changes in the prices of final products. These changes derive from the effects of
these policies on the cost of producing industrial product.
These regulations often require polluting facilities to engage in abatement activities, incurring costs for
businesses. This changes in production costs can be direct or indirect. An example of direct cost is the
European Union Emissions Trading System (EU ETS) that regulates carbon emissions for thousands
of installations in Europe [1].
This institution has increased in the last years the cost of materials for some specific industries such
as cement, iron, steel and for these industries it is a direct cost that increases.
This changes in production costs are known as the first-order effect for firms. Firms may respond
through decisions regarding pricing, output, or investment, which represent second-order effects.
For instance, firms can choose to absorb the increased production costs or to pass them to the con-
sumers. These firm responses, in turn, influence outcomes across various economic, technological,
international, and environmental dimensions, which are considered third-order effects.
Instead, as far as investments are concerned, these can vary according to two effects: downsizing and
modernization.
As for the former, when the cost of inputs increases, the output of the firm decreases (downsizing
effect) and this can lead to a decrease in investments. Instead, for the latter, when the cost of inputs
increases, the firm can decide to switch to new processes and new machinery, more energy-efficient.
This modernization effect can raise overall investments [1].

What we want to study in depth in this work are foreign direct investments and the effects of these
investments on the emissions of one country in particular: Ghana.
Foreign direct investments vary a lot according to the environmental policies in force in the various
countries.
The most studied hypothesis involving foreign direct investments is the Pollution Haven hypothesis.
This hypothesis argues that countries with higher pollution regulations tend to move their industrial
production to countries where regulations are less stringent.
This phenomenon is particularly relevant for pollution-intensive industries and can lead to carbon
leakage, where emissions avoided through domestic environmental regulations are simply shifted to
other locations [2].

7



4 Foreign Direct Investments

Over the past two decades, there has been a significant shift in economic policies, particularly in de-
veloping and emerging market economies. These countries have transitioned from closed, state-led
growth strategies to more open, market-oriented approaches.
These changes have allowed the dismantling of trade barriers and a notable increase in private invest-
ment flows.
The amount of Foreign Direct Investment (FDI) has attended substantial growth.
Changes in foreign direct investments have been possible thanks to the change of course of the gov-
ernments of emerging and developing countries. These governments have allowed a greater circulation
of money to their own country and to foreign countries by reducing regulations in this regard. This
trend, coupled with extensive privatization efforts and the deepening globalization of production, has
resulted in an increase in private investment flows since 1990 [4].

4.1 What is a Foreign Direct Investment

Foreign direct investment (FDI) refers to the acquisition of a significant ownership stake in a foreign
company or project by an investor, company, or government from another country.
Foreign Direct Investments are often associated with strategic decisions. For example, a company may
decide to buy a significant share of a foreign business or buy it totally in order to expand into new
regions. FDI plays an important role in facilitating international economic integration as it establishes
stable and long-term connections between economies.
what an FDI investor usually does is gain a controlling position within the company in which he invests
in order to have control over the decisions and strategies to be followed or he can establish a joint
ventures. In any case, the approach to these investments is hands on, the investor actively takes care
of managing his investment.
As top recipients of FDI in recent years two countries have distinguished themselves and these are
the United States and China. Conversely, developed economies, including the U.S. and other OECD
countries, have been significant contributors to FDI beyond their own borders.

The most important aspects that a project must have to attract the attention of companies or gov-
ernments are: the supply of qualified workers and the ability to grow over time with a good rate of
return for the investors. FDI inflows as a percentage of gross domestic product (GDP) serve as an
indicator of a nation’s attractiveness as a long-term investment destination. For instance, as of 2020,
FDI accounted for 1.7% of China’s GDP compared to 1.0% for the United States [3].

Foreign direct investment can be carried out following different paths:

• establishment of a subsidiary;

• acquisition of controlling interest in an existing foreign company;

• mergers;

• joint ventures with foreign entities.

8



4.2 Types of Foreign Direct Investments

There can be three types of foreign direct investments which are vertical investments, horizontal
investment or conglomerate investment.
Below is a detailed explanation of the three types[3]:

• Vertical FDI : The main purpose of vertical investments is to ensure the supply of inputs or
simplify the production process by integrating vertically along the value chain. To do this a
business can acquire a complementary business in another country that is part of its supply
chain. An Italian manufacturer that invest in a foreign company that supplies the raw materials
is an example of a vertical foreign direct investment;

• Horizontal FDI : in this type of investment the aim is to expand the international presence of
the company and raise the market share in the foreign market. In the horizontal type of FDI the
company establishes the same business and organization already established in the home country
in the foreign country. An example could be a U.S.-based cellphone provider acquiring a chain
of phone stores in China;

• Conglomerate FDI : This type of FDI involves always a company investing in a foreign business
but this time the foreign company business is unrelated to its core business. The investing com-
pany typically lacks prior experience in the foreign company’s area of expertise. Conglomerate
FDI often are a joint venture between the two companies. The companies collaborate to enter
in a new market or industry. The purpose is the differentiation of investments and also the
possibility to enter in new markets with the support and expertise of the foreign partner.

The classification of the different types of investment makes us understand what are the strategic
reasons behind the foreign investment.

4.3 Advantage and Disadvantage of Foreign Direct Investments

Obviously, FDI can have positive or negative effects both for the country making the investment and
for the country receiving it.
The receipt of an investment is always welcomed by the country, especially if it is a developing country.
The positive effects are the creation of new jobs and therefore an increase in the supply of labour for
the benefit of local workforce [3].

On the other hand, large companies see in foreign direct investment the possibility of expanding
into new regions and increasing their influence and power.
On the negative side it’s important to note that FDI also comes with challenges, including the need
for regulatory oversight from multiple governments, which can increases political risk.
Another negative effect concerns the environment. In recent years, with the increase in economic
activities, there has been a significant acceleration in environmental degradation. Greenhouse gas
emissions have increased, especially carbon dioxide, deforestation has increased and there has been a
loss of biodiversity.

In the environmental degradation the FDI can play an important role. Therefore it is extremely
important to understand the effects of these investments on the environment in order to understand
what actions to be taken to mitigate this phenomenon. Balancing economic growth with environmental
sustainability is essential for long-term global well-being.
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4.4 Recent trends of Foreign Direct Investments

In all regions globally, there was a significant increase in foreign direct investment in 2021. The global
flow is estimated at 1.6 trillion. 64.5% higher than in 2020. In 2020, little foreign direct investment
was made due to the COVID-19 pandemic.

Figure 2: World foreign direct investments inflows [5]

Figure 3: Foreign direct investments inflows and outflows - 2021 [5]

In 2021, in the developed economies there was a important increase in their investments abroad, more
than tripling their investment with respect to the previous year. In 2021 investments were made for
about 1.3 trillion while in 2020 the value stands at 408 billion.
In the same time also the value of foreign direct investment (FDI) outflows from developing economies
rose by 17.8 percent, reaching US$438 billion.

As for the Outflow of the Investments, growth occurred in 2021 especially towards developed economies.
Investments in Developing Economies grew by 29.9%, reaching US$837 billion. Notably, FDI flows
to Africa reached a record level of US$83 billion in 2021, more than doubling the level seen in 2020,
which was US$39 billion[5].
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If in 2020 FDI inflows to developed economies constituted a third of the total, in 2021 the percent-
age has increased to about 50% of the total, a classic pre-pandemic level.
Developing Countries over the years have maintained their share of just over 50% of total inflows. FDI
flows to Africa accounted for 5.2 percent of global FDI.

In terms of outward FDI flows, there was an important increase in the share covered by developed
economies, their share raise from 52.3% to 74.3%.
Instead, the opposite effect occurred for Developing Countries. their share decreases from 47,7% to
25,7%.
Developed Europe emerged as the largest source of global FDI outflows, accounting for 32.3 percent,
followed by developed economies in the Americas at 28.9 percent [6].

Figure 4: Foreign direct investments flows by group of economies [5]
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5 Foreign Direct Investments and Emissions

There have been many studies over the years that have shown a positive correlation between foreign
direct investment and greenhouse gas emissions. However one aspect to consider, especially in recent
years, is that increased economic development and better regulation can contribute to a country’s
reduction in emissions.
Therefore, the negative effects of foreign direct investment occur mainly in developing countries, while
for developed countries new investments such as new industrial processes, new technologies can con-
tribute to the reduction of total emissions.

FDI effect on carbon emission has been a topic of study for several years mainly due to changes
such as globalization and an increase in the ease of movement of capital to foreign countries.
FDI inflows, as an important international investment activity, play a determining role in economic
and environmental development.
The studies about the role of FDI inflows on green house gasses emissions, especially carbon emission,
have expanded over the past decade.
Different categories of studies have emerged and with the increase of the literature about FDI have
also increased the points of view and perspectives on this topic.

The first hypothesis arising from the direct study of FDI on emissions was the pollution haven hy-
pothesis.
this hypothesis holds that there is a direct link between FDI inflow and the increase in the level of
emissions. The flow of investment is directed from developed to developing countries. This is because
companies in developed countries have as their main purpose the increase in profits but are subject
to greater environmental regulations and this involves the relocation of industrial production to less
developed countries where regulation is not so strict.
This leads to increased carbon emissions in the host countries.

Another perspective on the effects of foreign direct investments stems from studies that always compare
investments with emission levels but this time in more developed and highly regulated environments.
The studies confirm that higher levels of economic development and better regulatory quality provide
a mitigating effect on the carbon emissions caused by FDI inflows.
These factors act as safeguards against excessive emissions trying to align the economic objectives of
FDI and the objectives at the environmental level.

Another aspect that can contribute to the reduction of emissions is the transfer of technology and
innovation to the host country. Foreign firms often bring advanced technologies and management
practices that can contribute to more efficient and cleaner production processes.
These technologies and practices can be used by the host country’s firms, leading to better environ-
mental performance and reductions in carbon emissions. Additionally, FDI can stimulate domestic
innovation and the development of clean technologies[7].

The conclusion provided by some recent studies examining the relationship between FDI inflows and
carbon emissions across different income groups is that exist an inverted U-shaped association that
links FDI and carbon emissions in middle-income countries.
The positive or negative effects of foreign direct investments depends on the level of income in the
country. High income level country are associated with positive effects of FDI on the level of emissions
instead low-income country have the opposite effect.
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Overall, these studies try to understand the complex relationship between FDI inflows, carbon
emissions, economic development, and regulatory quality. These studies help us to observe what the
effects of FDI could be on the environment and what results could bring more regulation in support
of sustainable investments.

In decision-making regarding the environment, a precautionary approach is necessary due to uncertain-
ties and potential irreversible consequences. Without clear limits, even economically efficient resource
use can lead to over exploitation and environmental pollution [7].

5.1 Pollution Haven Hypothesis

The Pollution Haven Hypothesis is an economic theory which supports that more stringent environmen-
tal regulations in developed countries may lead to the relocation of industries to developing countries
in which there are less strict environmental standards.
According to this hypothesis, industries move their operations to countries with weaker regulations,
thereby creating pollution havens.

The assumption on which the pollution haven hypothesis is based is that an higher environmental
regulation can increase the overall cost of production for companies. Some of these costs can be the
installation of pollution control technologies or costs of compliance with emissions standards. Compa-
nies try to avoid these costs by moving production to other countries.

In the past, when firms were considering moving abroad, the main aspects to consider were pro-
duction costs, market access, and taxation. Now one is added which is compliance with environmental
regulations. Evidence suggests that in addition the host countries may purposely undervalue their en-
vironment in order to attract new investment with international investors that sometimes encouraging
such behavior.

The current thinking of companies is to make more profit in the immediate future even at the cost of
using natural resources inefficiently or increasing pollution.
To try to achieve sustainable processes for the environment, this trend must be stopped. But insti-
tutional responses will always lag behind economic pressures, especially in highly competitive global
markets.
Economic pressure is most exerted by developed countries on developing countries. This means that
developed countries are one of the reasons for more pollution [6].

Instead of doing this developed countries must try to :

• Reduce unsustainable consumption levels;

• Provide more resources for the environmental governance in less regulated countries;

• Make sure their companies work responsibly abroad.

Currently, no country effectively internalizes the environmental costs of economic activity. One of the
reasons why no new rules are established for the amount of pollution is precisely due to competition
for FDI.
Countries that need more foreign investment for their growth do not want to put in strict regulations
so that investors are incentivized to move to those regions. Addressing this challenge requires more
coordination among countries at various institutional levels to raise environmental standards.
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In the absence of consumer, shareholder, and community pressure, research indicates that FDI does
not necessarily adhere to higher environmental standards compared to domestic firms.

Economic growth driven by liberalization can exacerbate existing market and policy failures related to
the environment. The current use of resources and the current levels of pollution are not sustainable
for the environment and are not leading toward a more sustainable path. What is needed is to un-
derstand whether policies aimed at FDI should be a component of steering the world towards a more
sustainable growth trajectory [4].
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6 Ghana

Ghana is democratic country. After it gains the independence in 1957 from the British experienced a
series of coups. This result in a military governments for about 20 years.

The real changes in the country begin in the 1992 with the establishment of the constitution. From
that Ghana transitioned to a system of general elections, granting to all citizens the right to vote.

As for the geographical position, Ghana is located in the western part of Africa. The countries with
which it borders are Nigeria, Burkina Faso, Cote d’Ivoire and Togo.

Thanks to a stable government and an efficient use of the resources present on the territory between
2006 and 2009 Ghana has undergone an important economic growth.
Historically, the country’s economy heavily relied on the agricultural sector, particularly cocoa pro-
duction, as a major revenue source for the government. But in recent years the situation has changed,
now the service sector is the most important, contribute for approximately 59,4% to the gross domestic
product.
The second most important is the industrial sector, about 25,3% and then there is the agricultural
sector, 19,7% [9].

6.1 Investment Atmosphere in Ghana

Ghana’s goal is to become an entry point to all of West Africa. This can be done because of the strate-
gic position of the country. The government is also bringing measures to increase the attractiveness of
the country for new investments. New investments mean new job opportunities.

In this regard, the government has included rules to ensure that local inhabitants can have access
to these opportunities.

Companies can hire both domestic and foreign skilled and unskilled labor to be employed, although
there are specific quotas for hiring local workers in certain fields. In cases where specialized expertise
is required, the laws permit the recruitment of expatriates without restrictions.

To attract new investors and ensure that the total risk of new investments is at a minimum, the
government has taken some actions. The country has joined various organizations that provide assur-
ance to investors, such as its membership in the Multilateral Investment Guarantee Agency (MIGA),
a unit under the World Bank that offers investment protection against non-commercial risks in devel-
oping economies.
Another action taken is the establishment of the Ghana Investment Promotion Centre. This institution
seeks to regulate and stimulate investment.
They also offer benefits to investors that can be like customs import duty exemptions for specific com-
modities and machinery imported for investment activities, including industrial plants and agricultural
products [9].
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6.2 Foreign Direct Investments in Ghana

As explained in the previous sections there are different interpretations on the effects of foreign direct
investments on the economy and environment of a country. Some studies claim that FDI have a positive
effect and that are able to overcome challenges in rapid economic reform by privatizing state-owned
assets to foreign investors. This positive influence can led to more efficient use of resources, technology
transfer and more ease access to global market.

There are also other perspectives that argue that FDI effect is negative. The possible implications can
be the promotion of low-wage manufacturing and a dependence of foreign economic actors. All this cre-
ates some doubts about the positive effects on the growth of lower-middle-income countries like Ghana.

All we can say is that if foreign investments contribute to the growth of a country and they allow
for more domestic investments then they can be positive.

Following financial and political transformation developing countries have seen a notable increase in
foreign direct investments. In addition, these countries have taken steps to attract as much investment
as possible. Some countries relaxed restrictions on foreign investments, others implemented financial
reforms and also they offered tax incentives and subsidies.

Also Ghana takes some actions in this direction. The first measures taken were the Ghana Investment
Act in 1994 and in the following year the Free Zones Act which provide tax incentives and investor
protection policies to create a conducive environment for foreign investors[8]. These initiatives and
policies have contributed to increased FDI and economic growth in Ghana. In addition, the Ghanaian
government has introduced new laws to improve investment conditions and the business environment.

All this actions helped Ghana to be recognized as one of the top ten reformers globally for two
consecutive years by the World Bank’s Doing Business team.

Ghana’s share of FDI quadrupled from 2005 to reach $636 million in 2006. Furthermore, in 2008,
Ghana garnered increased global attention by hosting the Africa Cup, the UNCTAD XII (United
Nations Conference on Trade and Development), and WAIPA (World Association of Investment Pro-
motion Agencies) meetings. These events coincided with strong GDP growth and significant increases
in FDI inflows to Ghana[8].

6.2.1 Determinants of Foreign Direct Investments

Over an extended period, foreign direct investment (FDI) generates various external benefits that ex-
tend beyond individual companies’ income. One benefits as said in the previous section is the possible
technology transfer, using these technology can improve production and distribution.
Industrial upgrading, work experience for the labor force, and the introduction of modern management
and accounting methods are others possible impacts of FDI.

For example in the services sector FDI exploit a host country’s competitiveness by increasing cap-
ital productivity and attracting new capital at favorable terms.

In some circumstances there may be a strong relationship between foreign investment and the coun-
try’s growth. Studies show that one of these circumstances is the presence of a certain level of human
capital in the host country.
Economic growth is mainly supported by the transfer of new technologies rather than capital increase.
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There are some features in the host country that can increase FDI and others that reduce the
investments.

Positive features can be:

• Natural resource endowments;

• Large markets;

• Good infrastructure;

• Efficient legal framework.

Between the negative features there can be:

• Macroeconomic instability;

• Corruption;

• Political instability;

• Investment restrictions.

In developing countries like Ghana, FDI play a crucial role in the economic growth and development.
Compared to other forms of capital flows, FDI is considered more stable and has a substantial impact
on growth. By facilitating access to foreign markets FDI promotes the integration of the host country
into the global economy [8].

6.2.2 Trends of Foreign Direct Investments

The government’s efforts to create a business-friendly environment have been effective.
looking at the data of the last 25 years in Ghana there has been a substantial increase in foreign
investment.
The first FDI reach a very high amount is in 2011 with an estimated 3,2 billion dollars. In the following
year, 2012, investments reached their highest level since 1990.
Before the establishment of the constitution and mainly in the year between 1990 and 1992 the volumes
and values of FDI were very low[9].
The reason for this was the internal instability of the military government. FDI rises from $22.5 million
in 1992 to $125million in 1993 after the formulation of the 1992 constitution representing 555.5% rate
of change. After that there was some instability in the inflow of FDI between 1993 and 1997 but the
overall investments at the end of the period increased.

Further help in the growth of investments came in 2013 with the entry into force of the GIPC Act.
this act shaped the Ghana Investment Promotion Centre to energize and advance FDI in the country.

The FDI inflow into the country has grown yearly at an estimated rate of 42%. The total invest-
ments in 2006 were 636 million dollars, at the end of 2010 the total value was 2527,4 billion dollars.
But the largest expansion in investments took place between 2010 and 2013, from 2527,4 to 6821
million dollars[9].
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Ghana is currently considered one of the African countries that has received the most foreign direct
investment in recent years. Also the outflow of investments in the west African region has increased
over the past years and Ghana is one of the largest contributors.

In the next figure there are the level of FDI inflows in the country between 2006 and 2016.

Figure 5: FDI inflow in Ghana from 2006 to 2016 [9]

We can see from the figure below the relationship between FDI and GDP in Ghana. After the low
inflows in the 1980’s, FDI inflow increased dramatically in the early 1990’s and declined after 1994.
Between 1997 and 2000 there was a growth but then the ratio declined again at a value lower than 2%
From 2006 onwards saw a significance increase in the FDI inflows to Ghana to date.

Figure 6: Trend of FDI to GDP ratio [8]
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6.2.3 Regional distribution of Foreign Direct Investments

The geographical landmark of Ghana is made up of ten (10) regions. The distribution of investments
among these regions is not homogeneous. The distribution of registered projects are usually based on
economic zones and the market size of various regions.

The table below shows the number of projects registered in the country in the years between 1994
and 2013.

Figure 7: Regions of Ghana

Figure 8: Distribution of projects between 1994 and 2013 [9]
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As we can seen the Greater Accra Region received the highest number of registered projects. After
that Ashanti and Western are the most sought regions while in the northern regions there are very few
projects. The Upper West region received the least value and number of registered projects.
This distribution is mainly due to the strategic position of the southern regions bordering the Atlantic
Ocean.

The figure below indicates the percentage of the total estimated value of registered projects from
1994 to 2013. The last figure above clearly shows that also with regard to the value of the projects

Figure 9: Regional distributed projects from 1994 to 2013 [9]

Greater Accra region wins over the other regions. Greater Accra region accounted for more than half
of the total value of all projects.
The top three regions accounted for 95% of the total estimated cost of the registered projects.

In the table below are reported data on the number of projects and cost of projects divided by sector
referring to more recent years.

GIPC annual registered companies in terms of number of projects:

Figure 10: Number of project per sector from 2014 to 2021
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GIPC annual registered companies in terms of FDI (US$M)

Figure 11: Amount invested per sector from 2014 to 2021

From the last table in the previous page we can see how the sectors: manufacturing, general trade,
export trade and services are the most relevant in recent years with a greater number of projects,
instead the tourism and Oil and Gas sectors record the lowest number of projects by foreign companies.

We can see by looking at both tables that there is a positive correlation between the number of
projects and the dollar investment spending.
As for the amount of foreign direct investments, therefore, we find greater values in the services and
manufacturing sectors while in tourism and in the oil and gas sectors there are the lowest values.

Foreign Direct Investments should bring with it new job opportunities in the host country. The
following table shows the data regarding the estimates of jobs created with investments in the period
between 1994 and 2021. The table divides the possible new jobs for Ghanaians and foreigners.

Figure 12: Expected number of jobs creation

We can see that the jobs created by foreign direct investment are mostly occupied by local citizens.
Most of the new jobs created during the period are still in the service and manufacturing sectors, but
also in agriculture and building and construction there are a lot of opportunities.
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6.3 Last Available data on Foreign Direct Investments: 2021

In the year 2021, a total of 271 projects were created in Ghana. The total invested for these projects
is about 1.49 billion dollars divided between foreign investments and local investments.

Foreign direct investments cover the largest percentage invested with a value of 1.3 billion dollars
while the local component is about 192.66 million dollars. Compared to the values of foreign direct
investments in previous years, the value of 2021 shows a decrease of 51% compared to the value of
2020 but an increase of 17.11% compared to 1.1 billion in 2019.

One of the effects that these investments will produce are a total of 15,775 jobs when operating
at full capacity. Out of these jobs, 14,340 (90.90%) will be for Ghanaians, while the remaining 1,435
will be for non-Ghanaians[16].

Figure 13: Number of FDI project and amount invested - 2021 [16]

6.3.1 Sectoral distribution

Among the 271 registered projects, 194 were newly registered projects, and 77 were upstream projects.
In the figure below we can see the division of projects by sector. It is immediately noticeable that the
service sector is the one where more projects are born and developed.

Figure 14: Number of project per sector [16]
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Instead, in the following figure we can see the amount of dollar investments per sector. Also in this
case the service sector prevails over the others with a value of 689.91 million dollars. After services
there are oil and gas sector with US$265.87 million, and the manufacturing sector with US$131.41
million.

Figure 15: Amount invested per sector [16]

6.3.2 Regional distribution

The division of these projects in the various regions of Ghana is not homogeneous, as can be under-
stood from the figure. The Greater Accra region is the one where the most projects are located, 214
corresponding to 78.97% of the total, in 2021. The Western and Ashanti regions followed, with 29
and 13 projects. The Eastern and Central regions had 6 and 5 projects, respectively, while the Bono,
Northern, Upper East, and Upper West regions each had one project [16].

Figure 16: Regional distribution of projects [16]
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6.4 Emissions in Ghana

Each country pursues its own economic growth. The positive effects of economic development are
many but among the most important we can find:

• Increasing per-capita national incomes;

• Reducing poverty;

• Improving food security;

• Enhancing national nutrition quality.

However, economic growth can lead to negative consequences in the country such as destroying nat-
ural resources. Unfortunately, many economies have followed this path. They transformed renewable
resources into non-renewable ones in their pursuit of economic growth. Phenomena such as industri-
alization, globalization and market integration have often led to negative externalities. By negative
externalities we mean the negative effects that some decisions can bring to the whole society and some
of these effects are: increased greenhouse gas emissions and production of non-degradable waste ma-
terials.

As far as Ghana is concerned, the most important sector in the years between 2010 and 2019 was
agriculture. In the last decade agriculture has employed about 42% of the population contributing
20% to the country’s GDP. The country’s major export commodities are primarily based on natural
resources including: cocoa, gold and from 2011 onwards also crude oil. The latter has contributed
most to the country’s economic growth[18].

Growth in greenhouse gas emissions has gone hand in hand with economic growth. Several reasons
have contributed to this increase, we can list a few:

• Road transport;

• Thermal electricity generation;

• Biomass utilization;

• Deforestation;

• Population growth;

• Solid waste disposal.

Road transport represents over 95% of all transportation services in Ghana but most important vehi-
cles on the road emit high amounts of exhaust emissions and this contributes highly to the increase in
the level of CO2 in the air.

Carbon dioxide remains the dominant GHG in Ghana, accounting for about 66% of the total net
emissions levels in 2016.

The figure shown on the following page shows the forecast of trends in greenhouse gas emissions
in Ghana up to 2030. To obtain this graph some assumptions have been made:

• Average population growth rate of 2,4% per annum;

• Average GDP growth rate of 7%.

The country’s emissions are expected to rise from 42.2 MtCO2e in 2016 to 48 MtCO2e in 2020, 59.1
MtCO2e in 2025, and further to 73.3 MtCO2e in 2030 if no deliberate actions are taken to curb these
emissions [18].
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Figure 17: Expected trend of CO2 emissions in the next years [18]

In recent years, the negative effects of uncontrolled economic growth have been brought to the
fore nationally and internationally. The objective is the promotion of policies for sustainable devel-
opment that safeguards the environment and the natural resources. The fight against climate change
,which is caused in part by global warming and air pollution, has become a global challenge and CO2
emissions are widely recognized as a major contributor to these problems.

A study conducted in 2013 showed that CO2 emissions contribute considerably to the amount of
greenhouse gases emitted globally. The report further emphasized that 76.7% of GHG emissions orig-
inate from CO2 emissions[10].

Developing countries such as Ghana play an important role in this scenario. In these countries they
often observe significant increases in greenhouse gas emissions and this is mainly due to the fact that
efforts to accelerate economic growth and increase income levels often prioritize economic considera-
tions over environmental concerns.

At a time when climate change has been brought to the forefront internationally, both developed
and developing countries have taken actions to try to reduce these effects by creating collaborations
between nations and international agreements that seek to regulate emission levels. Two of the most
important international agreements are the Kyoto Protocol, adopted in 1997 under the United Nations
Framework Convention on Climate Change (UNFCCC) and the Paris Agreement (2015), which aim
to reduce GHG concentrations in the atmosphere and mitigate the pace of climate change.

Ghana is one of the countries that have signed these international climate treaties and is therefore
a country’s goal to reduce greenhouse gas emissions. To demonstrate commitment to this cause in
2012 the Environmental Protection Agency (EPA), on behalf of the government, developed a national
climate change policy with the aim of reducing climate change through sustainable investments across
all sectors of the economy.

Despite efforts to try to reduce emissions of polluting gases, emissions have increased. from 2000
to 2010 CO2 emissions increased from 12.2 to 23.9Mt. The main reason is that in Ghana, petroleum
and other fossil fuels are the primary sources of energy in the transport industry and electric power
generation[10].
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In the following two figures it is possible to observe the various sources of energy used in Ghana in the
different years. The thing that can be seen from both figures is how over the years the consumption of
fossil fuels has increased considerably. From figure 1 we can observe that fossil fuel consumption, which
accounted for 22% of total energy consumption in 1971, significantly rose to 52% in 2014 and from
figure 2 we understand that fossil fuels is the source of energy that increased most. The conclusion
is that fossil fuel consumption has taken the lead in Ghana’s energy mix, while the consumption of
alternative and nuclear energy as well as combustible renewables and waste has declined. In the last

Figure 18: Energy sources in Ghana [10]

Figure 19: Trends in the use of energy sources [10]

three decades in Ghana economic growth has been one of the best among the states of Sub-Saharan
Africa, this growth is mainly due to the growth of the industrial sector that in 2017 contributed to
23.68% of the country’s GDP.

The growth of the industrial sector means an increased need for energy to power machinery. this
energy in Ghana is derived from a greater use of fossil fuels. It is precisely this increase that has been
and still is the main reason for the increase in emissions, especially CO2 emissions, in the country.
Emissions increased from 3,817.35 kt in 1990 to 14,466.32 kt in 2014[10].
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Grossman and Krueger in a study conducted in 1995 proposed the Environmental Kuznets Curve
(EKC) hypothesis. This hypothesis tries to explain the relationship between income growth and en-
vironmental degradation with an inverted U-shape curve. The theory suggests that in the beginning
phase of economic growth of a country the benefits of increasing output outweigh the increased de-
mands for environmental quality resulting from rising income. This could include practices such as
deforestation, pollution, and inefficient resource use. However, when a certain level of income and
economic growth is reached the trend reverse. In other words, environmental quality starts to improve
despite ongoing economic growth.

This seems to happen in most developing countries, such as Ghana. In these countries, economic
growth is often put at the forefront, and to improve the competitiveness of local companies, govern-
ments are reluctant to impose restrictions on emissions or environmental quality. This leads to higher
levels of emissions and degradation of the environment.

The two concepts of the Environmental Kuznets Curve and the Pollution Haven Hypothesis sus-
tain the assertion that increased output, driven by the needs of a growing population and the high
consumption of fossil fuels, lead to higher emissions of greenhouse gases, especially CO2, and general
environmental degradation in developing countries like Ghana, where environmental regulations may
not be rigorously enforced [10].

The figure below shows the CO2 emissions data from 2000 to 2016. You can always see in the table
the percentage changes in emission levels in the various years and the level of emissions per capita.
There are also data regarding the population of Ghana. Analyzing this column we can see an increase
in population in each year of the period considered

Figure 20: CO2 emissions from 2000 to 2016 [12]
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Instead in the following figure emissions levels are reported over a longer period of time in order to
understand the general trend in recent decades and an increase in CO2 levels is observed.

Figure 21: Trend of CO2 emissions [11]

In the latter image the emission levels divided by sector in the period between 2000 and 2018.
The residential and transport sectors contribute the most to total emissions of the country.

Figure 22: Energy consumption by sectors [13]
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6.5 Where to improve

there are many ways in which Ghana can improve its economic activities so as not to worsen the
climatic conditions following a low carbon development pathway.
Here are some of them:

• For the agriculture sector, promoting climate-smart agriculture practices, and supporting the
adaptation of coastal communities to climate change impacts;

• Construction of new and sustainable infrastructure systems and develop new efficient strategies
for waste management.

• Realizing forest resources as assets for climate resilience, end deforestation and instead promote
forest conservation as a means of absorbing carbon;

• Promoting the use of clean energy: scaling up the use of renewable energy sources and improving
regional energy markets to reduce reliance on fossil fuels and mitigate greenhouse gas emissions;

• As far as the transport sector is concerned, try to modernize it by improving the quality of the
vehicles, develop a better public transportation infrastructure and services to reduce the emis-
sions from the transport sector..

These are some areas in which Ghana could invest to try to improve climatic conditions but not only,
investments in these areas would stimulate the growth of the country and also fosters sustainable and
inclusive growth across various sectors of the economy [14].
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7 ArcGis

ArcGis is a set of geographic software, they can be used for the management of geographic data but
also for the modification or analysis of this data.
The company that developed these software is ESRI (Environmental Systems Research Institute),
founded in 1969.
GIS integrates many different subjects using geography as its common framework. Esri is the global
leader in the development of GIS, location intelligence, and mapping and ArcGis is today the leading
GIS software in the market.

Specifically ArcGis contains within it:

• ArcMap;

• ArcCatalog;

• ArcGis Pro;

• ArcScene;

• ArcGlobe.

ArcGIS Pro is a full-featured professional desktop GIS application from Esri. With ArcGIS Pro,
you can explore, visualize, and analyze data; create 2D maps and 3D scenes.
It enables users to work with various types of geographic information, such as maps, satellite imagery,
terrain data, and geospatial databases.
The main advantages of ArcGis Pro over its predecessors are 64-bit processing, integrated 3D, ribbon-
based interface and a project-centric approach, making it easy to manage multiple projects [17].

The software supports numerous data formats, allowing users to work with various data types, such
as shapefiles, geodatabases, CAD files, raster data, and more.
The software can read graphical images such as (.jpg,.TIF etc), each graphical images contains infor-
mation which is stored in the attribute table but to access attribute table first the images have to be
converted into a raster layer.

The work was done using ArcGis Pro. The goal was to obtain a map that would allow us to vi-
sualize where companies of foreign origin are located in the territory of Ghana and at the same time
visualize the levels of emissions on the territory.

The following pages illustrate the various steps followed to achieve the goal.
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7.1 Step1 - Map of Ghana

The first step was to select the territory of our interest: Ghana. This was done within the ArcGis Pro
software by creating a shapefile.

A shapefile is a vector data storage format that stores the location, shape, and attributes of geo-
graphic features. It has one feature class and is saved as a group of linked files.

Figure 23: Map of Ghana
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7.2 Step2 - Firms Localization

The second step is to locate foreign companies in the territory. In this ArcGis was very useful thanks
to geolocation.

To geocode a table of addresses is necessary a table that stores the addresses you want to geocode and
an address locator or a composite address locator. This tool matches the stored addresses against the
locator and saves the result for each input record in a new point feature class.

I used as input table the table containing all the data relating to the companies in which there is
a column indicating the address of each and as address locator the ArcGis World Geocoding Service.

The results are shown in the following figures. The figure on the left shows the foreign companies
present in the area for the first period of time of our interest, 2000-2010. In the figure on the right,
instead, the companies in the second period of time, 2010-2020.

(a) Firms in 2000-2010 (b) Firms in 2010-2020
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7.3 Step3 - Find Emissions Data

As far as emissions are concerned, I have been working on both carbon dioxide levels in the atmosphere
and carbon monoxide levels.

The emissions data were extrapolated from databases available on the NASA website.
On the NASA website you can choose the specific region of interest and also a specific period of time.
The link to the website: https://giovanni.gsfc.nasa.gov/giovanni/.

The following images represent the emission levels always divided into the two periods of time con-
sidered. The representation changes between CO2 and CO, this is due to the fact that the CO data
within the database has a unit of measurement of parts per billion while for CO2 data of parts per
million.

7.3.1 CO2 Data

(a) CO2 Emissions 2000-2010 (b) CO2 Emissions 2010-2020

33

https://giovanni.gsfc.nasa.gov/giovanni/


7.3.2 CO Data

(a) CO Emissions 2000-2010 (b) CO Emissions 2010-2020
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7.4 Step4 - Emissions Data in ArcGis

From the NASA’s website I downloaded the emissions data in GeoTIFF format.
A GeoTIFF file is a GeoTIFF Raster Image. This format is a metadata format, which provides geo-
graphic information to associate with the image data.
Thanks to that the GeoTIFF format can be easily inserted on ArcGis through the ”Insert data to the
map” command.

The results are shown below.

7.4.1 CO2 Data

(a) CO2 Emissions 2000-2010-ArcGis (b) CO2 Emissions 2010-2020-ArcGis
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7.4.2 CO Data

(a) CO Emissions 2000-2010-ArcGis (b) CO Emissions 2010-2020-ArcGis
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7.5 Step5 - Insert observation points

Through the creation of a feature class I inserted observation points on the map.
Feature classes are homogeneous collections of common features, each having the same spatial rep-
resentation—such as points, lines, or polygons—and a common set of attribute columns. The most
commonly used feature classes are points, lines, polygons.

When creating a feature class, you’ll be asked to set the name of the feature class, the type of features
to define the type of feature class and also the appropriate coordinate system.

To insert these points I took as a reference the level of division of the territory shown by the CO
emissions database. This reference is perfectly correlated with the CO emission levels as for each cell
I will have an observation point with different CO values for each. As for CO2 having a database in
parts per million we will have more points where the level of emissions will be the same.

The results are shown in the figure below.

(a) CO Observation points (b) CO2 Observation points
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7.6 Step6 - Construction of the database

The last step is to build the database within the previously created feature class. This database must
contain for each observation point the emission level for the cell considered and the number of firms
present in the same cell. It must contain this data for each of the two time periods considered.

To do this I used the command Extract Multi values to point in the section Extraction of the Spatial
analysis toll inside the toolboxes unit.
This command extracts the cell values of a raster based on a set of point features and records the
values in the attribute table of an output feature class, in our case the output is the feature class of
the observation points.
Output field names are created from the name of the input raster by default. Otherwise you can
specify a unique name for each field to store raster values.

An example of the attribute table constructed is shown below.

Figure 30: Example of Attribute Table for CO
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8 Regression Analysis

In order to understand what type of relationship binds two variables you can use regression analysis.
Regression analysis is a set of statistical methods used for the estimation of relationships between a
dependent variable and one or more independent variables.
The main objective of this analysis is to understand how changes in the independent variables are
associated with changes in the dependent variable.

As shown in the figure below, there are three different types of regression analysis.

Figure 31: Types of Regression Analysis [20]

• Linear Regression: in this type of analysis the model try to assess the relationship between a
dependent variable and an independent variable. In this case there is only one independent
variable. The equation shown below represent the equation for a linear regression model:

Y = a+ bX + ϵ

Where

– Y is the dependent variable;

– X is the independent variable;

– a is the intercept;

– b is the slope;

– ϵ is the residual

• Multiple Linear Regression: in this second type of regression the only difference with respect to
the previous one is that more than one independent variable are used. The equation is:

Y = a+ bX1 + cX2 + dX3 + ϵ

In this case a,b and c are the slope.
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• Nonlinear Regression: the last type of model is used when independent and dependent variable
show a nonlinear relationship. This type of regression is more complicated with respect to the
previous models.

Another important concept to highlight is the difference between the dependent variable and the
independent variables.

• Dependent variable: this is the variable whose course and changes are measured and observed in
the study. The variable is expected to vary as the independent variables vary.

• Independent variable: are the variables that influence the dependent variable. They are variables
managed by those who carry out the study.

Regression analysis is widely used in various fields, including economics, social sciences, engineering,
finance, and many others, to understand relationships between variables [20].
In this work the dependent variable is the variation in the level of emissions in the territory of Ghana
while the independent variable is the variation in the number of foreign firms in the same territory.
I also try to understand the effects of the different sectors of the firms and of time on the level of
emissions.

To do this I used the linear and multiple linear regression models.
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8.1 Model

For the emission assessment I developed different models for CO2 and CO. Below are the equations
and explanations of the variables used.

8.1.1 Variable

Before illustrating the various models it is important to understand what is the meaning of the vari-
ables I used to perform the regression analysis.

For models that describe CO2 levels, the variables are:

• co2: with this variable I went to indicate the values of CO2, the values indicate the level of CO2
on the territory in parts per million, saved on STATA as double;

• naziende: is an integer variable that indicates the number of companies in the area for each
observation point;

• x: The longitude of the territory, a double variable;

• y: also of double type the y variable indicates the latitude, the two variables are important
because they allow us to understand if the position of the territory affects the emission levels;

• time: time is a variable that takes only two values and allows us to divide the collected data into
the two periods of time considered;

• post: even post takes only two values and it is useful for us to understand if the period of time
in which the data was collected affects the emission levels;

• diffCO2: diffCO2 is a double variable that I used to store changes in CO2 levels between the two
time periods;

• diffAZ: diffAZ instead indicates the variation, always between the two periods of time, in the
number of companies.

As far as CO is concerned, the first two models use the same variables described above but of course
as a dependent variable instead of CO2 levels there will be CO levels.

For the last two models I inserted new variables that would divide the total of companies by sec-
tor in order to perform a more detailed analysis. In this case the variables are:

• Agr = Number of firms in the Agriculture sector;

• Constr = Number of firms in the Construction sector;

• Exp = Number of firms in the Export sector;

• GenTra = Number of firms in the General Trading sector;

• Lia = Number of firms in the Liason sector;

• Man = Number of firms in the Manufacturing sector;

• Ser = Number of firms in the Service sector;

• Touri = Number of firms in the Tourism sector;

The variables used for the last regression analysis, such as diffAGR, diffCON etc., indicate the changes
in the number of companies between the two time periods for each sector indicated above.
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8.1.2 CO2

For first thing I took CO2 and analyze the links between the emissions levels and foreign companies
included in the territory of Ghana in the two periods of time between 2000 and 2010 and between 2010
and 2020.

I carried out the CO2 analysis despite the fact that the level of aggregation of emissions data was
too high to have significant results on the effects of foreign direct investments on the level of CO2 in
the territory.
Here are the two models developed:

First model: in this first case I take the level of CO2 as dependent variable while the indepen-
dent variables are : x, y, the number of firms and also the variable post

The equation relative to this model is:

CO2 = β0 + β1x+ β2y + β3naziende+ β4post (1)

Second model: in this model I take the variation of the level of CO2 in the two time period consid-
ered as dependent variable while the independent variable is the variation in the number of firms in
Ghana, always between the two time period considered.

The equation that describes this model is:

∆(CO2) = β0 + β1∆(Firms) (2)

8.1.3 CO

Also for the CO I analysed the links between the levels of carbon monoxide in the atmosphere and the
foreign companies included in the territory of Ghana, always in the two periods of time between 2000
and 2010 and between 2010 and 2020.

For the carbon monoxide I also conducted a regression analysis taking as an independent variable
the various sectors of the companies to understand which of these influences the most the level of
emission.
Below the different models:

First model: here I take the level of CO as dependent variable while the independent variables
are : x and y, number of firms and post, as in the first regression relative to CO2.

The equation in this case is:

CO = β0 + β1x+ β2y + β3naziende+ β4post (3)

Second model: in this second case I take the variation of the level of CO in the two time period
considered as dependent variable while the independent variable is the variation in the number of firms
in Ghana, always between the two time period considered.

The equation for this model:
∆(CO) = β0 + β1∆(Firms) (4)
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Third model: in this regression analysis I take the level of CO as dependent variable while the
independent variables are all sectors in which companies can be grouped and classified.

The equation:

CO = β0+β1post+β2naziendeβ3Agr+β4Constr+β5Exp+β6GenTra+β7Lia+β8Man+β9Ser+β10Touri
(5)

Fourth model: for the last regression analysis I take the variation, between the two time period, in
the level of CO as dependent variable while the independent variables are the difference in the number
of firms for each sectors.

Last equation:

CO = β0 + β1∆(naziende) + β2∆(Agr) + β3∆(Const) + β4∆(Exp) + β5∆(GenTra)

+ β6∆(Lia) + β7∆(Man) + β8∆(Ser) + β9∆(Touri)
(6)
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8.2 STATA

To understand the relationships between our dependent and independent variables I used STATA.
STATA is a statistical software developed by StataCorp. This software contains several features such
as: data manipulation, visualization, statistics, and automated reporting.

Here are some commands used within the software:

• Import: import excel reads worksheets from Microsoft Excel (.xls and .xlsx) files, I used this
command to import the table containing the data.

• Summarize: summarize calculates and displays a variety of univariate summary statistics

• Generate: this command creates a new variable

• Describe: this command outputs basic information about the dataset, including the number of
observations and variables, variables in the dataset, their type, value label, and variable label

• Drop: drop eliminates variables or observations from the data in memory

• Label: to assign a descriptive label to the variables explaining their meaning

• Rename: with rename is possible to change the name of the variables

• Replace= replace can be used to change just one value,

• Regress: to perform the regression analysis specifying the dependent variable first and then the
independent variables

8.2.1 CO2

Figure 32: Do-File for CO2 regression analysis
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8.2.2 CO

Figure 33: Do-file for CO regression analysis
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8.2.3 CO-Sectors

Figure 34: Do-file for CO regression analysis - Firms sectors
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8.3 Regression results - Overview

The table below represents the structure of the results of regression analysis on STATA.
In this example the dependent variable is CO while the three independent variable are x,y and post.

First the results of linear regression are presented in three different tables:

• Anova Table: this is the first table in the upper left that includes SS, df and MS;

• Model Fit: this is the table at the top-right, the table summarizes the overall fit of the model. It
answers the question ”how well does the model use the predictors to model the target variable?”;

• Parameter Estimation: this table shows the parameters estimated by the model and their re-
spective statistical significance.

Analysis of the component of the three tables:

SS : the meaning of SS is ”Sum of Squares” and is used to represent the variation of the target
variable and to understand the difference of the observations from the mean of the variable. The total
SS is the total variation of the target variable around its mean.

SStotal =
∑

(yi − ȳ)2 (7)

df : is the degree of freedom associated with a variance. Degree of freedom is the number of indepen-
dent values that can vary. For the model degree of freedom are considered the number of independent
variable in the model. Instead to calculate the degree of freedom for the residual the formula is:

Degreeoffreedom = n−m− 1 (8)

Where:

• n: number of observations;

• m: number of independent variables.

For the total degree of freedom the formula is:

Degreeoffreedom = n− 1 (9)

MS : MS stands for Mean Square and it is the mean of the sum of squares.

Number of Observations : is simply the number of observations used in the regression.

F(n,m) : The F(n,m) is a F-statistics. It is calculated as the ratio of the mean sum of squares
(MS) of the model to that of the residual. It measures how the ratio of the explainable mean variance
to the unexplainable mean variance is statistically greater than 1. The n and m represents the model’s
and residual degrees of freedom respectively.

Prob ¿ F : this value represents the probability of obtaining the estimated F-statistics or greater
(the p-value). If we take the typical significance level of 0,05, a value lesser than that means that
statistically we can reject the null hypothesis of all coefficients equal to zero and this means that the
predictors of our model reliably predicts the target variable. For a value higher than 0,05 we cannot
reject the null hypothesis.

R-Squared : the value is calculated as:

R− Squared =

(
SSmodel

SStotal

)
(10)

The R-Squared value represents the goodness of fit. It is numerically the fraction of the variation in
the dependent variable that can be explained by the independent variables.
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Adj R-Squared Adj R-squared tells us how much of the variation of the dependent variable is
determined by the addition of the independent variables. Adj R-squared is the R-squared controlled
for by the number of predictors. It is given by:

AdjR− Squared = 1−
(
SSresidual/(n−m− 1)

SStotal/(n− 1)

)
(11)

Root MSE : this value is simply the standard deviation of the residuals (error term).
The formula is :

RootMSE =

√(
ϵ2

n

)
(12)

Coef. : these values represent the coefficients and the last value the constant in the equation that
links the dependent variable to the independent variables.

Std. Err. : the standard errors are errors linked to the measurements of the coefficients. They
are useful to calculate the p-value.

t : in addition to the estimated coefficients, Stata conducts a hypothesis test using the t-test to
find how each estimated coefficient is significantly different from zero.

P > |t| : With the values in this column we are going to test the null hypothesis of the statisti-
cal test. The null hypothesis for each independent variable is that they have no relationship with the
dependent variable hence, they have an estimated parameter of zero.
If p-value is less than a chosen significance level (usually 5%) I reject the null hypothesis. I cannot say
that the coefficient is equal to 0 statistically. If there is a p-value higher than 0,05 I cannot reject the
null hypothesis.

95% Conf. Interval : the last two columns represents a 95% confidence interval for the value
of the coefficient. It is a range of values in which the coefficient falls [15].
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8.4 CO2 - Results

8.4.1 Regression - 1

Figure 35: Results CO2 regression 1

Overall Model fit

The number of observations used to carry out this analysis are 184. F(4.179), which I remember
being the ratio of Mean Square Model to Mean Square Residual, has a value of 86662,01. The p-value
associated with this F value is very small (0.0000). The p-value, compared to our alpha level (0.05),
is smaller so we can conclude that the independent variables reliably predict the dependent variable.
From the results first we can see the value of R-squared that in this case is 99,95%. This indicates
that 99,95% of the variation in the dependent variable is due to the independent variables.
The Adj R-Squared in this case is equal to the R-squared.

Coefficients

If we go to increase the x coordinate and considering all the other constant variables it can be observed
that the CO2 increases by 0,0468638, on average.

As for the y-coordinate, CO2 increases on average by 0.0458846, always considering the other variables
constant.

By increasing the number of firms the level of CO2 increases by a small amount: 0,0000482.

Finally the increase in post (the data from the next period, 2010-2020) the level of the dependent
variable increase of 14,46787, on average.

t-distribution and P-test

Let’s now analyze the results of the statistical test in which the null hypothesis is that all the co-
efficients of the equation are equal to zero.
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H0 : β1 = β2 = β3 = β4 = 0 (13)

We choose 5% as significance level.

Let’s analyze the column with
P > |t|

If this probability is less than the chosen significance level then we reject the null hypothesis. We
cannot say that the coefficient is statistically equal to zero.
On the contrary, if the value in the column is greater than the significance level then we cannot reject
the null hypothesis that the coefficient is zero, the effect of the independent variable under considera-
tion on the dependent variable is not statistically significant

If the null hypothesis for the first coefficient is true (β1=0), the chances of us getting a sample ex-
treme as we did (β1=0,0468638) would be P > |t| = 0% for x, which means that we can reject the null
hypothesis of coefficient equal to zero. The coefficient has a significant effect on the dependent variable.

Considering the null hypothesis for second coefficient (β2=0), the chances of us getting a sample
extreme as we did (β2=0,0458846) would be P > |t| = 0% for y, which means that we can reject the
null hypothesis has before. CO2 is significantly affected by the y coordinate

If the null hypothesis for the third coefficient is true (β3=0), the chances of us getting a sample
extreme as we did (β3=0,0000482) would be P > |t| = 12%, in this case the value is higher than the
chosen significance level so we cannot reject the null hypothesis. The coefficient of the variable doesn’t
have significant effect on the level of CO2.

For the last coefficient if the null hypothesis is true (β4=0), the chances of us getting a sample extreme
as we did (β4=14,46787) would be P > |t| = 0%, so lower than 5%. We can reject the null hypothesis,
the coefficient is different from zero and is statistically significant.

Overall Conclusion

What this first regression analysis makes us understand is that the level of CO2 in the atmosphere
is positively influenced by the latitude and longitude of the point considered and also by the period
of time in which the measurement was made. The latter means that CO2 values have increased over
time.
The variables for which the coefficients are nonzero are: x, y and post.
Another important consideration is that the variable indicating the number of companies on the ter-
ritory does not significantly affect our dependent variable, its coefficient is zero. So in general, foreign
direct investment does not significantly affect carbon dioxide levels.
This allows us to understand that there are other factors in the area that contribute to the increase
in carbon dioxide emissions.
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8.4.2 Regression - 2

Figure 36: Results CO2 regression 2

Overall Model fit

The number of observations used to carry out this analysis are 92, half of before because in this
case I evaluated the difference in CO2 values and number of companies between two time periods for
each point.
F(1,90) has a value of 1,20. The p-value associated with this F value is higher than before (0,2769).
The p-value, compared to our alpha level is higher so we can conclude that the independent variable
do not show a statistically significant relationship with the dependent variable.
From the results first we can see the value of R-squared that in this case is 1,31%. This indicates that
only 1,31% of the variation in the dependent variable is due to the independent variables.
The Adj R-Squared in this case is equal to 0,0022.

Coefficients

If we go to increase the only independent variable it can be observed that the variation in the level of
CO2 increases by 0,0001602, on average.

t-distribution and P-test

Let’s now analyze the results of the statistical test, the null hypothesis is the same as before, the
coefficient of the equation is equal to zero, we do not consider the constant.

H0 : β1 = 0 (14)

We choose as before a 5% significance level.

Let’s analyze the column with
P > |t|

If this probability is less than the chosen significance level then we reject the null hypothesis. We
cannot say that the coefficient is statistically equal to zero.
On the contrary, if the value in the column is greater than the significance level then we cannot reject
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the null hypothesis that the coefficient is zero, the effect of the independent variable under considera-
tion on the dependent variable is not statistically significant

If the null hypothesis for the coefficient is true (β1=0), the chances of us getting a sample extreme as
we did (β1=0,0001602) would be P > |t| = 27, 7% for the variation in number of firms, which means
that we cannot reject the null hypothesis of coefficient equal to zero. The coefficient doesn’t have
significant effect on the dependent variable.

Overall Conclusion

In this second analysis I took into account the variation in the number of companies as an inde-
pendent variable while the dependent variable is the variation in the level of CO2 between the two
periods considered. The purpose of this regression is to understand whether the variation in the level
of emissions is related to the increase in the number of foreign companies on the territory.
The results show us that the variations do not depend on the increased number of companies, the
coefficient of the variable is zero.
It should also be noted that in this model the R-Squared is very low. This shows us how our indepen-
dent variable can explain a very small percentage, 1.31%, of the dependent variable.
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8.5 CO - Results

8.5.1 Regression - 1

Figure 37: Results CO regression 1

Overall Model fit

The number of observations used to carry out this analysis are 184.
F(4,179) has a value of 2,98. The p-value associated with this F value is lower than our alpha level
(0,0205). We can conclude that the independent variables show a statistically significant relationship
with the dependent variable.
From the results first we can see the value of R-squared that in this case is 6,24%. This indicates that
only 6,24% of the variation in the dependent variable is due to the independent variables.
The Adj R-Squared in this case is equal to 0,0415.

Coefficients

If we go to increase the x coordinate and considering all the other variables constant it can be observed
that the CO increases by 2,160258, on average.

As for the y-coordinate, CO increases on average by 0.5234011, always considering the other vari-
ables constant.

By increasing the number of firms the level of CO in this case decreases by a small amount of: -
0,0031253.

Finally the increase in post (the data from the next period, 2010-2020) leads to a decrease in the
level of CO of -4,777656, on average.
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t-distribution and P-test

Let’s now analyze the results of the statistical test in which the null hypothesis is that all the co-
efficients of the equation are equal to zero.

H0 : β1 = β2 = β3 = β4 = 0 (15)

We choose 5% as significance level.

Let’s analyze the column with
P > |t|

If this probability is less than the chosen significance level then we reject the null hypothesis. We
cannot say that the coefficient is statistically equal to zero.
On the contrary, if the value in the column is greater than the significance level then we cannot reject
the null hypothesis that the coefficient is zero, the effect of the independent variable under considera-
tion on the dependent variable is not statistically significant

If the null hypothesis for the first coefficient is true (β1=0), the chances of us getting a sample ex-
treme as we did (β1=2,160258) would be P > |t| = 2% for x, which means that we can reject the null
hypothesis of coefficient equal to zero. The coefficient has a significant effect on the dependent variable.

Considering the null hypothesis for second coefficient (β2=0), the chances of us getting a sample
extreme as we did (β2=0,5234011) would be P > |t| = 40, 5% for y, which means that in this case we
cannot reject the null hypothesis of coefficient β2 equal to zero. CO is not significantly affected by the
y coordinate

If the null hypothesis for the third coefficient is true (β3=0), the chances of us getting a sample
extreme as we did (β3=-0,0031253) would be P > |t| = 27, 1%, in this case the value is higher than
the chosen significance level so we cannot reject the null hypothesis. The coefficient of the variable
doesn’t have significant effect on the level of CO.

For the last coefficient if the null hypothesis is true (β4=0), the chances of us getting a sample ex-
treme as we did (β4=-4,777656) would be P > |t| = 3, 5%, so lower than 5%. We can reject the null
hypothesis, the coefficient is different from zero and is statistically significant.

Overall Conclusion

The results show us that the only variables that affect CO levels are x and post. The variable x
indicates longitude of the point taken in consideration. The variable post instead indicates the period
of time in which the measurement was made.
The dependent variable is positively influenced by longitude.
As far as post is concerned, the influence exerted on emission levels is different from CO2. In this case
the coefficient of the variable is negative and therefore a measurement of CO taken in a subsequent
period of time is lower than the first.
Here, too, foreign direct investment does not significantly change carbon monoxide levels.
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8.5.2 Regression - 2

Figure 38: Results CO regression 2

Overall Model fit

The number of observations used to carry out this analysis are 92,half of the preceding regression
as in the second analysis of CO2.
F(1,90) has a value of 1,50. The p-value associated with this F value is higher than before (0,2238).
The p-value, compared to our alpha level is higher so we can conclude that the independent variable
do not reliably predict the dependent variable.
In this case only 1,64% of the variation in the dependent variable is due to the independent variables.
The Adj R-Squared in this case is equal to 0,0055.

Coefficients

If we go to increase the only independent variable it is observed that the level of CO decreases by
-0,002635

t-distribution and P-test

Let’s now analyze the results of the statistical test, the null hypothesis is the same as before, the
coefficient of the equation is equal to zero, we do not consider the constant.

H0 : β1 = 0 (16)

We choose as before a 5% significance level.

Let’s analyze the column with
P > |t|

If this probability is less than the chosen significance level then we reject the null hypothesis. We
cannot say that the coefficient is statistically equal to zero.
On the contrary, if the value in the column is greater than the significance level then we cannot reject
the null hypothesis that the coefficient is zero, the effect of the independent variable under considera-
tion on the dependent variable is not statistically significant

If the null hypothesis for the coefficient is true (β1=0), the chances of us getting a sample extreme as
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we did (β1=-0,002635) would be P > |t| = 22, 4% for the variation in number of firms, which means
that we cannot reject the null hypothesis of coefficient equal to zero. The coefficient doesn’t have
significant effect on the dependent variable.

Overall Conclusion

Also for this case the overall conclusion is that the variation of CO does not depend on the varia-
tion in the number of firms present in the territory.
Therefore, an increase in FDI with a consequent increase in industrial plants does not entail significant
changes in the dependent variable.
Only 1.64% of the variation of the independent variable is due to the variation in the number of firms.
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8.5.3 Regression - 3

Figure 39: Results CO regression 3 - Sectors

Overall Model fit

The number of observations used to carry out this analysis are 184.
F(9,174) has a value of 3,22. The p-value associated with this F value is lower than our alpha level
because in this analysis is 0,0012. We can conclude that the independent variables show a statistically
significant relationship with the dependent variable.
The R-squared of this regression is 6,24%. Only 6,24% of the variation in the dependent variable is
due to the independent variables.
The Adj R-Squared in this case is much lower than R-squared and equal to 0,0984.

Coefficients

The post coefficient is negative and this indicates that CO levels in the second period are lower
than the previous ones

If we go to increase the Agriculture and considering all the other constant variables it can be ob-
served that the CO increases by 0,7228493, on average.

As for the Construction coefficient, CO decreases on average by -1,534573, always considering the
other variables constant.

Increasing the export activities the level of CO increases by 1,337263.

The increase in General Trading lead to an increase in the level of the dependent variable of 0,609369,
on average.
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An increase in the Liason activities entail, considering all the other variables constant, an increase
in CO of 0,9002853, on average.

Manufacturing activities lead to an increase in the level of CO by a factor of: 0,5191042.

Instead, always considering all the other constant variables, services and tourism decrease CO by
-0,4754022 and -1,310829 respectively.

t-distribution and P-test

Let’s now analyze the results of the statistical test in which the null hypothesis is that all the co-
efficients of the equation are equal to zero.

H0 : β1 = β2 = β3 = β4 = β5 = β6 = β7 = β8 = β9 = 0 (17)

We choose 5% as significance level.

Let’s analyze the column with
P > |t|

If this probability is less than the chosen significance level then we reject the null hypothesis. We
cannot say that the coefficient is statistically equal to zero.
On the contrary, if the value in the column is greater than the significance level then we cannot reject
the null hypothesis that the coefficient is zero, the effect of the independent variable under considera-
tion on the dependent variable is not statistically significant

If the null hypothesis for the first coefficient is true (β1=0), the chances of us getting a sample extreme
as we did (β1=-4,936116) would be P > |t| = 2, 7%, in this case the value is lower than the chosen
significance level so we can reject the null hypothesis. The coefficient of the variable have a significant
effect on the level of CO.

If the null hypothesis for the second coefficient is true (β2=0), the chances of us getting a sample
extreme as we did (β2=0,7228493) would be P > |t| = 15, 3% for Agriculture, which means that we
cannot reject the null hypothesis of coefficient equal to zero. The coefficient doesn’t have a significant
effect on the dependent variable.

Considering the null hypothesis for third coefficient (β3=0), the chances of us getting a sample extreme
as we did (β3=-1,534573) would be P > |t| = 21, 6% for Construction, which means that we cannot
reject the null hypothesis has before. CO is not significantly affected.

If the null hypothesis for the export coefficient is true (β4=0), the chances of us getting a sample
extreme as we did (β4=1,337263) would be P > |t| = 11%,also in this case the value is higher than
the chosen significance level so we cannot reject the null hypothesis. The coefficient of the variable
doesn’t have significant effect on the level of CO.

For General Trading coefficient if the null hypothesis is true (β5=0), the chances of us getting a
sample extreme as we did (β5=0,609369) would be P > |t| = 29, 1%, so higher than 5%. We cannot
reject the null hypothesis, the coefficient can be zero and is not statistically significant.

If the null hypothesis for the sixth coefficient is true (β6=0), the chances of us getting a sample
extreme as we did (β6=0,9002853) would be P > |t| = 63, 9% for Liason, this means that we cannot
reject the null hypothesis. The coefficient is not statistically significant.

Considering the null hypothesis: (β7=0), the chances of us getting a sample extreme as we did
(β7=0,5191042) would be P > |t| = 19, 2% for Manufacturing, also for this sector we cannot re-
ject the null hypothesis. CO is not significantly affected.
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If the null hypothesis (β8=0) is true, the chances of us getting a sample extreme as we did (β8=-
0,4754022) would be P > |t| = 29, 9%. The value is higher than the chosen significance level so we
cannot reject the null hypothesis. The coefficient of the variable is not statistically significant.

For the last sector, Tourism, if the null hypothesis is true (β9=0), the chances of us getting a sample
extreme as we did (β9=-1,310829) would be P > |t| = 1%, so lower than 5%. We can reject the null
hypothesis, the coefficient cannot be zero and is statistically significant.

Overall Conclusion

In this analysis I went into more detail by dividing the number of companies in the area by sector.
The aim of this work is to observe whether segmentation into sectors can offer us more information on
the correlation with CO emission levels.
The first observation concerns the post variable which, as in the case without the division into sectors,
is statistically significant and negatively affects CO levels over time, as explained in regression number
1.
The second observation concerns the sector variables and it can be noted that only the independent
variable relating to the tourism sector has a statistically significant influence on the independent vari-
able. Here, too, the influence is negative, so an increase in the number of companies involved in tourism
leads to a decrease in the value of CO in the atmosphere.
Compared to regression number 1, the value of R-squared has grown so it seems that the inclusion of
these new regressors can explain a higher percentage of the dependent variable but despite this there
is no evidence that the level of CO is influenced by foreign direct investments and the increase in the
Adj R-squared is not so high with respect to the first regression on CO.
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8.5.4 Regression - 4

Figure 40: Results CO regression 4 - Sectors

Overall Model fit

Also in this last regression the number of observation are 92,half of the preceding.
F(8,83) has a value of 0,87. The p-value associated with this F value is higher than before (0,5458).
The p-value, compared to our alpha level is higher so we can conclude that the independent variable
do not reliably predict the dependent variable.
The R-squared value is 7,73%.
The Adj R-Squared in this case is negative and equal to -0,0116.

Coefficients

If we go to increase the difference in Agriculture’s firms and considering all the other constant variables
it can be observed that the variation in CO decreases by -0,5047995, on average.

As for the Construction coefficient,the variation in the level of CO decreases on average by -0,5225102,
always considering the other variables constant.

Increasing the export activities in the second time period causes a variation in the level of CO of
0,8360792.

The increase in General Trading firms lead to an increase of the dependent variable of 0,0394703,
on average.

An increase in the Liason activities entail, considering all the other variables constant, an increase
in the variation of CO of 0,3920008, on average.

Manufacturing activities lead to a decrease in the level of CO by a factor of: -0,2011456.
Instead, always considering all the other constant variables, an increase in the services activities lead
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to an increase of the dependent variable of 0,0653349. Instead the tourism leads to a decrease of CO
of -0,1084834.

t-distribution and P-test

Let’s now analyze the results of the statistical test in which the null hypothesis is that all the co-
efficients of the equation are equal to zero.

H0 : β1 = β2 = β3 = β4 = β5 = β6 = β7 = β8 = 0 (18)

We choose 5% as significance level.

Let’s analyze the column with
P > |t|

If this probability is less than the chosen significance level then we reject the null hypothesis. We
cannot say that the coefficient is statistically equal to zero.
On the contrary, if the value in the column is greater than the significance level then we cannot reject
the null hypothesis that the coefficient is zero, the effect of the independent variable under considera-
tion on the dependent variable is not statistically significant

If the null hypothesis for the first coefficient is true (β1=0), the chances of us getting a sample extreme
as we did (β1=-0,5047995) would be P > |t| = 21, 4% for Agriculture, which means that we cannot
reject the null hypothesis of coefficient equal to zero. The coefficient doesn’t have a significant effect
on the dependent variable.

Considering the null hypothesis for second coefficient (β2=0), the chances of us getting a sample
extreme as we did (β2=-0,5225102) would be P > |t| = 49, 1% for Construction, which means that we
cannot reject the null hypothesis has before. The variation of CO is not significantly affected.

If the null hypothesis for the third coefficient is true (β3=0), the chances of us getting a sample
extreme as we did (β3=0,8360792) would be P > |t| = 35, 6%,also in this case the value is higher than
the chosen significance level so we cannot reject the null hypothesis. The coefficient of the variable
doesn’t have significant effect on the level of CO.

For General Trading coefficient if the null hypothesis is true (β4=0), the chances of us getting a
sample extreme as we did (β4=0,0394703) would be P > |t| = 89, 6%, so higher than 5%. We cannot
reject the null hypothesis, the coefficient can be zero and is not statistically significant.

If the null hypothesis for the first coefficient is true (β5=0), the chances of us getting a sample extreme
as we did (β5=0,3920008) would be P > |t| = 50% for Liason, this means that we cannot reject the
null hypothesis. The coefficient is not statistically significant.

Considering the null hypothesis: (β6=0), the chances of us getting a sample extreme as we did (β6=-
0,2011456) would be P > |t| = 27% for Manufacturing, also for this sector we cannot reject the null
hypothesis.The variation in CO is not significantly affected.

If the null hypothesis: (β7=0) is true , the chances of us getting a sample extreme as we did
(β7=0,0653349) would be P > |t| = 78, 3%. The value is higher than the chosen significance level
so we cannot reject the null hypothesis. The coefficient of the variable is not statistically significant.

For the last sector, Tourism, if the null hypothesis is true (β8=0), the chances of us getting a sample
extreme as we did (β8=-0,1084834) would be P > |t| = 89, 2%, so higher than 5%. We cannot reject
the null hypothesis, the coefficient can be zero and is not statistically significant.
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Overall Conclusion

In the latter case I went to insert as further regressors the variation over time in the number of
companies for each sector.
Looking at the results of the regression we understand that no variable is statistically significant.
So changes in CO levels over time are not significantly affected by the change in the number of com-
panies.
Also here compared to regression number 2 the value of R-squared has increased but even in this more
detailed case we have some evidence of correlation between emissions and number of companies. The
Adj R-squared in this case has a value that is lower with respect to regression 2 and is negative.
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9 Conclusion

Foreign direct investments can have significant economic importance for the host country, It attracts
new possible investors, allows an increase in jobs and a generalized increase in the wealth of the country.

As far as the environment is concerned, the effects of foreign direct investment are not always positive.
Some countries deliberately do not include regulations regarding emission levels and environmental
protection to attract more investors.

In the specific case of this study we analyzed how Ghana attracts more and more foreign investors as
can be seen from the increase in the number of foreign companies located on the territory, especially
in the southern part of the country.

But how is the environment affected by these investments?
Through the regression analysis we went to study the change in the levels of carbon monoxide and
carbon dioxide emissions in relation to the change in the number of foreign companies on the territory.
As far as carbon dioxide is concerned, we have found that it is not significantly influenced by the
number of companies in the area.
Instead, as we can see in figure 36 the variable that influences the level of CO2 is post. This variable
takes into account the period in which the data were collected, first period 2000-2010, second period
2011-2020. So the CO2 levels in the second period considered are higher. We also observed that there
is no correlation between the change in CO2 levels and the variation in the number of companies
between the first and second period of time.

For carbon monoxide we can draw the same conclusions as before. The only variable that influences CO
significantly is post with the difference that in this case the influence is negative. CO values decrease
between the first and second period of time. The conclusion of the analysis on the sectors of the com-
panies present in the territory was that no sector significantly affects the level of CO in the atmosphere.

From our study we can conclude that in Ghana foreign direct investments have no significant en-
vironmental effects. Nothing seen in this work supports the pollution haven hypothesis.
However as our world continues to deal with the challenges of a globalized economy and environmental
degradation, it is imperative to approach FDI with a clear understanding of its potential impacts.

While FDI can contribute to environmental improvements through the transfer of cleaner technologies,
enhanced resource efficiency, and increased environmental awareness, it can also exert adverse pressures
on the environment. Issues such as increased resource consumption, pollution, habitat degradation,
and even displacement of local communities highlight the potential negative externalities of FDI.

In order to promote responsible environmental practices within various industries, it is imperative for
governments both in home and host country to work together. This collaboration aims to eliminate
counterproductive and wasteful competition that revolves around reducing environmental benchmarks.
This objective calls for a comprehensive global structure for investment connections. This structure
involves reaching consensus on established guidelines for overseeing the environmental aspects of For-
eign Direct Investment (FDI).
It also encompasses defining the boundaries of impartial treatment at the national level, placing con-
straints on financial incentives associated with FDI, and amplifying international support for fostering
and upholding the capacity for regulatory measures. The attainment of ecological stability relies on
being part of a more extensive framework of economic administration. This framework should uphold
and enhance fundamental human and labor rights, as well as facilitate sound market management.

In conclusion, in Ghana emissions are not affected by the change in the number of companies on
the territory, the effects of foreign direct investments are not significant in terms of pollution. How-
ever, these investments must always be evaluated in detail to understand all possible environmental
consequences with the aim of promoting the exchange of cleaner technologies.
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