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Abstract: In this study we aim to test the effects of foreign direct investment (FDI) on carbon emis-
sions (CO2) in 20 Latin American countries during the period of 1990–2018. Based on the atlas method
of the World Bank, we divided the countries into three groups according to their real gross national
income per capita: high-income, upper-middle-income and lower-middle-income countries. We
used cointegration techniques and causality tests to evaluate the relationship between the variables.
To assess the strength of the cointegration vector, we applied the dynamic ordinary least squares
(DOLSs) model for individual countries and the dynamic panel ordinary least squares (PDOLSs)
model for groups of countries. The results suggest that the entry of FDI into Latin American (LA)
countries increases CO2 emissions, affecting the environmental quality. These findings disagree
with the environmental Kuznets curve (EKC) hypothesis but, in contrast, they are in line with the
pollution haven hypothesis (PHH). Moreover, we show evidence in long-term equilibrium relation-
ship between FDI input and CO2 emissions, which is not the case for the short-term equilibrium.
Some additional results suggest that FDI flows do not cause the CO2 emissions in LA countries. The
empirical findings suggest policymakers to design policies to “the second-best theory”, targeting
FDI flows to their economies to solve economic problems in the short term, but thereafter they may
guarantee the reduction in environmental pollution, based on environmentally responsible FDI and
stronger regulations. In other words, the transition from a pollution haven to the applicability of the
environmental Kuznets curve (EKC). This study contributes with scarce empirical evidence for LA
countries in this issue.

Keywords: FDI; carbon emissions; EKC; pollution haven hypothesis; Latin America; environmental
quality

1. Introduction

The hypothesis of the environmental Kuznets curve (EKC), tested as an extension
to the pioneering works of Kuznets [1,2], suggests that environmental damage increases
with per capita income and then decreases, denoting a quadratic relationship in the shape
of an inverted U [3]. From there, after the growing process of globalization, which has
brought with it an increase in the trade of capital goods and the expansion of multina-
tionals, the flows of foreign direct investment (FDI) have been evaluated and questioned
because of their potentially negative effects on environment. As a result, the EKC curve
has been refuted by a more recent hypothesis that studies the effect of trade on environ-
mental pollution, the well-known pollution haven hypothesis (PHH) [4,5] which states that
highly polluting multinational corporations move to developing countries with weaker
environmental standards, where the cost of complying with environmental regulations
is lower.

A portion of the economic literature argues that the environmental cost due to in-
creased emissions can undermine the economic gains associated with increases in FDI
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inflows [6–8]. Others highlight that FDI can be a driving force for technological innovation
and, consequently, a way through which greener and cleaner modes of production are
implemented [9–12]. A large body of literature, such as some of those quoted in the next
section, estimates the link between FDI inputs on environmental degradation in the frame-
work of the EKC model. In this context, we aim to test the EKC for the case of 20 Latin
American countries, from 1990 to 2018, and hence, answer questions such as: Has the
relationship between the FDI and the CO2 emissions an inverted U-shape, as the EKC
suggests? Are the Latin American countries pollution havens?

Our findings suggest that, for developing countries such as the Latin American
countries, the FDI has a direct relationship with CO2 emissions, even if analysed by per
capita income groups, according to the World Bank’s atlas method [13]. In other words,
our results are in agreement with the PHH hypothesis and reject the EKC hypothesis. This
study contributes to the growing literature of the hypothesis which is not fulfilled for
these countries. In contrast, we support the evidence that Latin American countries can
be considered pollution havens. In addition, our contribution supports the idea that there
is not causation between FDI per capita and CO2 emissions per capita (in any sense), nor
short-term equilibrium, although we show some evidence that support the outcomes for
long-term equilibrium between the series.

This article consists of seven sections. After the introduction, we show a brief literature
review in Section 2. Thereafter, Section 3 lists the sources of information and briefly
describes the data. In Section 4, we detail the stages of the methodological process. In
Sections 5 and 6, we describe and discuss the results. Finally, last section reveals the main
conclusions of the research.

2. Brief Literature Review

The economic literature is ambiguous with respect to the results of the EKC associated
with FDI flows and it depends on the contexts in which they are analysed. For this reason,
in this research, the empirical evidence on the relationship between FDI inflows and
environmental degradation are classified into three large groups. The first includes studies
that focus their analysis between FDI and environmental degradation at the level of regions
in the world. In the Asian countries, the FDI inflows have a positive and statistically
significant impact on environmental degradation, measured by the ecological footprint,
especially in countries such as Bangladesh, India, Nepal, Pakistan, and Sri Lanka [14–16].
However, some studies for this same region [17,18], have highlighted that the FDI has
a strong impact (in the shape of an inverted U) on the environment, which follows the
traditional EKC curve. Along the same lines and by income level, results for 14 Latin
American countries validate the EKC hypothesis for the full sample and hence, we found
evidence against the PHH [19]. The last evidence coincides with other findings [20] that
reject the PHH, but they are contradictory to those which conclude that there is a positive
relationship between the FDI and pollution, supporting the idea that FDI increases the
environmental degradation [21], as the PHH suggests.

Similarly, for the Middle East and North Africa (MENA) region, some studies [22,23]
have shown that increases in FDI inflows improve the economic growth process, which in
turn, increases the environmental degradation. Findings from [22,23] are similar to those
of [24], for Africa, who revealed a significant increase in environmental degradation due
to increases in FDI flows. For the MENA region, there is evidence [25] that satisfies the
EKC hypothesis, as a N-shaped relationship between the economic growth and carbon
emissions, by using the generalized method of moments (GMM). For the same group
of countries, there is evidence [26] that found a bidirectional causality between FDI and
CO2 emissions.

On the other hand, through an autoregressive distributed delay (ARDL) model for
six sub-Saharan African countries, some findings [27] support the EKC in the cases of the
Democratic Republic of the Congo, Kenya, and Zimbabwe. Furthermore, the FDI appears
to increase CO2 emissions in some countries, while the opposite impact can be observed
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in others. On the other hand, in the region of South and Southeast Asia (SSEA) during
the period of 1980–2012, the most recent evidence [28], through cointegration techniques
for subgroups according to income level, found that FDI entries and CO2 emissions are
co-integrated in all subgroups of countries. In addition, the results reveal that FDI inflows
are substantially positively affecting CO2 emissions. On the contrary, in the Economic
Community of West African States (ECOWAS), the large amount of FDI towards the oil,
mining and agriculture sectors, has put strong pressure on the environment [29].

The second group presents studies that relate FDI inflows to environmental degrada-
tion, at the level of groups of countries that are linked politically or economically. Thus,
for example, Pazienza [30] in a study for 30 countries of the Organization for Economic
Cooperation and Development (OECD), showed the existence of negative relationships
that characterize the technique (−0.0848), the scale (−0.0036), and the cumulative effects
(−0.0044) of the FDI on CO2 emissions. Likewise, [31] supported the hypothesis of the
environmental Kuznets curve in the short term, while in the long term there are some
variations in a similar sample of OECD countries. In a more recent version of the same
study by Pazienza [32], the outcome revealed that the negative impact of the FDI on the
emission of CO2, decreases as the scale of its inflow increases, leading to a reconsideration
of the potential effects on the CO2 emissions. On the other hand, by analysing the G7
countries, find that FDI inflows reduce the ecological footprint (EF) of these countries, an
increase of 1% of FDI inflows, reduces EF by 0.009 [33]. In another study, for 65 countries in
the period of 1984–2005, it showed that increases in FDI can increase CO2 emissions when
the degree of corruption is relatively high [34].

Similarly, for a panel of 146 countries with green initiatives from 1990 to 2014,
Saud et al. [35] suggested that globalization through FDI inputs attracts green and low-
polluting investments, fresh production methods, technology overflow, managerial skills,
etc., which can improve economic development and environmental sustainability. How-
ever, using a hazard-based duration model, for a similar group of 145 countries, recent
evidence [36] showed that the speed to reach the inflection point for deindustrialized coun-
tries is 1.96 times faster than that of the industrialized. On the other hand, for the economic
companies that make up the Association of Southeast Asian Nations (ASEAN-5), findings
showed that FDI inflows do not generate any effect on CO2 emissions [37]. In addition,
they concluded that the hypothesis EKC in inverted U shape does not apply to ASEAN-
5 economies; despite that, there is a bidirectional causality between the FDI and CO2
emissions. However, the validity of the PHH in ASEAN-5 countries is confirmed [38,39].

Moreover, Abdouli et al. [40], in their study for countries part of the BRICS, from 1990
to 2014, showed that population density and FDI inflows increased initially, which reduced
CO2 emissions, as the population and FDI inflows reached the threshold level. However, it
is not the political environment of the host country, but that of the country of origin, that
determines the positive/adverse effects of FDI on the environmental performance of a
host country [41]. That confirms the hypothesis of the FDI Halo, contrary to the effect of
economic growth, which deteriorates environmental quality. Similar investigations that
have found evidence coming from FDI inputs on CO2 emissions or another environmental
measure have been conducted by [42–50].

Finally, in the third group, we show studies that found evidence between FDI inflows
and environmental degradation at the country level. Recent works for the United States
between 1970 and 2015, confirmed that the FDI significantly reduces the ecological footprint
in the US, with an increase of 1% in the FDI causing a reduction in 0.025 percent in the
ecological footprint [51]. Similarly, for Turkey, there is evidence of the existence of an
equilibrium relationship, both in the short and long term between the FDI and CO2
emissions, with an impact positive in its initial stage, and negative in the long term,
which provide evidence of the existence of the EKC hypothesis in Turkey [52,53]. For this
same country, in addition to finding that the FDI has a significant positive effect on carbon
dioxide (CO2) emissions, Balibey [54] showed the existence of a two-way causal relationship
between the FDI and CO2 emissions. On the other hand, in Malaysia, Lau et al. [55] argued
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that the FDI promotes greater economic growth and, as in the case of France, between 1955
and 2016 [56], leads to further environmental degradation. The study by Lau et al. [55]
supported the evidence from Balibey [54] regarding a two-way causality between CO2
emissions and FDI. The results of Lau et al. [55] are similar to the findings of Minh [57] for
Vietnam (1990–2015), which, through ARDL models, concluded that the FDI contributes
marginally to environmental degradation, in the short and long term. Nevertheless, they
are contradictory to findings for Vietnam (1986–2015) [57], with a similar methodology,
Phuong and Tuyen [58] did not find statistically significant evidence to conclude that
the FDI has an impact on environmental pollution. In a similar context, for Singapore,
estimated long-term elasticities (through ARDL models) [59] showed that FDI inflows not
only lead to higher economic growth, but also better environmental quality.

In the same issue, through a simultaneous equation model (SEM) for 16 provinces of
the Republic of Korea, a recent study revealed that FDI inflows simultaneously stimulates
regional economic growth and reduces air pollution intensities between 2000 and 2011 [60].
However, the overall level of air emissions mostly remains unchanged, given Korea’s high
level of development. Spatial studies for the provinces of China, demonstrate that the FDI
has played a “double-edged sword” role in promoting China’s carbon productivity [61–63].
That is, the local FDI has a positive effect on local carbon productivity. Specifically, for
every 1% increase in local FDI inflows, local carbon productivity increases by 0.446% [64].
In contrast, the study of Xu et al. [65], using a STIRPAT model and using data from the
panel for the provinces of China, found that the effect of FDI on air pollutants presented
an inverse U shape in East China and a decreasing linear shape in western China. The
FDI effect for central China was a decreasing linear shape in SO2, an inverse N shape in
NOx, and an inverse U shape in PM2.5. The FDI reduced air pollutants in all regions,
contradicting the pollution haven (PHH) hypothesis. However, there must be a greater
economic scale and better industrial structure to experience a greater impact of FDI on
the environmental environment [66]. Finally, in the context of India, one of the largest
captors of FDI in the world, [67] found a positive impact on CO2 emissions that amplifies
the deterioration of their environmental environment.

3. Data and Descriptive Statistics

The statistical information used in this research comes from the World Bank [68]. The
variables extracted from the world development indicators (WDIs) for this study are carbon
dioxide emissions per capita (CO2) and inflows of FDI per capita (see Table 1). The research
includes 20 countries in Latin America, during the period of 1990–2018.

Table 1. Description of variables and data sources.

Variable Definition Unit Source

CO2
Carbon dioxide emissions are those stemming from the

burning of fossil fuels and the manufacturer. Metric tons per capita World Bank [68]

FDI
Foreign direct investment are the net inflows of investment
to acquire lasting management in an enterprise operating in

an economy other than that of the investor.
USD per capita World Bank [68]

The sample of countries for the study was classified according to the atlas method
of the World Bank [13], which is based on the gross national income per capita (GNI) Of
each country. The groups of countries according to the method were classified into high-
income countries (HICs) ($12,696 USD or more), upper-middle-income countries (UMICs)
($4096 USD and $12,695 USD), and lower-middle income countries (LMICs) ($1045 USD
and $4095 USD). In the econometric regressions, the dependent variable is per capita CO2
emissions and the independent variable is per capita FDI inflows.
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Table 2 shows the descriptive statistics of the series. The variables form a perfectly
balanced panel with 580 observations over 29 years (T = 1, 2, . . . , 29) and 20 countries
(i = 1, 2, . . . , 20). Per capita carbon dioxide (CO2) emissions in logarithms are more stable
within countries than between countries; the standard deviation (SD) within countries
is 0.19 and between countries, it is 0.61. Meanwhile, the FDI per capita in logarithms
shows less variability between countries, than within countries; the SD between countries
is 0.83, which is below the standard deviation within countries of 0.92. In relative terms,
the dispersion of the data is greater in the case of CO2 emissions per capita.

Table 2. Descriptive statistics.

Variable Mean Std. Dev. Min Max Observations

CO2 per capita (log)
Overall 0.55 0.63 −0.75 2.04 N = 580
Between 0.61 −0.34 1.84 n = 20
Within 0.19 −0.11 1.10 T = 29

FDI per capita (log)
Overall 4.78 1.23 −0.61 7.37 N = 580
Between 0.83 3.37 6.31 n = 20
Within 0.92 −0.45 7.00 T = 29

Figure 1 presents the evolution of the variables for the study period. This presents the
annual evolution of the logarithm of CO2 emissions per capita and the logarithm of foreign
direct investment per capita, on average for the sample of Latin American countries. We
observe that the trend of the two variables is positive, that is, both CO2 emissions and FDI
have maintained average growth throughout the study period. However, the behaviour of
FDI, in addition to growth, maintains a more fluctuating behaviour than CO2 emissions;
this behaviour is due to the economic crises endured by the region, for example, the one
produced by the 2008 global financial crisis, which reduced the FDI.
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World Bank [68] data).

Figure 2 shows the dispersion of the data for the entire sample of Latin American
countries according to income level, and Figure 3 shows the map statistics of this data.
In the first case, Figure 2 shows that the data between CO2 emissions and foreign direct
investment have a direct relationship at the global level and according to groups of countries
by income level. In other words, at higher levels of FDI per capita, higher levels of CO2
emissions per person are concentrated.
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Figure 3. Map statistics of CO2 emissions per capita (log) and foreign direct investment per capita
(log) (source: authors with World Bank [68] data).

For the 20 countries, the correlation between these two variables is moderate (0.54);
however, it is higher in the case of HICs (0.67). For the UMICs (0.40) and LMICs (0.39)
groups, the correlation is lower, but in all cases, moderate (a colour is assigned for each
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country in the sample). An initial analysis of the environmental Kuznets curve (EKC)
theory is the functional form of an inverted U.

Figure 2 shows the dispersion of the data for the entire set of Latin American countries
and by groups (HICs, UMICs and LMICs). Nevertheless, in none of the cases do the
scatter diagrams support this for the EKC; the fits clearly show a positive relationship, the
quadratic trend even overlaps the linear, particularly in the UMICs and LMICs.

Likewise, Figure 3 shows the average per capita CO2 emissions by country and the
logarithm of the FDI. In this, it can be observed that countries such as Mexico, Venezuela,
Argentina, and Chile concentrate higher levels of CO2 emissions, as well as FDI inflows at
the per capita level.

4. Econometric Strategy

The methodological process consists in five stages. After selecting our estimations
between fixed and random effects, and test heteroscedasticity, autocorrelation and con-
temporary correlation for our panel, we assessed the stationary of the time series, their
cointegration (by estimating the cointegration vectors) and finally, we tested the Granger
causality. This procedure is explained in stages as follows.

4.1. Estimation Procedure

First, we estimated the fixed and random effects panel models to determine the
direction of the relationship between CO2 emissions per capita (in logarithms) and FDI
per capita (in logarithms). Then, we applied the Hausman test [69] to decide between
fixed and random effects. In this stage, we applied the modified Wald test [70] to detect
heteroscedasticity and tests to detect autocorrelation in the panel and the contemporary
correlation, respectively [71,72]. Likewise, recent panel data literature concludes that
panel data models are likely to show cross-sectional dependence in the error [73,74]. Our
balanced panel data are cross section dependent, as Table 3 shows.

Table 3. Cross-sectional dependent test.

Group Variable CD-Test p-Value

GLOBAL
CO2 emissions (log) 35.432 0.000

FDI (log) 26.356 0.000

HICs
CO2 emissions (log) 7.889 0.000

FDI (log) 7.102 0.000

UMICs
CO2 emissions (log) 15.775 0.000

FDI (log) 11.291 0.000

LMICs
CO2 emissions (log) 10.092 0.000

FDI (log) 6.870 0.000

Findings (cross-section dependence in the panel, as well, autocorrelation, heteroscedas-
ticity, and contemporary correlation in the estimations) suggest the use of estimates with
generalized least squares (GLSs) for panel data [60]. Equation (1) expresses the empirical
model in the log-log form:

log CO2 (i,t) = β0 + β1 log(FDIi,t) + εi,t (1)

4.2. Unit Root Tests

In the second stage, we applied the unit-roots test to identify if the series are stationary
(that is if they do not have a trend effect). We used a set of tests that claim that obtaining
the first difference eliminates the unit root problem. The tests used comes from Levin, Lin,
and Chu (LLC) and Im, Pesaran, and Shin (IPS) respectively [75,76]. Moreover, we apply
a simpler non-parametric unit root test called the Fisher type test [77] based on the ADF
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test [78] and, finally, the Fisher type test based on the Phillips and Perron (PP) test [79].
These four tests can be estimated from the following equation:

yt = θ0 + γyt−1 + δ1t +
p

∑
i=2

σjyt−i−1 + εt (2)

where yt is the series that is should contain at least the unit root, θ0 is the intersection and
δ1 captures the trend effect of time t, εt is the Gaussian error and represents the length of
the lag. In Equation (2), when the parameter γ is significant, we can conclude that at least
one of the panels has a unit root.

4.3. Cointegration Test

In the third stage, we used cointegration techniques to verify long-term equilibria
between the study variables, as well as the existence of a short-term equilibrium [80].
These techniques are based on error correction models (ECVM), globally (for the total
panel) and for the different groups of countries, according to income level. We considered
the null hypothesis of no cointegration versus cointegration between the variables. It
considers structural dynamics rather than residual dynamics. Therefore, we did not put
any restrictions on any common factor. Furthermore, the Westerlund [80] error correction
model assumes that all variables are integrated in order 1 or I (1) and is written as follows:

∆ xit = θidi + πi(xit−1 − β′iyit−1) +
m

∑
j=1

πij∆xit−j +
m

∑
j=1

ϕij∆yit−j + εit (3)

where di = (1− t)′ contains the deterministic components and θ′ = (θ1i, θ2i)
′ is the vector

of unknown coefficients to estimate. The error correction coefficient πi is estimated using
the ordinary least squares method. The above equation can be written as:

∆ xit = θidi + πi
(
xit−1 − τ′i yit−1

)
+

m

∑
j=1

πij∆xit−j +
m

∑
j=1

ϕij∆xit−j + εit (4)

where πi indicates the speed of adjust the system back to equilibrium. The above equation
confirms that the coefficient πi is not affected by imposing an arbitrary τ′i . We applied the
test on the least-squares estimator πi and calculated the relation t for each cross-section of
countries. These are known as group mean statistics and are written as:

G1 =
1
N ∑N

i=1
πi

S.E(π̂i)
and G2 =

1
N ∑N

i=1
Tπi

π̂i(1)
(5)

where G1 and G2 test the null hypothesis that H0 : πi = 0 for all i against H1 : πi < 0 for
some i. If the null hypothesis is rejected, then it shows the cointegration relationship of at
least one unit of the cross-section. The other two test statistics are presented as:

P1 =
π̂i

S.E(π̂i)
and P2 = Tπ̂i (6)

where P1 and P2 test null hypothesis that H0 : πi = 0 for all i against H1 : πi = π < 0
for all i. The rejection of the null hypothesis implies the rejection of a non-cointegration
relationship for the panel of countries as a whole. If there is a cointegration relationship
between variables, then this study uses the panel technique to estimate the long- and
short-term coefficients.

4.4. Cointegration Vectors

In the fourth stage to estimate the strength of the cointegration vectors [81–84], we
used the dynamic ordinary least squares (DOLSs) model for individual countries and
the dynamic ordinary least squares model of panel (PDOLSs), for groups of countries,
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following the atlas method of the World Bank [13]. The following equation raises the
relationship between the two variables:

yi,t = σi + δixit +
P

∑
j=P

γj∆xi,t−j + µi,t (7)

where yi,t, are the CO2 emissions, i = 1, 2, . . . , 20 countries, t = 1, 2, . . ., T is the time,
p = 1, 2, . . . , P is the number of lags used in the DOLSs regression, while ∂ log yi,t/
∂ log Xi,t = δi measures the change in CO2 emissions when the variables change explana-
tory. The coefficients and the value were obtained as the average values in the whole
panel using the method of group averages. The PDOLSs estimator is averaged across
the dimension between groups and the null hypothesis states that βi = β0.

4.5. Granger Causality Test

Finally, following to Dumitrescu and Hurlin [85], we used the Granger’s non-causality
approach to account for the problems of heterogeneity in the panel data. The Dumitrescu–
Hurlin (DH) test is a modified version of the Granger causality test [86], which is more
flexible for T < N and T > N for both unbalanced and heterogeneous data. The DH test
uses Equation (6):

yi,t = ϕi + k
k

∑
k=1

γ
(k)
i yit−k +

k

∑
k=1

θ
(k)
i xit−k + εit (8)

where ϕi is the intercept of the shape; γi and θi are the slope coefficients; ε is the error term
and k is the number of lengths of lag.

5. Results

Table 4 reports the results of the estimated GLS, for the logarithm of CO2 emissions
per capita as a function of the logarithm of FDI, proposed in Equation (1). We estimated
that FDI inflows exert a positive and statistically significant effect on CO2 emissions for
the whole panel, where an increase of 1% in FDI inflows increases CO2 emissions by
0.05%. Likewise, we observed that at the group level, according to the income level,
the results are positive and statistically significant in the HICs, UMICs, and LMICs, at
different levels of significance. An increase of 1% in FDI inflows increases CO2 emissions
by 0.08%, 0.03%, and 0.02%, respectively, with HICs accounting for the greatest effect on
environmental degradation from FDI inflows. These results verify, at the regional level, the
PHH hypothesis for developing countries, in which FDI inflows generate a deteriorating
effect on the environment. On the other hand, they allow us to reject the EKC hypothesis.
However, within the Latin American region by groups of countries, following their per
capita income (GNI), we show that there is a lower effect of the FDI on CO2 emissions in
LMICs, which does not necessarily agree with the PHH hypothesis.

Table 4. Relation between CO2 emissions (log) and FDI (log).

GLOBAL HICs UMICs LMICs

FDI (log) 0.0446 *** 0.0789 *** 0.0274 *** 0.0214 **
(5.99) (3.08) (3.28) (2.19)

Constant 0.325 *** 0.457 *** 0.506 *** −0.241 ***
(7.59) (2.85) (9.87) (−4.35)

Observations 580 87 377 116
Autocorrelation test p-value 0.878 No 0.834 0.921

Fixed effects (time) No No No No
Fixes effects (country) No No No No

chi2 35.89 9.490 10.74 4.806
N_g 20 3 13 4

T-statistics in parentheses; ** p < 0.05, and *** p < 0.01 denotes the significance level.
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Next, using unit root tests for the panel data, we verified whether the series are
stationary. To ensure the robustness of the results, we used four tests, those of [72,75],
which are known respectively in the empirical literature on panel data as the LLC and IPS.
The results obtained from these tests were compared with those of [76], who proposed
using a simpler non-parametric unit root test called the Fisher-type test and based on the
ADF test [77] and the test Fisher type based on the P&P test [78], based on what is stated in
Equation (2). The tests were applied with and without the effects of time.

The results shown in Table 5 are evidence that the series have an order of integration
I (1). All the tests ensure that the series used in subsequent estimates do not have the
unit root problem. In the next stage of this investigation, we verified the existence of
cointegration vectors in the long and short term between the variables.

Table 5. Unit root test in first differences.

Without the Effect of Time With the Effect of Time

Groups Variable PP ADF LLC IPS PP ADF LLC IPS

GLOBAL
CO2pci,t −23.64 *** −9.06 *** −21.24 *** −21.88 *** −22.64 *** −8.67 *** −15.33 *** −18.54 ***
FDIpci,t −28.10 *** −11.49 *** −24.56 *** −24.48 *** −26.49 *** −9.71 *** −15.75 *** −20.15 ***

HICs
CO2pci,t −8.76 *** −4.78 *** -4.83 *** −6.61 *** −7.76 *** −3.69 *** −3.79 *** −5.71 ***
FDIpci,t −10.66 *** −3.06 *** −7.28 *** −8.41 *** −10.52 *** −3.24 *** −7.05 *** −8.78 ***

UMICs
CO2pci,t −18.44 *** −7.66 *** −17.52 *** −17.92 *** −17.14 *** −6.49 *** −14.30 *** 15.61 ***
FDIpci,t −23.04 *** −13.84 *** −15.79 *** −17.66 *** −21.46 *** −8.41 *** −13.73 *** −16.38 ***

LMICs
CO2pci,t −12.03 *** −2.32 ** −11.47 *** −10.91 *** −13.01 *** −4.50 *** −4.92 *** −8.39 ***
FDIpci,t −12.05 *** −4.02 *** −18.01 *** −15.68 *** −11.43 *** −3.77 *** −4.42 *** −7.91 ***

Note: ** p < 0.05, and *** p < 0.01 denotes the significance level.

In the next stage, we used ECVM developed by Westerlund [79] for the panel data to
determine the short-term equilibrium, according to what was stated in Equations (3) and (4).
The existence of a short-term equilibrium implies that a change in foreign direct investment
rapidly translates into changes in per capita CO2 emissions.

Westerlund suggested the bootstrap approach, which makes the inference possible
even under very general forms of cross-sectional dependence. From that, our results
reported in Table 6 discard the existence of a short-term equilibrium, for the whole panel
and for each of the groups of countries that we are considering.

Table 6. Results of the Westerlund ECVM error correction model.

Group Stat. Value Z-Value p-Value Robust p-Value

Global

Gτ −2.88 −2.89 0.002 0.270
Gα −14.78 −1.938 0.026 0.610
Pτ −12.68 −3.761 0.000 0.110
Pα −13.88 −3.690 0.000 0.270

HICs

Gτ −3.43 −2.32 0.010 0.180
Gα −23.26 −2.96 0.002 0.050
Pτ −5.91 −2.63 0.004 0.120
Pα −21.14 −3.53 0.000 0.080

UMICs

Gτ −2.90 −2.42 0.008 0.290
Gα −13.35 −0.80 0.215 0.760
Pτ −10.28 −3.10 0.001 0.150
Pα −12.68 −2.25 0.012 0.430

LMICs

Gτ −2.39 −0.09 0.446 0.710
Gα −13.06 −0.35 0.363 0.690
Pτ −4.58 −0.41 0.342 0.660
Pα −11.91 −0.99 0.161 0.620
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To determine the existence of the long-term equilibrium, from Equation (5) we used
the heterogeneous panel cointegration test developed by Pedroni [81], which allows incor-
porating cross-sectional interdependence with different individual effects. This analytical
framework allows cointegration tests on both heterogeneous and homogeneous panels,
incorporating seven repressors based on seven residue-based statistics. Of these seven
tests, the panel υ-statistic is a one-sided test in which high positive values reject the null
hypothesis of no cointegration. While, for the rest of the statistics, high negative values
reject the null hypothesis. Table 7 reports the statistics within and between dimensions.
These results are ambiguous because of the heterogeneity of the panel. For LMICs (as for
the entire panel), the panel ρ and PP statistic suggest the existence of cointegration between
the CO2 emissions and FDI series (similar to the group PP statistic), but the evidence of the
panel υ and ADF statistic do not allow us to reject the null hypothesis of non-cointegration.
For the HICs the majority of statistics within and between dimensions led us to reject the
null and therefore, our results indicate that CO2 emissions per capita and foreign direct
investment have a joint and simultaneous movement during the period of 1990–2018 in
high income countries. The latter is opposite for upper-middle-income countries.

Table 7. Pedroni cointegration test.

GLOBAL HICs UMICs LMICs

Within dimension test statistics
Panel υ-statistic 0.44 1.25 −0.04 0.72
Panel p-statistic −1.83 * −4.10 *** −0.88 −2.20 **

Panel PP-statistic −2.46 ** −4.07 *** −1.39 −2.27 **
Panel ADF statistic −0.33 −3.03 *** −0.95 −1.51

Between dimension test statistics
Group p-statistic −0.77 −3.11 *** −0.07 −1.19

Group PP-statistic −2.01 ** −4.42 *** −0.95 −1.95 *
Group ADF statistic 0.13 −1.73 * 1.58 −0.36

Note: * p < 0.10, ** p < 0.05, and *** p < 0.01 denotes the significance level.

Table 8 reports the results of the DOLSs model by country. Our findings reveal that a
1% increase in FDI per capita is associated with an increase in CO2 emissions per capita
of 0.315%, 0.223%, and 0.076% for Chile, Panama, and Uruguay, respectively, which are
all the higher income countries in the Latin American region. These results go in line
with the outcome of Table 7. For upper-middle-income countries (65% of the panel), the
results are mixed. For Brazil, Mexico, Paraguay, Peru, and Venezuela, 1% of increase in
FDI per capita is associated with an increase in CO2 emissions per capita of 0.143%, 0.293%,
0.142%, 0.626%, and 0.114%, respectively. However, in Dominican Republic and Ecuador,
a 1% increase in FDI per capita is associated with a decrease in CO2 emissions per capita
of 0.209% and 0.064%, respectively. Finally, for LMICs, we only can reject the null of
non-cointegration in Honduras, with a positive (0.234) weak cointegration vector (very far
from 1). All statistically significant vectors are weak, except that from Peru.

To obtain the strength of the cointegration vector by groups of countries, Table 9 shows
the results of the PDOLSs estimates with and without time variables. The estimators βi of
the different income levels are not close to 1. Nevertheless, in most of the cases (except for
HICs, with a time dummy), we found evidence of a weak cointegration between the CO2
emissions per capita and FDI per capita.

Finally, from Equation (6), we determined the Granger-type causality (Table 10) of the
variables from the formalization developed by Dumitrescu and Hurlin [85]. Because of
the evidence of cross-section dependence, we developed a bootstrap approach suggested
by Dumitrescu and Hurlin [85]. We determined that there are no causal relationships
between CO2 emissions per capita and foreign direct investment, globally and by the group
of countries.
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Table 8. Results of the DOLSs panel.

HIC UMICs LIMCs

Country FDI (β) t-Statistic Country FDI (β) t-Statistic Country FDI (β) t-Statistic

Chile 0.315 *** 3.849 Argentina 0.019 0.511 Bolivia −0.060 −1.102
Panama 0.223 *** 3.186 Belize −0.002 −0.012 Nicaragua −0.082 −0.758
Uruguay 0.076 *** 4.056 Brazil 0.143 ** 2.250 El Salvador 0.047 1.180

Colombia 0.112 0.486 Honduras 0.234 *** 7.164
Costa Rica 0.174 1.542

Dominican Republic −0.209 −1.671 *
Ecuador −0.064 −1.899 *

Guatemala 0.008 0.054
Guyana −0.064 −1.321
Mexico 0.293 *** 5.265

Paraguay 0.142 *** 9.699
Peru 0.626 *** 6.416

Venezuela 0.114 *** 6.301

Note: * p < 0.10, ** p < 0.05, and *** p < 0.01 denotes the significance level.

Table 9. Results of the PDOLSs panel test per country group.

With Time Dummy Without Time Dummy

Groups PDOLSs t-Stat PDOLSs t-Stat

GLOBAL 0.103 *** 10.110 0.127 *** 20.650
HICs −0.014 0.956 0.223 *** 16.240

UMICs 0.074 *** 5.688 0.111 *** 9.116
LMICs −0.011 ** −2.035 0.106 *** 15.670

Note: ** p < 0.05, and *** p < 0.01 denotes the significance level.

Table 10. Causality tests following Dumitrescu–Hurlin (2012).

Causal Direction Group W-Bar Z-Bar p-Value Z-Bar Tilde p-Value

∆FDIpc→ ∆CO2pc

GLOBAL 1.93 −0.15 0.897 −0.51 0.629
HICs 0.45 −1.34 0.170 −1.24 0.124

UMICs 1.71 −0.52 0.651 −0.74 0.457
LMICs 3.77 1.77 0.100 1.27 0.139

∆CO2pc→ ∆FDIpc

GLOBAL 1.39 −1.36 0.268 −1.49 0.128
HICs 1.05 −0.82 0.450 −0.82 0.372

UMICs 1.37 −1.14 0.331 −1.23 0.214
LMIC 1.72 −0.28 0.801 −0.40 0.678

6. Discussion of Results

The economic literature presented ambiguous results regarding the effects that FDI
flows can generate environmental degradation, even if we analyse these effects by groups
of countries (developed or developing) [8]. Our findings for 20 Latin American countries
in the period of 1990–2018 agree with the PHH that suggests that, in developing coun-
tries, such as Latin American, the effect of FDI is positive on environmental degradation,
due to polluting multinational corporations directing their investments to countries with
weaker environmental regulations [87–89]. These results are contradictory to those ex-
pressed by the EKC hypothesis, which in contrast, suggest a quadratic relationship (as
an inverted U shape) between the variables [90]. These results coincide with extensive
empirical evidence [14,15,28,55,57], for developing countries such as some of the Asian,
African [22,24] and European countries, such as Turkey and France [54,56], and Mediter-
ranean countries [91]. The study by Chang [34], for 65 countries, also shows that increases in
FDI can increase CO2 emissions when the degree of corruption is relatively high. In fact, if
the FDI is sourced from developing countries it would be detrimental to the environmental
environment of low- and lower-middle-income host countries [41].



Sustainability 2021, 13, 12651 13 of 18

Within the region (Latin America), our findings estimated with generalized least
squares (GLSs) are supported by [21,46]. However, for this region of analysis, there are
other works such as that of [19,20], who reject the PHH. It should be noted that, within
Latin American countries, under the hypothesis of pollution havens, those that are in the
LMICs were expected to be those where the FDI has the greatest impact on CO2 emissions.
However, the results show that the greatest impact is evidenced in those economies who
are HIC. Similarly, the results shown in the CD tests coincide with those found by [92,93].
In a global context, the results showed the existence of interactions between countries
caused by investment flows, political integration agreements, etc.

The results presented in this article reject the existence of a short-term equilibrium,
based on the error correction model (ECVM) developed by Westerlund [80]. In contrast,
we found some evidence that support a long-term equilibrium between the series; except
for UMICs that contribute 65% of the panel, as Tables 8 and 9 show. The short-term results
contrast with findings of [52,53]. However, the long-term cointegration results in this
research are in line with those of [28], for South and Southeast Asia [52,53]. This supports
the point of [88], where regardless of the level of development, there is a heterogeneous
influence of the FDI.

From causality tests [85], our results contradict the conclusions of [26,54,55,94,95].
These authors reveal a unidirectional causality of the FDI to CO2 emissions. However, our
findings agree with those of [44] that show no causality, in any way, between the study
variables. In that sense, despite the results of estimations in Table 4, we cannot conclude
that FDI is the cause of the increase in CO2 emissions in Latin American countries, nor the
other way around.

7. Conclusions

The main objective of this study was to test the EKC and PHH hypotheses, for which
the relationship between CO2 emissions and FDI is analysed in various contexts. This article
offers empirical evidence in the context of 20 Latin American economies, characterised by
developing countries, and tests the relationship between CO2 emissions and FDI over a
period from 1990 to 2018. In addition, the sample of countries was classified into three
subsamples (HICs, UMICs and LMICs) according to the atlas method of the World Bank [13].
For the analyses, econometric techniques are used. Firstly, it was applied in the CD test,
to determine the existence of independence between transversal units. Followed by unit
root tests (PP, ADF, LLC, IPS) to determine the stationarity of the set of variables, and then
two cointegration tests were applied to determine the equilibrium relationships both in the
short and long term. In addition, a Granger causality test was used to observe the causal
links between the variables.

The results of the estimations, in a general way allow us to identify a direct relationship
between CO2 emissions and FDI, but they do not show a quadratic relationship and
therefore, it is concluded in a rejection of the hypothesis of the environmental Kuznets
curve (EKC). On the other hand, in developing countries, these results are related to the
PHH, which establishes that highly polluting multinational companies move to developing
countries with weaker environmental standards. However, the estimates formed by groups
of countries offer unexpected information according to the PHH hypothesis, since the
impact of FDI on CO2 emissions is similar for lower-middle-income countries (LMICs) and
upper-middle-income countries (UMICs), but it is about three times higher for high-income
countries (HICs). This represents an inconsistency in the Latin American context, since
the impact that we expected has a higher coefficient for the economies with lower-middle
incomes (UMICs and LMICs).

The results of this article did not present causal relationships in any direction between
the variables studied, nor any of the subsamples by income level. On the other hand,
they only showed some evidence of a long-term equilibrium. There is no evidence of a
short-term equilibrium.
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Finally, the evidence demonstrated in this article might contribute with certain policy
implications, such as establishing strategies to mitigate the environmental impact caused
by the FDI. However, in developing countries, sustainable issues, many of them supported
by the results of the EKC, have been interpreted by some policymakers as conveying a
message about priorities [96]. The question in this study is which comes first, FDI flows
or cleaning up the environment? Certainly, each developing economy tends to prioritize,
in the short term, the solution of “immediate” problems such as economic growth, that
can be driven by foreign direct investment flows (although the literature is ambiguous
in this regard, see for example, the literature review in Alvarado et al. [97]. Then, in
the long term, economies worry about environmental damage, as a “non-immediate”
problem. This means that when thinking about a sustainable economy, responsible with
future generations, caring for the environment is in the background (“the second-best
theory”). In Latin American, following our results, there is no evidence that in the long
term the relationship of the variables behaves similar to the environmental Kuznets curve,
especially in the case of countries with a high-income, according to the atlas method of
the World Bank [13]. In fact, we have some evidence that the effects of the FDI per capita
on CO2 emissions have a positive long-term equilibrium, except in UMICs such as the
Dominican Republic and Ecuador. In this context, Latin American countries must design
strategies that attract an environmentally friendly FDI that, despite having a negative
impact (direct effect on CO2 emissions) in the short term (due to the urgent priorities of
developing economies), guarantee in the long term (“the second-best theory”) a reduction
in environmental pollution and, therefore, the applicability of the EKC. In other words, the
region must address policies that generate the inverted U when we refer to the relationship
between the CO2 emissions and FDI.

This study has minor limitations. For example, new research presents a challenge by
not confirming EKC or PHH in its estimates. Therefore, future research can expand the
sample size or broaden the analysis between regions. In addition, the origin of the FDI can
be identified according to the level of development of the investing economies, which can
produce interesting inferences in the context of the Latin America region.
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