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Abstract: The aspiration of this study was to examine the impact of foreign direct investments
(FDI) and economic growth on environmental degradation in the Balkans for the period 1998–2019.
Balkan countries were classified into two groups, high income countries (HIC) and upper-middle
income countries (UMIC). Thus, two hypotheses have been set. The effect of FDI on environmental
degradation was observed through pollution haven hypothesis (PHH). To examine that connection,
we used Pearson correlation for all countries, HIC and UMIC. Furthermore, the impact of economic
growth on environmental degradation was tested through the environmental Kuznets curve (EKC)
hypothesis. For that purpose, polynomial linear regression was applied. In order to examine the
dependence of environmental degradation in relation to all predictors in the model, a multivariate
linear regression was used. PHH was confirmed in Serbia, Albania, Croatia, Romania, and Bulgaria,
the Balkans as a whole, and HIC, and the EKC hypothesis was rejected. This paper represents a
contribution to a very scarce number of studies regarding the impact of FDI and economic growth on
the environment in the Balkans, as a whole. The results of this study can be useful to policy makers
in the terms of inducting stricter environmental rules.

Keywords: foreign direct investments; environmental degradation; pollution haven; environmental
Kuznets curve; Pearson correlation; polynomial linear regression; multivariate linear regression

1. Introduction

The tendencies of many countries towards economic progress, which involves attract-
ing foreign direct investments (FDI), are often in conflict with increasingly demanding
requirements for pollution control at both local and global levels. Achieving the balance
between these tendencies has become an area of growing concern to ecological economists
and it has been particularly intensified in the countries that do not traditionally export
their capital, that is, countries that do not accumulate enough financial capital for domestic
investments. There is a large number of researches that have dealt with the issue of FDI
and their impact on economic growth. Most studies have shown a positive and significant
link between FDI and economic growth [1–5]. Thus, it can be assumed that FDI growth
significantly contributes to the growth of the country’s GDP. The question of importance
for this paper is whether both mentioned economic parameters have an impact on the CO2
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emissions growth. Wang and Luo [6] addressed the impact of FDI on environmental degra-
dation and concluded that the level of government involvement, economic development,
and optimization of industrial structure contribute to improving environmental quality,
while FDI intensifies environmental degradation.

FDI has a broad range of definitions, such as “net inflows or outflows as a percentage
of GDP”, “limited foreign capital”, and the like, and one of them is that FDIs are a form of
capital transfer, in which case an owner of the capital (foreign investor) invests the capital
in the host country (foreign company) so that the foreign company can become an integral
part of the economy of the country from which the capital is invested, proportionally to the
funds invested by the foreign investor [7]. It is assumed that these investments are directed
from the countries with a surplus of free capital and shortage in the cheap labor force to
the countries with less free capital and an abundance of cheap labor. However, the reality
is completely different and it is the most developed countries in the world that have the
highest FDI inflow [8], which is not surprising because those countries are characterized
by good infrastructure, stable political and legal system, high standard of living, open
market, etc. On the other hand, it is easier to define GDP. Thus, GDP is a widely used
measurement of economic growth and it represents the market value of all final goods and
services produced by a country within a given period of time [9]. It is the most important
macroeconomic variable, indicates the state of an economy and measures the economic
strength of a country [10].

Domestic and foreign economic activities that drive economic growth and devel-
opment contribute to environmental pollution because they produce greenhouse gases
(GHGs) emissions [11] which have negatively affect global warming. The most well-known
GHGs are carbon dioxide (CO2), which is a result of burning fossil fuels, methane (CH4)
that is mainly produced due to livestock farming, nitrogen dioxide (NO2) resulting mainly
from some industrial processes, the application of nitrogen fertilizers, as well as the com-
bustion of fossil fuels, hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride (SF6),
which are artificial gases. Given CO2’s causal influence on ecological degradation [12–14],
scientists in the field of ecological economics very often refer to it as a representative of
GHGs in scientific research.

The goal of this paper is to study the impact of FDI and GDP on CO2 emissions, which
has been quite neglected in the world and especially in such a closely related group of
countries in the Balkans. In order to achieve this goal, our paper deals with several issues.

The first objective was to analyze the impact of FDI on CO2 emissions in ten Balkan
countries to find out if PHH that often appears as a subject of verification in scientific eco-
logical literature is valid for the Balkan countries. The Balkan countries are economically,
culturally, and spatially connected. In addition, all of them have a GDP per capita that is
below the European average [15], and all of them see the key to their economic growth in
FDI. According to the latest United Nations Commission for Trade and Development’s
(UNCTAD) classification [16], Slovenia, Croatia, Greece, Bulgaria and Romania are the EU
Member States and belong to the group of developed economies. On the other hand, the
following five countries: Serbia, Albania, Montenegro, and Northern Macedonia are candi-
dates for EU membership while Bosnia and Herzegovina is a potential candidate, and this
is why the United Nations (UN) has classified these five countries as transition economies.

The second objective was to test the environmental Kuznets curve (EKC) hypothesis,
which is also widely accepted in the literature on environmental economics, in order to
determine the nature of the relationship between GDP and CO2 emissions on the example
of the previously mentioned countries. The World Bank no longer classifies economies as
‘developed’ or ‘developing’, but classifies them based on their income level [17].

Bearing in mind the above mentioned and taking into account that Balkan countries
are not equally developed, we have used the official classification presented by the World
Bank, which is also the focus of our attention in this paper, when presenting the summary
review of CO2 emission per capita in them as well as throughout the manuscript. According
to this classification, Romania, Croatia, Greece, and Slovenia are high income countries
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(HIC), while Bulgaria, Serbia, Montenegro, Bosnia and Herzegovina, and North Macedonia
are upper-middle income countries (UMIC).

The rest of the study is arranged as follows. The second part provides an overview of
the relevant literature with hypotheses. The third part presents an overview of the FDIs
and environmental pollution in the observed countries as well as the summarized data on
environmental degradation with respect to the income groups. The fourth part explains
the methodology, and its subsections include the model, data, variables, data analysis, and
results. The fifth part includes a discussion, and the conclusion and suggestions are given
in the last part.

2. Literature Review and Hypotheses

This part of the paper offers insight into the relevant existing scientific research focused
on the relationship between FDI, economic growth, and environmental degradation. It
also contains the literature concerning energy consumption (EC) using the examples of the
Balkan and non-Balkan countries.

The results of empirical research concerning the debate over whether foreign investors
contribute to the creation of pollution halos or pollution havens in host countries are mixed
and often contradictory. Since the world market has become a ‘global village’, more fierce
is the competition between MNCs, which, due to strict environmental regulations and high
costs of pollution, often ’flee’ to countries with less stringent regulations and costs and bring
numerous benefits and spread negative effects on the environment to the host countries [18].
However, foreign investors can also bring about positive effects in the host countries in
terms of pollution reduction. These two phenomena are known in environmental literature
as pollution haven and pollution halo hypotheses [19]. Contrary to many critical attitudes
towards FDI and their negative impact on sustainable development and environmental
protection, neoliberal economists claim that MNCs contribute to sustainable development
as they appear as the creators and owners of modern and cleaner technology [20].

Thus, many authors [21–24] have found evidence for the pollution halo hypothesis
in different countries. On the other hand, there are a large number of studies [25–29] that
confirm the existence of the pollution haven hypothesis (PHH) in the observed countries.
Moreover, there are studies in which both hypotheses have been confirmed. This way,
for example, research conducted by Solarin and Al-mulali [30] found that FDI helped
in reducing environmental degradation in developed countries (pollution halos), and
encouraged it in developing countries (pollution havens).

Alshubiri and Elhedad [31] showed that the link between foreign finance and environ-
mental quality was inverted U-shaped in OECD countries. Therefore, the initial impact
of foreign finance was negative but after a certain point, the observed indicators affected
the reduction in CO2 emission. Marques and Caetano [32] observed 21 countries with
Greece classified in the high-income group, and Bulgaria, Croatia, and Romania classified
in the middle-income group and concluded that FDI contributed to the reduction in CO2
emission in high-income countries, and in middle-income countries the situation was more
complex. In these countries, FDIs first produced the pollution haven effect, but in the long
run, they reduced the CO2 emissions. They indicated the ability of countries to adopt new
technologies brought by foreign investors as a key factor in reducing degradation.

Therefore, between these two contradictory hypotheses, we prefer the pollution haven
when it comes to the Balkans. Thus, we can anticipate:

Hypothesis (H1). Pollution haven hypothesis (PHH): As FDIs increase, CO2 emissions in the host
country also increase (investors from countries with strong legislation in the field of environmental
protection seek shelter in the countries with weaker legislation).

The relationship between the economic progress of countries and CO2 emission has
long been a focus of attention in economics, and the results of the research are not always
explicit. For example, Chang [33] concluded that China’s economic growth affected the
increase in CO2 emissions. Sallahudin and Gow [34] found no significant relationship
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between economic growth and CO2 emissions in Gulf Cooperation Council countries,
which was not surprising given the fact that the economy of these countries is mostly based
on the export of oil and natural gas, which does not cause GHG emission. Li et al. [35] used
the example of post-capitalist countries such as Romania and Bulgaria to show that with the
increase in GDP, CO2 emission will also increase. Hatzigeorgiou et al. [36] found that GDP
Granger-caused CO2 emissions in Greece. The research conducted by Mitić et al. [37] in 17
transition countries showed that there was a long-run cointegrated relationship between
CO2 emission and GDP. Petrović et al. [38] confirmed that there was a positive effect of
population, GDP per capita, and energy intensity on CO2 emission in the EU countries,
that is, that the economic growth increased pollution in the short run.

The already mentioned EKC hypothesis explains the connection between economic
growth, most commonly expressed as GDP per capita, and the deterioration of the envi-
ronment, most often expressed as CO2 emissions. Kuznets [39] originally developed the
hypothesis of the existence of an inverted U-shaped linkage between income inequality and
economic growth. Over time, environmental economists upgraded this original hypothesis
into a new one, known as the EKC hypothesis, which emerged in the early 1990s with a
study by Grossman and Krueger [40]. The model consists of the following—in the first
phase of the GDP per capita growth, CO2 emission also increases to a certain level (turning
point), and then, with the further growth in GDP per capita, CO2 emission starts decreasing,
which is shown in the Figure 1. Until the turning point is reached, the economy of the
country is pre-industrial, which means that the country is at a low-income level. After
reaching the turning point, the economy of the country is characterized as industrial which
means that it is at a middle-income level, and after that, the economy is post-industrial,
that is, at a high-income level.
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The results of EKC hypothesis tests vary. Some studies confirmed the hypothesis [28,41–43],
while others did not find evidence to support it [22,44,45]. Furthermore, Mor and Jindal [46]
showed that in the case of Greece and Slovenia, there was an inverted U-shaped connection,
which means that the EKC hypothesis was proven for these two countries with a maximum
turning point, while it was rejected in the case of Romania, Croatia, and Bulgaria. Contrary
to this finding, Shahbaz et al. [47] confirmed the EKC hypothesis for Romania, and Kotroni
et al. [48] rejected the EKC hypothesis for Greece. The results of the research showed the
existence of U-shaped connections. Bozoklu et al. [49] did not determine the existence
of a significant relationship between GDP per capita and CO2 emissions in Greece and
concluded that the EKC hypothesis should not be relied upon and that we should not
expect that economic growth would reduce pollution by itself. Mitić et al. [50] conducted a
research that was, to their knowledge, a rarely studied subject but similar to ours. They
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investigated the relationship between CO2, industry, services, and gross fixed capital
formation on the example of 9 Balkan countries (Albania, Bulgaria, Croatia, Greece, North
Macedonia, Romania, Serbia, Slovenia, and Turkey). Their research showed that industry
and gross fixed capital formation caused CO2 emissions, while services did not.

Hence, our intention is to test the stated hypothesis on the example of the Balkans:

Hypothesis (H2). EKC hypothesis: there is an inverse U-shaped link between GDP per capita
and CO2 emissions i.e., with the growth of GDP per capita, CO2 emissions also increase to a
certain point (turning point) after which the growth of GDP per capita leads to a reduction of
CO2 emissions.

Although the energy sector has been considered to be very important for the social
and economic development of a country, rapid globalization and economic growth lead to
an increase in energy need, as well as in energy demand, thus creating a double problem:
(i) energy supply at national level, and (ii) environmental pollution as a consequence of
EC. Numerous studies have discovered a significant relationship between EC and CO2
emission [44,51,52].

Sustainable development as a concordant relationship between economy and ecology,
strives to preserve the natural wealth of the planet in order to maintain it for future
generagions [53]. Thus, Ślusarczyk & Kot [54] in their article discuss about a environmental
solution adopted in Poland, wich refers to raising public awarness of the importance of
reducing the usage of raw materials from non-renewable energy sources, such as oil found
in fossil fuels, which is most commonly used in plastic bags production. Hussain et al. [55]
conducted a study on a sample of major ASEAN (Association of Southeast Asian Nations)
states, using a new neuro-fuzzy methodology, and concluded that there is a significant
positive correlation between globalization and financial development and energy intensity.
In addition to the usual renewable resources, countries need to move towards the use of
innovative, hybrid renewable energy systems, in order to increase the share of renewable
energy in the total energy sector [56].

The importance of renewable EC in relation to non-renewable EC, especially today,
has been proven by numerous studies [57–60] which have determined that that renewable
EC has an effect on the reduction of CO2 emissions. As the assumption is that EC is closely
related to CO2 emissions, EC is taken as a control variable in our paper.

The classification of countries based on income groups has always been strongly
related to CO2 emissions per capita [61]. Thus, Padilla and Serrano [62] analyzed CO2
emissions inequality in over a hundred selected countries around the world. The authors
classified the observed countries according to the official World Bank classification into
high income, middle income (upper and lower), and low income countries. The countries
of ex-Yugoslavia (Bosnia and Herzegovina, Croatia, North Macedonia, Montenegro, Serbia,
and Slovenia) were among MIC countries, and Greece was among HIC countries. The
decline in CO2 emission inequality per capita was mainly the result of the decline in
inequality within certain income groups, which is especially related to the MICs.

3. Carbon Emissions in the Balkans and an Overview of the Situation and Trends of
Foreign Investments

Balkan countries are most certainly on their way to economic prosperity and envi-
ronmental sustainability, but it is still a rocky road. Poverty, unresolved political issues,
imprecise laws in the field of environmental protection, brain drain and alike are just some
of the problems that these countries are facing. There was an improvement in economic
performances of the Balkan countries two decades ago and the international community
improved its policy towards them in terms of trade, various aid programs, and opportuni-
ties for membership in the European Union. These countries believe that FDI is a chance to
achieve economic growth, which is why they compete to attract as many foreign investors
as possible. At the same time, the environmental situation is not as expected. The trends
of foreign investment inflows are quite uneven, which can be seen in Figure 2, and the
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situation is the same in the case of CO2 emissions trends, although they seem to be more
uniform, as presented in Figure 3.
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Two decades ago, Serbia could not be complimented on a large number of foreign
investors who were willing to invest in it. Not before 2002 has there been a growing trend
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of FDI inflows, and in 2006 this inflow was the largest, 13.10% of GDP, but in 2011 and
onwards, a declining trend has been noted. FDI inflows in Albania have been quite uneven,
with frequent tendencies to rise and fall. The largest amount of FDI inflows was recorded
in 2009, 11.20% of GDP, while in 2008 and 2010, a significant increase of the inflows was
recorded. As far as FDI inflows are concerned, there were slight ups and downs in Bosnia
and Herzegovina until 2007, when FDI inflows were as high as 11.70% of GDP. After 2007,
FDI inflows dropped significantly to as much as 0.80% of GDP in 2009, and after that,
the growth trend was recorded again with mild declines. In Croatia, FDI inflows in 1998
amounted to 3.90% of GDP, in 2007, they reached the highest value of 7.70% of GDP, and
after that, there was a downward trend with occasional growth. In 2001, North Macedonia
recorded a three times higher increase in FDI inflows compared to 1998, as much as 12.70%
of GDP, as well as a sharp decline of about 25 times less until 2014 when the value of FDI
inflows was only 0.50% of GDP, which means that the country’s economy has not recovered
yet from the sharp decline, and the authorities should try to attract more foreign investors
through various measures and programs. Compared to other Balkan countries, Greece has
had a weak FDI inflow. From 1998 to 2002, there was almost no inflow of FDI, followed by
an increase in inflows until 2006, when the largest inflow of FDI, 2% of GDP, was recorded,
followed by a decline with occasional mild growth. The FDI inflow in Romania was the
highest in 2006, 9% of GDP, and by 2014 this amount significantly reduced to 1.90% of GDP,
which was almost five times less than in 2006. From 1998 to 2007, the level of FDI inflows in
Bulgaria increased almost nine times to as much as 31.20% of GDP, and from 2007 to 2014,
it decreased by about 16 times to only 1.90% of GDP, which is a sharp decline. From 1998
to 2005, FDI inflows in Montenegro were negligible compared to the years that followed,
which is not surprising given its separation from Serbia in 2006. As an independent state,
Montenegro managed to attract most foreign investors and thus became the leader in FDI
inflows in the region. This country had a record inflow of FDI in 2009, 37.30% of GDP, and
by 2014, that amount dropped to 10.80% of GDP, which was again excellent compared to
the countries in the region. Until 2002, Slovenia did not have significant FDI inflows, and
in 2002, this inflow increased to 7.90% of GDP, which was almost eight times higher than
in 1998. This was followed by a downward trend in FDI so that in 2009 FDI inflows were
negative, −0.70% of GDP. After a sharp drop in FDI inflows, the country’s economy began
to recover, recording larger but not very significant FDI inflows.

Serbia is one of the most polluted Balkan countries. The trend of CO2 emissions since
1998 has recorded steady growth with occasional declines. The largest increase in CO2
emissions was recorded in 2006, as much as 7.10 metric tons per capita, and after that, a
mild downward trend has been observed. The trend of CO2 emissions in Albania is almost
steady and slightly increasing. From 2003 to 2009, CO2 emissions amounted to 1.30 metric
tons per capita, and since 2009 the trend has been slightly growing. Until 2011, the trend of
CO2 emissions in Bosnia and Herzegovina was upward, when the highest CO2 emission
in that country was recorded (6.30 metric tons per capita), followed by a slight decline to
5.90 metric tons per capita, then again by a slight increase in 2013 and a decline in 2014.
From 1998 to 2000, as well as from 2012 to 2014, CO2 emissions in Croatia were less than
4 metric tons per capita, while the amount of emission from 2001 to 2011 was higher than
4 metric tons per capita, and the highest in 2007. The CO2 emissions in North Macedonia,
from 1998 to 2012, were more than 4 metric tons per capita, while in 2013 and 2014, there
was a significant decline to 3.80 and 3.60 metric tons per capita, so authorities should take
into account their environmental situation. Just like Serbia, Greece is a country with a high
level of pollution and one of the largest emitters of CO2 in the world. The highest level
of CO2 emissions in this country was recorded in 2007 (as much as 8.90 metric tons per
capita) when it was followed by a downward trend. It can be presumed that the problems
of environmental pollution in Greece are not so much related to foreign pollutants as to the
environmental problems of the country itself. Also, it is probable that since this country
is a popular tourist destination and vehicles that emit toxic gases are the main source of
transport, air quality in this country is very poor. From 1999 to 2000, from 2009 to 2010, as
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well as from 2012 to 2014, the level of CO2 emissions in Romania was below 4 metric tons
per capita, while in 2011 the level of emissions was 4 metric tons per capita, and in 1998, as
well as from 2001 to 2008, the level of these emissions rocketed to over 4, with the highest
recorded value in 2003 and 2006 (4.50 metric tons per capita). From 1999 to 2002, in 2004,
2009, from 2014 to 2015, the amount of CO2 emissions in Bulgaria was below 6 metric tons
per capita, while in 2007 the highest amount of these emissions was recorded, as much as
6.80 metric tons per capita. Montenegro recorded the highest level of CO2 emissions in
2004, 7 metric tons per capita, but the adoption of environmental laws helped to reduce
significantly the level of emissions to 3.40 in 2014. Given the high inflow of FDI compared
to CO2 emissions, Montenegro rightly took the title of an ecological state in the region.
Slovenia is similar to Serbia and Greece, a highly polluted Balkan country. The highest
amount of CO2 emissions was recorded in 2008, as much as 8.30 metric tons per capita,
while from 1998 to 2008 and from 2008 to 2012, this amount was below 8 metric tons per
capita, and in 2014, it reduced to 6.20 metric tons per capita.

In order to see the average of CO2 emissions per capita in the HIC group and in the
MIC group, the average of CO2 emissions for both groups is shown in the Figure 4.
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The highest value of average CO2 emissions per capita in HIC was reached in 2007,
with 6.48 metric tons, with occasional oscillations in values from 1998 to 2007. Constant
growth was recorded from 2005 to 2007, after which the values oscillated. A significant
decline occurred in 2018 when the lowest value was recorded, given that in 2017 the value
was almost 5 metric tons and then dropped to 3.05 metric tons. Compared to HIC, the
situation was somewhat different in UMIC. Constant growth was recorded from 2000 to
2004, and after a slight decline, there was again a constant growth from 2006 to 2008. After
that, the values oscillated. The highest value was recorded in 2011, in the amount of almost
5 metric tons, while the lowest value in 1999 was around 3.57 metric tons.

4. Data and Methodology
4.1. The Model

Almost all EKC scientific studies use functional forms in which the results can be
evaluated given the presence or absence of a turning point and the significance of its
parameters [63], and standard EKC regression model usually has the following form in the
literature (Equation (1)):

ln(EDit) = αi + γt + β1ln(Yit) + β2(ln(Yit))
2 + βkln(Zit) + εit (1)
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where i (i = 1, 2, . . . , m) is the location index (country, region, etc.), t (t = 1, 2, . . . , n) time
index, ED ecological degradation (dependent-variable), αi fixed location-specific effect, γt
fixed time effect, εit measurement error, Y economic growth per capita, Z other variables
(e.g., investments, trade, imports, exports, population density, etc.), β1 is the regression
coefficient that stands next to the independent-variable Y, β2 is the regression coefficient
that stands next to the independent-variable square Y, and βk is the regression coefficient
standing next to the independent-variable Z.

4.2. Data and Variables

The data for this study were collected from the website of the World Bank (World
Bank—World Development Indicators) and the International Energy Agency (IEA) for the
period from 1998 to 2019, on a sample of ten Balkan countries (Serbia, Albania, Bosnia and
Herzegovina, Croatia, North Macedonia, Greece, Romania, Bulgaria, Montenegro, and
Slovenia). Currently, the World Bank classifies all countries into four income groups: high,
upper-middle, lower-middle, and low, and Gross National Income (GNI) per capita is used
as a measure of income [64]. GNI per capita is expressed in US$ and converted from local
currency using the official WB Atlas method. According to the official classification of
the World Bank, all observed countries are classified on an annual basis (US$), into two
categories (the table for this classification is given in the Appendix A—Table A1):

(i) HIC: Croatia, Greece, Romania and Slovenia, and
(ii) UMIC: Serbia, Albania, Bosnia and Herzegovina, North Macedonia, Bulgaria, and

Montenegro, given that none of the observed Balkan countries belongs to lower-
middle or low-income categories.

In this study, the above-mentioned square model (1) will be used in the following form:

ln(CO2it) = β0i + β1iln(GDPit) + β2i(ln(GDPit))
2 + β3iln(FDIit) + β4iln(ECit) + εit (2)

where β0i = αi + γt .
CO2 will be taken as a dependent variable in the model as it is the most significant

representative of ecological degradation. As the gross domestic product (GDP) is most
responsible for the economic growth of a country, it will be taken as a proxy for economic
growth, per capita. Thus, the independent variables in the model are GDP per capita, the
square of GDP per capita, and net inflows of FDI. The control variable in the model will be
the EC per capita since it is considered the largest cause of CO2 emissions [22,25]. Table 1
gives definitions of variables with their sources.

Table 1. Definitions of variables, type, and data sources.

Variable Definition Unit Type Source

CO2 CO2 emissions per capita Metric tones Dependent IEA
GDP GDP per capita (constant 2010) $US (Dollar) Independent WB
GDP2 Square of GDP per capita $US (Dollar) Independent WB
FDI Share of FDI in GDP % (percent) Independent WB
EC EC per capita Kg of oil equivalent Control IEA

All data were transformed into natural logarithms to eliminate the influence of het-
eroskedasticity and reduce the influence of data fluctuation [65]. For GDP per capita and
FDI variables, all data by years were available for all countries. However, for CO2 and EC
variables, data for individual years were not available and it was done without them, so
the number of observations was not constantly 22. For statistical data processing, Statistica,
R, and Microsoft Excel software packages were used.

4.3. Data Analysis and Results

The use of multivariate regression analysis of panels of data has a long tradition in the
social and behavioral sciences. However, not enough attention has been paid to this analysis
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in the literature, and the number of studies using it for data panel analysis is small [66]. The
above-mentioned multivariate regression model (2) was used for this study to examine the
effect of independent variables (GDP, GDP2, FDI, and EC) on the dependent variable (CO2).
The basic EKC regression model is mostly square and as the only variable independent
from the impact on environmental degradation, it considers the real income per capita and
its square. However, income is not the only factor influencing environmental degradation,
which is something that a large number of scientific studies agree about [11,18,22,25]. In
addition to income, scientists in the field of ecological economics often introduce import and
export, industrialization, investments, foreign investments, EC, electricity consumption,
EC from renewable and non-renewable sources, etc. as factors that influence ecological
degradation, and FDIs are considered to be the most significant factors of environmental
degradation. In this study, the standard EKC model was extended with variables that
are considered to have a significant impact on CO2 emissions in addition to GDP, namely
FDI and EC (Equation (2)). Table 2 shows the descriptive statistics of the variables for
all countries.

Table 2. Descriptive statistics.

Descriptive Statistics CO2 GDP GDP2 FDI EC

Mean 3.84 11.50 21.15 3.84 9.82
Std. 0.31 0.14 0.21 0.40 0.31
Min 2.50 11.22 20.70 3.09 8.59
Max 4.00 11.71 21.43 4.71 9.98

Observations 21.00 22.00 22.00 22.00 18.00

Table 3 presents mean values, standard deviations, minimal and maximum values of
variables for a period of 22 years. Mean values are ranked as shown in brackets.

The rank of means is quite inconsistent among countries, except for: Albania, when
the rank of CO2 is compared to either GDP or EC’s ranks; Greece and Slovenia, when the
rank of CO2 is compared to GDP; Bosnia and Herzegovina and North Macedonia, when
the rank of GDP is compared to EC; Montenegro, when the rank of CO2 is compared to EC.

In order to determine the trends for the dependence of GDP and CO2 emissions,
polynomial linear regression model was used:

CO2 = α0 + α1GDP + α2GDP2 + . . . + αnGDPn, n ε N (3)

where CO2 is a dependent variable, GDP is independent variable, α1, α2, . . . αn are regres-
sion coefficients, and n is polynomial degree.

For each country, the optimal degree of the model was found and presented in Table 4.
Moreover, multiple coefficients of determination were calculated for each country sep-
arately, for all countries together and for HIC and UMIC. A standard formula for this
coefficient is:

R2 =
∑(ŷi − y)2

∑(yi − y)2 (4)

where R2 is a multiple determination coefficient, ŷ is the predicted value of the dependent
variable, y the dependent variable mean, and y is the dependent variable raw score.
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Table 3. Descriptive statistics with mean ranking.

Country
CO2 GDP

Mean (Rank) Std. Min Max Mean (Rank) Std. Min Max

Serbia 1.82 (3) 0.13 1.93 1.96 8.55 (7) 0.23 8.10 8.88

Albania 0.19 (10) 0.20 −0.51 0.41 8.16 (10) 0.31 7.52 8.56

Bosnia and
Herzegovina 1.54 (5) 0.26 1.03 1.86 8.36 (8) 0.25 7.87 8.74

Croatia 1.41 (7) 0.09 1.28 1.57 9.50 (3) 0.14 9.21 9.71

North
Macedonia 1.41 (8) 0.10 1.19 1.57 8.35 (9) 0.18 8.07 8.64

Greece 2.00 (1) 0.15 1.74 2.19 10.12 (1) 0.11 9.99 10.31

Romania 1.39 (9) 0.12 1.22 1.74 8.94 (4) 0.29 8.47 9.40

Bulgaria 1.78 (4) 0.07 1.65 1.92 8.72 (6) 0.27 8.24 9.11

Montenegro 1.44 (6) 0.25 1.03 1.95 8.75 (5) 0.18 8.47 9.05

Slovenia 1.98 (2) 0.08 1.82 2.12 10.02 (2) 0.13 9.74 10.21

Country
FDI EC

Mean (Rank) Std. Min Max Mean (Rank) Std. Min Max

Serbia 1.42 (4) 0.90 −0.51 2.57 7.65 (5) 0.10 7.43 7.79

Albania 1.73 (3) 0.58 0.26 2.42 6.51 (10) 0.15 6.06 6.70

Bosnia and
Herzegovina 1.12 (7) 0.60 −0.22 2.46 7.25 (8) 0.27 6.79 7.72

Croatia 1.04 (8) 0.98 −2.30 2.04 7.65 (4) 0.07 7.54 7.76

North
Macedonia 1.33 (5) 0.63 −0.69 2.54 7.22 (9) 0.06 7.12 7.32

Greece −0.14 (10) 0.83 −2.30 1.39 7.82 (2) 0.87 7.66 7.92

Romania 1.17 (6) 0.52 0.26 2.20 7.47 (7) 0.06 7.37 7.56

Bulgaria 1.74 (2) 0.80 0.59 3.44 7.81 (3) 0.06 7.71 7.90

Montenegro 1.97 (1) 1.25 −0.51 3.62 7.55 (6) 0.13 7.34 7.79

Slovenia 0.44 (9) 1.02 −2.30 2.07 8.15 (1) 0.05 8.06 8.25

Table 4. Multiple regression coefficients.

Country Degree of Polynomial Model R2

Serbia 2 0.68
Albania 2 0.79

Bosnia and Herzegovina 1 0.91
Croatia 4 0.9

North Macedonia 6 0.9
Greece 2 0.88

Romania 2 0.53
Bulgaria 6 0.59

Montenegro - -
Slovenia 4 0.88

All countries 4 0.75
HIC 2 0.81

UMIC 6 0.65

GDP in Serbia has a U trend but is relatively weak (R2 = 0.68). Albania has a constant
slow growth of CO2 emissions, and the values are much lower compared to the other
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countries. In Bosnia and Herzegovina, there is a linear dependence between GDP and CO2
emissions and constant growth (R2 = 0.9). Croatia has several small peaks that approximate
perfectly with a polynomial of the fourth degree. North Macedonia has a declining trend
with mini peaks and it excellently approximates with a fifth degree polynomial. GDP in
Greece has a U trend but dependence as well when years are considered as independent
variable and CO2 as a dependent variable (R2 = 0.88). GDP in Romania has a U shape but
R2 = 0.53. The GDP trend in Bulgaria is similar to that in Croatia and North Macedonia
but it lacks a good polynomial model. GDP in Montenegro has an unusual trend with a
sharp decline in 2005. Slovenia has the highest CO2 emissions and, similarly to Croatia,
we have an approximation by a fourth degree polynomial (R2 = 0.88). In summary, it is
obvious that there is no clear curve trend, which is shown in Figure 5, i.e., no curve in any
of these countries fits the inverted U-shaped curve shown in Figure 1. For better clarity, we
have shown the curve trends separately for each country in Appendix A (Figure A1).
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All countries together have several small peaks, but there is no good polynomial
approximation. The sum of HIC has a good trend (R2 = 0.88) when it is approximated by a
polynomial of the second degree, but it does not act as a U shape, more like decreasing and
oscillating. The sum of UMIC has a slightly growing trend without a good approximation.
All of this is shown in Figure 6.

The general conclusion is that the hypothesis H2 cannot be adopted because there are
different trends in the region for dependence between GDP and CO2 emissions.

Based on the Pearson correlation coefficient (R) between FDI and CO2 emissions given
in Table 5, it can be concluded that there is a significant correlation in most countries, as
well as for all the countries regarded as a whole.

Given the positive values of the Pearson correlation coefficient (R), the correlation
between FDI and CO2 emissions is positive in all countries except Bosnia and Herzegovina,
Greece, and Montenegro, for which the values of this coefficient are negative. Positive
correlations are strong and statistically significant for Serbia, Albania, Croatia, Romania,
and Bulgaria, all countries in total and developed countries (HIC), which means that CO2
emissions increase with the growth of FDI, confirming the pollution haven hypothesis (H1)
for these countries. The negative correlation is strong and statistically significant only for
Montenegro, which means that, with the growth of FDI, the CO2 emissions decrease, which
would correspond to the pollution halo assumption for this country.
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Table 5. Pearson correlation coefficient for FDI and CO2 emission presented per country and for all
countries, HIC and UMIC.

Country Correlation Coefficient (R) Confirmed Hypothesis

Serbia 0.76 * H1
Albania 0.62 * H1

Bosnia and Herzegovina −0.20
Croatia 0.56 * H1

North Macedonia 0.28
Greece −0.28

Romania 0.71 * H1
Bulgaria 0.54 ** H1

Montenegro −0.68 *
Slovenia 0.27

All countries 0.60 * H1
HIC 0.69 * H1

UMIC 0.42
Significant correlations with significance threshold are marked *α = 0.01, ** α = 0.05.

Table 6 shows a significant correlation between GDP and years, i.e., GDP has a
constantly growing trend in all countries except Greece.

In other words, given the positive values of the Pearson correlation coefficient (R), the
correlation between years and GDP is positive and statistically significant in all countries
except Greece, for which the value of the correlation coefficient is negative.

By applying the method of multivariate linear regression, the coefficients of the model
that preceded the corresponding independent variables in the model were obtained, as
well as the coefficient of determination (R2), both for each country individually and for all
countries, as well as for HIC and UMIC (p < 0.01), and they are shown in Table 7. β0 is
a constant, β1 is the coefficient standing next to the independent variable GDP, β2 is the
coefficient standing next to the independent variable GDP2, β3 is the coefficient standing
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next to the independent variable FDI, and β4 is the coefficient standing next to the control
variable EC.

Table 6. Pearson correlation coefficient for years and GDP per country and all countries.

Country Correlation Coefficient (R)

Serbia 0.97 *
Albania 0.99 *

Bosnia and Herzegovina 0.99 *
Croatia 0.82 *

North Macedonia 0.98 *
Greece −0.15

Romania 0.98 *
Bulgaria 0.98 *

Montenegro 0.96 *
Slovenia 0.87 *

All countries 0.88 *
HIC 0.70 *
MIC 0.99 *

Significant correlations with significance threshold are marked * α = 0.01.

Table 7. Multivariate linear regression fit results.

Country
Variables

Constant GDP GDP2 FDI EC R2

Serbia 0.0095 0.0085 0.0084 0.0020 0.0252 0.9216
Albania 0.0579 0.0457 0.0469 0.0004 0.0280 0.9801

Bosnia and Herzegovina 0.0115 0.0101 0.0089 0.0084 0.0061 0.9604
Croatia 0.0002 0.0001 0.0001 0.0020 0.0628 0.9604

North Macedonia 0.0002 0.0002 0.0002 0.0004 0.0370 0.9604
Greece 0.0001 0.0001 0.0001 0.0023 0.0330 0.9801

Romania 0.0045 0.0031 0.0032 0.0005 0.0334 0.9604
Bulgaria 0.0005 0.0011 0.0011 0.0001 0.0341 0.9604

Montenegro 0.0500 0.0516 0.0517 0.0066 0.4106 0.8464
Slovenia 0.0020 0.0024 0.0023 0.0005 0.0451 0.9409

Sum for all countries 0.0006 0.0004 0.0005 0.0004 0.0313 0.9216
Sum for HIC 0.0000 0.0001 0.0001 0.0002 0.0556 0.9604

Sum for UMIC 0.0008 0.0006 0.0006 0.0001 0.0286 0.8836

Note: Regression coefficients with significant values are bolded.

It can be concluded that the impact of EC on CO2 emissions is significant in all
countries except Bosnia and Herzegovina, since the values of the coefficients β4 in all
countries, except Bosnia, are greater than 0.01 level of significance. The impact of GDP and
GDP2 on CO2 emissions is significant in Albania, Romania and Slovenia.

5. Discussion

Here we would like to consider the following points.
First, Pearson correlation between FDI and CO2 emissions confirmed the hypotheses

H1. Shelters of foreign polluters (pollution havens) are Serbia, Albania, Croatia, Romania,
and Bulgaria, while Montenegro is not. On 20 September 1991, Montenegro adopted
the ‘Declaration on the designation of this republic as an ecological state’ and numerous
regulations which were aimed at reducing pollution. However, there are still certain
problems, such as emissions from industry, energy, transport, and fuel combustion in the
household sector. Technologies used in industry and power plants in Montenegro are
inefficient and still represent a source of polluting emissions [67]. In summary, the H1
applies to all countries, so the Balkan countries are indeed shelters for foreign polluters.
The findings are in line with the previous studies, such as Smarzynska and Wei [68], which
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was done on the example of 24 transition economies and confirmed the existence of PHH
in Bulgaria, North Macedonia, Romania and Slovenia. Similarly, Cai et al. [69] tested
the PHH between China and 19 developing economies, using a belt and road case study
composed of CO2 emissions calculation contained in exports and imports. The study
revealed that these economies, including Albania, Bulgaria, Bosnia and Herzegovina and
Croatia, have become China’s pollution shelters. Simeunčević [70] used data from 2000
to 2008 and conducted a research on the example of Serbia which proved that FDI had
not contributed significantly to environmental degradation but had neither improved
the environment. The conclusion is that ‘dirty’ FDIs are not a dominant form of foreign
investments in this country although their presence is undeniable. Neutrality may be the
result of a shorter period of observation. Our finding is in accordance with the findings of
Mert et al. [29] which confirmed the existence of PHH in 27 European countries, including
Bulgaria, Romania, Croatia, Greece and Slovenia, which they divided into two groups
based on the time when they joined the EU. Moreover, Jun et al. [26] applied a wavelet
tool intending to examine the impact of foreign investments on CO2 and sulfur dioxide
(SO2) in China. The results showed that FDIs have created pollution havens in this country.
Similarly, Kumar and Chander [27] concluded that India is a shelter for foreign polluters.

Second, the regression results did not support the second hypothesis, H2. Multiple
coefficients of determination were calculated by countries and for all countries together,
and there were different trends in the region for the dependence of CO2 emissions and GDP,
and it was not possible to accept the claim that with increased GDP, CO2 emissions grow
as well to a certain point, after which the GDP increase causes a decrease in CO2 emissions.
Table 3, where the mean values of each variable are ranked, shows that no country showed
consistency in ranking and the ranks by variables differ greatly by countries and for all
countries together. The analyzed period from 1998 to 2019 was not suitable for determining
the U-trend because the data were missing for some variables and it was not possible to
obtain them. Also, Pearson correlation for years and GDP by country and all countries
determined that GDP in all countries has a growing trend by year, except in Greece,
where a negative annual trend of GDP was recorded. This result for Greece should come
as no surprise given that Greece suffered a major financial crisis caused by structural
problems [71]. Similar to ours, the results of research by Mor and Jindal [48] showed
that, in the case of Romania, Croatia, and Bulgaria, there was not a U-shaped connection
with a minimum turning point, so the ECK hypothesis was rejected. The authors also
applied a quadratic linear regression model. Several studies [29,50,51] have in common the
absence of inverse U-shaped curve in the case of Greece. Škrnjarić [72] in Croatia did not
find EKC for the observed pollutants (CO, CO2, SO2, and PM10), however, the observed
period was very short (2008–2016). Moreover, the author stated that the pollution was
reduced when Croatia joined the EU. ‘No EKC’ outcome was also confirmed by Dogan
and Inglesi-Lotz [73]. The study was conducted on the example of 7 European countries,
including Bulgaria, and confirmed that there is not valid EKC hypothesis in the case of
these countries, when their industrial share is used as a proxy to capture the economic
structure of a country.

Third, we briefly looked at CO2 emissions in the Balkans and gave an overview of
the situation and trends of foreign investment. The trends of FDI inflows turned out to
be uneven, with a similar situation in the case of CO2 emissions, although with not so
pronounced inequalities. We found that the average values of CO2 emissions per capita in
the HIC are consistently higher than the average values in the UMIC, with a reduction in
the difference in recent years.

When considered individually, Serbia seems to provide a pollution haven, as the
correlation of FDI and CO2 is positive and statistically significant. Over the last two
decades, Serbia has adopted a set of “green” laws that have brought it closer to reaching
the desired environmental standards. However, Serbia still has a long way to go in terms
of environmental protection, especially in the areas of climate change, air quality, waste
management, and financing [74]. Since 2011, Albania has adopted a large number of
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modern environmental laws, as part of the EU accession process. However, it is necessary
to adopt some subsidiary acts, as well as to fully implement the legislation in this area [75],
so this country is still considered a suitable shelter for foreign polluters with a positive
and statistically significant correlation of FDI and CO2. As for Bosnia and Herzegovina
and Greece, the correlation between FDI and CO2 is negative, which is good, but not
statistically significant. In Bosnia and Herzegovina, air pollution and climate change
represent significant problems. As a consequence of industrial, domestic, and air emissions
from the growing number of vehicles, numerous health problems arise, so this country
would have to seriously work on its environmental legislation and embark on the ecological
path [76]. Greece’s carbon intensity level is still high compared to the other EU members.
Bulgaria is also a pollution haven and the correlation between FDI and CO2 is positive
and statistically significant. According to the Sustainable Development Report 2019 [77],
Bulgaria still has major challenges to overcome to achieve sustainable development goals in
the climate sectors and clean and affordable energy. Similar to Bulgaria, Romania is a shelter
for foreign polluters as well with a positive statistically significant correlation between
FDI and CO2. Although Romania has implemented EU environmental requirements, their
implementation is suboptimal in certain areas. Romania’s main challenges are lack of
administrative capacity, urban wastewater, and poor air quality [78]. Another good haven
for foreign polluters is Croatia, with a positive and statistically significant correlation
between FDI and CO2. Croatia has adopted the ‘Energy Development Strategy until 2030
with an outlook to 2050’, which anticipates that total EC will have decreased by 2050,
the use of renewable energy sources will increase, and the process of changing fossil
fuels for other forms of energy will continue [79]. North Macedonia and Slovenia have a
positive correlation between FDI and CO2, which leads to pollution, but the good news
is that this correlation is not statistically significant in the case of these two countries.
North Macedonia is vulnerable to climate change, especially to extreme weather events,
because it still lacks an optimal policy framework and human and technical capacities [80].
When it comes to Slovenia, current environmental problems are high carbon footprint,
unsustainable use of land, and poor air quality [81].

The obtained results can be related to the previous theoretical knowledge and most
research findings which indicate that, in most cases, investors from countries with high
living standards and strict environmental protection legislation see countries with lower
living standards and environmental regulations as possible pollution shelters, as well as
the EKC upstrokes have fragile statistical substruction.

6. Conclusions

This study confirms that the Balkan countries are shelters for foreign polluters, that
is, their ‘weaker’ environmental legislation, among other factors, attracts FDIs that bring
environmental pollution along with economic growth. Also, the EKC hypothesis was not
confirmed in the Balkan countries. Since economic growth at the expense of the environ-
ment does not lead to success in the long run, the Balkan countries should make effort to
attract ‘green’ FDIs to technology-intensive industries through subsidies and other relating
measures. Moreover, the Balkan countries should introduce a carbon tax and increase the
existing environmental taxes, adopt new, stricter regulations, effectively implement regula-
tions that have already been enforced, adopt EU environmental standards for countries
wishing to join the EU, and turn to renewable energy sources. When observed individually,
although still not a member of the EU, Montenegro has excellent environmental legislation
that has presumably contributed to its title of ‘ecological halo’. All Balkan countries still
need FDIs to keep pace with the highly developed countries of Western Europe and the
world, so optimal solutions and balances should be found between the needs for economic
growth on the one hand, and the need for low-carbon development on the other, because
both aspects are important for better living standards.

To the best of the authors’ knowledge, there have been no scientific studies of the
aforementioned hypotheses tested on the group of Balkan countries, which are often
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considered the Balkans as a whole. Thus, it was not possible to perceive the results of
this paper in relation to the results of other authors on the Balkans, but it was possible
to perceive it in relation to a number of countries within the group. The limitations
of this study are reflected in the unavailability of certain data for some countries, and
the insufficient number of empirical research focused on this problem and this group
of countries. Our study is primarily a group-country study. Bearing that in mind, this
manuscript contributes to a better understanding of the environmental aspect of FDIs.
Although studies conducted on the samples of individual countries are important, we
suggest that future researchers, especially those from the observed countries, should pay
additional attention to the Balkans as a region because of thee multiple interconnections
between these countries. Also, a more comprehensive model may be used in the future
which could include additional variables, such as other GHGs, ecological expenditures,
market openness, sectoral FDI, population, etc.
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Appendix A

Table A1. World Bank’s official classification of countries by income group.

HIC ($12,536 OR MORE) UMIC ($4046 TO $12,535)

Croatia Serbia
Greece Montenegro

Romania Albania
Slovenia Bosnia and Herzegovina

North Macedonia
Bulgaria
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8. Rapaić, S.I. The Role of Foreign Direct Investment in Local Economic Development in Republic of Serbia (2001–2013). Ph.D. Thesis,
University of Belgrade, Belgrade, Serbia, 2016.

9. Mallett, J.; Keen, C. Does GDP measure growth in the economy or simply growth in the money supply? arxiv 2012, arXiv:1208.0642.
10. Ntantanis, H.; Pohlman, L. Market implied GDP. J. Asset Manag. 2020, 21, 636–646. [CrossRef]
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