
1

Fi
na

l v
er

si
on

 o
f t

he
 a

rt
ic

le
 b

ef
or

e 
ed

it
or

ia
l p

ro
ce

ss
in

g

1
Citation: Bilgin, E., Tekdemir, N., İyidoğan, P. V. The Effectiveness of Environmental Regulation in E7 
and G7 Countries: Revisiting the Pollution Halo and Pollution Haven Hypothesis. Politická ekonomie, 
74, Forthcoming articles, https://doi.org/10.18267/j.polek.1537 

The Effectiveness of Environmental 
Regulation in E7 and G7 Countries: Revisiting 
the Pollution Halo and Pollution Haven 
Hypothesis
Ebru Bilgin , Nazmiye Tekdemir , Pelin Varol İyidoğan 

Ebru Bilgin (email: ebrubilgin@harran.edu.tr), Department of Public Finance, Faculty of Economics and 
Administrative Sciences, Harran University, Sanliurfa, Turkey

Nazmiye Tekdemir (email: nazmiyekirik@gmail.com), Department of Public Finance, Faculty 
of Economics and Administrative Sciences, Kirikkale University, Kirikkale, Turkey 

Pelin Varol İyidoğan (corresponding author, email: pelinv@hacettepe.edu.tr), Department of Public 
Finance, Faculty of Economics and Administrative Sciences, Hacettepe University, Ankara, Turkey

Abstract
This study examines the environmental impact of foreign direct investment (FDI) in E7 and G7 countries 
from 2005 to 2020 using ecological footprint as a comprehensive indicator. Employing both linear and 
nonlinear dynamic panel models, the findings reveal that the environmental effects of FDI are contin-
gent upon the stringency and type of environmental regulation. In E7 countries, FDI tends to worsen 
environmental degradation under weak regulatory frameworks, providing partial support for the Pol-
lution Haven Hypothesis (PHV). In contrast, in G7 countries, FDI contributes to environmental improve-
ment when market-based and technology-oriented policies surpass certain thresholds, aligning with 
the Pollution Halo Hypothesis (PHL). The study disaggregates the OECD Environmental Policy Stringen-
cy (EPS) index and identifies regime-dependent effects of FDI across different policy types. It is asserted 
that while non-market-based policies are more effective in  E7 countries, market-based instruments 
have a larger influence on environment in G7 economies. Our paper also acknowledges theoretical lim-
itations of PHV and PHL, including assumptions of industry mobility, and suggests alternative mecha-
nisms such as technology spillovers. Overall, the results emphasize the importance of context-sensitive 
policy design to ensure that FDI supports environmental sustainability goals.
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JEL Classification: Q58, F18, Q56, C23

15 MANUÁL VYSOKÉ ŠKOLY EKONOMICKÉ V PRAZE

LOGOTYP 
S NÁZVEM
ZÁKLADNÍ
PROVEDENÍ

1/10

Logotyp je zkonstruován tak, aby bylo zaručeno 
jeho nejsnadnější použití v jednotném grafickém 
a komunikačním stylu vysoké školy a zároveň 
v identifikovatelnosti jednotlivých fakult v rámci 
struktury VŠE, při zachování všech technologic-
kých možností typografických a estetických 
pravidel.

Logotyp se smí používat pouze z originálního 
vzoru, který je dostupný jako příloha tohoto
manuálu, případně z dat poskytnutých oddělením 
Public Relations VŠE společně s předchozím sou-
hlasem s použitím. Používání jiných podkladů než 
originálních je nepřípustné.

Základní pozitivní provedení logotypu je v kor-
porátní černé barvě (100 % K), dále je upřesněno 
v kodifikaci barevnosti v kapitole 2/01.

Nejlépe znak vynikne na bílé podkladové ploše, 
která je také při aplikaci znaku preferována.

Správný způsob aplikace znaku je definován pra-
vidly uvedenými v tomto manuálu a je zakázáno 
ho aplikovat v rozporu s ním.

VSE_2_logo_cb_cmyk
VSE_4_EN_logo_bw_cmyk

Politická 
ekonomie  

Fi
na

l v
er

si
on

 o
f t

he
 a

rt
ic

le
 b

ef
or

e 
ed

it
or

ia
l p

ro
ce

ss
in

g Volume 74 (4), Special Issue:  
Confluence of Political Economics, Artificial Intelligence  
and Environmental Policies 
Forthcoming articles  
https://doi.org/10.18267/j.polek.1537
Open Access

https://doi.org/10.18267/j.polek.1537
https://orcid.org/0000-0002-2394-4157
https://orcid.org/0000-0002-7292-569X
https://orcid.org/0000-0002-4632-9130
mailto:ebrubilgin@harran.edu.tr
mailto:nazmiyekirik@gmail.com
https://www.vse.cz/english/
https://polek.vse.cz/
https://polek.vse.cz/corproofs.php


2Politická ekonomie, 2026, 74, Forthcoming articles, https://doi.org/10.18267/j.polek.1537

Ebru Bilgin, Nazmiye Tekdemir, Pelin Varol İyidoğan

 F
in

al
 v

er
si

on
 o

f t
he

 a
rt

ic
le

 b
ef

or
e 

ed
it

or
ia

l p
ro

ce
ss

in
g

1. Introduction

Currently, the apparent conflict between economic interests and environmental preserva-
tion is undergoing reassessment worldwide. While local and national economies often em-
phasize fossil fuel extraction and energy production for growth and employment, there are 
increasing debates about the merits of banning shale gas extraction (fracking) and transi-
tioning to renewable energy sources. This division is underscored by surging global tem-
peratures, as evidenced by a peak temperature of 49.6 °C in North America in 2022 (NASA/
GISS, 2023), alongside an increment in ocean temperatures, which have risen between 0.1 
°C and 0.6 °C over the  last fifty years (Wagner and Timmins 2009). Such environmental 
degradation, including plastic pollution and industrial waste compromising water resourc-
es, underscores the urgency of prioritizing environmental protection for sustainability and 
human health.

In the 21st century, capital flows have evolved to focus on environmental, social, and 
governance (ESG) sustainability, supporting Sustainable Development Goals (Akbulut and 
Yereli 2023). Foreign Direct Investments (FDI), while fostering economic growth in  host 
countries, have significant impacts on their natural resources and environments (Cole et al., 
2006; Shahbaz et  al., 2015; Wagner and Timmins, 2009). The  environmental dynamics 
of FDI differ notably between greenfield investments, which involve developing new areas 
with specific environmental challenges, and brownfield investments, which integrate sus-
tainable practices in previously industrialized areas (Bulus and Koc 2021; Mwilima 2003).

Environmental impacts of FDI are examined under the framework of two prominent 
theories in environmental economics: the Pollution Haven Hypothesis (PHV) and the Pollu-
tion Halo Hypothesis (PHL). PHV indicates that nations with less stringent environmental 
rules tend to  draw industries that are heavy polluters (Gyamfi et  al., 2021; Sarkodie and 
Strezov, 2019; Wang, Padmanabhan, and Huang, 2021). Conversely, PHL asserts that mul-
tinational enterprises (MNEs) elevate environmental standards in the host countries by in-
troducing advanced, cleaner technologies and production practices, in accordance with local 
regulations (Ali and Wang, 2024; Balsalobre-Lorente 2022; Kisswani and Zaitouni 2023). 
This hypothesis argues that MNEs can help local firms enhance their environmental perfor-
mance by transferring environmental knowledge and technologies. These perspectives pro-
vide essential guidance for shaping investment decisions and environmental policy design.

FDI significantly influences environmental conditions, especially in the E7 developing 
nations and the G7 industrialized economies. Analyzing the environmental impacts of these 
investments reveals both differences and similarities in the international execution of envi-
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ronmental policies, highlighting the balance between economic growth and environmental 
protection across these diverse economic blocks. However, empirical evidence on how en-
vironmental policy stringency shapes this relationship across different country groups re-
mains fragmented. The OECD Environmental Policy Stringency Index (EPS), created by Bot-
ta and Koźluk in 2014, has enabled a thorough assessment of these regulations, addressing 
a significant deficiency in the literature (Botta and Kozluk 2014). The EPS measures the ef-
fects of environmental policies through three lenses: market-based, non-market-based, and 
technology support policies. Market-based policies, like the CO2 Trading Scheme and vari-
ous pollution taxes, aim to mitigate negative externalities through the pricing mechanism. 
Non-market-based policies, including emission limits for various pollutants, directly control 
environmental impacts. The third component, technology support policies, includes public 
research and development expenditures and incentives for renewable energy sectors like 
solar and wind (Kruse et al. 2022).

Within this framework, the primary objective of our study is to empirically examine 
the  environmental effects of  FDI, with a  particular focus on  its impact on  the  ecological 
footprint, and to  comparatively analyze the  role of  environmental regulatory stringency 
in shaping this relationship within the E7 (China, Indonesia, Türkiye, Brazil, Russia, India, 
and Mexico) and G7 (Italy, Japan, United Kingdom, United States, Canada, France, and Ger-
many) country groups. To the best of our knowledge, this is the first study to simultaneously 
compare E7 and G7 countries while disaggregating environmental policies by type to exam-
ine their conditioning effects on the FDI–environment relationship. In this context, we aim 
to contribute to the existing literature by advancing both the methodological and conceptual 
understanding of the FDI–environment nexus in several novel ways. Firstly, while most prior 
studies primarily focus on the relationship between FDI and CO₂ emissions, we adopt eco-
logical footprint as a more comprehensive and multidimensional indicator of environmen-
tal degradation. Secondly, we incorporate the OECD’s updated EPS indices and categorize 
them into market-based, non-market-based, and technology-based policy types, allowing 
for a more nuanced examination of how different regulatory approaches condition the en-
vironmental impact of FDI. Thirdly, we employ a dynamic panel threshold model, enabling 
the identification of nonlinear effects and country-specific regime shifts a methodological 
improvement over conventional linear estimations commonly used in previous research. 

More briefly, the direction and magnitude of the environmental impact of FDI inflows 
are first analyzed using a linear approach, namely the System Generalized Method of Mo-
ments (System GMM). Subsequently, in order to account for the nonlinear nature of the FDI–
environment relationship and the heterogeneity of environmental policy across countries, 
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the dynamic panel threshold model developed by Kremer et al. (2013) is employed. This 
method enables the  identification of potential regime shifts between the Pollution Haven 
Hypothesis and the Pollution Halo Hypothesis, contingent upon the stringency of environ-
mental regulation. Furthermore, by disaggregating the OECD Environmental Policy Strin-
gency index into market-based, non-market-based, and technology-supportive components, 
our study provides a detailed evaluation of how different regulatory approaches condition 
the environmental consequences of FDI. The originality of this research lies in its simulta-
neous consideration of both linear and nonlinear dynamics of the FDI–environment nexus, 
and in being among the first empirical studies to offer a comparative analysis for E7 and G7 
countries using disaggregated EPS data by policy type. The comparative framework applied 
to both E7 and G7 countries provides novel insights into how the effectiveness of environ-
mental policies varies across country groups with different levels of institutional develop-
ment and economic maturity. In doing so, we intend to deliver actionable insights for policy-
makers from a sustainable development perspective.

The remainder of our paper is structured as follows. Initially, a thorough literature re-
view is provided in Section 2. Section 3 delineates the data and methodological approach. 
Section 4 examines empirical findings. Section 5 concludes and proposes policy recommen-
dations.

2. Literature Review 

The literature on the environmental consequences of FDI is particularly based on the PHV 
and PHL hypotheses. The theoretical approach of the PHV has been first articulated by Pethig 
(1976) and further extended by Walter and Ugelow (1979), Copeland and Taylor (1994) 
studies, which have conceptualized the environment as a production factor and highlight-
ing the displacement of pollution-intensive industries due to uneven regulatory standards. 
Despite the theoretical coherence of the PHV framework, early empirical research yielded 
mixed and context-dependent results, partly due to methodological differences and coun-
try-specific variations. Among These studies, Hoffmann et al. (2005), using data from 112 
countries, found income-level dependent causality between FDI and CO₂ emissions. Similar-
ly, Aliyu (2005) observed pollution-intensive FDI from OECD countries gravitating towards 
nations with tax regulations, supporting PHV but found no significant link in  developing 
economies. These findings underscore a  lack of  consensus and highlight the  importance 
of incorporating institutional and policy heterogeneity in FDI–environment analyses.

Subsequent research has expanded the analytical framework to include more environ-
mental indicators and more advanced econometric approaches. For example, Sarkodie and 
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Strezov (2019) empirically supported the Pollution Paradise Hypothesis (PHV) by finding 
a  strong relationship between energy consumption and greenhouse gas emissions in  de-
veloping countries. Similarly, Rana and Sharma (2019) and Nathaniel et al. (2020) found 
that the environmental impacts of foreign direct investments (FDI) differ depending on con-
textual factors such as trade intensity, the composition of energy resources and the nature 
of  regulatory institutions, and these results showed that context sensitivity is high. Kaur 
et al. (2023) emphasise the role of FDI in green energy and sustainability. More recent stud-
ies go beyond CO₂ emissions and consider more comprehensive ecological indicators and 
develop the  literature in  this field by using non-linear modelling techniques. Indeed, Sun 
et al. (2017) find that FDI accelerates environmental degradation in China under conditions 
of inadequate environmental regulations, while Liu et al. (2019) identify U- and N-shaped 
curves in the environmental impacts of FDI, emphasising that this effect varies significantly 
depending on the stringency level of the regulatory framework and that threshold effects 
and non-linear policy dynamics should be taken into account in empirical models.

On  the  other hand, studies using indicators that measure environmental pressure 
in a more holistic manner, such as ecological footprint, provide more detailed findings on these 
dynamics. For example, Balsalobre-Lorente et al. (2019), in their analysis of MINT countries, 
find that FDI inflows initially increase ecological degradation; however, with the continua-
tion of economic development and strengthening of the institutional structure, these neg-
ative effects decrease, which is consistent with the PHL hypothesis. Similarly, Akbulut and 
Yereli (2023) support the PHL approach by emphasising the regulatory role of strict envi-
ronmental policies in limiting the negative effects of FDI on the environment. On the other 
hand, Özkan et al. (2023) confirm the PHV hypothesis in their study on China and also draw 
attention to  the  positive effects of  energy efficiency and trade openness. Sadik-Zada and 
Ferrari (2020) address the carbon leakage phenomenon in the context of OECD countries 
and argue that strict domestic environmental regulations may lead to a shift of emissions 
to countries with more lax standards. Singhania and Saini (2021) argue that both PHV and 
PHL dynamics depend on the institutional and economic characteristics of countries. Ade-
bayo (2022), in his study on E7 economies, states that the environmental effects of financial 
globalisation are not homogeneous; it leads to an increase in emissions in some countries 
and a decrease in others, and this situation is shaped depending on the quality of govern-
ance and policy design. Moreover, comparative assessments were made between developed 
and developing country groups not only in terms of environmental impacts but also in terms 
of financial integration1.

1	  For detailed information, see (Kaur et al., 2025; Aggarwal and Khurana, 2018).
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In conclusion, the environmental impacts of FDI are inherently context-sensitive and 
multidimensional, shaped not only by income levels and industrial development but also by 
the type of environmental policy (market-based, command-and-control, or technology-ori-
ented) and the  strength of  institutional capacity. This diversity highlights the  limitations 
of one-size-fits-all approaches like PHV or PHL. By integrating a comprehensive indicator 
– the ecological footprint – and disaggregating environmental policy types using updated 
OECD indices, this study contributes a  more nuanced and policy-relevant understanding 
of the FDI–environment nexus, particularly across diverse country groups such as the E7 
and G7.

3. Empirical Methodology and Data

The  dataset employed in  this study covers the  period from 2005 to  2020 and is based 
on a sample comprising E7 countries (China, Indonesia, Türkiye, Brazil, Russia, India, and 
Mexico) and G7 countries (Italy, Japan, the  United Kingdom, the  United States, Canada, 
France, and Germany). The study, grounded in theoretical foundations, aims to investigate 
the  conditions under which the  PHV – which posits that FDI deteriorates environmental 
quality – holds true, in contrast to the PHL, which suggests that FDI improves environmen-
tal outcomes. In  this context, the  research proceeds in  two directions. First, it  examines 
the environmental effects of FDI, particularly its impact on the ecological footprint, which 
is considered a comprehensive and integrative indicator of environmental degradation. Sec-
ond, based on the assumption that the environmental effects of FDI may not follow a linear 
and unidirectional pattern, our study explores whether this relationship varies depending 
on the stringency of environmental policies implemented by countries. Given the hetero-
geneity in  environmental regulatory frameworks across countries, it  is anticipated that 
the  FDI–ecological footprint relationship may exhibit nonlinear dynamics. This approach 
not only allows for a comparative assessment between different country groups but also 
enables a more in-depth analysis within regimes defined by the stringency of environmental 
policies. In doing so, the findings of this study are expected to provide valuable insights for 
policymakers within the framework of sustainable development.

In  line with the first objective of  the study, the direction and magnitude of  the envi-
ronmental impact of FDI inflows will be empirically tested within a linear framework using 
the System Generalized Method of Moments (System GMM), a dynamic panel data estima-
tion technique widely utilized in empirical research for its ability to control endogeneity, 
autocorrelation, and unobserved fixed effects. Developed by Arellano and Bover (1995) and 
Blundell and Bond (1998), System GMM addresses the weak instrument problem associat-
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ed with the Difference GMM approach by jointly employing moment conditions from both 
level and first-difference equations. In this method, lagged levels of the variables are used 
as instruments for differenced equations, while lagged differences are used as instruments 
for level equations, thereby yielding more consistent and less biased estimates. The method 
is commonly implemented using the xtabond2 command in Stata, developed by Roodman 
(2009), and instrument validity is assessed through the Arellano-Bond autocorrelation test 
and the Hansen test for over-identifying restrictions. To prevent instrument proliferation, 
which can weaken the power of diagnostic tests, the number of instruments is kept below 
the number of observations. The Hansen-J test is preferred over the Sargan test due to its 
robustness under heteroskedasticity, and Windmeijer’s (2005) correction is applied to ad-
just standard errors in two-step estimations, thereby enhancing the reliability of inference. 
These features make System GMM a strong and widely preferred approach in linear dynamic 
panel data analysis.

Accordingly, the model to be estimated for the first objective of the study is presented 
below in Equation (1). 6 

 
ln 𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖 = Ɣ ln 𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖,𝑡𝑡−1 +  𝜑𝜑1𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖 + 𝜑𝜑2 𝑋𝑋𝑖𝑖𝑖𝑖  + 𝜕𝜕𝑖𝑖   + 𝜃𝜃𝑡𝑡  + 𝜀𝜀𝑖𝑖𝑖𝑖                                        (1) 

In Equation (1), ln eco represents the dependent variable. The coefficient Ɣ captures 
the effect of the lagged value of the dependent variable, while φ1 denotes the direction and 
magnitude of the impact of the explanatory variable FDI on the dependent variable. The 
coefficient φ2 corresponds to the control variables, ∂ reflects unobserved unit-specific effects, 
θt captures unobserved time-specific effects, and ε represents the error term. 

On the other hand, due to the inability of linear models to adequately capture potential 
structural breaks, a nonlinear analytical approach is required to address the second objective 
of the study. At this point, the dynamic panel threshold model developed by Kremer et al. 
(2013) is employed. This method assumes that the relationship between variables may differ 
depending on whether the value of the environmental policy stringency index falls below or 
above a certain threshold, thereby allowing for the analysis of nonlinear effects across 
regimes. In this way, the study aims to reveal whether the impact of FDI on environmental 
performance varies in a positive or negative direction depending on the degree of 
environmental policy stringency. 

At this juncture, our choice to employ the dynamic panel threshold analysis method 
developed by Kremer et al. (2013) highlights the methodological superiority of our research. 
Indeed, threshold models, which reveal structural relationships and breakpoints defined in 
terms of threshold levels, are crucial as they facilitate a more straightforward capture of 
economic phenomena. More specifically, the dynamic panel threshold method with 
endogenous regressors by Kremer et al. (2013) used in the issue of heterogeneity in panel data 
analysis cannot be adequately resolved with linear models, as structural relationships can 
significantly vary across units. In the context of our study, the endogenous regressor-inclusive 
dynamic panel threshold model addresses this issue by evaluating the impact of FDI inflows 
on the ecological footprint according to EPS indices under different regimes. This model 
captures the nonlinear effects of FDI inflows under various conditions and alleviates concerns 
about endogeneity. 

In the dynamic panel threshold analysis, we employ the forward orthogonal deviation 
transformation as proposed by Arellano and Bover (1995). This method is combined with the 
instrumental variable estimate of the cross-sectional threshold model, first proposed by Caner 
and Hansen (2004), and is further integrated with Hansen’s (1999) panel threshold model. The 
dynamic model framework alleviates the problem of endogeneity among essential control 
variables. Essentially, this approach effectively tackles the problems of endogeneity while 
considering the dynamic aspects of the dataset, which may be overlooked by Hansen's model. 
Drawing from these methodologies, the dynamic panel threshold model is structured as 
follows, facilitating the estimation of threshold effects in panel data, even when dealing with 
endogenous regressors: 

𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝛽𝛽1
′ 𝒛𝒛𝒊𝒊𝒊𝒊𝐼𝐼(𝑞𝑞𝑖𝑖𝑖𝑖 ≤ 𝛾𝛾) + 𝛽𝛽2

′ 𝒛𝒛𝒊𝒊𝒊𝒊𝐼𝐼(𝑞𝑞𝑖𝑖𝑖𝑖 > 𝛾𝛾)  + 𝜀𝜀𝑖𝑖𝑖𝑖         (2) 

Subscripts t = 1, ..., T indicate time, while i = 1, ..., N represents unit and country-
specific fixed effects. The error term is εit ~ iid(0, σ2). I(.) denotes the indicator function that 
signifies the regime determined by the threshold variable qit and the threshold level γ. zit is an 
m-dimensional vector of explanatory regressors that may encompass lagged values of y and 
other endogenous variables. The vector of explanatory variables is divided into a subset z1it of 

	                        (1)

In Equation (1), ln eco represents the dependent variable. The coefficient Ɣ captures 
the effect of the lagged value of the dependent variable, while φ1 denotes the direction and 
magnitude of the impact of the explanatory variable FDI on the dependent variable. The co-
efficient φ2 corresponds to the control variables, ∂ reflects unobserved unit-specific effects, 
θt captures unobserved time-specific effects, and ε represents the error term.

On the other hand, due to the inability of linear models to adequately capture potential 
structural breaks, a nonlinear analytical approach is required to address the second objec-
tive of  the study. At  this point, the dynamic panel threshold model developed by Kremer 
et al. (2013) is employed. This method assumes that the relationship between variables may 
differ depending on whether the value of  the environmental policy stringency index falls 
below or above a certain threshold, thereby allowing for the analysis of nonlinear effects 
across regimes. In  this way, the  study aims to  reveal whether the  impact of  FDI on  envi-
ronmental performance varies in a positive or negative direction depending on the degree 
of environmental policy stringency.

At this juncture, our choice to employ the dynamic panel threshold analysis method de-
veloped by Kremer et al. (2013) highlights the methodological superiority of our research. 
Indeed, threshold models, which reveal structural relationships and breakpoints defined 
in  terms of  threshold levels, are crucial as  they facilitate a  more straightforward capture 
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of economic phenomena. More specifically, the dynamic panel threshold method with en-
dogenous regressors by Kremer et  al. (2013) used in  the  issue of  heterogeneity in  panel 
data analysis cannot be adequately resolved with linear models, as structural relationships 
can significantly vary across units. In the context of our study, the endogenous regressor-in-
clusive dynamic panel threshold model addresses this issue by evaluating the impact of FDI 
inflows on the ecological footprint according to EPS indices under different regimes. This 
model captures the nonlinear effects of FDI inflows under various conditions and alleviates 
concerns about endogeneity.

In the dynamic panel threshold analysis, we employ the forward orthogonal deviation 
transformation as proposed by Arellano and Bover (1995). This method is combined with 
the  instrumental variable estimate of  the cross-sectional threshold model, first proposed 
by Caner and Hansen (2004), and is further integrated with Hansen’s (1999) panel thresh-
old model. The  dynamic model framework alleviates the  problem of  endogeneity among 
essential control variables. Essentially, this approach effectively tackles the problems of en-
dogeneity while considering the dynamic aspects of the dataset, which may be overlooked 
by Hansen’s model. Drawing from these methodologies, the dynamic panel threshold model 
is structured as follows, facilitating the estimation of threshold effects in panel data, even 
when dealing with endogenous regressors:

6 
 
ln 𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖 = Ɣ ln 𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖,𝑡𝑡−1 +  𝜑𝜑1𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖 + 𝜑𝜑2 𝑋𝑋𝑖𝑖𝑖𝑖  + 𝜕𝜕𝑖𝑖   + 𝜃𝜃𝑡𝑡  + 𝜀𝜀𝑖𝑖𝑖𝑖                                        (1) 

In Equation (1), ln eco represents the dependent variable. The coefficient Ɣ captures 
the effect of the lagged value of the dependent variable, while φ1 denotes the direction and 
magnitude of the impact of the explanatory variable FDI on the dependent variable. The 
coefficient φ2 corresponds to the control variables, ∂ reflects unobserved unit-specific effects, 
θt captures unobserved time-specific effects, and ε represents the error term. 

On the other hand, due to the inability of linear models to adequately capture potential 
structural breaks, a nonlinear analytical approach is required to address the second objective 
of the study. At this point, the dynamic panel threshold model developed by Kremer et al. 
(2013) is employed. This method assumes that the relationship between variables may differ 
depending on whether the value of the environmental policy stringency index falls below or 
above a certain threshold, thereby allowing for the analysis of nonlinear effects across 
regimes. In this way, the study aims to reveal whether the impact of FDI on environmental 
performance varies in a positive or negative direction depending on the degree of 
environmental policy stringency. 

At this juncture, our choice to employ the dynamic panel threshold analysis method 
developed by Kremer et al. (2013) highlights the methodological superiority of our research. 
Indeed, threshold models, which reveal structural relationships and breakpoints defined in 
terms of threshold levels, are crucial as they facilitate a more straightforward capture of 
economic phenomena. More specifically, the dynamic panel threshold method with 
endogenous regressors by Kremer et al. (2013) used in the issue of heterogeneity in panel data 
analysis cannot be adequately resolved with linear models, as structural relationships can 
significantly vary across units. In the context of our study, the endogenous regressor-inclusive 
dynamic panel threshold model addresses this issue by evaluating the impact of FDI inflows 
on the ecological footprint according to EPS indices under different regimes. This model 
captures the nonlinear effects of FDI inflows under various conditions and alleviates concerns 
about endogeneity. 

In the dynamic panel threshold analysis, we employ the forward orthogonal deviation 
transformation as proposed by Arellano and Bover (1995). This method is combined with the 
instrumental variable estimate of the cross-sectional threshold model, first proposed by Caner 
and Hansen (2004), and is further integrated with Hansen’s (1999) panel threshold model. The 
dynamic model framework alleviates the problem of endogeneity among essential control 
variables. Essentially, this approach effectively tackles the problems of endogeneity while 
considering the dynamic aspects of the dataset, which may be overlooked by Hansen's model. 
Drawing from these methodologies, the dynamic panel threshold model is structured as 
follows, facilitating the estimation of threshold effects in panel data, even when dealing with 
endogenous regressors: 

𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝛽𝛽1
′ 𝒛𝒛𝒊𝒊𝒊𝒊𝐼𝐼(𝑞𝑞𝑖𝑖𝑖𝑖 ≤ 𝛾𝛾) + 𝛽𝛽2

′ 𝒛𝒛𝒊𝒊𝒊𝒊𝐼𝐼(𝑞𝑞𝑖𝑖𝑖𝑖 > 𝛾𝛾)  + 𝜀𝜀𝑖𝑖𝑖𝑖         (2) 

Subscripts t = 1, ..., T indicate time, while i = 1, ..., N represents unit and country-
specific fixed effects. The error term is εit ~ iid(0, σ2). I(.) denotes the indicator function that 
signifies the regime determined by the threshold variable qit and the threshold level γ. zit is an 
m-dimensional vector of explanatory regressors that may encompass lagged values of y and 
other endogenous variables. The vector of explanatory variables is divided into a subset z1it of 

	      (2)

Subscripts t = 1, ..., T indicate time, while i = 1, ..., N represents unit and country-spe-
cific fixed effects. The error term is εit ~ iid(0, σ2). I(.) denotes the indicator function that 
signifies the regime determined by the threshold variable qit and the threshold level γ. zit is 
an m-dimensional vector of explanatory regressors that may encompass lagged values of y 
and other endogenous variables. The vector of explanatory variables is divided into a sub-
set z1it of exogenous variables that are uncorrelated with εit, and a subset z2it of endogenous 
variables that are correlated with εit. Alongside structural equation (1), the model necessi-
tates an appropriate set of k ≥ m instrumental variables xit, which includes z1it.

Building on the approach of Kremer et al. (2013), we adopt the forward orthogonal de-
viations transformation technique from Arellano and Bover (1995) to mitigate fixed effects 
during the initial phase of our estimation. This method is beneficial as it prevents serial cor-
relation in the transformed error terms, thus maintaining the distributional properties out-
lined by Hansen (1999) and further developed by Caner and Hansen (2004). Consequently, 
rather than resorting to first differences – which may introduce serial correlation – or em-
ploying mean subtraction as described in Hansen (1999), this technique utilizes the mean 
of  all subsequent observations of  a  variable for transformation. This ensures that, with 
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the application of the forward orthogonal deviations’ method, the error terms are appropri-
ately adjusted as specified in Equation (3).

7 
 
exogenous variables that are uncorrelated with εit, and a subset z2it of endogenous variables 
that are correlated with εit. Alongside structural equation (1), the model necessitates an 
appropriate set of k ≥ m instrumental variables xit, which includes z1it. 

Building on the approach of Kremer et al. (2013), we adopt the forward orthogonal 
deviations transformation technique from Arellano and Bover (1995) to mitigate fixed effects 
during the initial phase of our estimation. This method is beneficial as it prevents serial 
correlation in the transformed error terms, thus maintaining the distributional properties 
outlined by Hansen (1999) and further developed by Caner and Hansen (2004). Consequently, 
rather than resorting to first differences – which may introduce serial correlation – or 
employing mean subtraction as described in Hansen (1999), this technique utilizes the mean 
of all subsequent observations of a variable for transformation. This ensures that, with the 
application of the forward orthogonal deviations’ method, the error terms are appropriately 
adjusted as specified in Equation (3). 

𝜀𝜀𝑖𝑖𝑖𝑖 = √ 𝑇𝑇−𝑡𝑡
𝑇𝑇−𝑡𝑡+1  [𝜀𝜀𝑖𝑖𝑖𝑖 − 1

𝑇𝑇−𝑡𝑡 (𝜀𝜀𝑖𝑖𝑖𝑖(𝑡𝑡 + 1)+. . . . +𝜀𝜀𝑖𝑖𝑖𝑖)]       (3) 

Consequently, the forward orthogonal deviation transformation maintains the 
independence of the error terms; thus:  

𝑉𝑉𝑉𝑉𝑉𝑉(𝜀𝜀𝑖𝑖) = 𝜎𝜎2𝐼𝐼𝑇𝑇 ⇒ 𝑉𝑉𝑉𝑉𝑉𝑉 (𝜀𝜀𝑖𝑖
∗)= 𝜎𝜎2𝐼𝐼𝑇𝑇−1        (4) 

In accordance with Hansen (2000), this enables the application of Caner and Hansen’s 
(2004) estimation approach for the cross-sectional model to the dynamic panel equation (1). 
Utilizing the dynamic panel threshold model to examine the influence of FDI inflows on 
ecological footprints in E7 and G7 nations, we establish the threshold models for the 
relationship between FDI inflows and ecological footprints as follows: 

Table 1: The model specifications 

Model 1 𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝛽𝛽1
′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 ≤ 𝛾𝛾) + 𝛿𝛿1 𝐼𝐼(𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑖𝑖 ≤ 𝛾𝛾)

+ 𝛽𝛽2
′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑖𝑖 > 𝛾𝛾) + 𝜃𝜃𝑧𝑧𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 

 
Model 2 𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝛽𝛽1

′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ≤ 𝛾𝛾) + 𝛿𝛿1 𝐼𝐼(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖 ≤ 𝛾𝛾)
+ 𝛽𝛽2

′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖 > 𝛾𝛾) + 𝜃𝜃𝑧𝑧𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 

 
Model 3 𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝛽𝛽1

′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 ≤ 𝛾𝛾) + 𝛿𝛿1 𝐼𝐼(𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑖𝑖𝑖𝑖 ≤ 𝛾𝛾)
+ 𝛽𝛽2

′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑖𝑖𝑖𝑖 > 𝛾𝛾) + 𝜃𝜃𝑧𝑧𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 

 
Model 4 𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝛽𝛽1

′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑡𝑡𝑡𝑡𝑐𝑐ℎ𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 ≤ 𝛾𝛾) + 𝛿𝛿1 𝐼𝐼(𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑖𝑖𝑖𝑖 ≤ 𝛾𝛾)
+ 𝛽𝛽2

′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑖𝑖𝑖𝑖 > 𝛾𝛾) + 𝜃𝜃𝑧𝑧𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 

 

Source: Authors’ own compilation 

			       (3)

Consequently, the  forward orthogonal deviation transformation maintains the  inde-
pendence of the error terms; thus: 
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exogenous variables that are uncorrelated with εit, and a subset z2it of endogenous variables 
that are correlated with εit. Alongside structural equation (1), the model necessitates an 
appropriate set of k ≥ m instrumental variables xit, which includes z1it. 

Building on the approach of Kremer et al. (2013), we adopt the forward orthogonal 
deviations transformation technique from Arellano and Bover (1995) to mitigate fixed effects 
during the initial phase of our estimation. This method is beneficial as it prevents serial 
correlation in the transformed error terms, thus maintaining the distributional properties 
outlined by Hansen (1999) and further developed by Caner and Hansen (2004). Consequently, 
rather than resorting to first differences – which may introduce serial correlation – or 
employing mean subtraction as described in Hansen (1999), this technique utilizes the mean 
of all subsequent observations of a variable for transformation. This ensures that, with the 
application of the forward orthogonal deviations’ method, the error terms are appropriately 
adjusted as specified in Equation (3). 
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Consequently, the forward orthogonal deviation transformation maintains the 
independence of the error terms; thus:  

𝑉𝑉𝑉𝑉𝑉𝑉(𝜀𝜀𝑖𝑖) = 𝜎𝜎2𝐼𝐼𝑇𝑇 ⇒ 𝑉𝑉𝑉𝑉𝑉𝑉 (𝜀𝜀𝑖𝑖
∗)= 𝜎𝜎2𝐼𝐼𝑇𝑇−1        (4) 

In accordance with Hansen (2000), this enables the application of Caner and Hansen’s 
(2004) estimation approach for the cross-sectional model to the dynamic panel equation (1). 
Utilizing the dynamic panel threshold model to examine the influence of FDI inflows on 
ecological footprints in E7 and G7 nations, we establish the threshold models for the 
relationship between FDI inflows and ecological footprints as follows: 

Table 1: The model specifications 

Model 1 𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝛽𝛽1
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+ 𝛽𝛽2
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Model 2 𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝛽𝛽1
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+ 𝛽𝛽2

′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖 > 𝛾𝛾) + 𝜃𝜃𝑧𝑧𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 
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Model 4 𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝛽𝛽1

′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑡𝑡𝑡𝑡𝑐𝑐ℎ𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 ≤ 𝛾𝛾) + 𝛿𝛿1 𝐼𝐼(𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑖𝑖𝑖𝑖 ≤ 𝛾𝛾)
+ 𝛽𝛽2

′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑖𝑖𝑖𝑖 > 𝛾𝛾) + 𝜃𝜃𝑧𝑧𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 

 

Source: Authors’ own compilation 

			       (4)

In accordance with Hansen (2000), this enables the application of Caner and Hansen’s 
(2004) estimation approach for the cross-sectional model to the dynamic panel equation 
(1). Utilizing the dynamic panel threshold model to examine the  influence of FDI inflows 
on ecological footprints in E7 and G7 nations, we establish the threshold models for the re-
lationship between FDI inflows and ecological footprints as follows:

Table 1: The model specifications

Model 1

Model 2

Model 3

Model 4

Source: Authors’ own compilation

In the models in Table 1, yit denotes the ecological footprint of country i  in period t, 
which is the dependent variable of our model.  represents the country-specific fixed effect 
removed by forward linear transformation as specified by Arellano and Bover (1995). In this 
regard, the serial correlation of converted errors is avoided. In the analyses, FDI is the ex-
planatory variable, and different Environmental Policy Stringency Index (totalenv or mar-
ketenv or nonmarketenv or technoenv) is the threshold variable that separates regimes. I(.) 
also has an indicator function that refers to the regimes defined by the threshold variable 
(totalenv or marketenv or nonmarketenv or technoenv). It splits the threshold variable into 
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exogenous variables that are uncorrelated with εit, and a subset z2it of endogenous variables 
that are correlated with εit. Alongside structural equation (1), the model necessitates an 
appropriate set of k ≥ m instrumental variables xit, which includes z1it. 

Building on the approach of Kremer et al. (2013), we adopt the forward orthogonal 
deviations transformation technique from Arellano and Bover (1995) to mitigate fixed effects 
during the initial phase of our estimation. This method is beneficial as it prevents serial 
correlation in the transformed error terms, thus maintaining the distributional properties 
outlined by Hansen (1999) and further developed by Caner and Hansen (2004). Consequently, 
rather than resorting to first differences – which may introduce serial correlation – or 
employing mean subtraction as described in Hansen (1999), this technique utilizes the mean 
of all subsequent observations of a variable for transformation. This ensures that, with the 
application of the forward orthogonal deviations’ method, the error terms are appropriately 
adjusted as specified in Equation (3). 

𝜀𝜀𝑖𝑖𝑖𝑖 = √ 𝑇𝑇−𝑡𝑡
𝑇𝑇−𝑡𝑡+1  [𝜀𝜀𝑖𝑖𝑖𝑖 − 1

𝑇𝑇−𝑡𝑡 (𝜀𝜀𝑖𝑖𝑖𝑖(𝑡𝑡 + 1)+. . . . +𝜀𝜀𝑖𝑖𝑖𝑖)]       (3) 

Consequently, the forward orthogonal deviation transformation maintains the 
independence of the error terms; thus:  

𝑉𝑉𝑉𝑉𝑉𝑉(𝜀𝜀𝑖𝑖) = 𝜎𝜎2𝐼𝐼𝑇𝑇 ⇒ 𝑉𝑉𝑉𝑉𝑉𝑉 (𝜀𝜀𝑖𝑖
∗)= 𝜎𝜎2𝐼𝐼𝑇𝑇−1        (4) 

In accordance with Hansen (2000), this enables the application of Caner and Hansen’s 
(2004) estimation approach for the cross-sectional model to the dynamic panel equation (1). 
Utilizing the dynamic panel threshold model to examine the influence of FDI inflows on 
ecological footprints in E7 and G7 nations, we establish the threshold models for the 
relationship between FDI inflows and ecological footprints as follows: 

Table 1: The model specifications 

Model 1 𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝛽𝛽1
′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 ≤ 𝛾𝛾) + 𝛿𝛿1 𝐼𝐼(𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑖𝑖 ≤ 𝛾𝛾)

+ 𝛽𝛽2
′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑖𝑖 > 𝛾𝛾) + 𝜃𝜃𝑧𝑧𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 

 
Model 2 𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝛽𝛽1

′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ≤ 𝛾𝛾) + 𝛿𝛿1 𝐼𝐼(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖 ≤ 𝛾𝛾)
+ 𝛽𝛽2

′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖 > 𝛾𝛾) + 𝜃𝜃𝑧𝑧𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 

 
Model 3 𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝛽𝛽1

′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 ≤ 𝛾𝛾) + 𝛿𝛿1 𝐼𝐼(𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑖𝑖𝑖𝑖 ≤ 𝛾𝛾)
+ 𝛽𝛽2

′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑖𝑖𝑖𝑖 > 𝛾𝛾) + 𝜃𝜃𝑧𝑧𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 

 
Model 4 𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝛽𝛽1

′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑡𝑡𝑡𝑡𝑐𝑐ℎ𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 ≤ 𝛾𝛾) + 𝛿𝛿1 𝐼𝐼(𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑖𝑖𝑖𝑖 ≤ 𝛾𝛾)
+ 𝛽𝛽2

′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑖𝑖𝑖𝑖 > 𝛾𝛾) + 𝜃𝜃𝑧𝑧𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 

 

Source: Authors’ own compilation 
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exogenous variables that are uncorrelated with εit, and a subset z2it of endogenous variables 
that are correlated with εit. Alongside structural equation (1), the model necessitates an 
appropriate set of k ≥ m instrumental variables xit, which includes z1it. 

Building on the approach of Kremer et al. (2013), we adopt the forward orthogonal 
deviations transformation technique from Arellano and Bover (1995) to mitigate fixed effects 
during the initial phase of our estimation. This method is beneficial as it prevents serial 
correlation in the transformed error terms, thus maintaining the distributional properties 
outlined by Hansen (1999) and further developed by Caner and Hansen (2004). Consequently, 
rather than resorting to first differences – which may introduce serial correlation – or 
employing mean subtraction as described in Hansen (1999), this technique utilizes the mean 
of all subsequent observations of a variable for transformation. This ensures that, with the 
application of the forward orthogonal deviations’ method, the error terms are appropriately 
adjusted as specified in Equation (3). 

𝜀𝜀𝑖𝑖𝑖𝑖 = √ 𝑇𝑇−𝑡𝑡
𝑇𝑇−𝑡𝑡+1  [𝜀𝜀𝑖𝑖𝑖𝑖 − 1

𝑇𝑇−𝑡𝑡 (𝜀𝜀𝑖𝑖𝑖𝑖(𝑡𝑡 + 1)+. . . . +𝜀𝜀𝑖𝑖𝑖𝑖)]       (3) 

Consequently, the forward orthogonal deviation transformation maintains the 
independence of the error terms; thus:  

𝑉𝑉𝑉𝑉𝑉𝑉(𝜀𝜀𝑖𝑖) = 𝜎𝜎2𝐼𝐼𝑇𝑇 ⇒ 𝑉𝑉𝑉𝑉𝑉𝑉 (𝜀𝜀𝑖𝑖
∗)= 𝜎𝜎2𝐼𝐼𝑇𝑇−1        (4) 

In accordance with Hansen (2000), this enables the application of Caner and Hansen’s 
(2004) estimation approach for the cross-sectional model to the dynamic panel equation (1). 
Utilizing the dynamic panel threshold model to examine the influence of FDI inflows on 
ecological footprints in E7 and G7 nations, we establish the threshold models for the 
relationship between FDI inflows and ecological footprints as follows: 

Table 1: The model specifications 

Model 1 𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝛽𝛽1
′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 ≤ 𝛾𝛾) + 𝛿𝛿1 𝐼𝐼(𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑖𝑖 ≤ 𝛾𝛾)

+ 𝛽𝛽2
′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑖𝑖 > 𝛾𝛾) + 𝜃𝜃𝑧𝑧𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 

 
Model 2 𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝛽𝛽1

′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ≤ 𝛾𝛾) + 𝛿𝛿1 𝐼𝐼(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖 ≤ 𝛾𝛾)
+ 𝛽𝛽2

′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖 > 𝛾𝛾) + 𝜃𝜃𝑧𝑧𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 

 
Model 3 𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝛽𝛽1

′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 ≤ 𝛾𝛾) + 𝛿𝛿1 𝐼𝐼(𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑖𝑖𝑖𝑖 ≤ 𝛾𝛾)
+ 𝛽𝛽2

′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑖𝑖𝑖𝑖 > 𝛾𝛾) + 𝜃𝜃𝑧𝑧𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 

 
Model 4 𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝛽𝛽1

′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑡𝑡𝑡𝑡𝑐𝑐ℎ𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 ≤ 𝛾𝛾) + 𝛿𝛿1 𝐼𝐼(𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑖𝑖𝑖𝑖 ≤ 𝛾𝛾)
+ 𝛽𝛽2

′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑖𝑖𝑖𝑖 > 𝛾𝛾) + 𝜃𝜃𝑧𝑧𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 

 

Source: Authors’ own compilation 
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exogenous variables that are uncorrelated with εit, and a subset z2it of endogenous variables 
that are correlated with εit. Alongside structural equation (1), the model necessitates an 
appropriate set of k ≥ m instrumental variables xit, which includes z1it. 

Building on the approach of Kremer et al. (2013), we adopt the forward orthogonal 
deviations transformation technique from Arellano and Bover (1995) to mitigate fixed effects 
during the initial phase of our estimation. This method is beneficial as it prevents serial 
correlation in the transformed error terms, thus maintaining the distributional properties 
outlined by Hansen (1999) and further developed by Caner and Hansen (2004). Consequently, 
rather than resorting to first differences – which may introduce serial correlation – or 
employing mean subtraction as described in Hansen (1999), this technique utilizes the mean 
of all subsequent observations of a variable for transformation. This ensures that, with the 
application of the forward orthogonal deviations’ method, the error terms are appropriately 
adjusted as specified in Equation (3). 

𝜀𝜀𝑖𝑖𝑖𝑖 = √ 𝑇𝑇−𝑡𝑡
𝑇𝑇−𝑡𝑡+1  [𝜀𝜀𝑖𝑖𝑖𝑖 − 1

𝑇𝑇−𝑡𝑡 (𝜀𝜀𝑖𝑖𝑖𝑖(𝑡𝑡 + 1)+. . . . +𝜀𝜀𝑖𝑖𝑖𝑖)]       (3) 

Consequently, the forward orthogonal deviation transformation maintains the 
independence of the error terms; thus:  

𝑉𝑉𝑉𝑉𝑉𝑉(𝜀𝜀𝑖𝑖) = 𝜎𝜎2𝐼𝐼𝑇𝑇 ⇒ 𝑉𝑉𝑉𝑉𝑉𝑉 (𝜀𝜀𝑖𝑖
∗)= 𝜎𝜎2𝐼𝐼𝑇𝑇−1        (4) 

In accordance with Hansen (2000), this enables the application of Caner and Hansen’s 
(2004) estimation approach for the cross-sectional model to the dynamic panel equation (1). 
Utilizing the dynamic panel threshold model to examine the influence of FDI inflows on 
ecological footprints in E7 and G7 nations, we establish the threshold models for the 
relationship between FDI inflows and ecological footprints as follows: 

Table 1: The model specifications 

Model 1 𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝛽𝛽1
′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 ≤ 𝛾𝛾) + 𝛿𝛿1 𝐼𝐼(𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑖𝑖 ≤ 𝛾𝛾)

+ 𝛽𝛽2
′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑖𝑖 > 𝛾𝛾) + 𝜃𝜃𝑧𝑧𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 

 
Model 2 𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝛽𝛽1

′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ≤ 𝛾𝛾) + 𝛿𝛿1 𝐼𝐼(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖 ≤ 𝛾𝛾)
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exogenous variables that are uncorrelated with εit, and a subset z2it of endogenous variables 
that are correlated with εit. Alongside structural equation (1), the model necessitates an 
appropriate set of k ≥ m instrumental variables xit, which includes z1it. 

Building on the approach of Kremer et al. (2013), we adopt the forward orthogonal 
deviations transformation technique from Arellano and Bover (1995) to mitigate fixed effects 
during the initial phase of our estimation. This method is beneficial as it prevents serial 
correlation in the transformed error terms, thus maintaining the distributional properties 
outlined by Hansen (1999) and further developed by Caner and Hansen (2004). Consequently, 
rather than resorting to first differences – which may introduce serial correlation – or 
employing mean subtraction as described in Hansen (1999), this technique utilizes the mean 
of all subsequent observations of a variable for transformation. This ensures that, with the 
application of the forward orthogonal deviations’ method, the error terms are appropriately 
adjusted as specified in Equation (3). 

𝜀𝜀𝑖𝑖𝑖𝑖 = √ 𝑇𝑇−𝑡𝑡
𝑇𝑇−𝑡𝑡+1  [𝜀𝜀𝑖𝑖𝑖𝑖 − 1

𝑇𝑇−𝑡𝑡 (𝜀𝜀𝑖𝑖𝑖𝑖(𝑡𝑡 + 1)+. . . . +𝜀𝜀𝑖𝑖𝑖𝑖)]       (3) 

Consequently, the forward orthogonal deviation transformation maintains the 
independence of the error terms; thus:  

𝑉𝑉𝑉𝑉𝑉𝑉(𝜀𝜀𝑖𝑖) = 𝜎𝜎2𝐼𝐼𝑇𝑇 ⇒ 𝑉𝑉𝑉𝑉𝑉𝑉 (𝜀𝜀𝑖𝑖
∗)= 𝜎𝜎2𝐼𝐼𝑇𝑇−1        (4) 

In accordance with Hansen (2000), this enables the application of Caner and Hansen’s 
(2004) estimation approach for the cross-sectional model to the dynamic panel equation (1). 
Utilizing the dynamic panel threshold model to examine the influence of FDI inflows on 
ecological footprints in E7 and G7 nations, we establish the threshold models for the 
relationship between FDI inflows and ecological footprints as follows: 

Table 1: The model specifications 

Model 1 𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝛽𝛽1
′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 ≤ 𝛾𝛾) + 𝛿𝛿1 𝐼𝐼(𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑖𝑖 ≤ 𝛾𝛾)

+ 𝛽𝛽2
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+ 𝛽𝛽2
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′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 ≤ 𝛾𝛾) + 𝛿𝛿1 𝐼𝐼(𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑖𝑖𝑖𝑖 ≤ 𝛾𝛾)
+ 𝛽𝛽2

′ 𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖𝐼𝐼(𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑖𝑖𝑖𝑖 > 𝛾𝛾) + 𝜃𝜃𝑧𝑧𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 
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Source: Authors’ own compilation 
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two regimes, above and below the level of the unspecified threshold parameter (γ). After de-
termining the threshold value that minimizes the sum of squared error terms, the slope co-
efficients are estimated using the GMM approach for the predefined instruments and the es-
timated threshold value. β1 and β2 are regime-dependent slope coefficients. δ1 represents 
the  constant regime coefficient common to  all cross-sections. εit  is the  independent and 
identically distributed error term.

Explanations on the data sources and variable definitions used within the framework 
of this methodology are given in Table 2 below.

Table 2: Data Specification

Variables and 
Abbreviations Description Source

Dependent variable

ln eco Ecological footprint (global hectares per capita) _ in natural 
logarithmic transformation

Global Footprint 
Network (2024)

Regime-dependent variable 

FDI Foreign direct investments, net inflows (% of GDP) WB, WDI (2024)

Control Variables

ln prim Primary energy consumption per capita (kWh/person) 
in natural logarithmic transformation

Our World in Data 
(2024)

ln gdpper GDP per capita (constant 2015 USD) in natural logarithmic 
transformation WB, WDI (2024)

reguqua Regulatory Quality, ranges from −2.5 (weak) to 2.5 (strong) WB, WGI (2024)

law Rule of law, ranges from −2.5 (weak) to 2.5 (strong) WB, WGI (2024)

urban Population in the largest city (% of urban population) WB, WDI (2024)

renew Renewable energy consumption (% of total final energy 
consumption) WB, WDI (2024)

crisis_dummy
Dummy variable equal to 1 for the years characterized 
by major economic shocks (2008, 2009, and 2020), and 0 
otherwise.

Created by the authors 
(2025)

Threshold Variables

totalenv EPS index OECD (2024)

marketenv	 EPS index (market-based policies) OECD (2024)

nonmarketenv	 EPS index (nonmarket-based policies) OECD (2024)

technoenv EPS index (technology support policies) OECD (2024)

Source: Authors’ own elaboration
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The variables utilized in the analyses are selected considering the theoretical frame-
work and empirical literature. As an indicator of environmental quality, ecological footprint 
measures the impact of factors such as fossil fuel combustion, deforestation, and industrial 
processes, as well as the consumption habits of individuals, communities, businesses, and 
nations on natural resources. Although it has some certain limitations in terms of data cal-
culation, availability and comparability, providing a more comprehensive measure of envi-
ronmental degradation, it is preferred to be used as dependent variable over alternatives, 
such as CO₂ emissions. Unlike indicators focusing on a single pollutant, the ecological foot-
print reflects the cumulative pressure on ecosystems, including carbon emissions, land use 
change, and biological capacity overshoot. Therefore, its exclusive use in the model enables 
a broader and more integrated understanding of environmental stress.

Considering the significant effect of FDI inflows on  the ecological footprint in  terms 
of theory, literature and practice, the ratio of FDI inflows to GDP is determined as the re-
gime-dependent variable of the model. In addition, ln prim, ln gdpper, reguqua, law, urban, 
and renew variables are utilized as control variables. In order to capture the potential effects 
of major economic shocks within the scope of this study, a dummy variable (crisis_dummy) 
is specified. The variable takes the value of 1 for the years 2008 and 2009, which are marked 
by the  global financial crisis, and for the  year 2020, which reflects the  economic impact 
of the COVID-19 pandemic that emerged at the end of 2019. For all other years, the variable 
is coded as 0.

The influence of FDI on the environment within the context of environmental legisla-
tion is examined by utilizing the OECD EPS index as a threshold variable. The OECD EPS has 
been widely employed in empirical studies to evaluate the cross-country effects of strict-
er environmental policies on environmental and economic outcomes, supporting a better 
understanding of  these impacts (Botta and Kozluk 2014). Stringency refers to  the extent 
to which environmental policies impose an explicit or implicit cost on pollution or environ-
mentally harmful behavior. The rating is founded on the rigor of 13 environmental policy 
measures primarily pertaining to climate and air pollution. The index ranges from 0 (least 
strict) to 6 (most stringency). 

The  index analyzes environmental policies from three different perspectives: mar-
ket-based policies, non-market-based policies and technology support policies. While 
the initial version of the EPS included market-based and non-market-based policies, after-
wards technology support policies got also involved. Market-based policies such as the Car-
bon Dioxides (CO2) Trading Scheme, Renewable Energy Trading Scheme, Carbon Dioxides 
Tax (CO2), Nitrogen Oxides Tax (NOX), Sulphur Oxides Tax (SOX), Diesel Tax aim to eliminate 
negative externalities through price mechanism. On  the  other hand, Emission limit value 
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NOX, Emission limit value SOX, Emission limit value particulate matter, Emission limit val-
ue sulphur are among the nonmarket-based policies, which attempt to minimize negative 
externalities by imposing direct controls on pollutants, appear to be the most basic indi-
cator of  direct controls. The  last component of  EPS index is technology support policies. 
Technology support policies comprise public research and development expenditures and 
support for renewable energy, specifically in  solar and wind sectors (Kruse et  al. 2022). 
In this framework, the variables totalenv, marketenv, nonmarketenv, and technoenv are used 
as thresholds to analyze the non-linear impact of FDI on ln ecofo. 

In general terms, it is possible to assert that the total EPS index, which aims to mini-
mize the impact of negative externalities that may occur on the environment, has been con-
tinuously increasing and getting tighter. Graph 1 below shows the course of the EPS index 
in E7 and G7 countries in 2005–2020.

Figure 1: Eps Index in E7 and G7 Countries (Country Averages)

Source: Authors’ own elaboration, using data from OECD (2024)

Following Figure 1, it is observed that the EPS index is in a continuous upward trend 
between 2005 and 2020. This indicates that these countries are tightening their environ-
mental controls more and more. On the other hand, another evidence from Figure 1 is that 
the high level of the EPS index is more evident in G7 countries than in E7 countries. In light 
of  this general impression, it  would be more enlightening to  analyze the  subcomponents 
of environmental policy stringency index separately for country groups.

In this framework, Figure 2 below plots the 2005–2020 averages of marketenv, non-
marketenv and technoenv indices in E7 countries.
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Figure 2: Trends of different eps index in E7 countries (2005–2020 averages)

Source: Authors’ own elaboration, using data from OECD (2024)

Figure 2 points out that non-market-based policies are more common in each of the E7 
countries. In  other words, it  is observed that E7 countries have stricter controls based 
on non-market policies that have a direct impact on the direction of investments. On the oth-
er hand, compared to  technology-based policies, market-based policies are tighter in  six 
countries with the exception of Russia.

Figure 3: Trends of different eps index in G7 countries (2005–2020 averages)

Source: Authors’ own elaboration, using data from OECD (2024)

Figure 3 indicates 2005-2020 averages of market-based, nonmarket-based and tech-
no-based indices in G7 countries. Like E7 nations, G7 countries exhibit a greater prevalence 
of non-market-based environmental policies. In G7 nations, market-based rules are more 
rigorous than technology-based policies in six countries, except the United Kingdom.
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Source: Authors’ own elaboration, using data from OECD (2024) 

Figure 2 points out that non-market-based policies are more common in each of the E7 
countries. In other words, it is observed that E7 countries have stricter controls based on non-
market policies that have a direct impact on the direction of investments. On the other hand, 
compared to technology-based policies, market-based policies are tighter in six countries with 
the exception of Russia. 

Figure 3: Trends of different eps index in G7 countries (2005–2020 averages) 

 

Source: Authors’ own elaboration, using data from OECD (2024) 

Figure 3 indicates 2005-2020 averages of market-based, nonmarket-based and techno-
based indices in G7 countries. Like E7 nations, G7 countries exhibit a greater prevalence of 
non-market-based environmental policies. In G7 nations, market-based rules are more rigorous 
than technology-based policies in six countries, except the United Kingdom. 

4. Empirical Findings and Discussion 

In this study, the initial analysis examines the impact of FDI on the ecological footprint using 
a linear approach, with a focus on different country groups. Table 3 below presents the empirical 
findings derived from the System GMM estimation method. 

Table 3: Dynamic Panel Data Regression Results – System GMM Approach 

 All countries E7 Countries G7 Countries 
Coefficient Estimates 

ln eco −0.372*** 
(−4.72) 

−0.152** 
(−2.07) 

−0.051*** 
(−3.48) 

FDI −0.015* 
(−1.72) 

0.433*** 
(7.28) 

−0.293* 
(−1.78) 

totalenv −0.337** 
 (−1.96) 

−0.050** 
(−2.38) 

−0.062*** 
(−3.55) 

marketenv  −0.056* 
(−1.78) 

0.299* 
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−0.628** 
(−2.05) 
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totalenv, marketenv, nonmarketenv, and technoenv are used as thresholds to analyze the non-
linear impact of FDI on ln ecofo.  

In general terms, it is possible to assert that the total EPS index, which aims to minimize 
the impact of negative externalities that may occur on the environment, has been continuously 
increasing and getting tighter. Graph 1 below shows the course of the EPS index in E7 and G7 
countries in 2005–2020. 

Figure 1: Eps Index in E7 and G7 Countries (Country Averages) 

 

Source: Authors’ own elaboration, using data from OECD (2024) 

Following Figure 1, it is observed that the EPS index is in a continuous upward trend 
between 2005 and 2020. This indicates that these countries are tightening their environmental 
controls more and more. On the other hand, another evidence from Figure 1 is that the high 
level of the EPS index is more evident in G7 countries than in E7 countries. In light of this 
general impression, it would be more enlightening to analyze the subcomponents of 
environmental policy stringency index separately for country groups. 

In this framework, Figure 2 below plots the 2005–2020 averages of marketenv, 
nonmarketenv and technoenv indices in E7 countries. 

Figure 2: Trends of different eps index in E7 countries (2005–2020 averages) 
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4. Empirical Findings and Discussion

In this study, the initial analysis examines the impact of FDI on the ecological footprint using 
a linear approach, with a focus on different country groups. Table 3 below presents the em-
pirical findings derived from the System GMM estimation method.

Table 3: Dynamic Panel Data Regression Results – System GMM Approach

All countries E7 Countries G7 Countries
Coefficient Estimates

ln eco −0.372***
(−4.72)

−0.152**
(−2.07)

−0.051***
(−3.48)

FDI −0.015*
(−1.72)

0.433***
(7.28)

−0.293*
(−1.78)

totalenv −0.337**
 (−1.96)

−0.050**
(−2.38)

−0.062***
(−3.55)

marketenv	 −0.056*
(−1.78)

0.299*
(1.76)

−0.628**
(−2.05)

nonmarketenv −0.606***
(−2.62)

−1.109***
(−3.78)

−0.588***
 (−2.56)

technoenv −0.133*
(−1.87)

0.243
(0.73)

0.074
(1.56)

ln prim 9.252**
(2.32)

4.822*
(1.77)

0.343**
(2.19)

ln gdpperca −0.014
(−0.85)

−1.450
(−1.25)

−0.645***
(−8.54)

reguqua −0.043**
(−2.13)

−0.052**
(−2.15)

−0.026**
(−2.41)

law −0.123
(−1.115)

−0.220**
 (−2.11)

−0.014
(−0.68)

urban 0.031
(1.38)

2.000***
(6.86)

0.016
(1.35)

renew −0.052***
(−3.40)

−0.389*** 
(−2.85)

−0.026
(−1.34)

Crisis_dummy −0.032***
(−4.25)

−0.848***
(−2.70)

−0.017*
(−1.70)

constant 9.657***
(2.36)

12.230***
(2.74)

12.885***
(3.23)

Hansen J 0.268 0.210 0.345

AR2 0.317 0.243 0.276

N 14 7 7

Obs. 210 105 105

Notes: *, **, *** denote statistical significance at the 10%, 5% and 1% levels, respectively. The p-values of A-Bond 
AR (2) and Hansen J test statistics are reported.

Source: Authors’ own calculations



15Politická ekonomie, 2026, 74, Forthcoming articles, https://doi.org/10.18267/j.polek.1537

The Effectiveness of Environmental Regulation in E7 and G7 Countries: Revisiting the Pollution Halo and Pollution 
Haven Hypothesis

Fi
na

l v
er

si
on

 o
f t

he
 a

rt
ic

le
 b

ef
or

e 
ed

it
or

ia
l p

ro
ce

ss
in

g

An analysis of Table 3 reveals that FDI has a statistically significant impact on the eco-
logical footprint across all three panels. However, the direction of this effect varies by coun-
try group: while FDI exerts a negative effect on the ecological footprint in the All Countries 
and G7 panels, indicating an  improvement in  environmental quality, its effect is positive 
in the E7 panel, suggesting a deterioration. These findings support the PHL for the overall 
sample and developed countries, implying that FDI contributes positively to environmental 
performance in these contexts, while they lend empirical backing to the PHV for developing 
countries, where FDI appears to exacerbate environmental degradation. Regarding the con-
trol variables, per capita income is found to have a negative and statistically significant effect 
only in the E7 panel, indicating that economic growth in these countries may help alleviate 
environmental pressure. The share of renewable energy consumption is negative and signif-
icant across all panels, confirming that energy transition policies play an effective role in re-
ducing ecological footprints. The  industrial value-added variable is significantly positive 
only in the overall sample, highlighting that industrialization contributes to environmental 
degradation; the variation in this effect across country groups may be attributed to differ-
ences in technological advancement.

Urbanization, on the other hand, is positive and significant only in the E7 group, sug-
gesting that unplanned urban expansion intensifies environmental degradation in develop-
ing countries. It has been identified that institutional quality – measured in terms of regu-
latory quality and rule of law – generally exerts a mitigating effect on environmental degra-
dation. These findings reveal that the environmental impact of FDI is shaped not only by its 
volume but also by the host country’s institutional capacity, the stringency of environmental 
regulations, and the level of economic development. This underscores the necessity of de-
signing environmentally responsible investment strategies tailored to the specific contexts 
of country groups. Furthermore, the results indicate that during periods of economic crisis, 
environmental degradation significantly declines across all three panels.

The second part of this study seeks to explore whether the observed effects vary de-
pending on the stringency of environmental policies. To address this question, the analysis 
proceeds to a nonlinear approach in the second stage, as linear methods are deemed insuffi-
cient to fully capture the complexity of the relationship under varying environmental policy 
regimes. To make a comparative assessment, our study intends to explain the impact of FDI 
inflows on ecological footprint through policies implemented to protect the environment 
and reduce negative externalities by using 3 different panels (all countries, E7 countries and 
G7 countries) and models specified in Table 1. It is important to emphasize that the robust 
variance-covariance estimator was employed in  the  analysis to  produce standard errors 
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that are consistent in  the  presence of  heteroskedasticity and to  mitigate potential biases 
arising from serial correlation in the idiosyncratic error term. Table 4 exhibits the results 
of the analysis for all sample countries.

Table 4 displays the analytical outcomes of Models 1, 2, 3, and 4 for the entire sam-
ple, encompassing E7 and G7 countries. Within this approach, Table 4 examines the influ-
ence of FDI inflows on the ecological footprint across several regimes based on EPS metrics. 
In the first column of the results of Model 1, it  is analyzed whether there is a differentia-
tion according to the totalenv effect. Below the threshold value (1.97), which indicates that 
environmental policy stringency is lower, FDI inflows have a significant and positive effect 
on ln ecofo. Above the threshold value (1.97), FDI inflows have a negative effect on econom-
ic growth, but this effect is insignificant. In the column containing the findings of Model 2, 
the effect of marketing is investigated. Here, the effect is found to be significant and positive 
below the  estimated threshold value (1.93). Above the  threshold value (1.93), no signifi-
cant effect was found. In Model 3, the threshold value was determined to be 4.50. According 
to the findings of Model 3, when nonmarketenv is above the threshold value (4.50), FDI in-
flows have a significant and negative effect on ln ecofo. Below the threshold (4.50), no signif-
icant effect is detected. Finally, in Model 4, the threshold value for technology is determined 
as (2.00). Nonetheless, no substantial influence is identified, either at or over the technolog-
ical barrier. The estimation results for all countries indicate that when environmental poli-
cy stringency and market-based environmental policies fall below the estimated threshold 
values, FDI inflows will augment the ecological footprint of FDI. Conversely, when non-mar-
ket-based environmental policies exceed the  threshold, indicating greater stringency, FDI 
inflows will diminish the ecological footprint of FDI.
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Table 4: Dynamic panel threshold regression results (all countries)

Dep. var: (ln ecofo), Regime dependent variable: (FDI)

Model 1  
(totalenv)

Model 2  
(marketenv)

Model 3 
(nonmarketenv)

Model 4 
(technoenv)

Threshold estimate (%) 1.97 1.93 4.50 2.00

Regime 1: FDI (β̂   1) 3.180***
(4.47)

0.996*
(1.76)

0.292
(0.39)

0.675
(1.30)

Regime 2: FDI (β̂  2) −0.218
(−0.21)

0.120
(0.39)

−1.371***
(−6.74)

0.021
(0.06)

Impact of Covariates

ln ecofo −0.578 **
(−2.84)

−0.363***
(−9.13)

−1.853**
(−2.28)

−0.400
(−1.26)

ln prim 13.718**
(2.67)

13.198*
(1.67)

10.940**
(1.93)

28.940**
(2.61)

ln gdpperca −19.583*
(−1.65)

−11.263**
(−1.89)

−12.386**
(−2.07)

−14.150*
(−1.75)

reguqua −0.259**
(−2.06)

−2.104*
(−2.52)

−0.965
(−0.88)

−5.432*
(−1.84)

law 0.616
(1.41)

3.104
(0.76)

4.663
(1.01)

−0.124
(−0.05)

urban 0.841**
(2.17)

0.588*
(1.84)

1.762*
(1.72)

3.473*
(1.65)

renew −0.348***
(−8.34)

−0.144*
(1.81)

−0.189
(−1.07)

−0.657
(−1.29)

Crisis_dummy −0.037*
(−1.66)

−0.412
(1.56)

−0.724*
(1.79)

−0.180
(−0.59)

constant 8.852**
(2.14)

7.283***
(2.46)

−9.524
(−1.32)

−9.67***
(−2.67)

Observations 210 210 210 210

Wald chi2 (Prob. > chi2) (0.0000) (0.0000) (0.0000) (0.0000)

Notes: The  symbols *, **, and *** denote significant levels of  10%, 5%, and 1%, respectively. Every regime 
account for a minimum of 5% of the total observations, as stipulated by Hansen (1999). Parentheses enclose 
t-statistics. For variable definitions, refer to the main text.

Source: Authors’ own calculations

On the other hand, control variables such as per capita income, regulatory quality, and 
renewable energy usage are generally found to  reduce the  ecological footprint, whereas 
variables like primary energy consumption per capita and urbanization are associated with 
increased environmental degradation. However, the  statistical significance of  these vari-
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ables varies across models. Although the crisis dummy exhibits a negative coefficient in all 
models, this effect is statistically significant only in Model 1 and Model 3.

Table 5: Dynamic panel threshold regression results (E7 countries)

Dep. var: (ln ecofo), Regime dependent variable: (FDI)

Model 1 
(totalenv)

Model 2 
(marketenv)

Model 3 
(nonmarketenv)

Model 4 
(technoenv)

Threshold estimate (%) 1.62 0.77 4.00 1.50

Regime 1: FDI  (β̂   1) 0.456*** 
(4.71)

0.552***
(3.55)

1.656***
(2.56)

0.127
(0.76)

Regime 2: FDI  (β̂   2) −0.432 
(−0.39)

−0.144
(0.67)

−0.044***
(−2.97)

−0.450
(−1.42)

Impact of Covariates

ln ecofo −0.343 ***
(−3.44)

−0.163
(−0.58)

−0.168***
(−3.07)

−0.103*
(−1.82)

ln prim 5.305 
(0.81)

6.532***
(4.45)

6.070***
(7.78)

7.951**
(2.42)

ln gdpperca −9.051**
 (−2.17)

−14.738*
(−1.83)

−7.230**
(−2.04)

−9.099*
(−1.70)

reguqua −1.544 *
(−1.79)

−1.232*
(−1.76)

−0.767
(−0.77)

−1.980
(−0.89)

law 0.667 
(0.58)

−0.829**
(−2.18)

−0.357 
(−0.94)

−0.911**
(−2.12)

urban 0.433 **
(2.74)

0.762*
(1.82)

0.127***
(3.76)

0.589
 (1.43)

renew −0.133 *
(−1.72)

−0.071**
(−2.32)

−0.314**
(−2.26)

−0.297
(−1.09)

Crisis_dummy −0.600*
(−2.01)

−0.646*
(−1.75)

−0.341
(−1.31)

−0.675**
(−2.11)

constant 1.654 
(0.52)

2.937 
(1.53)

2.882*
(1.66)

3.534***
(5.33)

Observations 105 105 105 105

Wald chi2 (Prob. > chi2) (0.0000) (0.0003) (0.0021) (0.0000)

Notes: The  symbols *, **, and *** denote significant levels of  10%, 5%, and 1%, respectively. Every regime 
account for a minimum of 5% of the total observations, as stipulated by Hansen (1999). Parentheses enclose 
t-statistics. For variable definitions, refer to the main text.

Source: Authors’ own calculations
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Table 5 presents the analysis results of Models 1, 2, 3, and 4 for the sample of E7 coun-
tries. In this framework, Table 5 discusses the impact of FDI inflows on the ecological foot-
print under different regimes depending on EPS indices. In the first column of the column 
containing the findings of Model 1, it is examined whether there is a differentiation accord-
ing to the totalenv effect. It is found that FDI inflows have a significant and positive effect 
on ln ecofo in cases below the threshold value (1.62), which indicates that totalenv is lower. 
Above the threshold value (1.62), FDI inflows have a negative effect on economic growth, 
but this effect is insignificant. In the column containing the findings of Model 2, the effect 
of marketenv is investigated. Here, the effect is found to be significant and positive below 
the calculated threshold value (0.77). Above the threshold value (0.77), no significant effect 
was found.

In  Model 3, the  threshold value was determined as  4.00. According to  the  findings 
of  Model 3, FDI inflows have a  significant and negative effect on  lnecofo when nonmar-
ketenv is above the threshold (4.00) and a significant and positive effect when it is below 
the threshold (4.00). In other words, the determinant threshold effect of nonmarket-based 
environmental policies comes to the fore in E7 countries. As a matter of fact, it is seen that 
E7 countries can be evaluated under different regimes according to nonmarket-based envi-
ronmental policies. If the rigor of nonmarket-based measures is low, FDI inflows will aug-
ment the ecological footprint; conversely, if it surpasses the threshold and is substantially 
more severe, it will diminish the ecological footprint. No significant influence was observed 
for the threshold value of technology-based environmental policy as delineated by Model 4.

Control variables such as per capita income, regulatory quality, rule of law, and renew-
able energy consumption are generally associated with a reduction in the ecological foot-
print, whereas primary energy consumption per capita and urbanization tend to increase 
environmental degradation. The crisis dummy exhibits a negative effect across all models; 
however, this effect is not statistically significant in Model 3.
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Table 6: Dynamic panel threshold regression results (G7 countries)

Dep. var: (ln ecofo), Regime dependent variable: (FDI)

Model 1 
(totalenv)

Model 2 
(marketenv)

Model 3 
(nonmarketenv)

Model 4 
(technoenv)

Threshold estimate (%) 2.77 1.66 5.00 2.50

Regime 1: FDI (β̂   1) 0.203 
(0.46)

0.440***
(5.03)

0.254
(0.65)

0.054
 (0.88)

Regime 2: FDI (β̂   2) −1.853**
(−2.27)

−0.348***
(−7.40)

−0.844**
(−2.11)

−0.865**
(−2.24)

Impact of Covariates

ln ecofo −0.338***
(−6.89)

−0.325**
(−2.84)

−0.293***
(−3.55)

−0.552***
(−5.65)

ln prim 5.365**
(2.01)

2.443**
(2.07)

3.007
(0.95)

4.193 
(1.55)

ln gdpperca −13.946*
(−1.80)

−17.450**
(−2.46)

−14.738***
(−3.56)

−20.305*
(−1.78)

reguqua −0.443*
(−1.82)

−2.211***
(−2.99)

−1.544
(−0.59)

−1.912**
(−2.31)

law − 2.821**
(−2.30)

−1.711
(−0.67)

−2.580
(−0.98)

−2.995
(−1.05)

urban 1.191**
(2.36)

2.852***
(5.83)

3.180***
(5.88)

3.375***
(4.77)

renew −0.505***
(−4.53)

−0.779**
(−2.43)

−0.770**
(−2.13)

−0.600**
(−1.97)

Crisis_dummy −0.916**
(−2.41)

−1.102**
(−2.07)

−2.330**
(−2.04)

−1.188**
(−2.26)

constant −4.771**
(−2.03)

−2.651***
(−6.17)

−5.595**
(−2.38)

−6.051*
(−1.66)

Observations 105 105 105 105

Wald chi2 (Prob. > chi2) (0.0000) (0.0000) (0.0005) (0.0000)

Notes: The  symbols *, **, and *** denote significant levels of  10%, 5%, and 1%, respectively. Every regime 
account for a minimum of 5% of the total observations, as stipulated by Hansen (1999). Parentheses enclose 
t-statistics. For variable definitions, refer to the main text.

Source: Authors’ own calculations
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Table 6 presents the analysis results of Models 1, 2, 3, and 4 for the sample of G7 coun-
tries. In this framework, Table 6 discusses the impact of FDI inflows on the ecological footprint 
under different regimes depending on EPS indices. In the first column containing the find-
ings of Model 1, it is examined whether there is a differentiation according to the totalenv 
effect. It is evident that FDI inflows have a significant and negative effect on ln ecofo in cases 
above the threshold value (2.77), which indicates that totalenvis is higher. Below the thresh-
old value (2.77), although FDI inflows have a positive effect on economic growth, this effect 
is insignificant. In the column containing the findings of Model 2, the effect of marketenvis 
is investigated. We find that the effect is significant and positive below the estimated thresh-
old value (1.66) while it  is significant and negative above the estimated threshold (1.66). 
In other words, the determinant threshold effect of market-based environmental policies 
comes to the fore in G7 countries. As a matter of fact, it can be asserted that G7 countries can 
be evaluated under different regimes according to marketenv. In other words, if the strin-
gency of market-based policies is low, FDI inflows would increase the ecological footprint, 
while if it is above the threshold, i.e., relatively more stringent, it will decrease the ecologi-
cal footprint. In the column containing the findings of Model 3, the effect of nonmarketenv 
is examined. Here, the  effect is found to  be significant and negative above the  calculated 
threshold value (5.00). Below the threshold value (5.00), no significant effect is found. Sim-
ilar to Tables 4 and 5, we find no evidence supporting the significant effect on the threshold 
value of technology-based environmental policies characterized by Model 4.

Per capita income, regulatory quality, rule of law and the share of renewable energy con-
sumption are generally associated with reductions in ecological footprint, underlining the role 
of  institutional strength and cleaner energy sources in  promoting environmental sustain-
ability. Conversely, higher levels of primary energy consumption and urbanization are linked 
to increased ecological pressure. Although the positive effect of primary energy consumption 
on environmental degradation is not consistently significant across all model specifications, 
it is in line with theoretical expectations. On the other hand, the increasing share of renewable 
energy has a statistically significant negative impact on the ecological footprint, emphasizing 
its mitigating role. Moreover, the crisis dummies variable shows a consistently negative and 
significant effect, suggesting that periods of economic contraction may temporarily alleviate 
environmental stress due to reduced industrial activity and consumption. 

A key finding for all panels is that the transition to alternative and renewable energy 
sources is critical for achieving long-term environmental goals. These findings are consis-
tent with previous empirical studies by Bae et al. (2017), Liu, Jingya and Kai (2019), Balsalo-
bre-Lorente et al. (2022), Akbulut and Yereli (2023) and Ali and Wang (2024).
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In the following Table 7, the findings obtained from Tables 4, 5, and 6 are summarized 
within the framework of the PHV and PHL hypotheses

Table 7: Summary table for all panels

Panel Types

Effect of FDI on ln eco according to different thresholds

Model 1
(totalenv)

Model 2
(marketenv)

Model 3 
(nonmarketenv)

Model 4
(technoenv)

(1) (2) (1) (2) (1) (2) (1) (2)

E7 and G7 PHV – PHV – – PHL – –

E7 PHV – PHV – PHV PHL – –

G7 – PHL PHV PHL – PHL – PHL

Notes: (1) First regime falls below the threshold value; (2) Second regime exceeds the threshold value; (–) de-
notes a lack of significant effect.

Source: Authors’ own elaboration

Following Table 7, it  can be observed that the  PHV hypothesis, which predicts that 
the ecological footprint will increase together with FDI inflows, is valid in all countries, in-
cluding E7 and G7, in regime 1, which expresses that the stringency of environmental pol-
icies is low (below the threshold value) in models 1 and 2, whereas the PHL hypothesis is 
valid in regime 2, which implies that the stringency of environmental policies is relatively 
high (above the threshold value) in model 3. In E7 countries, the PHV hypothesis is generally 
observed. However, it is observed that the PHL hypothesis emerges only in cases where non-
marketenv policies are stricter and the threshold effect is more pronounced. This indicates 
that, to confirm the PHL hypothesis in E7 countries, the tightening of nonmarket policies, 
including direct practices such as emission reductions, is more decisive.

In G7 countries, although the PHL hypothesis is generally observed, it is observed that 
the  PHV hypothesis emerges only in  cases where the  tightness of  market policies, where 
the threshold effect is more pronounced, is lower. This situation points to the importance 
of marketenv policies for indirect practices such as tax regulations in order to avoid the con-
firmation of the PHV hypothesis in G7 countries. These findings align well with Shahbaz’s 
(2015) study, which is seminal in the literature regarding FDI–emission relationships. Pre-
vious research indicates that this link differs among country groups (e.g., low-, middle-, and 
high-income countries). Shahbaz (2015) demonstrates that PHV is more robustly supported 
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in low- and middle-income countries, whereas PHL is more applicable in high-income coun-
tries. Moreover, numerous studies in  the  literature corroborate these findings (Abid and 
Sekrafi 2021; Álvarez-Herránz et al. 2017; Balsalobre et al. 2018; Balsalobre-Lorente et al. 
2022; Bekun et al. 2023; Bulut, Uçler and Inglesi-Lotz, 2021; Karimov 2020; Murshed 2023; 
Sabir et al. 2022; Shahbaz et al. 2019; 2020; Wang et al. 2022; Wen et al. 2022).

Furthermore, the  findings of  this study are broadly consistent with more recent re-
search focusing on  the  interactions between renewable energy, institutional quality, and 
policy design in shaping environmental outcomes. For instance, Adebayo (2025) and Ade-
bayo and Olanrewaju (2025) emphasize the role of green production processes, renewable 
energy use, and green finance in  enhancing environmental quality. Similarly, our results 
show that the  impact of  FDI varies significantly depending on  the  stringency of  environ-
mental policy. Özkan and Adebayo (2024) highlight the importance of adaptive policy tools 
in  response to  market volatility, while our study identifies clear threshold effects based 
on the type and level of environmental policy. Likewise, Adebayo and Özkan (2024) demon-
strate the multi-dimensional determinants of CO₂ emissions, whereas we offer a broader 
assessment using ecological footprint as the dependent variable. Finally, Özkan, Alola, Ade-
bayo (2023) underscore the importance of energy efficiency and renewable energy inten-
sity in reducing greenhouse gas emissions, while our findings show that the environmental 
impact of FDI is shaped by cross-country structural differences. Taken together, the overlap-
ping and divergent findings across these studies underline the decisive role of context-sen-
sitive and policy-driven designs in achieving environmental sustainability.

5. Conclusion

In this study, it  is intended to provide a comprehensive reassessment of the environmen-
tal consequences of  FDI through the  lens of  ecological footprint, with a  particular focus 
on the moderating role of environmental policy stringency. By employing a dynamic panel 
threshold model and disaggregated policy indicators across E7 and G7 countries, the anal-
ysis uncovers significant nonlinearities in the FDI–environment nexus and offers new em-
pirical evidence to reconcile the conflicting predictions of the Pollution Haven and Pollution 
Halo hypotheses.

Our findings indicate that the environmental impact of FDI is far from uniform and is 
decisively shaped by the institutional and regulatory contexts of host countries. In E7 coun-
tries, where regulatory enforcement tends to be weaker, FDI inflows are found to exacerbate 
ecological degradation unless stringent non-market-based environmental measures are 
in place. Conversely, in G7 economies, the effectiveness of FDI in reducing ecological pres-
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sure is contingent upon surpassing critical thresholds in market-based and technology-ori-
ented policies. These results underscore the importance of context-sensitive environmental 
governance and demonstrate the limitations of generic policy prescriptions.

Furthermore, building on our findings regarding the threshold effects of environmen-
tal policy stringency in shaping the FDI–environment nexus, more targeted policy recom-
mendations can be proposed for E7 and G7 countries. For E7 economies, where non-market-
based policies (e.g., direct regulatory measures like emission caps and command-and-con-
trol rules) were found to be more effective, policymakers should prioritize strengthening 
regulatory enforcement mechanisms and expanding compliance-based environmental mon-
itoring frameworks. Introducing stricter emission performance standards and enhancing 
transparency requirements for foreign-invested industries could reduce the ecological bur-
den. In contrast, for G7 countries, market-based environmental policies (e.g., carbon pricing, 
emissions trading systems, green taxes) appear more decisive in improving environmental 
outcomes. These countries should focus on refining carbon pricing instruments, closing tax 
loopholes that favour high-emission sectors, and increasing the allocation of revenues from 
environmental taxes to fund clean technology innovation. At the sectoral level, both country 
groups should tailor policy mixes according to the specific environmental risks and invest-
ment dynamics of key sectors such as energy, manufacturing, and transportation. While E7 
countries may benefit from sector-specific subsidies for clean energy transition and eco-cer-
tification programs in manufacturing, G7 countries should prioritize incentivizing innova-
tion in green finance and sustainable infrastructure. These differentiated, context-sensitive 
approaches can enhance policy effectiveness in both groups and ensure that FDI contributes 
positively to long-term environmental sustainability.

Moreover, the  inclusion of  ecological footprint as  a  multidimensional indicator-be-
yond traditional CO2-based metrics-offers a  more nuanced understanding of  the  cumula-
tive environmental pressures associated with international capital flows. The disaggrega-
tion of the OECD’s Environmental Policy Stringency Index into policy typologies allows for 
a more targeted evaluation of policy design, revealing that the transition from PHV to PHL 
dynamics is neither automatic nor universal, but conditional upon the nature and strength 
of environmental regulation.

To sum up, this study not only advances the theoretical discourse on FDI and environ-
mental quality but also provides actionable insights for policymakers. Strengthening non-
market-based regulatory regimes in  developing countries and reinforcing market-based 
instruments in advanced economies appear crucial for aligning FDI with sustainability ob-
jectives. Future research should further explore the dynamic interplay between institutional 
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quality, green investment strategies, and transnational environmental outcomes, particu-
larly in emerging economies. Furthermore it will be also striking to benefit from explicitly 
distinguishing between “dirty” and “clean” forms of  FDI – such as  those directed toward 
manufacturing versus service sectors – to better capture the sector-specific environmental 
implications of foreign investment.
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