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Abstract
Uncertainty remains regarding the impact of foreign direct investments on countries' environmental policies and pollution 
levels. Therefore, this study examines the relationship between foreign direct investment inflows, outflows, and carbon dioxide 
emissions for EU (European Union) member states. Accordingly, the data for the period 1993–2019 were subjected to the 
Panel Fourier symmetric and asymmetric causality tests for 21 EU countries. According to the Panel Fourier symmetric cau-
sality test results, the effect of foreign investment outflows on carbon dioxide emissions is more dominant in general. While 
there is a bidirectional relationship between these variables in the Austrian and Slovak Republics, there is a unidirectional 
relationship between foreign investment outflows to carbon dioxide emissions in Belgium, Bulgaria, Cyprus, Ireland, and 
Portugal. On the other hand, one-way causality was found from foreign investment inflows to carbon dioxide emissions in 
Belgium, Cyprus, France, Ireland, and Romania and from carbon dioxide emissions to foreign investment inflows in Finland, 
Greece, and Sweden. According to the Panel Fourier asymmetric causality test results, causality between variables is statisti-
cally significant in many countries. This shows that the asymmetric relationship is essential for the variables.

Keywords  Carbon dioxide emission · Foreign direct investment · EU countries · Panel Fourier casualty

Introduction

With the growth in globalization, liberalization, and free 
movement of capital in the international arena in the 1990s, 
environmental pollution also began to increase. According 
to the World Bank (2023), the total greenhouse gas emis-
sions (% change from 1990) ratio corresponded to 0.92 in 
1991, while there was a change of 40.003 in 2012. Moreo-
ver, carbon dioxide emissions today are about 67% higher 

than in 1990 (World Bank 2023). Especially countries that 
industrialized at an early stage endure pollution until per 
capita income reaches a particular milestone and then need 
a clean environment once the nation becomes wealthy. In the 
literature, this situation is explained by the environmental 
Kuznet curve theory (Murthy and Gambhir 2018; Cansino 
et al. 2019; Rana and Sharma 2020; Polloni-Silva et al. 
2021). Therefore, governments strengthen environmental 
regulations, and companies use clean technologies in the 
production process to avoid high environmental taxes. How-
ever, this increases the production costs of companies. This 
raises the question of where developed societies would real-
ize their dirty industries and the search for host countries for 
foreign direct investments (Destek and Okumus 2019; Liu 
et al. 2019; Shao et al. 2019; Benzerrouk et al. 2021).

Foreign direct investment (FDI) impacts the host country 
positively and negatively. This leads to the fact that the effect 
of FDI on the environment remains to be determined, and there 
needs to be a clear consensus on this issue (Polloni-Silva et al. 
2021; Akram et al. 2022; Khan et al. 2023). In this direction, 
the impact of FDI, which has become one of the vital channels 
of economic growth, on the environment (more specifically, 
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pollution) is analyzed under two different hypotheses in the liter-
ature. The first of these, the pollution haven hypothesis, is based 
on the preference of companies operating under strict environ-
mental regulations to reposition to countries with soft environ-
mental policies and regulations. This hypothesis suggests that 
multinational corporations shift their polluting activities to less-
regulated countries to avoid costly environmental regulations in 
their countries of origin. Regarding the FDI, the pollution haven 
hypothesis emphasizes the possibility for investors to seek out 
economies where they can settle with fewer regulatory require-
ments and cheaper industry operating costs (Kathuria 2018). 
Strict environmental regulations require companies to use new 
equipment, new alternative methods, and processes and impose 
restrictions on inputs and outputs. These requirements result in 
more pollution due to FDI in countries with weaker environmen-
tal regulations (Kisswani and Zaitouni 2021). Countries with 
weak environmental regulations and no interest in improving 
them are often developing and underdeveloped countries where 
dirty industries are transferred. These host countries are willing 
to put up with this pollution to achieve a certain level of develop-
ment (Neves et al. 2020).

The other is the pollution halo hypothesis, the opposite of the 
pollution haven hypothesis. Accordingly, multinational compa-
nies engaged in FDI export greener environmental standards 
and best management practices to host countries. Proponents of 
this hypothesis argue that multinational corporations are more 
likely to use friendly technology and less polluting production 
practices to operate in compliance with environmental regula-
tions, thereby reducing pollution in host countries compared to 
countries of origin (Kisswani and Zaitouni 2021; Balsalobre-
Lorente et al. 2022; Apergis et al. 2023).

Foreign investment inflows and outflows generally increased 
towards the end of the 1990s. Developed nations made the 
majority of foreign investments during this period. According 
to World Bank (2023) data, EU countries have the highest share 
of foreign investment inflows and outflows in gross domestic 

product (GDP) worldwide. When this situation is analyzed in 
Fig. 1, foreign investment inflows have been around 17% on 
average over the years, while this rate is approximately 24% 
in EU countries. Moreover, the share of EU countries’ foreign 
investment inflows in the world averaged 30% over the period 
shown in the graph. This rate is 37% for foreign investment out-
flows. This indicates that foreign investments, especially out-
flows, have an essential role in the economies of EU countries.

Figure 1 shows that foreign investment inflows in the world 
and EU member states reached their highest levels in 2000 and 
2007, respectively, and outflows in the following periods. How-
ever, when this is evaluated in terms of carbon emissions, as seen 
in Fig. 2, while there has been a decrease in EU member states 
since 2008, there has been an increase worldwide. During this 
period, the EU community signed the Kyoto protocol and put 
stronger and legally binding measures in place to reduce global 
greenhouse gas emissions (Cirman et al. 2009). Nevertheless, 
according to World Bank (2023), the average carbon dioxide 
(

CO2

)

 emission level per capita is 4.27 globally and 7.52 in EU 
countries. Furthermore, EU countries’ CO2 emissions account 
for an average of 12% of the world’s total. An analysis of foreign 
investment inflows and outflows as two separate groups, taking 
into account the data of 2008, when carbon emissions tended to 
decrease in EU member states, reveals that foreign investment 
outflows increased at a higher rate than inflows.

Cave and Blomquist (2008) found that less developed Euro-
pean countries, especially non-EU countries, have a compara-
tive advantage in energy-intensive industries and import energy-
intensive goods from these countries. The strict environmental 
standards of EU countries and the strict uniform application 
of environmental regulations in these countries cause them to 
be seen as a pollution haven. This is among the reasons for the 
outflow of foreign investment into these countries.

Studying the relationship between the pollution level and for-
eign investment in EU countries is particularly critical, not only 
because the EU is a leader in promoting policies and technologies 
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Fig. 1   Foreign direct investment inflow and outflow
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to reduce emissions but also because strict regulations on pol-
luting activities are already well established (Neves et al. 2020). 
This study aims to analyze the relationship between foreign 
investment inflows and outflows and carbon dioxide emissions 
for EU countries. This study has more than one contribution to 
the literature. First, the empirical literature on pollution levels 
and foreign investment inflows focuses more on less developed 
countries and country groups. However, EU countries are one of 
the country groups with the highest outflow of foreign investment 
(World Bank 2023; Eurostat 2023). Moreover, although there are 
countries with different levels of development within the EU, it is 
predominantly constituted of developed countries. This has led 
to the need for more examining the relationship between foreign 
investment and pollution levels in EU countries. In this sense, this 
study aims to fill the gap in the literature by reviewing EU coun-
tries. Another contribution of the study is that it considers foreign 
investment outflows. As the pollution haven hypothesis states, if 
developed countries transfer their dirty industries to other coun-
tries, it is expected to affect their carbon dioxide emissions. In 
this framework, the most critical gap in the literature is addressed 
by determining the impact of foreign investment outflows on the 
carbon dioxide emissions of the EU countries, which have the 
highest foreign investment inflows.

Environmental policies have changed over the years as EU 
countries have adopted various agreements (Paris agreement) 
to prevent environmental degradation. Therefore, examining the 
relationship between variables is crucial in considering struc-
tural change. Hence, this study examines the relationship between 
variables using Fourier approaches that assume smooth structural 
transition. It is also observed that the hidden relationship between 
the variables needs to be considered in analyzing the relationship 
between foreign investments and pollution. Nonetheless, while 
no relationship between the variables considered cumulatively 
can be identified, it is essential to identify hidden relationships 
when the variables are decomposed into positive and negative 
shocks. Hidden relationships are also addressed in this study.

This study consists of seven sections. The current lit-
erature will be discussed in the next section of the study. 

Subsequently, the methodology, the utilized data, the 
empirical findings, and the discussion will be presented. 
The final section will provide conclusions and policy 
recommendations.

Literature review

A comprehensive review of the literature reveals that envi-
ronmental degradation not only affects foreign investment 
but is also affected by foreign investment. In these studies, 
many pollution variables, such as CO2 , sulfur oxide 

(

SO2

)

 , 
nitrous oxide 

(

NOx

)

 , and ecological footprint (EF), are used 
as environmental degradation factors. However, as a result of 
the empirical analysis, it was concluded that although there 
are many studies on the relationship between pollution and 
FDI, there has yet to be a common consensus. While some 
studies find a positive relationship between the variables, 
others argue that this relationship is negative. The mixed 
results may be due to the choice of country, research period, 
data length, econometric methods, and environmental deg-
radation indicators. The issue is still topical in this sense.

Since carbon dioxide emissions contribute the most to 
environmental degradation among greenhouse gas emis-
sions (EuroStat 2023), studies generally use CO2 (Huynh 
and Hoang 2019; Rahman and Ahmad 2019; Rana and 
Sharma 2020; Bulut et al. 2021; Gong et al. 2023; Firoj 
et al. 2023) as the environmental degradation variable. 
Furthermore, the majority of the studies examining the 
link between FDI and CO2 have analyzed developing 
country groups with panel data methods (MENA, BRICS, 
MINT, PIIGS) (Shao et al. 2019; Salehnia et al. 2020; Bal-
salobre-Lorente et al. 2022; Tasdemir and Ozcelik 2023), 
in some studies, developing and underdeveloped countries 
are discussed with time series analysis (China, Italy, Paki-
stan, India, Turkey, Korea) (Murthy and Gambhir 2018; 
Liu et al. 2019; Nadeem et al. 2020; Bulus and Koc 2021; 
Cil 2023; Javed et al. 2023). It has been determined that 

Fig. 2   CO2 emissions (metric 
tons per capita)
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very few studies have addressed developed country groups 
(The Organisation for Economic Cooperation and Devel-
opment (OECD), EU), especially EU countries are covered 
less in the studies conducted in the literature (Caetano 
et al. 2022; Singh and Dhiman 2023).

EU countries promote various environmental policies and 
technologies to reduce emissions and also have strict regulations 
on polluting activities (Cave and Blomquist 2008). However, 
despite the measures taken, there has not been a steady decrease 
in CO2 levels in the EU over the years (World Bank 2023). This 
can be addressed from two perspectives (Cave and Blomquist 
2008). The first is the import of toxic goods from less devel-
oped OECD countries, and the other is the increase in primary 
energy consumption in the short and long run despite increases in 
national income. Among the studies conducted for EU countries 
in the literature, Li et al. (2022) could not find a strong relation-
ship between FDI and CO2 , while Singh and Dhiman (2023) 
found that FDI generally has an increasing effect on the pollu-
tion level of countries. In a study conducted on G-20 countries, 
including EU countries, Musah et al. (2022) found that foreign 
investments increase CO2 in the long run and that there is bidirec-
tional causality between the variables in the short run. Similarly, 
in an analysis of the impact of investments made by OECD coun-
tries (including the EU countries) in BRICS countries regard-
ing pollution, Apergis et al. (2023) found that OECD countries 
generally transfer their dirty industries to BRICS countries and 
contribute positively to the pollution of the host country.

In this study, we have divided the literature into two sec-
tions. The first section includes studies on country groups, 
followed by studies on single country groups in the second 
section. Table 1 provides an overview of the existing litera-
ture. It also includes studies addressing the country dimen-
sion and CO2 as an environmental degradation variable. 
Since studies on the subject have attracted more attention 
recently, the literature mainly covers the last 5 years.

In this study, we have divided the literature into two sec-
tions. The first section includes studies on country groups, 
followed by studies on single country groups in the second 
section. Table 1 provides an overview of the existing litera-
ture. It also includes studies addressing the country dimen-
sion and CO2 as an environmental degradation variable. 
Since studies on the subject have attracted more attention 
recently, the literature mainly covers the last 5 years.

In the literature, studies generally focus on foreign investment 
inflows or investment outflows from a specific source country 
(from X country to Y country). Relatively few studies have 
addressed the impact of environmental regulations on foreign 
investment outflows and their effects on the pollution level of the 
source country. Among these studies, Cave and Blomquist (2008) 
found that EU member states utilize less developed countries as 
pollution havens for energy-intensive trade. In addition, among 
the studies examining the relationship at the country and firm 
size, Cole and Fredrikson (2009) found that 13 OECD countries; 

Kellenberg (2009) found that the United States (US); Chung 
(2014) found that South Korea; Zugravu-Soilita (2017) found 
that France, Germany, Sweden, and the UK; Wagner and Tim-
mins (2009) found that six industries of German; Ben Kheder and 
Zugravu (2012) found that French firms; and Rezza (2013) found 
that firm-level investment in Norway shifted their investments to 
other countries due to strict environmental regulations, causing 
an increase in the pollution level of the host country. In contrast 
to these studies, Jeppesen et al. (2002) claim that the US, Mulatu 
et al. (2010) claim that 13 European countries, Manderson and 
Kneller (2012) argue that the United Kingdom (UK) does not 
move its dirty industry to the host country at FDI outflows.

The literature on the issue suggests that foreign investment 
flows from developed countries with strict environmental poli-
cies to developing and underdeveloped countries with more lax 
environmental policies. In this regard, studies examining the 
relationship between foreign investment and pollution focus 
on foreign investment inflows. Nevertheless, considering 
that countries transfer their dirty industries to less developed 
countries due to strict environmental policies, the relationship 
between foreign investment outflows and pollution needs to be 
addressed. This study fills the gap in the literature by exam-
ining the relationship between foreign investment inflows, as 
well as foreign investment outflows and pollution.

Methodology

Panel unit root tests

Pesaran (2007), the cross-sectionally augmented Dickey–Fuller 
(CADF) unit root test, is one of the most popular unit root 
tests in the literature and takes cross-sectionally dependent into 
account. This test is based on the Im et al. (2003) (IPS) modi-
fied t-test and the ADF unit root test applied to each unit. In 
addition, the unit root process of the panel can be examined 
using the cross-sectionally augmented panel unit root (CIPS) 
statistic, which is the average of the t-tests of the units. How-
ever, this test needs to take structural change into account.

Many tests are employed to investigate the unit root 
process of a series under structural change. The described 
tests figure out changes in the structure under a shift 
break using dummy variables (Im et al. 2005; Bai and 
Carrion-i-Silvestre 2009). In contrast to these studies, 
Lee et al. (2016) added a new unit root test to the body of 
literature by capturing structural change using the End-
ers and Lee (2012) Fourier approach. Fourier functions 
offer a convenient approximation for breaks of unknown 
form. The most important reason for this is identifying 
the appropriate component in the model. Therefore, it 
eliminates complex procedures such as determining break 
dates, the number of breaks, and the shape of the breaks 
(Lee et al. 2016).
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Table 1   Literature summary

Author(s) Period and country(ies) Methodology Result(s)

Results for single countries using time series analysis
Murthy and Gambhir (2018) 1991–2014 India Regression nalysis FDIN → CO+

2

Liu et al. (2019) 1996–2015 China Panel data partially linear additive model Inverted N-shaped
Rahman and Ahmad (2019) 1975–2016 Pakistan NARDL model FDIN → CO+

2

Assamoi et al. (2020) 1980–2014 Cote d’Ivoire ARDL bounds test FDIN → CO+

2

Mert and Caglar (2020) 1974–2018 Turkey Asymmetric causality, GY hidden coin-
tegration

FDIN → COSR

2

FDIN → CO
LR,−

2

Nadeem et al. (2020) 1971–2014 Pakistan ARDL bounds test FDI ≠ CO2

Rana and Sharma (2020) 1982–2013 India TY causality CO2 → FDI
Bulus and Koc (2021) 1970–2018 Korea ARDL bounds test FDIN → CO+

2

Bulut et al. (2021) 1970–2016 Turkey ESTR cointegration FDIN → CO+

2

Danish and Ahmad (2021) 1994–2018 China ARDL bounds test FDIN → CO−

2

Kisswani and Zaitouni (2021) 1971–2014 Asian countries ARDL bounds test Mixed Results
Akram et al. (2022) 1982–2018 China Quantile ARDL and quantile Granger 

causality
FDIN → CO

LR,+

2

FDIN ↔ COSR

2

Chen et al. (2022) 2001–2015 China Spatial FE, SGMM FDIN → CO−

2

Cil (2023) 1970–2020 Turkey Fourier Shin and Fourier ADL cointe-
gration, Fourier TY causality

FDIN → CO
LR,+

2

FDIN ↔ COSR

2

Chi and Meng (2023) 2003–2017 China companies POLS, FE, SGMM FDIN → CO+

2

Firoj et al. (2023) 1986–2018 Bangladesh ARDL bounds test FDIN → CO
LR,−

2

FDI ≠ COSR

2

Javed et al. (2023) 1970–2018 Italy ARDL bounds test, NARDL FDIN → CO
LR,+

2

FDIN → CO
SR,−

2

Wang and He (2023) 2000–2021 China ARDL bounds test FDIN → CO+

2

Results for country groups using panel data analysis
Huynh and Hoang (2019) 2002–2015

19 developing Asian countries
FGLS, SGMM FDIN → CO+

2

Shao et al. (2019) 1982–2014
BRICS and MINT

Panel cointegration, FMOLS, Granger 
causality

FDIN → CO
LR,+

2

FDIN → COSR

2

Guzel and Okumus (2020) 1981–2014
ASEAN-5

Panel cointegration, CCEMG, AMG FDIN → CO+

2

Nathaniel et al. (2020) Mediterranean countries OLS and quantile regression, Westerlund 
(2007) cointegration

FDI ≠ CO2

Salehnia et al. (2020) 2004–2006 MENA Panel quantile regression FDIN → CO−

2

Ahmad et al. (2021) 1998–2016 Chinese provinces CCEMG, Westerlund (2007) cointegra-
tion

Mixed Results

Benzerrouk et al. (2021) 1980–2016
31 developed, 100 developing countries

GMM FDIN → CO
developing,+−

2

FDIN → CO
developed,−

2

Gyamfi et al. (2021) 1990–2016 sub-Saharan African coun-
tries

Panel quantile regression, OLS FDIN → CO+

2

Khan et al. (2023) 2000–2016 108 developing countries Pedroni Panel Cointegration, P-VECM, 
OLS

FDIN → CO
LR,+

2

FDI ≠ COSR

2

Nawaz et al. (2021) South Asian economies FMOLS, panel cointegration Interved U-shaped
Singhania and Saini (2021) 1990–2016 21 countries GMM, SGMM Mixed Results
Wang et al. (2021) 2005–2014 64 middle and low-income 

countries
PSTR model N-shaped

Bulut et al. (2022) 1993–2018 developing countries Westerlund (2007) cointegration, 
CCEMG

FDI ≠ CO2

Caetano et al. (2022) 2005–2018 OECD Panel ARDL FDIN → CO+

2

Balsalobre-Lorente et al. (2022) 1990–2019 PIIGS countries DOLS, Westerlund (2007) cointegration, 
panel Granger causality

FDIN → CO
LR,+

2

FDI ≠ COSR

2
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CIPS test created by Pesaran et al. (2013) is enhanced by 
adding a Fourier function to the Lee et al. (2016) unit root 
test to analyze the unit root process. The break and cross-
sectionally dependent augmented ADF statistic (BCADF) 
is an extension of the CADF statistic proposed in Eq. 1 by 
Lee et al. (2016).

In this equation, p is the optimal lag length, t is the trend 
value,� = 3.1416 , T is the sample size, k is the optimal num-
ber of frequencies of the Fourier functions, and zit =

(

yit , xit
�
)

� 
is the vector of the common factor xit � . The break augmented 
CIPS (BCIPS) test statistic developed by Lee et al. (2016) by 
taking into account the breaks and cross-sectionally dependent 
augmented version of the unit root test under Pesaran (2007) 
and Pesaran et al. (2013) studies are calculated as follows:

where ti denotes the test statistic calculated for each unit. In addi-
tion, the test’s null hypothesis expresses the unit root process.

(1)
Δyit = ci,0 + ci,1sinsin

�

2�kt

T

�

+ ci,2coscos
�

2�kt

T

�

+ c1,3
�z
t−1

+c1,4
�Δz

t
+
∑p

j=1
c1,5

�Δz
t−1

+
∑p

j=1
ci,6Δyi,t−1 + b,yi,t−1 + eit

(2)BCIPS(N, T) =
1

N

∑N

i=1
ti(N, T)

Panel Fourier Toda‑Yamamoto causality

The Granger causality test is one of the pioneering tests 
among causality tests. This test was developed by Granger 
(1969) and is based on the vector autoregressive model 
(VAR), but has some limitations. The standard Granger cau-
sality analysis requires testing for unit roots and cointegra-
tion. This is because if the variables in the VAR model are 
integrated or cointegrated, the Wald test has a non-standard 
distribution and depends on nuisance parameters (Yilanci 
and Gorus 2020; Durusu-Ciftci et  al. 2020). Toda and 
Yamamoto (1995) overcame this problem with the approach 
developed. This approach is based on the VAR 

(

p + dmax

)

 
model. In this case, the only thing that has to be calculated 
is the maximum stationarity level of the variables ( dmax ). 
Using the Fisher test statistic, Emirmahmutoglu and Kose 
(2011) produced it to apply this causality test to panel data. 
Emirmahmutoglu and Kose (2011) suggest the bootstrap 
simulations to obtain the critical values of Fisher test sta-
tistics in cross-sectionally dependent.

When structural change is not considered, the results 
obtained may be misleading. Enders and Jones (2016) 
demonstrate that the traditional dummy variable approach 
to modeling structural changes in the VAR framework is 

Table 1   (continued)

Author(s) Period and country(ies) Methodology Result(s)

Li et al. (2022) 1995–2017 89 belt and road initiative 
countries

PCSE, GLS, Pedroni panel cointegration Mixed Results

Musah et al. (2022) 1992–2018 G‑20 countries Westerlund-Edgerton Cointegration, 
DCCEMG, S-ARDL, Panel Granger 
Causality

FDIN → CO
LR,+

2

FDIN ↔ COSR

2

Apergis et al. (2023) 1993–2912
BRICS countries

GMM, panel Granger causality Mixed Results

Abbas et al. (2023) 2006–2020 sub-Saharan African FE, RE, SAR SGMM FDIN → CO+

2

Balli et al. (2023) 1981–2021 Asia–Pacific economic coop-
eration countries

Westerlund (2008) cointegration, MG, 
PMG estimator, panel TY Granger 
causality

FDI ≠ COLR

2

Mixed ResultsSR

Chien et al. (2023) 1970–2019 G-7 countries Johansen Fisher panel cointegration, 
OLS

FDIN → CO−

2

Dutta and Hazarika (2023) 2000–2019
SA-EAP, MENA-SSA, and LAC coun-

tries

Pedroni panel cointegration, FMOLS FDIN → CO
MENA−SSA,+

2

FDI ≠ CO
SA−EAP,LAC

2

Gong et al. (2023) 1985–2014 46 African countries Kao and Johansen Fisher Cointegration, 
FMOLS

FDIN → CO
LR,−

2

FDIN ↔ COSR

2

Mahmood et al. (2023) 1995–2020 MENA countries SAR FDIN → CO+

2

Mahmood (2023) 1970–2019 18 Latin American countries Non-spatial and spatial models FDIN → CO+

2

Singh and Dhiman (2023) 2000–2018 Eastern, Southern, Northern, 
and Western Europe

3SLS Mixed Results

Tasdemir and Ozcelik (2023) 1996–2019 MENA countries FE, FE threshold, and dynamic panel 
threshold estimations

FDIN → CO+

2

Wencong et al. (2023) 1998–2019 twelve transition countries Westerlund, Pedroni, and Kao Cointegra-
tion, CS-ARDL, PQR

FDIN → CO+

2
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inappropriate and propose a new approach based on formu-
lating a Fourier function for structural changes. Therefore, 
the number, dates, and structure of breaks can be determined 
using Fourier functions without doing it in advance. Nazlio-
glu et al. (2016) modified the Toda-Yamamoto model using 
the Fourier technique and created a new test considering 
structural changes. Yilanci and Gorus (2020) have extended 
the Fourier Toda-Yamamoto causality test proposed by 
Nazlioglu et al. (2016) for panel analysis. In this context, 
the Panel Fourier Toda-Yamamoto causality test for the two 
variables is expressed as follows:

where � = 3.1416 ; t  , trend; T  , sample size; fi , the integer 
value of the minimum sum of the residual squares of the 
equations for each unit in the range of 1–5. At the same time, 
the Fisher test statistic for the Panel Fourier Toda-Yamamoto 
causality test is calculated as FTYP = −2ln(p∗). Here, p∗ 
indicates the Wald statistic calculated by bootstrap technique 
for each unit.

In the Toda-Yamamoto model, the Wald statistic for 
the null hypothesis of Granger non-causality follows an 
asymptotic χ2 distribution with p degrees of freedom 
(Durusu-Ciftci et al. 2020). This test has some advantages. 
The first one is that it deals with cross-sectionally depend-
ent with the bootstrap technique and takes heterogeneity 
into account. Second, it uses Fourier functions to account 
for structural changes in the VAR model. Lastly, it employs 
the Toda-Yamamoto method to prevent the loss of informa-
tion about the variables.

The Panel Fourier Toda-Yamamoto causality test analyzes 
variables without dividing them into positive and negative 
shocks. However, the variables’ impact on one another may 
vary when they are divided into hidden shocks and exam-
ined. For the first time in the literature, Granger and Yoon 
(2002) analyzed the relationship between variables by using 
their cumulative positive and negative shocks. For the panel 
causality test, the cumulative positive and negative shocks 
for each of the variables are calculated as follows:
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In Eqs. (5) and (6), t = 1, 2, ..., T ; � is the error term with 
white noise. Positive and negative shocks are represented as 
follows.
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Hence, the cumulative positive and negative shocks (9) and 
(10) calculated for each of the variables can be written as fol-
lows by adding Eqs. (7) and (8).
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The data
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Germany, Greece, Hungary, Ireland, Italy, Malta, the Neth-
erlands, Poland, Portugal, Romania, the Slovak Republic, 
Spain, and Sweden). For this objective, the share of foreign 
direct investment inflows (FDIN) and outflows (FDOUT) in 
national income (GDP%) is taken into account. Furthermore, 
CO2 emission (kt) has been considered since, according to 
the European Commission (2020) report, carbon dioxide 
emissions are identified as the gas that causes the most pol-
lution among greenhouse gases. All data is obtained from 
the World Bank (2023). The study covers between 1993 
and 2019, in which the countries’ data is jointly available. 
Additionally, since the relevant data for 27 European Union 
countries could not be obtained, 21 countries were included 
in the study. Descriptive statistics for the variables are given 
in Table 2.

This study examines the relationship between foreign 
investments and carbon dioxide emissions for each coun-
try by employing Panel Fourier Toda-Yamamoto tests for 
both symmetric and asymmetric causality in bidirectional 
models ( CO2=f(FDIN), FDIN = f(CO2 ), CO2=f(FDOUT), 
FDOUT = f(CO2)). Developed countries typically conduct 
foreign investments (United Nations Conference on Trade 
and Development 2021). Since the European Union consists 
mainly of developed countries, similar countries engage in 
foreign investment in these countries. Since these countries 
have strict environmental policies, FDOUTs are anticipated 
to impact pollution more than FDINs substantially. This is 
because countries generally relocate their dirty industries to 
less developed countries.

Empirical results

The findings of the econometric analysis performed to deter-
mine the causal relationship between foreign investment 
inflows and outflows and carbon dioxide emissions are pre-
sented in this section. In this study, the causality relationship 
between the variables is analyzed by the Panel Toda-Yama-
moto Fourier causality test (PFTY). The PFTY causality test 
is based on the VAR ( k + dmax ) model. The initial step is to 
examine the cross-sectionally dependent (CD) variables to 
determine the appropriate unit root test. For this purpose, 

the CD tests developed by Breusch and Pagan (1980) and 
Pesaran (2004) are considered.

Based on the findings presented in Table 3, the null 
hypothesis positing the absence of cross-sectionally depend-
ent is rejected, indicating that the variables have cross-sec-
tionally dependent. The CIPS and BCIPS unit root tests were 
employed to determine the variables’ maximum stationarity 
level. Both tests take into account cross-sectionally depend-
ent. The results of the CIPS unit root test are reported in 
Table 4. As a result of the test, CO2 is stationary at the first 
difference, and other variables are stationary at the level.

The variables were also examined using the BCIPS unit 
root test, as the CIPS unit root test does not account for 
structural change, and the results are shown in Table 5. 
While m = 1 indicates no common factor, m = 2 indicates 
that the GDP collected from the World Bank was employed 
as a common factor in Table The results of the BCIPS unit 
root analysis and the CIPS unit root analysis are in line. CO2 
is stationary at the first difference, while other variables 
are stationary at the level. Thus, the maximum stationarity 
level is I(1).

Panel Toda-Yamamoto Fourier causality test allows the 
calculation of results for units and cross-sectionally depend-
ent. Therefore, the null hypothesis that the models are homo-
geneous was also tested. The fact that the variables have 
cross-sectionally dependent does not mean that the mod-
els do. Hence, the cross-sectionally dependent models to 
be investigated were also tested. Table 6 shows the results 
of the cross-sectionally dependent and homogeneity tests, 
which were regarded for the bidirectional causality direc-
tions investigated in the study.

Table 2   Descriptive statistic

CO2 FDIN FDOUT

Mean 150,371.6 11.286 7.795
Median 65,750 2.968 1.735
Maximum 904,340 449.081 300.406
Minimum 1350  − 40.087  − 87.226
Std. dev 185,480.3 38.216 32.867

Table 3   Cross-section dependence test results

** , *** indicate 5% and 1% statistical significance levels, respectively

CD tests CO2 FDIN FDOUT

Breusch and Pegan (1980)—
LM

446.598*** 364.464*** 353.313***

Pesaran (2004)—scaled LM 11.545*** 7.537*** 6.993***

Pesaran (2004)—CD  − 1.831** 1.967** 4.232***

Table 4   CIPS unit root test results

** , *** indicate 5% and 1% statistical significance levels, respectively. 
The maximum lag length was chosen as 4, and the Schwartz informa-
tion criterion (SIC) was employed

Variables I(0) I(1)

CO2  − 2.09  − 3.428***

FDIN  − 2.299**

FDOUT  − 2.633***
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The test findings show that the models are both hetero-
geneous and cross-sectionally dependent, and the maximum 
stationarity level of the variables is I(1). The Panel Fou-
rier Toda-Yamamoto causality test’s precondition is there-
fore fulfilled. Firstly, we analyzed the relationship between 
the variables using symmetric causality (without shocks), 
and the findings are presented in Table 7. The empirical 
results show that there are more countries where the effect 
of foreign investments on CO2 is statistically significant than 
there are where the impact of CO2 on foreign investments. 
A unidirectional statistically significant causality relation-
ship was found from CO2 to FDIN in Finland, Greece, and 
Sweden; from FDIN to CO2 in Belgium, Cyprus, and France; 
from CO2 to FDOUT in Germany; and from FDOUT to 
CO2 in Belgium, Bulgaria, Cyprus, Ireland, and Portugal. 
In addition, bidirectional statistically significant causality 
was found between CO2 and FDOUT in Austria and Slovak 
Republic.

The upper indices represent the optimal lag length, fre-
quency, and statistical significance level. The maximum lag 
length was chosen as 4, and SIC was employed. Five thou-
sand bootstrap simulations obtained the critical values.

There are differences in the relationship between the 
variables when shocks are ignored. Therefore, this study 
considers the effects of positive and negative shocks, as 
proposed by Granger and Yoon (2002). In this context, 
positive and negative shocks of CO2 , FDIN, and FDOUT 
variables are expressed as CO+

2
 , FDIN+ , FDOUT+ , CO−

2
 , 

FDI− , and FDOUT− , respectively. The results are given in 
Table 8 in the appendices. When Table 8 is examined, it can 
be observed that results vary depending on variables divided 

up into shocks. Moreover, it is found that causality, whose 
validity cannot be determined in most countries in the sym-
metric causality test, exists when analyzed under shocks. 
When the effect of positive shocks is included, unidirectional 
causality from CO2 to FDOUT is found to be valid in more 
EU countries. In contrast, unidirectional causality from CO2 
to FDIN is found to be more dominant across countries when 
adverse shocks are considered.

This study also examines the relationship between vari-
ables regarding cross-shocks (Mert and Caglar 2020). The 
results are given in Table 9 in the appendix. These find-
ings show that FDOUT− to CO+

2
 causation holds valid in 

more EU countries than other causality results. While the 
cross-shock results in some countries were similar, signif-
icant relationships in other countries that had not before 
been recognized were found. These results highlight the 
crucial role of variable shocks in identifying previously 
hidden relationships.

Suppose a statistically significant relationship is found 
in any of the integrated components. In that case, it can be 
said that the variables involved affect one another when the 
cumulative values of the variables are taken into account 
(Granger and Yoon 2002). In this situation, if a statistically 
significant relationship is found in any of the Panel Fou-
rier integrated components determined by considering this 
situation, it can be said that the variables affect each other. 
Panel Asymmetric Toda-Yamamoto causality test results are 
in Table 10 in the appendix. Table 10 in the appendix shows 
that in the majority of the countries, bidirectional causality 
is found to be valid when the relationship between the vari-
ables is examined using shocks. No statistically significant 

Table 5   BCIPS unit root test 
results

** , *** indicate 5% and 1% statistical significance levels, respectively. The maximum lag length was chosen 
as 4, and SIC was employed

Variable m = 1 m = 2

Optimal lag Frequency Test stat Optimal lag Frequency Test stat

CO2 4 2  − 2.095 4 1  − 2.5973
Δ(CO2) 4 1  − 3.2989*** 4 5  − 5.3459***

FDIN 1 3  − 2.4395** 4 2  − 2.7274**

FDOUT 1 3  − 2.7597*** 4 4  − 2.0823**

Table 6   Cross-section 
dependence and homogeneity 
tests for model results

***  indicates 1% statistical significance levels

CD tests CO2 → FDIN F FDIN → CO2 CO2 → FDOUT FDOUT → CO2

Breuscha and Pagan 
(1980)

580.049*** 1977.693*** 518.012*** 1682.469***

Pesaran (2004) 18.057*** 86.255*** 15.029*** 71.849***

Pesaran (2004) 14.637*** 35.161*** 13.083*** 32.962***

Δ̃ 2.527*** 2.477*** 7.363*** 7.082***

Δ̃adj
2.675*** 2.622*** 7.792*** 7.495***
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bidirectional relationship was found between CO2 and FDIN 
in Ireland and Italy, a unidirectional relationship between 
FDIN and CO2 in France, Poland, and Spain, and a statisti-
cally significant bidirectional relationship between FDIN 
and CO2 in Malta. Furthermore, no statistically substantial 
bidirectional relationship was found from CO2 to FDOUT 
in Belgium, Denmark, Romania, and Spain, a unidirectional 
relationship from FDOUT to CO2 in Czechia and Germany, 
and a statistically significant bidirectional relationship from 
FDOUT to CO2 in Hungary and Romania.

Since EU countries have strict environmental rules, for-
eign investment inflows are not anticipated to increase pollu-
tion. However, it can be stated that the statistically significant 
effect of foreign investment outflows on pollution is in the 
direction of reducing the level of pollution.

Discussion

This study presents the summary results of the relationship 
between carbon dioxide emissions and foreign investments 
obtained from the Panel Fourier bootstrap asymmetric and 
symmetric Toda-Yamamoto causality tests in Tables 8, 9, 
and 10 in the appendix. As the table shows, contrary to the 
symmetric test, at least one unidirectional causal relation-
ship exists between most countries’ variables. Moreover, the 

empirical findings vary across countries. This indicates that 
although EU member states have a common environmental 
policy in many areas with certain agreements, their policies 
may differ in line with their interests.

Studies in the literature examine the relationship between 
foreign investment outflows and carbon dioxide emissions 
from two different perspectives. First, since developed coun-
tries transfer their dirty industries to another country due to 
their strict environmental policies (Cai et al. 2018; Liu et al. 
2019; Guzel and Okumus 2020; Akram et al. 2022), foreign 
investment outflows from the source country are expected to 
affect the pollution level. In this case, we can say that source 
countries see host countries as pollution havens. Similarly, 
the effect of pollution on foreign investment outflows is also 
interpreted in this way. In this context, it can be said that 
this is the case in countries with unidirectional (Belgium, 
Czechia, Germany, Greece, Poland, and Spain) and bidirec-
tional (Austria, Bulgaria, Cyprus, Denmark, France, Ireland, 
Italy, Malta, the Netherlands, Portugal, Slovak Republic, and 
Sweden) relationships between variables. These results sup-
port those of Cave and Blomquist (2008), Cole and Fredriks-
son (2009), Kellenberg (2009), Ben Kheder and Zugravu 
(2012), Rezza (2013), Wagner and Timmins (2009), Chung 
(2014), and Benzerrouk et al. (2021). In their firm- or coun-
try-sized study of FDI outflows from the EU or developed 
countries, the authors argue that source countries often use 

Table 7   Panel Fourier Toda-
Yamamoto causality test results

Countries CO2 → FDIN FDIN → CO2 CO2 → FDOUT FDOUT → CO2

Austria 1.9241,1 2.3071,1 2.41,1,10% 3.1681,1,10%

Belgium 1.832,3 5.3362,3,10% 1.1032,3 4.8252,3,%10

Bulgaria 0.5511,3 1.0091,3 0.1711,2 2.4361,2,%10

Cyprus 1.2021,1 6.3681,1,5% 2.2111,1 5.1411,1,5%

Czechia 0.8631,1 0.3561,1 0.4031,1 1.1021,1

Denmark 0.011,3 0.8661,3 0.0691,3 0.9081,3

Finland 7.8913,3,10% 5.7773,3 0.221,1 1.4691,1

France 1.5081,1 4.4491,1,5% 0.581,1 1.2421,1

Germany 0.2681,3 2.0481,3 4.4772,3,10% 0.9892,3

Greece 5.2912,2,10% 1.5182,2 0.1171,1 1.3681,1

Hungary 1.0191,1 0.3751,1 1.0051,1 0.3321,1

Ireland 0.1211,1 6.6121,1,5% 1.3293,1 9.8093,1,10%

Italy 0.1121,1 1.3811,1 0.0991,1 0.081,1

Malta 0.3581,1 0.0321,1 0.361,1 0.21,1

Netherlands 0.2711,1 0.1261,1 0.1561,1 0.0141,1

Poland 0.0681,2 0.0491,2 1.8491,2 0.6091,2

Portugal 1.7871,1 1.2231,1 0.0181,1 3.9581,1,5%

Romania 0.7781,2 4.1881,2,5% 1.1411,2 0.0531,2

Slovak Republic 6.3673,1 1.7973,1 13.2333,2,5% 6.7451,3,10%

Spain 2.3511,1 0.0721,1 1.6911,1 2.4511,1

Sweden 9.7723,3,5% 6.6963,3 0.9921,1 0.7321,1
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less developed countries as pollution havens due to their 
energy-intensive trade, lower environmental standards, and 
lower costs of exporting polluted industrial waste.

The other relationship between foreign investment out-
flows and carbon dioxide emissions is that if the source 
country’s foreign investment outflows do not affect the 
pollution level, it can be stated that it transfers a similar 
production process to the host country. Panel Fourier boot-
straps Toda-Yamamoto causality results show that Finland 
and Romania support this case. These findings are consist-
ent with Eskeland and Harrison (2003) and Manderson and 
Kneller (2012). Thus, it can be stated that these countries 
do not see host countries as pollution havens in their foreign 
investment outflows.

Since EU members have generally developed coun-
tries with strict environmental policies, foreign invest-
ment inflows are not expected to increase environmental 
degradation, and similarly, environmental degradation 
is not likely to contribute to foreign investment inflows 
(Cole and Fredriksson 2009; Wagner and Timmins 2009; 
Zugravu-Soilita 2017; Tasdemir and Ozcelik 2023). 
However, the ongoing fossil energy consumption in EU 
member states does not correspond to this expectation, 
as primary energy consumption is the main factor that 
positively affects pollution in foreign investment inflows 
(Mert et al. 2019). Considering the causality test results 
used in this study, positive (negative) shocks of foreign 
investment inflows in Austria, Bulgaria, Cyprus, Czechia, 
Germany, Greece, Hungary, Italy, the Netherlands, Portu-
gal, and the Slovak Republic affect the positive (negative) 
shock of CO2 . In this case, it can be argued that FDIN 
changes from source countries to these countries similarly 
affect CO2 , supporting the pollution haven hypothesis 
(PHH). This result supports the findings, especially for 
developing countries (Murthy and Gambhir 2018; Huynh 
and Hoang 2019; Benzerrouk et al. 2021; Bulus and Koc 
2021; Bulut et al. 2021; Danish and Ahmad 2021; Cil 
2023; Dutta and Hazarika 2023; Tasdemir and Ozcelik 
2023; Wencong et al. 2023), while it is in line with the 
results of Mert et al. (2019), Caetano et al. (2022), Javed 
et al. (2023), Singh and Dhiman (2023), and Wang and 
He (2023) among the studies conducted for the developed 
country/country group.

When the effect of foreign investment inflows on CO2 is 
analyzed with cross-shocks, it is determined that there is 
a statistically significant causality for Belgium, Denmark, 
Finland, Romania, and Sweden in this case, similar to the 
pollution halo hypothesis, it can be stated that the rela-
tionship has a negative direction in these countries, as in 
Kim and Adilov (2012), Omri et al. (2014), Shahbaz et al. 
(2015), Benzerrouk et al. (2021), Li et al. (2022), Chien 
et al. (2023), which address the developed country/country 
group in the literature.

The absence of a statistically significant relationship 
between the variables indicates that the source country 
invests within the scope of the host country’s environmental 
regulations. Therefore, investment from the source country 
does not change the emissions of the host country. In the 
literature, Smarzynska and Wei (2004), Kearsley and Rid-
del (2010), Mulatu et al. (2010), Nathaniel et al. (2020), 
Singhania and Saini (2021), and Dutta and Hazarika (2023) 
have confirmed the validity of this situation in their empiri-
cal analysis by considering the developed country/country 
group. In this regard, the empirical results obtained in this 
study show that investments in Ireland and Malta are moving 
in this direction.

Conclusion and policy recommendations

This study examines the relationship between foreign 
investment inflows and outflows and carbon dioxide emis-
sions in EU countries. However, due to the need for more 
data for all EU countries, only 21 member states could be 
included in the study. In addition, considering the most 
extended possible period range, the period between 1995 
and 2019 is covered. The relationship between the vari-
ables is analyzed using Fourier panel causality methods, 
which account for structural breaks under cross-sectionally 
dependent and heterogeneity. Unlike the literature, causal-
ity has been examined asymmetrically as well as sym-
metrically. Thus, the hidden causality relationship between 
the variables was also attempted to be determined. In this 
context, the study fills the gap in the literature regarding 
the methodology. In addition, it is determined that EU 
countries are only considered in the literature for Singh 
and Dhiman (2023). On the other hand, Singh and Dhiman 
(2023) use a regional classification of countries. The most 
significant contribution of this study to the literature is the 
analysis of the impact of foreign investment inflows and 
outflows on pollution.

The CIPS and BCIPS unit root tests, first conducted to 
determine the tests to analyze the relationship between the 
variables, show that the variables have different unit root 
levels. Therefore, the Panel Fourier Toda-Yamamoto test is 
applied symmetrically and asymmetrically without using 
cointegration tests. The symmetric Panel Fourier Toda-
Yamamoto test results indicate that the causality relation-
ship is realized more from FDOUT to CO2 in countries. The 
causality from FDIN to CO2 follows this. However, cau-
sality from CO2 to FDI and FDOUT is acknowledged in 
very few countries. Nonetheless, the asymmetric causality 
test results show that the causality between the variables 
is statistically significant in many countries. This indicates 
that there is an asymmetric relationship between these vari-
ables. In particular, in many countries, an asymmetric causal 



106123Environmental Science and Pollution Research (2023) 30:106112–106128	

1 3

link between negative shocks in carbon dioxide emissions 
and negative movements in FDI has been found. While the 
negative shocks of foreign investments are generally more 
effective on carbon dioxide emissions, the negative shocks 
of carbon dioxide emission in foreign investment inflows and 
the negative shocks of carbon dioxide emission in foreign 
investment outflows vary across countries.

As a result, any shock (positive or negative) in FDI and 
emissions affect each other in the short run. Given the 
asymmetric link between these two variables in the short 
and long run, policymakers need to understand the dynamic 
relationship between foreign investment and pollution to 
conduct an effective environmental policy. While transfer-
ring pollution from the source country may reduce pollu-
tion levels in the short run, it would inevitably increase 
environmental degradation worldwide in the long run. Thus, 
governments can provide tax incentives and subsidies for 
foreign investors to use environmentally friendly technol-
ogy instead of taking strict measures on environmental reg-
ulations. Besides, as the EU countries’ pollution levels are 

generally driven by increasing energy consumption, poli-
cymakers can accelerate the transition to renewable energy 
sources by reducing fossil energy consumption. Accord-
ingly, they should promote renewable energy projects such 
as solar and windmills and provide subsidy funds for ease 
of implementation and installation.

This study has certain limitations. The most important 
of these limitations is that the long-run relationship cannot 
be analyzed under the unit root test results. The other is 
that six countries are excluded from the analysis due to the 
need for more homogeneous data for all EU member states. 
CO2 , which causes the most pollution among environmen-
tal variables, is evaluated in this study. In future studies, a 
comparison can be performed by using a different variable, 
such as ecological footprint, as an alternative environmental 
variable in addition to CO2 . Moreover, the empirical find-
ings can be discussed by considering the country groups 
with different levels of foreign investment and/or receiv-
ing foreign investment together, in addition to the country 
groups with the highest level of foreign investment.

Appendix

Table 8   Panel Fourier bootstrap asymmetric Toda-Yamamoto causality test results

Countries CO+

2
→ FDIN+ FDIN+

→ CO+

2
CO+

2
→ FDOUT+FDOUT+

→ CO+

2
CO−

2
→ FDIN−FDIN−

→ CO−

2
CO−

2
→ FDOUT−FDOUT−

→ CO−

2

Austria 5.8523,3 6.0843,3 1.0091,3 0.8451,3 0.5913,3 30.1373,3,1% 0.0311,2 19.6861,2,1%

Belgium 3.3991,3,10% 0.0781,3 1.8271,1 0.2041,1 13.9303,1,5% 2.7493,1 1.3141,2 6.2852,2,10%

Bulgaria 0.9861,2 0.4651,2 5.4961,3,5% 0.6171,3 1.6743,1 9.8313,1,5% 0.1981,1 0.4591,1

Cyprus 0.0031,1 0.2771,1 0.0011,1 0.2181,1 8.9843,1,10% 27.2353,1,1% 13.0693,1,5% 11.6763,1,5%

Czechia 0.0421,1 4.0361,1,5% 4.4551,1,5% 0.1431,1 3.6971,2,10% 1.6881,2 0.4061,1 1.1321,1

Denmark 2.8342,2 2.5482,2 19.8623,2,5% 3.9203,2 1.2523,1 3.5123,1 0.1313,3 11.0113,3,5%

Finland 1.4811,1 0.6861,1 0.0371,1 0.3151,1 24.1151,1,1% 1.0482,3 5.2693,1 0.9973,1

France 1.5982,1 0.2392,1 37.4063,1,1% 3.2763,1 0.7041,1 0.0551,1 1.0921,1 0.7891,1

Germany 0.6722,1 8.8361,1,5% 6.4022,1,10% 0.0032,1 0.0931,1 0.0141,1 0.0021,1 0.0091,1

Greece 0.8181,1 0.8831,1 1.4611,1 2.3671,1,10% 10.6823,2,10% 23.6413,2,1% 0.0001,2 1.0861,2

Hungary 0.1181,2 6.2431,2,5,% 2.2863,2 2.1143,2 0.0351,1 0.1441,1 0.0271,1 0.1541,1

Ireland 1.7731,1 0.9891,1 0.0091,3 1.1831,3 1.0743,3 3.3393,3 0.7523,1 27.8703,1,1%

Italy 4.1852,1 0.5562,1 6.6752,1,5% 1.4622,1 0.1761,3 40.2041,3,1% 0.6371,1 7.1171,1,1%

Malta 3.8442,1 1.2892,1 10.1403,3,5% 2.0143,3 0.0001,1 0.3601,1 0.0591,2 0.1151,2

Netherlands 0.8641,2 0.3211,2 0.4611,3 1.1581,3 13.9973,2,5% 14.8483,2,5% 0.0011,2 0.0211,2

Poland 0.0141,3 0.1651,3 1.1072,3 8.7952,3,5% 8.4183,1 5.9163,1 0.2951,2 0.8221,2

Portugal 11.9071,1,1% 3.1891,1,10% 5.8622,3,5% 2.1121,1 3.0211,2,10% 0.4971,2 2.3223,2 5.7313,2

Romania 1.0071,3 0.3421,3 0.4061,1 1.6571,1 9.9423,2,10% 3.3293,2 0.0091,2 1.5521,2

Slovak 
Republic

0.0621,1 13.0541,1,1% 10.3102,3,%5 6.9212,3,10% 23.9993,1,1% 3.3783,1 0.9941,1 4.5601,1,5%

Spain 3.3401,1,10% 0.6271,1 0.0141,3 0.0041,3 10.9051,1,1% 0.0191,1 0.0041,1 10.0461,1,1%

Sweden 0.2842,1 0.1972,1 0.5163,1 23.6183,1,1% 18.3203,1,1% 0.3183,1 4.0141,2,10% 0.0231,2



106124	 Environmental Science and Pollution Research (2023) 30:106112–106128

1 3

Ta
bl

e 
9  

P
an

el
 F

ou
rie

r b
oo

tst
ra

p 
as

ym
m

et
ric

 T
od

a-
Ya

m
am

ot
o 

ca
us

al
ity

 te
st 

re
su

lts
 (m

ix
ed

 sh
oc

ks
)

C
ou

nt
rie

s
C
O

− 2
→

F
D
IN

+
F
D
IN

+
→

C
O

− 2
C
O

− 2
→

F
D
O
U
T
+

F
D
O
U
T
+
→

C
O

− 2
C
O

+ 2
→

F
D
IN

−
F
D
IN

−
→

C
O

+ 2
C
O

+ 2
→

F
D
O
U
T
−

F
D
O
U
T
−
→

C
O

+ 2

A
us

tri
a

0.
46

32,
2

29
.8

94
2,

2,
1%

0.
75

42,
2

37
.3

26
2,

2,
1%

9.
17

63,
3,

10
%

2.
29

93,
3

9.
83

63,
3,

5%
1.

98
63,

3

B
el

gi
um

1.
64

93,
1

20
.0

96
3,

1,
1%

0.
99

93,
1

30
.0

79
3,

1,
1%

5.
59

72,
3,

10
%

12
.0

04
2,

3,
5%

0.
18

92,
3

40
.2

86
2,

3,
1%

B
ul

ga
ria

0.
01

41,
1

0.
06

61,
1

1.
46

53,
2

15
.0

32
3,

2,
5%

25
.2

85
2,

2,
1%

4.
88

92,
2,

10
%

0.
14

71,
1

0.
41

61,
1

C
yp

ru
s

2.
26

91,
2

14
.9

60
1,

2,
1%

3.
53

52,
2

16
.8

25
2,

2,
1%

0.
25

41,
1

8.
28

81,
1,

1%
1.

45
71,

1
4.

62
11,

1,
5%

C
ze

ch
ia

0.
24

31,
2

0.
50

31,
2

0.
02

41,
2

2.
00

11,
2

33
.1

02
3,

3,
1%

4.
37

63,
3

0.
31

21,
1

2.
63

81,
1

D
en

m
ar

k
13

.9
94

3,
1,

5%
1.

47
33,

1
2.

42
31,

1
0.

19
11,

1
0.

33
72,

2
9.

87
12,

2,
5%

0.
46

42,
1

6.
11

42,
1,

10
%

Fi
nl

an
d

8.
32

82,
1,

5%
0.

54
82,

1
0.

69
21,

1
0.

36
01,

1
0.

00
81,

1
2.

63
91,

1,
10

%
0.

14
71,

1
2.

32
41,

1

Fr
an

ce
4.

13
91,

1,
10

%
1.

07
81,

1
0.

94
41,

1
1.

46
41,

1
0.

00
51,

1
1.

74
91,

1
37

.5
17

3,
1,

1%
23

.2
41

3,
1,

5%

G
er

m
an

y
8.

08
43,

1,
1%

1.
45

91,
1

8.
55

41,
1,

1%
1.

54
01,

1
2.

23
12,

1
0.

01
82,

1
8.

80
22,

1,
5%

1.
11

32,
1

G
re

ec
e

0.
21

41,
2

0.
02

11,
2

2.
11

12,
2

5.
40

12,
2,

10
%

0.
70

31,
1

0.
08

51,
1

24
.7

35
1,

1,
1%

3.
40

01,
1,

10
%

H
un

ga
ry

10
.2

57
3,

1,
5%

0.
75

33,
1

15
.4

65
3,

1,
1%

1.
09

63,
1

0.
68

51,
2

0.
05

91,
2

0.
93

41,
2

0.
02

41,
2

Ir
el

an
d

0.
11

31,
2

0.
03

41,
2

2.
24

31,
2

0.
01

21,
2

2.
37

71,
1

1.
68

11,
1

2.
63

01,
1,

10
%

2.
42

31,
1

Ita
ly

0.
48

61,
1

0.
12

21,
1

0.
06

52,
1

10
.1

43
2,

1,
5%

0.
04

02,
1

2.
34

62,
1

0.
09

11,
2

1.
20

61,
2

M
al

ta
0.

05
71,

1
0.

30
81,

1
0.

74
41,

1
0.

20
41,

1
0.

97
92,

1
1.

56
52,

1
0.

00
81,

1
3.

37
71,

1,
10

%

N
et

he
rla

nd
s

9.
23

21,
2,

1%
0.

38
81,

2
9.

15
61,

2,
1%

0.
02

01,
2

0.
11

31,
1

0.
83

31,
1

0.
33

92,
1

13
.1

39
2,

1,
5%

Po
la

nd
0.

36
81,

2
0.

07
21,

2
3.

86
03,

3
27

.4
13

3,
3,

1%
2.

28
72,

2
4.

38
92,

2
11

.6
74

1,
1,

1%
0.

15
91,

1

Po
rtu

ga
l

0.
09

51,
2

0.
00

01,
2

2.
36

41,
2

0.
00

81,
2

0.
10

61,
1

0.
20

71,
1

4.
31

23,
2

26
.9

15
3,

2,
1%

Ro
m

an
ia

0.
20

92,
1

3.
38

61,
2,

10
%

2.
10

03,
2

1.
00

83,
2

4.
41

23,
2

29
.3

04
3,

2,
1%

0.
40

11,
1

0.
24

01,
1

Sl
ov

ak
 R

ep
ub

lic
27

.3
17

2,
1,

1%
4.

28
62,

1
1.

25
91,

2
0.

00
51,

2
0.

36
21,

1
1.

22
81,

1
3.

16
41,

2,
10

%
0.

61
71,

2

Sp
ai

n
0.

08
31,

2
0.

31
11,

2
0.

01
21,

2
1.

95
81,

2
0.

11
91,

1
1.

27
41,

1
1.

70
41,

1
0.

58
51,

1

Sw
ed

en
17

.6
93

3,
1,

1%
11

.0
19

3,
1,

5%
2.

70
81,

1,
10

%
0.

06
01,

1
0.

05
72,

1
6.

85
92,

1,
10

%
0.

46
42,

2
10

.2
69

1,
2,

5%



106125Environmental Science and Pollution Research (2023) 30:106112–106128	

1 3

The upper indices represent the optimal lag length, 
frequency, and statistical significance level, respectively. 
The maximum lag length was chosen as 4, and SIC was 
employed. Five thousand bootstrap simulations obtained the 
critical values.

The upper indices represent the optimal lag length, 
frequency, and statistical significance level, respectively. 
The maximum lag length was chosen as 4, and SIC was 
employed. Five thousand bootstrap simulations obtained the 
critical values.

Author contribution  Asiye Tutuncu: material preparation, data col-
lection, and analysis. Sukran Sirkintioglu Yildirim and Omca Altin: 
writing the first manuscript draft. Asiye Tutuncu, Sukran Sirkintioglu 
Yildirim, and Omca Altin: review and editing. All authors read and 
approved the final manuscript.

Data availability  The data that support the findings of this study are 
openly available on the World Development Indicator page published 
by (World Bank 2023) at https://​datab​ank.​world​bank.​org/​source/​world-​
devel​opment-​indic​ators

Declarations 

Ethical approval  Not applicable.

Constant to participate  Not applicable.

Constant to publish  Not applicable.

Competing interests  The authors declare no competing interests.

References

Abbas SJ, Iqbal A, Hussain MM, Anwar A (2023) The environmental 
cost of FDI and spatial implications of CO2 emissions in Sub-
Saharan Africa. Environ Sci Pollut Res 1–11. https://​doi.​org/​10.​
1007/​s11356-​023-​27727-2

Ahmad M, Jabeen G, Wu Y (2021) Heterogeneity of pollution haven/
halo hypothesis and environmental Kuznets curve hypothesis 
across development levels of Chinese provinces. J Clean Prod 
285:1–16. https://​doi.​org/​10.​1016/j.​jclep​ro.​2020.​124898

Akram R, Fareed Z, Xiaoli G, Zulfiqar B, Shahzad F (2022) Inves-
tigating the existence of asymmetric environmental Kuznets 
curve and pollution haven hypothesis in China: fresh evi-
dence from QARDL and quantile Granger causality. Environ 
Sci Pollut Res 29(33):50454–50470. https://​doi.​org/​10.​1007/​
s11356-​022-​18785-z

Apergis N, Pinar M, Unlu E (2023) How do foreign direct investment 
flows affect carbon emissions in BRICS countries? Revisiting the 
pollution haven hypothesis using bilateral FDI flows from OECD 
to BRICS countries. Environ Sci Pollut Res 30(6):14680–14692. 
https://​doi.​org/​10.​1007/​s11356-​022-​23185-4

Assamoi GR, Wang S, Liu Y, Gnangoin YTB (2020) Investigating 
the pollution haven hypothesis in Cote d’Ivoire: evidence from 
autoregressive distributed lag (ARDL) approach with structural 
breaks. Environ Sci Pollut Res 27(14):16886–16899. https://​doi.​
org/​10.​1007/​s11356-​020-​08246-w

Bai J, Carrion-I-Silvestre JL (2009) Structural changes, common 
stochastic trends, and unit roots in panel data. Rev Econ Stud 
76(2):471–501. https://​doi.​org/​10.​1111/j.​1467-​937X.​2008.​
00530.x

Balli E, Sigeze C, Ugur MS, Catik AN (2023) The relationship between 
FDI, CO2 emissions, and energy consumption in Asia-Pacific eco-
nomic cooperation countries Environ Sci Pollut Res 1–18. https://​
doi.​org/​10.​1007/​s11356-​021-​17494-3

Table 10   Summary of 
asymmetric causality results

Countries CO2 → FDIN FDIN → CO2 CO2 → FDIN FDOUT → CO2

Austria  +   +   +   + 
Belgium  +   +   + 
Bulgaria  +   +   +   + 
Cyprus  +   +   +   + 
Czechia  +   +   + 
Denmark  +   +   +   + 
Finland  +   + 
France  +   +   + 
Germany  +   +   + 
Greece  +   +   +   + 
Hungary  +   +   + 
Ireland  +   + 
Italy  +   +   + 
Malta  +   + 
Netherlands  +   +   +   + 
Poland  +   +   + 
Portugal  +   +   + 
Romania  +   + 
Slovak Republic  +   +   +   + 
Spain  +   + 
Sweden  +   +   +   + 

https://databank.worldbank.org/source/world-development-indicators
https://databank.worldbank.org/source/world-development-indicators
https://doi.org/10.1007/s11356-023-27727-2
https://doi.org/10.1007/s11356-023-27727-2
https://doi.org/10.1016/j.jclepro.2020.124898
https://doi.org/10.1007/s11356-022-18785-z
https://doi.org/10.1007/s11356-022-18785-z
https://doi.org/10.1007/s11356-022-23185-4
https://doi.org/10.1007/s11356-020-08246-w
https://doi.org/10.1007/s11356-020-08246-w
https://doi.org/10.1111/j.1467-937X.2008.00530.x
https://doi.org/10.1111/j.1467-937X.2008.00530.x
https://doi.org/10.1007/s11356-021-17494-3
https://doi.org/10.1007/s11356-021-17494-3


106126	 Environmental Science and Pollution Research (2023) 30:106112–106128

1 3

Balsalobre-Lorente D, Ibáñez-Luzón L, Usman M, Shahbaz M (2022) 
The environmental Kuznets curve, based on the economic com-
plexity and the pollution haven hypothesis in PIIGS countries. 
Renew Energ 185:1441–1455. https://​doi.​org/​10.​1016/j.​renene.​
2021.​10.​059

Ben Kheder S, Zugravu N (2012) Environmental regulation and French 
firms location abroad: an economic geography model in an inter-
national comparative study. Ecol Econ 77:48–61. https://​doi.​org/​
10.​1016/j.​ecole​con.​2011.​10.​005

Benzerrouk ZS, Abid M, Sekrafi H (2021) Pollution haven or halo 
effect? A comparative analysis of developing and developed 
countries. Energy Rep 7:4862–4871. https://​doi.​org/​10.​1016/j.​
egyr.​2021.​07.​076

Breusch TS, Pagan AR (1980) The Lagrange multiplier test and its 
applications to model specification in econometrics. Rev Econ 
Stud 47(1):239–253. https://​doi.​org/​10.​2307/​22971​11

Bulus GC, Koc S (2021) The effects of FDI and government expen-
ditures on environmental pollution in Korea: the pollution haven 
hypothesis revisited. Environ Sci Pollut Res 28:38238–38253. 
https://​doi.​org/​10.​1007/​s11356-​021-​13462-z

Bulut U, Ucler G, Aksoz-Yilmaz H, Basaran DN (2022) Is there a 
trade-off between financing current account deficits and envi-
ronmental deterioration in developing countries? An empirical 
investigation for the validity of the pollution haven hypothesis. 
Environ Sci Pollut Res 29(37):56090–56097. https://​doi.​org/​10.​
1007/​s11356-​022-​19819-2

Bulut U, Ucler G, Inglesi-Lotz R (2021) Does the pollution haven 
hypothesis prevail in Turkey? Empirical evidence from nonlin-
ear smooth transition models. Environ Sci Pollut Res 28:38563–
38572. https://​doi.​org/​10.​1007/​s11356-​021-​13476-7

Caetano RV, Marques AC, Afonso TL, Vieira I (2022) A sectoral analy-
sis of the role of foreign direct investment in pollution and energy 
transition in OECD countries. J Environ Manage 302:114018. 
https://​doi.​org/​10.​1016/j.​jenvm​an.​2021.​114018

Cai Y, Chang T, Inglesi-Lotz R (2018) Asymmetric persistence in con-
vergence for carbon dioxide emissions based on quantile unit root 
test with Fourier function. Energy 161:470–481. https://​doi.​org/​
10.​1016/j.​energy.​2018.​07.​125

Cansino JM, Román-Collado R, Molina JC (2019) Quality of institu-
tions, technological progress, and pollution havens in Latin Amer-
ica. An analysis of the environmental Kuznets curve hypothesis. 
Sustainability 11(13):3708. https://​doi.​org/​10.​3390/​su111​33708

Cave LA, Blomquist GC (2008) Environmental policy in the Euro-
pean Union: fostering the development of pollution havens? 
Ecol Econ 65(2):253–261. https://​doi.​org/​10.​1016/j.​ecole​con.​
2007.​12.​018

Chen Z, Paudel KP, Zheng R (2022) Pollution halo or pollution 
haven: assessing the role of foreign direct investment on energy 
conservation and emission reduction. J Environ Plan Manag 
65(2):311–336. https://​doi.​org/​10.​1080/​09640​568.​2021.​18829​
65

Chi F, Meng Z (2023) The effects of ICT and FDI on CO2 emissions in 
China. Environ Sci Pollut Res 30(2):3133–3145. https://​doi.​org/​
10.​1007/​s11356-​022-​22422-0

Chien F, Hsu CC, Zhang Y, Sadiq M (2023) Sustainable assessment 
and analysis of energy consumption impact on carbon emission 
in G7 economies: mediating role of foreign direct investment. 
Sustain Energy Technol Assess 57:103–111. https://​doi.​org/​10.​
1016/j.​seta.​2023.​103111

Chung S (2014) Environmental regulation and foreign direct invest-
ment: evidence from South Korea. J Dev Econ 108:222–236. 
https://​doi.​org/​10.​1016/j.​jdeve​co.​2014.​01.​003

Cil N (2023) Re-examination of pollution haven hypothesis for Tur-
key with Fourier approach. Environ Sci Pollut Res 30(4):10024–
10036. https://​doi.​org/​10.​1007/​s11356-​022-​22800-8

Cirman A, Domadenik P, Koman M, Redek T (2009) The Kyoto pro-
tocol in a global perspective. Econ Business Rev 11(1):29–54. 
https://​doi.​org/​10.​15458/​2335-​4216.​1259

Cole MA, Fredriksson PG (2009) Institutionalized pollution havens. 
Ecol Econ 68:1239–1256. https://​doi.​org/​10.​1016/j.​ecole​con.​
2008.​08.​011

Danish KSUD, Ahmad A (2021) Testing the pollution haven hypothesis 
on the pathway of sustainable development: accounting the role of 
nuclear energy consumption. Nucl Eng Technol 53(8):2746–2752. 
https://​doi.​org/​10.​1016/j.​net.​2021.​02.​008

Destek MA, Okumus I (2019) Does pollution haven hypothesis hold 
in newly industrialized countries? Evidence from ecological foot-
print. Environ Sci Pollut Re 26:23689–23695. https://​doi.​org/​10.​
1007/​s11356-​019-​05614-z

Durusu-Ciftci D, Soytas U, Nazlioglu S (2020) Financial development 
and energy consumption in emerging markets: smooth structural 
shifts and causal linkages. Energ Econ 87:104729. https://​doi.​org/​
10.​1016/j.​eneco.​2020.​104729

Dutta UP, Hazarika N (2023) Urbanization and carbon emissions: 
panel evidence from 68 low-income and lower-middle-income 
countries. J Urban Aff 1–20 https://​doi.​org/​10.​1080/​07352​166.​
2023.​21748​71

Emirmahmutoglu F, Kose N (2011) Testing for Granger causality in 
heterogeneous mixed panels. Econ Model 28(3):870–876. https://​
doi.​org/​10.​1016/j.​econm​od.​2010.​10.​018

Enders W, Jones P (2016) Grain prices, oil prices and multiple smooth 
breaks in a VAR. Stud Nonlinear Dyn Econom 20(4):399–419. 
https://​doi.​org/​10.​1515/​snde-​2014-​0101

Enders W, Lee J (2012) The flexible Fourier form and Dickey-Fuller 
type unit root tests. Econ Lett 117(1):196–199. https://​doi.​org/​10.​
1016/j.​econl​et.​2012.​04.​081

Eskeland GS, Harrison AE (2003) Moving to greener pastures? Multi-
nationals and the pollution haven hypothesis. J Dev Econ 70:12–
23. https://​doi.​org/​10.​1016/​S0304-​3878(02)​00084-6

Eurostat (2023) Database, environment and energy. https://​ec.​europa.​
eu/​euros​tat/​data/​datab​ase. Accessed 10 Apr 2023

Firoj M, Sultana N, Khanom S, Rashid MHU, Sultana A (2023) Pol-
lution haven hypothesis and the environmental Kuznets curve 
of Bangladesh: an empirical investigation. Asia-Pac J Reg Sci 
7(1):197–227. https://​doi.​org/​10.​1007/​s41685-​022-​00258-3

Gong Z, Wu Y, Tawiah V, Abdulrasheed Z (2023) The environmental 
footprint of international business in Africa: the role of natural 
resources. Resources Pol 80:103239. https://​doi.​org/​10.​1016/j.​
resou​rpol.​2022.​103239

Granger CWJ (1969) Investigating causal relations by econometric 
models and cross spectral methods. Econometrica 37:424–438. 
https://​doi.​org/​10.​2307/​19127​91

Granger CWJ, Yoon G (2002) Hidden cointegration. U of California, 
Economics Working Paper (2002–02). https://​doi.​org/​10.​2139/​
ssrn.​313831

Guzel AE, Okumus I (2020) Revisiting the pollution haven hypothesis 
in ASEAN-5 countries: new insights from panel data analysis. 
Environ Sci Pollut Res 27:18157–18167. https://​doi.​org/​10.​1007/​
s11356-​020-​08317-y

Gyamfi BA, Bein MA, Udemba EN, Bekun FV (2021) Investigating the 
pollution haven hypothesis in oil and non-oil sub-Saharan Africa 
countries: evidence from quantile regression technique. Resour 
Pol 73:102119. https://​doi.​org/​10.​1016/j.​resou​rpol.​2021.​102119

Huynh CM, Hoang HH (2019) Foreign direct investment and air pol-
lution in Asian countries: does institutional quality matter? Appl 
Econ Lett 26(17):1388–1392. https://​doi.​org/​10.​1080/​13504​851.​
2018.​15636​68

Im KS, Lee J, Tieslau M (2005) Panel LM unit-root tests with level 
shifts. Oxf Bull Econ Stat 67(3):393–419. https://​doi.​org/​10.​
1111/j.​1468-​0084.​2005.​00125.x

https://doi.org/10.1016/j.renene.2021.10.059
https://doi.org/10.1016/j.renene.2021.10.059
https://doi.org/10.1016/j.ecolecon.2011.10.005
https://doi.org/10.1016/j.ecolecon.2011.10.005
https://doi.org/10.1016/j.egyr.2021.07.076
https://doi.org/10.1016/j.egyr.2021.07.076
https://doi.org/10.2307/2297111
https://doi.org/10.1007/s11356-021-13462-z
https://doi.org/10.1007/s11356-022-19819-2
https://doi.org/10.1007/s11356-022-19819-2
https://doi.org/10.1007/s11356-021-13476-7
https://doi.org/10.1016/j.jenvman.2021.114018
https://doi.org/10.1016/j.energy.2018.07.125
https://doi.org/10.1016/j.energy.2018.07.125
https://doi.org/10.3390/su11133708
https://doi.org/10.1016/j.ecolecon.2007.12.018
https://doi.org/10.1016/j.ecolecon.2007.12.018
https://doi.org/10.1080/09640568.2021.1882965
https://doi.org/10.1080/09640568.2021.1882965
https://doi.org/10.1007/s11356-022-22422-0
https://doi.org/10.1007/s11356-022-22422-0
https://doi.org/10.1016/j.seta.2023.103111
https://doi.org/10.1016/j.seta.2023.103111
https://doi.org/10.1016/j.jdeveco.2014.01.003
https://doi.org/10.1007/s11356-022-22800-8
https://doi.org/10.15458/2335-4216.1259
https://doi.org/10.1016/j.ecolecon.2008.08.011
https://doi.org/10.1016/j.ecolecon.2008.08.011
https://doi.org/10.1016/j.net.2021.02.008
https://doi.org/10.1007/s11356-019-05614-z
https://doi.org/10.1007/s11356-019-05614-z
https://doi.org/10.1016/j.eneco.2020.104729
https://doi.org/10.1016/j.eneco.2020.104729
https://doi.org/10.1080/07352166.2023.2174871
https://doi.org/10.1080/07352166.2023.2174871
https://doi.org/10.1016/j.econmod.2010.10.018
https://doi.org/10.1016/j.econmod.2010.10.018
https://doi.org/10.1515/snde-2014-0101
https://doi.org/10.1016/j.econlet.2012.04.081
https://doi.org/10.1016/j.econlet.2012.04.081
https://doi.org/10.1016/S0304-3878(02)00084-6
https://ec.europa.eu/eurostat/data/database
https://ec.europa.eu/eurostat/data/database
https://doi.org/10.1007/s41685-022-00258-3
https://doi.org/10.1016/j.resourpol.2022.103239
https://doi.org/10.1016/j.resourpol.2022.103239
https://doi.org/10.2307/1912791
https://doi.org/10.2139/ssrn.313831
https://doi.org/10.2139/ssrn.313831
https://doi.org/10.1007/s11356-020-08317-y
https://doi.org/10.1007/s11356-020-08317-y
https://doi.org/10.1016/j.resourpol.2021.102119
https://doi.org/10.1080/13504851.2018.1563668
https://doi.org/10.1080/13504851.2018.1563668
https://doi.org/10.1111/j.1468-0084.2005.00125.x
https://doi.org/10.1111/j.1468-0084.2005.00125.x


106127Environmental Science and Pollution Research (2023) 30:106112–106128	

1 3

Im KS, Pesaran MH, Shin Y (2003) Testing for unit roots in heteroge-
neous panels. J Econom 115(1):53–74. https://​doi.​org/​10.​1016/​
S0304-​4076(03)​00092-7

Javed A, Fuinhas JA, Rapposelli A (2023) Asymmetric nexus between 
green technology innovations, economic policy uncertainty, 
and environmental sustainability: evidence from Italy. Energies 
16(8):3557. https://​doi.​org/​10.​3390/​en160​83557

Jeppesen T, List JA, Folmer H (2002) Environmental regulations and 
new plant location decisions: evidence from a Metra-analysis. J 
Regional Sci 42:19–49. https://​doi.​org/​10.​1111/​1467-​9787.​00248

Kathuria V (2018) Does environmental governance matter for foreign 
direct investment? Testing the pollution haven hypothesis for 
Indian states. Asian Develop Rev 35(1):81–107. https://​doi.​org/​
10.​1162/​adev_a_​00106

Kearsley A, Riddel M (2010) A further inquiry into the pollution 
haven hypothesis and the environmental Kuznets curve. Ecol 
Econ 69:905–919. https://​doi.​org/​10.​1016/j.​ecole​con.​2009.​11.​014

Kellenberg DK (2009) An empirical investigation of the pollution 
haven effect with strategic environment and trade policy. J Int 
Econ 78:242–255. https://​doi.​org/​10.​1016/j.​jinte​co.​2009.​04.​004

Khan M, Rana AT, Ghardallou W (2023) FDI and CO2 emissions in 
developing countries: the role of human capital. Nat Hazards 
117(1):1125–1155. https://​doi.​org/​10.​1007/​s11069-​023-​05949-4

Kim MH, Adilov N (2012) The lesser of two evils: an empirical inves-
tigation of foreign direct investment-pollution tradeoff. Appl 
Econ 44(20):2597–2606. https://​doi.​org/​10.​1080/​00036​846.​2011.​
566187

Kisswani KM, Zaitouni M (2021) Does FDI affect environmental deg-
radation? Examining pollution haven and pollution halo hypoth-
eses using ARDL modelling. J Asia Pac Econ 1–27 https://​doi.​
org/​10.​1080/​13547​860.​2021.​19490​86

Lee C, Wu JL, Yang L (2016) A simple panel unit-root test with smooth 
breaks in the presence of a multifactor error structure. Oxf Bull 
Econ Stat 78(3):365–393. https://​doi.​org/​10.​1111/​obes.​12109

Li W, Qiao Y, Li X, Wang Y (2022) Energy consumption, pollution 
haven hypothesis, and environmental Kuznets curve: examining 
the environment–economy link in belt and road initiative coun-
tries. Energy 239:122559. https://​doi.​org/​10.​1016/j.​energy.​2021.​
122559

Liu J, Qu J, Zhao K (2019) Is China’s development conforms to the 
environmental Kuznets curve hypothesis and the pollution haven 
hypothesis? J Clean Prod 234:787–796. https://​doi.​org/​10.​1016/j.​
jclep​ro.​2019.​06.​234

Mahmood H (2023) Trade, FDI, and CO2 emissions nexus in Latin 
America: the spatial analysis in testing the pollution haven and 
the EKC hypotheses. Environ Sci Pollut Res 30(6):14439–14454. 
https://​doi.​org/​10.​1007/​s11356-​022-​23154-x

Mahmood H, Saqib N, Adow AH, Abbas M (2023) FDI, exports, 
imports, and consumption-based CO2 emissions in the MENA 
region: spatial analysis. Environ Sci Pollut Res 30(25):67634–
67646. https://​doi.​org/​10.​1007/​s11356-​023-​27245-1

Manderson E, Kneller R (2012) Environmental regulations, outward 
FDI and heterogeneous firms: are countries used as pollution 
havens? Environ Resour Econ 51:317–352. https://​doi.​org/​10.​
1007/​s10640-​011-​9500-z

Mert M, Boluk G, Caglar AE (2019) Interrelationships among for-
eign direct investments, renewable energy, and CO2 emissions 
for different European country groups: a panel ARDL approach. 
Environ Sci Pollut Res 26:21495–21510. https://​doi.​org/​10.​1007/​
s11356-​019-​05415-4

Mert M, Caglar AE (2020) Testing pollution haven and pollution halo 
hypotheses for Turkey: a new perspective. Environ Sci Pollut Res 
27(26):32933–32943. https://​doi.​org/​10.​1007/​s11356-​02009​469-7

Mulatu A, Gerlagh R, Rigby D, Wossink A (2010) Environmental 
regulation and industry location in Europe. Environ Resour Econ 
45:459–479. https://​doi.​org/​10.​1007/​s10640-​009-​9323-3

Murthy KVB, Gambhir S (2018) Analyzing environmental Kuznets 
curve and pollution haven hypothesis in India in the context 
of domestic and global policy change. Australas Account Bus 
Finance J 12(2):134–156. https://​doi.​org/​10.​14453/​aabfj.​v12i2.9

Musah M, Mensah IA, Alfred M, Mahmood H, Murshed M, Omari-
Sasu AY, Boateng F, Nyeadi JD, Coffie CPK (2022) Reinvesti-
gating the pollution haven hypothesis: the nexus between foreign 
direct investments and environmental quality in G-20 countries. 
Environ Sci Pollut Res 29:31331–31347. https://​doi.​org/​10.​1007/​
s11356-​021-​17508-0

Nadeem AM, Ali T, Khan MTI, Guo Z (2020) Relationship between 
inward FDI and environmental degradation for Pakistan: an explo-
ration of pollution haven hypothesis through ARDL approach. 
Environ Sci Pollut Res 27:15407–15425. https://​doi.​org/​10.​1007/​
s11356-​020-​08083-x

Nathaniel S, Aguegboh E, Iheonu C, Sharma G, Shah M (2020) Energy 
consumption, FDI, and urbanization linkage in coastal Mediter-
ranean countries: re-assessing the pollution haven hypothesis. 
Environ Sci Pollut Res 27:35474–35487. https://​doi.​org/​10.​1007/​
s11356-​020-​09521-6

Nawaz SMN, Alvi S, Akmal T (2021) The impasse of energy consump-
tion coupling with pollution haven hypothesis and environmental 
Kuznets curve: a case study of South Asian economies. Environ 
Sci Pollut Res 28(35):48799–48807. https://​doi.​org/​10.​1007/​
s11356-​021-​14164-2

Nazlioglu S, Gormus NA, Soytas U (2016) Oil prices and real estate 
investment trusts (REITs): gradual-shift causality and volatility 
transmission analysis. Energy Econ 60:168–175. https://​doi.​org/​
10.​1016/j.​eneco.​2016.​09.​009

Neves SA, Marques AC, Patrício M (2020) Determinants of CO2 emis-
sions in European Union countries: does environmental regula-
tion reduce environmental pollution? Econ Analy Pol 68:114–125. 
https://​doi.​org/​10.​1016/j.​eap.​2020.​09.​005

Omri A, Nguyen DK, Rault C (2014) Causal interactions between CO2 
emissions, FDI, and economic growth: evidence from dynamic 
simultaneous-equation models. Econ Model 42:382–389. https://​
doi.​org/​10.​1016/j.​econm​od.​2014.​07.​026

Pesaran MH (2004) General diagnostic tests for cross section depend-
ence in panels. 1–39. https://​doi.​org/​10.​2139/​ssrn.​572504

Pesaran MH (2007) A simple panel unit root test in the presence of 
cross-section dependence. J Appl Econ 22(2):265–312. https://​
doi.​org/​10.​1002/​jae.​951

Pesaran MH, Smith LV, Yamagata T (2013) Panel unit root tests in 
the presence of a multifactor error structure. J Econ 75:94–115. 
https://​doi.​org/​10.​1016/j.​jecon​om.​2013.​02.​001

Polloni-Silva E, Ferraz D, Camioto FDC, Rebelatto DADN, Moralles 
HF (2021) Environmental Kuznets curve and the pollution-halo/
haven hypotheses: an investigation in Brazilian municipalities. 
Sustainability 13(8):4114. https://​doi.​org/​10.​3390/​su130​84114

Rahman ZU, Ahmad M (2019) Modeling the relationship between 
gross capital formation and CO2 (a) symmetrically in the case 
of Pakistan: an empirical analysis through NARDL approach. 
Environ Sci Pollut Res 26(8):8111–8124. https://​doi.​org/​10.​1007/​
s11356-​019-​04254-7

Rana R, Sharma M (2020) Dynamic causality among FDI, economic 
growth and CO2 emissions in India with open markets and tech-
nology gap. Int J Asian Bus Inf Manag 11(3):15–31. https://​doi.​
org/​10.​4018/​IJABIM.​20200​70102

Rezza AA (2013) FDI and pollution havens: evidence from the Nor-
wegian manufacturing sector. Ecol Econ 90:140–149. https://​doi.​
org/​10.​1016/j.​ecole​con.​2013.​03.​014

Salehnia N, Karimi Alavijeh N, Salehnia N (2020) Testing Porter 
and pollution haven hypothesis via economic variables and CO2 
emissions: a cross-country review with panel quantile regression 
method. Environ Sci Pollut Res 27:31527–31542. https://​doi.​org/​
10.​1007/​s11356-​020-​09302-1

https://doi.org/10.1016/S0304-4076(03)00092-7
https://doi.org/10.1016/S0304-4076(03)00092-7
https://doi.org/10.3390/en16083557
https://doi.org/10.1111/1467-9787.00248
https://doi.org/10.1162/adev_a_00106
https://doi.org/10.1162/adev_a_00106
https://doi.org/10.1016/j.ecolecon.2009.11.014
https://doi.org/10.1016/j.jinteco.2009.04.004
https://doi.org/10.1007/s11069-023-05949-4
https://doi.org/10.1080/00036846.2011.566187
https://doi.org/10.1080/00036846.2011.566187
https://doi.org/10.1080/13547860.2021.1949086
https://doi.org/10.1080/13547860.2021.1949086
https://doi.org/10.1111/obes.12109
https://doi.org/10.1016/j.energy.2021.122559
https://doi.org/10.1016/j.energy.2021.122559
https://doi.org/10.1016/j.jclepro.2019.06.234
https://doi.org/10.1016/j.jclepro.2019.06.234
https://doi.org/10.1007/s11356-022-23154-x
https://doi.org/10.1007/s11356-023-27245-1
https://doi.org/10.1007/s10640-011-9500-z
https://doi.org/10.1007/s10640-011-9500-z
https://doi.org/10.1007/s11356-019-05415-4
https://doi.org/10.1007/s11356-019-05415-4
https://doi.org/10.1007/s11356-02009469-7
https://doi.org/10.1007/s10640-009-9323-3
https://doi.org/10.14453/aabfj.v12i2.9
https://doi.org/10.1007/s11356-021-17508-0
https://doi.org/10.1007/s11356-021-17508-0
https://doi.org/10.1007/s11356-020-08083-x
https://doi.org/10.1007/s11356-020-08083-x
https://doi.org/10.1007/s11356-020-09521-6
https://doi.org/10.1007/s11356-020-09521-6
https://doi.org/10.1007/s11356-021-14164-2
https://doi.org/10.1007/s11356-021-14164-2
https://doi.org/10.1016/j.eneco.2016.09.009
https://doi.org/10.1016/j.eneco.2016.09.009
https://doi.org/10.1016/j.eap.2020.09.005
https://doi.org/10.1016/j.econmod.2014.07.026
https://doi.org/10.1016/j.econmod.2014.07.026
https://doi.org/10.2139/ssrn.572504
https://doi.org/10.1002/jae.951
https://doi.org/10.1002/jae.951
https://doi.org/10.1016/j.jeconom.2013.02.001
https://doi.org/10.3390/su13084114
https://doi.org/10.1007/s11356-019-04254-7
https://doi.org/10.1007/s11356-019-04254-7
https://doi.org/10.4018/IJABIM.2020070102
https://doi.org/10.4018/IJABIM.2020070102
https://doi.org/10.1016/j.ecolecon.2013.03.014
https://doi.org/10.1016/j.ecolecon.2013.03.014
https://doi.org/10.1007/s11356-020-09302-1
https://doi.org/10.1007/s11356-020-09302-1


106128	 Environmental Science and Pollution Research (2023) 30:106112–106128

1 3

Shahbaz M, Nasreen S, Abbas F, Anis O (2015) Does foreign direct 
investment impede environmental quality in high-, middle-, and 
low-income countries. Energ Econ 51:275–287. https://​doi.​org/​
10.​1016/j.​eneco.​2015.​06.​014

Shao Q, Wang X, Zhou Q, Balogh L (2019) Pollution haven hypothesis 
revisited: a comparison of the BRICS and MINT countries based 
on VECM approach. J Clean Prod 227:724–738. https://​doi.​org/​
10.​1016/j.​jclep​ro.​2019.​04.​206

Singh D, Dhiman SK (2023) The linkage between carbon emissions, 
foreign direct investment, economic growth, and gross value 
added. Environ Sci Pollut Res 13(1):156–176. https://​doi.​org/​10.​
1007/​s13412-​022-​00809-2

Singhania M, Saini N (2021) Demystifying pollution haven hypothesis: 
role of FDI. J Bus Res 123:516–528. https://​doi.​org/​10.​1016/j.​
jbusr​es.​2020.​10.​007

Smarzynska BK, Wei SJ (2004) Pollution havens and foreign direct 
investment: dirty secret or popular myth? Contrib Econ Anal 
Policy 3:1–32. https://​doi.​org/​10.​2202/​1538-​0645.​1244

Tasdemir F, Ozcelik SE (2023) Do human capital and govern-
ance thresholds matter for the environmental impact of 
FDI? The evidence from MENA countries. Environ Sci 
Pollut Res 30(14):41741–41754. https://​doi.​org/​10.​1007/​
s11356-​023-​25188-1

Toda HY, Yamamoto T (1995) Statistical inference in vector autore-
gressions with possibly integrated processes. J Econ 66(1):225–
250. https://​doi.​org/​10.​1016/​0304-​4076(94)​01616-8

Wagner UJ, Timmins CD (2009) Agglomeration effects in for-
eign direct investment and the pollution haven hypothesis. 
Environ Resour Econ 43:231–256. https://​doi.​org/​10.​1007/​
s10640-​008-​9236-6

Wang CH, Padmanabhan P, Huang CH (2021) The impact of renew-
able energy, urbanization, and environmental sustainability rat-
ings on the environmental Kuznets curve and the pollution haven 
hypothesis. Sustainability 13(24):13747. https://​doi.​org/​10.​3390/​
su132​413747

Wang Y, He Y (2023) Does information and communication technol-
ogy trade openness matter for China’s energy transformation and 
environmental quality? Energies 16(4):2016. https://​doi.​org/​10.​
3390/​en160​42016

Wencong L, Kasimov I, Saydaliev HB (2023) Foreign direct invest-
ment and renewable energy: examining the environmental Kuznets 
curve in resource-rich transition economies. Renew Energ 
208:301–310. https://​doi.​org/​10.​1016/j.​renene.​2023.​03.​054

World Bank (2023) World development indicators. https://​datab​ank.​
world​bank.​org/​source/​world-​devel​opment-​indic​ators. Accessed 
7 Apr 2023

Yilanci V, Gorus MS (2020) Does economic globalization have 
predictive power for ecological footprint in MENA coun-
ties? A panel causality test with a Fourier function. Environ 
Sci Pollut Res 27(32):40552–40562. https://​doi.​org/​10.​1007/​
s11356-​020-​10092-9

Zugravu-Soilita N (2017) How does foreign direct investment affect 
pollution? Toward a better understanding of the direct and condi-
tional effects. Environ Resour Econ Springer, Netherlands. https://​
doi.​org/​10.​1007/​s10640-​015-​9950-9

United Nations Conference on Trade and Development (2021) Trade 
and Development Report 2021 From Recovery to Resilience: 
The Development Dimension United Nations. https://​doi.​org/​10.​
18356/​97892​10010​276

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1016/j.eneco.2015.06.014
https://doi.org/10.1016/j.eneco.2015.06.014
https://doi.org/10.1016/j.jclepro.2019.04.206
https://doi.org/10.1016/j.jclepro.2019.04.206
https://doi.org/10.1007/s13412-022-00809-2
https://doi.org/10.1007/s13412-022-00809-2
https://doi.org/10.1016/j.jbusres.2020.10.007
https://doi.org/10.1016/j.jbusres.2020.10.007
https://doi.org/10.2202/1538-0645.1244
https://doi.org/10.1007/s11356-023-25188-1
https://doi.org/10.1007/s11356-023-25188-1
https://doi.org/10.1016/0304-4076(94)01616-8
https://doi.org/10.1007/s10640-008-9236-6
https://doi.org/10.1007/s10640-008-9236-6
https://doi.org/10.3390/su132413747
https://doi.org/10.3390/su132413747
https://doi.org/10.3390/en16042016
https://doi.org/10.3390/en16042016
https://doi.org/10.1016/j.renene.2023.03.054
https://databank.worldbank.org/source/world-development-indicators
https://databank.worldbank.org/source/world-development-indicators
https://doi.org/10.1007/s11356-020-10092-9
https://doi.org/10.1007/s11356-020-10092-9
https://doi.org/10.1007/s10640-015-9950-9
https://doi.org/10.1007/s10640-015-9950-9
https://doi.org/10.18356/9789210010276
https://doi.org/10.18356/9789210010276

	Which is more important, foreign direct investment inflow or outflow, on the pollution of European Union countries? Evidence from Panel Fourier symmetric and asymmetric causality
	Abstract
	Introduction
	Literature review
	Methodology
	Panel unit root tests
	Panel Fourier Toda-Yamamoto causality

	The data
	Empirical results
	Discussion
	Conclusion and policy recommendations
	Appendix
	References


