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Abstract
Foreign direct investment (FDI) and the consumption of non-renewable energy have been on the increase in the coastalMediterranean
countries (CMCs) over the last few decades. Both trigger growth, but the environmental impact could be far-reaching as environ-
mental distortions are mainly human-induced. This study examines the environmental issues facing CMCs. Specifically, we inves-
tigate whether the pollution haven hypothesis holds for CMCs. We employ a quantile panel data analysis for CMCs to account for
heterogeneity and distributional effects of socioeconomic factors. The result reveals that the influence of FDI on environmental
degradation is a function of the indicators utilized and also depends on the initial levels of environmental degradation. The results
suggest that the pollution haven hypothesis does not hold for CMCs. However, we also find that energy consumption significantly
increases environmental degradation for all indicators and across the observed quantiles. The effects of economic growth and
urbanization on the environment were mixed for the different indicators and across quantiles. We recommend that it is pertinent
for CMCs to limit their “dirty” energy sources and substitute them with renewables to promote environmental sustainability.

Keywords FDI . Carbon emissions . Carbon footprint . Ecological footprint . Energy consumption . Urbanization . Quantile
regressionmethod
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Introduction

Driven by economic globalization and trade liberalization, the
inflows of foreign direct investment (FDI) to emerging coun-
tries have enormously risen in the last 50 years. According to

UNCTAD (2019), FDI to emerging economies have increased
from 28.4% in 1970 to 46.9% in 2017 relative to the world’s
FDI. Economic theories such as the life cycle hypothesis
(Vernon 1966), the internationalization theory (Buckely and
Casson 1976), and the theory of technology diffusion (World

Responsible editor: Eyup Dogan

* Solomon Nathaniel
nathaniel_solomon21@yahoo.com

Ekene Aguegboh
aguegboh@msu.edu

Chimere Iheonu
iheonuchimere@yahoo.com

Gagan Sharma
angrishgagan@gmail.com

Muhammad Shah
ibrahimecondu@gmail.com

1 University of Lagos, Akoka, Nigeria

2 School of Foundation, Lagos State University, Badagry, Nigeria

3 Department of Agricultural, Food and Resource Economics,
Michigan State University, East Lansing, MI, USA

4 Department of Economics, University of Nigeria, Nsukka, Nigeria

5 University School of Management Studies, Guru Gobind Singh
Indraprastha University, New Delhi, India

6 Centre on Integrated Rural Development for Asia and the Pacific,
Dhaka, Bangladesh

https://doi.org/10.1007/s11356-020-09521-6

/ Published online: 27 June 2020

Environmental Science and Pollution Research (2020) 27:35474–35487

http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-020-09521-6&domain=pdf
http://orcid.org/0000-0001-7623-9526
mailto:nathaniel_solomon21@yahoo.com


Bank 1993) explains that the rationale for FDIs include factors
such as market size expansion, exchange rate differentials,
human capital, and technological transfer, among others. For
example, it is widely believed that FDIs represent one of the
instruments for mitigating the global pressures for the increase
in energy demand as it allows for technological transfer be-
tween countries for sustainable production.

Despite the motivation for FDIs, there have also been con-
cerns about their environmental impacts. Scholars have theo-
rized that multinational companies (MNCs) in industrialized
countries are more inclined to outsource “dirty” industries to
emerging countries with more relaxed environmental regula-
tions to take advantage of the absence of/low negative exter-
nality costs. This phenomenon is referred to as the pollution
haven hypothesis (PHH). Several studies have been motivated
by the PHH. Most of the initial studies on the hypothesis
focused on establishing whether environmental regulation is
a precursor for FDI flows (Xie et al. 2017; Shen et al. 2017;
Cai et al. 2016). Over time, these studies were critiqued as
they could not directly explain the surge in air pollution.

Consequently, new sets of studies have emerged to explain
the relationship between FDI flows and carbon dioxide emis-
sions (Sarkodie and Strezov 2019; Chang and Li 2019; Shao
et al. 2019; Koçak and Şarkgüneşi 2018; Liu and Kim 2018;
Solarin and Al-Mulali 2018; Abdouli and Hammami 2018;
Solarin et al. 2017; Sun et al. 2017). The results of these
studies have been mixed ranging from cases of no relationship
to positive or negative uni/bi-directional relationships running
from FDI to carbon dioxide emissions and vice versa.

The objective of this study is to ascertain whether FDI
inflows can be associated with environmental degradation in
coastal Mediterranean countries (CMCs). A positive relation-
ship between FDI inflows and environmental degradation
raises the question of whether CMCs are acting as pollution
havens for MNCs. Conversely, a negative relationship could
indicate that FDI encourages technological transfer for sus-
tainable development. The focus on CMCs is predicated on
the technology diffusion theory, which suggests that recipient
countries need to attain a certain threshold level of develop-
ment to stimulate a successful diffusion. In line with this,
developed countries would have surpassed such as the thresh-
old for the diffusion to be successful. On the other hand, least
developed countries (LDCs) are not positioned to have
attained the level of industrialization needed to attract FDIs
sufficient to galvanize the technological diffusion (Cole and
Elliott 2005). Thus, CMCs are suitable for this study because
they exist in between the spectrum of LDCs and developed
countries. As middle-income countries, most CMCs are
experiencing rapid growth and accounts for a significant pro-
portion of global consumption of energy. Their level of energy
consumption is partly a consequence of FDI inflows, which
serves as a catalyst for productivity, increase in per capita
income, and advancements in overall economic growth and

development. Based on the foregoing, this study attempts to
shed light on the PHH. It uses panel data of ten CMCs to
address the following hypotheses:

Hypothesis 1 (H1): Foreign direct investment would re-
duce environmental degradation in CMCs.
Hypothesis 2 (H2): Energy consumption would reduce
environmental degradation in CMCs.

In addressing these hypotheses, some of the gaps that this
study intends to fill are as follows: (i) this study employs
different indicators for measuring environmental degradation
such as carbon dioxide emissions, carbon footprint, and eco-
logical footprint (EFP). These variables will allow for some
form of robustness check for the different pathways through
which FDI impacts on environmental degradation; (ii) the
selected countries for this study were strategic; the CMCs
consist mostly of emerging economies that must have attained
a significant level of industrialization. This makes it suitable
for technology diffusion to successfully occur; (iii) the study
employs the STIRPAT framework with the advantages of the
quantile regression (QR) for analyzing the effects of human
activities on the environment with an emphasis on population,
affluence, and technology (Shi 2003; York et al. 2003; DeHart
and Soule 2000; Cramer 1998; Soulé and DeHart 1998; Dietz
and Rosa 1997). The QR model is suitable for this study
because of the nature of the relationship between environmen-
tal degradation and FDI, which can be non-linear as a result
the haven or halo effects. This econometric approach ad-
dresses the violation of the conditional mean assumption of
the linear regression and controls for heterogeneous effects
(Graham et al. 2015; Abrevaya 2001; Chamberlain 1984).

The results of this research will be useful in different ways.
Firstly, it will be relevant to academics and researchers be-
cause it will improve their understanding of how the PHH
applies to middle-income countries. Additionally, this re-
search can be useful to policy-makers in CMCs in designing
policies that can attract or protect their economies from for-
eign investments based on the nature of the relationship that
exists between FDIs and environmental degradation.

The rest of this paper is organized as follows. “Literature
review” focuses on the literature review and “Methodology,
model, and data” introduces the panel QR within the
STIRPAT framework, the data, and its sources. “Results and
discussion of findings” focuses on data analysis and presenta-
tion, and the discussion of the empirical results. “Conclusion
and policy direction” entails the conclusion of the study.

Literature review

The foremost hypothesis that describes the relationship be-
tween FDI and environmental degradation is the PHH. The
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hypothesis proposes that MNCs are compelled to relocate
their heavy or dirty industries to countries with more permis-
sive environmental regulations in order to avoid incurring the
regulatory compliance costs in their home country (Zhang and
Zhou 2016). Copeland and Taylor (1994) posit that the moti-
vation to geographically shift pollution outputs to emerging
countries springs from the need to lower both environmental
and financial cost in developed countries. At the same time,
emerging countries are compelled to undercut one another by
lowering their environmental regulation stringency in order to
attract FDIs. The culmination of these scenarios will lead to a
“race to the bottom” among developing countries with more
relaxed regulations. This will result in an enormous increase in
the environmental pollution in the countries that lack stringent
environmental regulation.

Grossman and Krueger (1991) identified three channels
that define how FDI impacts on pollution such as the scale
effect. If the scale effect and the composition effect outweigh
the technique effect, it infers the pollution haven hypothesis
(PHH). The converse of the PHH is the pollution halo hypoth-
esis, where the technique effect and the composition effect
overwhelm the scale effect. The scale effect suggests that an
increase in FDI stimulates economic growth but leads to neg-
ative effects on the environment. The second phenomenon is
the composition effect, which emphasizes the pathway
through which FDI influences the composition of industries
and leaves the possibilities of increasing the polluting or less-
polluting sectors. Grossman and Krueger (1991) posit that this
mechanism can lead to either positive or negative environ-
mental impacts. The third mechanism is the technique effect,
which suggests that FDI may lead to technological transfers
that reduce pollution as well as positive spillover to local
firms.

If the scale and composition effect outweigh the technique
effect, we refer to this as a pollution haven effect. The con-
verse of the PHH is the pollution halo hypothesis, where the
technique effect and the composition effect overwhelm the
scale effect. The halo effect proposes that FDI will mitigate
environmental degradation in the host country. This is
achieved when MNCs transfer their greener technology to
emerging economies through FDI in line with the theory of
technology diffusion. One of the motivations for this is that
MNCs might signal inefficient production processes and can
culminate into a loss of goodwill, reputation, and business in
the long term.

Empirical literature

There is growing empirical evidence on the relationship be-
tween FDI and environmental degradation. Most studies that
reveal that FDIs are attracted by countries with lax environ-
mental regulations imply the PHH. On the other hand, if these
FDIs promote the use of clean technologies to the extent that

domestic industries try to replicate these clean technologies,
the outcome will tend towards the pollution halo hypothesis.
Considering the possible pathways through which FDI might
impact carbon dioxide emission, the relationship between
these two variables is not very clear. One of the reasons for
this lack of clarity is the identification issue regarding envi-
ronmental degradation. Therefore, this study expands the def-
inition of environmental degradation to include carbon diox-
ide emission, carbon footprint, and EFP. The empirical litera-
ture shall be discussed in the context of these themes and
limited to very recent studies with a focus on their areas of
agreement and disagreement.

FDI and carbon dioxide emission

There are numerous studies that support the existence of the
PHH (Solarin et al. 2017; Sun et al. 2017; Abdouli and
Hammami 2018; Koçak and Şarkgüneşi 2018; Chang and Li
2019; Sarkodie and Strezov 2019). However, beyond imply-
ing the PHH, some of these studies attempted to tease out
pathways through which these FDIs can be sustained in an
environmentally friendly manner. These were mostly based
on other control factors that were used in these studies. The
study by Solarin et al. (Solarin et al. 2017) was carried out to
validate the PHH in Ghana. They employed the ARDL meth-
odology using data for the period of 1980–2012 and suggested
that strong institutional can help to curtail the adverse effect of
FDI on the environment.

Abdouli and Hammami (2018) understudied the relation-
ship between FDI, economic growth, and environmental deg-
radation in the Middle and North African countries (MENA).
A generalized method of moment (GMM) approach was ap-
plied to a dynamic simultaneous equation model for data,
which ranged between 1990 and 2012. The results revealed
a unidirectional causality that ran from FDI inflows to carbon
dioxide emission; thus, one of the findings was that emerging
countries should impose environmental quality policies on
FDIs which can help the countries in question avoid pollution
haven traps.

Kocak and Sarkgunesi (Koçak and Şarkgüneşi 2018) car-
ried out a study on the effect of FDI on carbon dioxide emis-
sions in Turkey using data ranging from 1974 to 2013, the
bootstrap causality test, and structural cointegration test.
Findings from the study reveal a bidirectional causality be-
tween FDI and carbon dioxide and suggest that the PHH is
valid in Turkey. Similarly, the study by Sun et al. (Sun et al.
2017) applied the ARDL approach to examine the PHH in
China. The data used covered the period 1980–2012 and re-
sults revealed that the PHH exists in China. Generally, the
studies by Kocak and Sarkgunesi (Koçak and Şarkgüneşi
2018) and Sun et al. (Sun et al. 2017) suggests that emerging
countries should accommodate FDIs that are only targeted
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towards technologically intensive, service industry or environ-
mentally friendly areas.

Unlike the studies highlighted above, the paper by Chang
and Li (2019) focused more on population thresholds (least,
moderate, and very populated regimes) in their study where
they examined the effects of FDI on carbon emissions. Their
study revealed where they attempted to and shows that carbon
dioxide emission declines significantly with increasing FDI in
the least populated regime—their suggestions was that the
PHH can better be managed in countries with small popula-
tion. To the best of our knowledge, the only study that refutes
the haven effect hypothesis is by Shao et al. (Shao et al. 2019).
This study was aimed at ascertaining the PHH for two country
groups employing the panel error correction model (VECM)
and panel cointegration test for BRICS (Brazil, China, India,
China, and South Africa) and MINT (Mexico, Indonesia,
Nigeria, and Turkey) countries. Data for the study spanned
between 1982 and 2014 and the findings support the existence
of the halo effect hypothesis in these country groups; thus, the
study suggests more FDIs for these economies.

FDI and carbon/ecological footprint

Unlike carbon dioxide emission, the relationship between
FDI, carbon footprint, and EFP for emerging countries has
been captured by limited empirical literature in recent times.
Most of them support the PHH. The study by Solarin and Al-
Mulali (2018) was extended to capture carbon footprint and
EFP beyond carbon dioxide emission as proxies for environ-
mental degradation. The results reveal the existence of the
PHH (for emerging economies) and pollution halo effect (for
developed economies) using carbon dioxide emission, carbon
footprint, and EFP as proxies for environmental degradation.

Liu and Kim (2018) understudied 44 countries that are affil-
iated with the Belt & Road Initiative (BRI). They employed the
panel vector autoregression model with data ranging from 1990
to 2016. The result of their study revealed a bidirectional rela-
tionship between FDI and EFP after accounting for weight
values into the PVAR estimation. Still, on BRI countries,
Baloch et al. (2019) conducted a study on the effect of financial
development on the EFP for 59 countries. The Driscoll-Kraay
panel regression model was employed for the study and the data
spanned between 1990 and 2016. FDI was used as one of the
regressors; the result revealed that FDI causes increases in EFP.
The study suggested that carbon pricing should be employed for
firms that rely on outdated technology or any form of dirty pro-
duction process. It also suggested that incentives be given to
industries that promote clean production.

Fakher (2019) examined the determinants of environmen-
tal quality for OPEC countries using 22 regressors for EFP,
which were ranked by the Bayesian model averaging and
weighted averaging least squares. The data used by this study
ranges between 1996 and 2016. FDI was employed as one of

the explanatory variables and findings from the study revealed
that FDI leads to environmental degradation. The study sug-
gested that emerging countries should be encouraged by FDI
that emphasize environment-friendly technologies and
pollution control in the industrial sector. Sabir and Gorus
(2019) investigated the effects of globalization and technolog-
ical changes on the EFP in South Asian countries. The study
employed the panel ARDL model. The result revealed that
FDI has a significant effect on EFP and recommended a shift
to renewable energy sources in order to mitigate greenhouse
effects and promote environmental preservation.

Energy consumption and ecological footprint

Since its introduction in the 1990s, EFP is used as an indicator in
determining sustainable development as it facilitates the under-
standing of human demand on biological resources by highlight-
ing the components of impact in terms of land (or sea) area
(Hubacek et al. 2009). A plethora of studies have used EFP to
measure environmental degradation (Bello et al. 2018;Wang and
Dong 2019; Dogan et al. 2019; Hassan et al. 2019; Alola et al.
2019). These studies concluded that EFP is far superior to CO2

emissions. Nathaniel et al. (Nathaniel 2019) explored the effects
of energy consumption on EFP in South Africa while controlling
for urbanization, financial development, and economic growth.
Findings revealed that growth, energy use, and financial devel-
opment contribute to environmental degradation.

Ahmed and Wang (2019) investigated the impact of human
capital and energy consumption on EFP in India from 1971 to
2014. They discovered that human capital reduces environmental
degradation, while energy consumption drives EFP. Destek and
Sinha (2020) explored the impact of trade, energy consumption,
and GDP on EFP in 24 OECD countries from 1980 to 2014.
From their findings, renewable energy reduces EFP while non-
renewable energy increases EFP thereby adding to environmen-
tal degradation. A similar result was discovered by Wang and
Dong (2019) for 14 sub-Saharan Africa, Destek and Sarkodie
(2019) and Danish and Wang (Danish,, and Wang, Z. 2019) for
11 newly industrialized countries, Mikayilov et al. (Mikayilov
et al. 2019) for Azerbaijan, Ahmed et al. (Ahmed et al. 2019) and
He et al. (He et al. 2019) for Malaysia, Zafar et al. (Zafar et al.
2019) for the USA, Fakher (2019) for OPEC countries, and
Sarkodie (2018) for 17 African countries.

Methodology, model, and data

Methodology

Cross-sectional dependence test

The section proceeds with the cross-sectional dependence (CD)
tests. This test is necessary because it gives direction to the right
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estimation technique(s) to employ. The results of the CD tests
help to ascertain whether to apply first-generation or second-
generation panel data econometric procedures. If the CD is not
considered, the estimators will be bias, inconsistent, and mean-
ingless (Dong et al. 2018). The study adopts threeCD testswhich
include the Breusch-Pagan (BG) Lagrangian Multiplier (LM)
test, the Pesaran CD test, and the Pesaran scaled LM test for
robustness purpose. We, however, give more relevance to the
BG LM test and the Pesaran scaled LM test due to the nature
of our dataset where the number of time periods (T) is greater
than the number of cross-sections (N). The equation for the CD
test is given in Eq. 1 as:

CD ¼ TN N−1ð Þ
2

� �1=2bρ ð1Þ

From Eq. (1), bρ ¼ 2
N N−1ð Þ
h i

∑N−1
i¼1 ∑N

j¼iþ1 bρij; where bρij is the
pair-wise cross-sectional correlation coefficients of residuals
from the ADF regression. T and N represent the sample and
panel size respectively.

Panel unit root test

The presence of CD makes the first-generation unit root tests
(e.g., Im et al., 2003) inefficient. This will warrant the use of a
second-generation unit root test (CIPS) to make up for the
inefficiency of the former. In line with Pesaran (2007), the
unit root equation is specified as:

Δyit ¼ Δφit þ βixit−1 þ ρiT þ ∑
n

j¼1
θijΔxi;t− j þ εit ð2Þ

where φit, xit, Δ, T, and εit represent the intercept, study
variables, difference operator, time span, and disturbance term
respectively. In the vicinity of first difference stationary vari-
ables, second-generation cointegration test would be applied.
This is in order to ascertain if the variables to be examined
have a long-run equilibrium relationship.

Panel cointegration test

The study relied on the Westerlund (2007) test to gain infor-
mation about evidence of cointegration among the variables.
The error correction form of the test is given as:

Δyit ¼ δ
0
idt þ ϕiyit−1 þ λ

0
ixit−1 þ ∑pi

j¼1ϕijΔyit− j

þ ∑pi
j¼0γijΔxit− j þ eit ð3Þ

where δt = (δi1, δi2)
′, dt = (1, t)′, and ϕ are the vector of

parameters, deterministic components, and the error correc-
tion parameter respectively. Four tests were developed to ex-
amine the presence of cointegration. These four tests were

based on the OLS estimation of ϕi in Eq. 3. Two of these four
tests are the group mean statistics given as:

Gτ ¼ 1
N ∑

N
i¼1

bαi

SEð bαiÞ
and Gα ¼ 1

N ∑
N
i¼1

T bαibαi 1ð Þ

The standard error of bαi is represented by SEðcαiÞ. The
semiparametric kernel estimator of αi 1ð Þ is bαi 1ð Þ. The re-
maining two tests are the panel mean tests which suggest that
the whole panel is cointegrated. They are given as follows:

Pτ ¼ bαi

SEð bαiÞ
and Pα ¼ Tbα

OLS and quantile regression

The study employs the OLS and the QR procedure. The pres-
ence of cointegration makes it econometrically reasonable to
estimate a long-run relationship using the OLS. However, we
employ the OLS with the Driscoll and Kraay (1998) standard
errors. This procedure enables us to account for (1)
heteroskedasticity, (2) serial correlation, and (3) cross-
sectional dependence. The QR was, however, the favored esti-
mation technique because it is superior to the OLS on various
grounds. The normal distribution and zero mean assumption of
the error term associated with the OLS is so unreal since socio-
economic indicators could have various distribution patterns
(De Silva et al. 2016). The QR ameliorates for this deficiency
(Salman et al. 2019). The technique (QR)makes no assumption
as regards the presence of moment function (Zhu et al. 2016a,
2016b). It estimates are still robust in the presence of outliers
(Bera et al. 2016). No distributional assumptions are considered
(Sherwood and Wang 2016). The QR model is given as:

Quantθ yi=xið Þ ¼ xβθ þ μθ; 0bθ1 ð4Þ

x is the exogenous variable, while y is the endogenous
variable. The distribution point of the explained variable and
the disturbance term are θth and μ respectively. To be specific,
we employ the conditional quantile regression which exam-
ines the influence of the regressors to be employed in our
econometric model based on initial values of the dependent
variable. The studies that have adopted the QR technique in
the past include Zhu et al. (Zhu et al. 2016a), Hammoudeh
et al. (2014), Hübler (2017), and Xu and Lin (2018).

Model

This study built on the STIRPAT framework. The STIRPAT
model stipulates that environmental degradation is both a
function of economic and demographic factors.

I t ¼ ϑoP
ξ1
t Aξ2

t T ξ3
t μt ð5Þ

From Eq. 5, I is an indicator of environmental degradation,
P, A, and T stand for population, affluence, and technology re-
spectively. φ1−φ3 and μ are the parameter estimates and the
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error term respectively. T can be decomposed depending on the
researcher’s interest (Bello et al. 2018; Anser 2019). Following
the studies of Solarin andAl-Mulali (2018), as earlier mentioned,
I, in this study, is captured by three environmental indicators. On
the other hand, P and A are captured by urbanization and eco-
nomic growth respectively.Weuse FDI and energy consumption
to proxy T. Thus, the expanded model is specified as:

I t ¼ ϑoURB
ξ1
t GDPξ2

t FDI ξ3t EUSξ4t μt ð6Þ

The model is further linearized by taking the logarithm of
each of the variables.

lnI t ¼ ϑo þ ξ1lnurbt þ ξ2lngdpt þ ξ3lnfdit þ ξ4lneust

þ μt ð7Þ

The lower-case letters urb, gdp, fdi, and eus represent ur-
banization, economic growth, foreign direct investment, and
energy consumption. I captures the three environmental indi-
cators. Therefore, to capture the effects of urb, gdp, fdi, and
eus on I at the selected quantile level, we put forward Eqs. (8)
to (10).

Qτ lnefpð Þ ¼ ϑτ þ ξ1τ lnurbit þ ξ2τ lngdpit þ ξ3τ lnfdiit

þ ξ4τ lneusit ð8Þ
Qτ lncfpð Þ ¼ ϑτ þ ξ1τ lnurbit þ ξ2τ lngdpit þ ξ3τ lnfdiit

þ ξ4τ lneusit ð9Þ
Qτ lnco2ð Þ ¼ ϑτ þ ξ1τ lnurbit þ ξ2τ lngdpit þ ξ3τ lnfdiit

þ ξ4τ lneusit ð10Þ

While the other variables retained their initial definition,
efp, cfp, and co2 represent total ecological footprint, ecologi-
cal footprint per capita, and carbon footprint respectively. The
distributional point for the explanatory variables is τ. Qτ de-
notes the regression parameters of the τth distributional point,
which can be computed using the formulae in Eq. (11)

Qτ ¼ argmin
Qτ

∑q
k¼1 ∑

T
t¼1 ∑

N
i¼1 yit−αi−x

0
itQτ

�� ��wit

� �
ð11Þ

q, T, N, and wit stand for the number of quantiles, years,
cross-sections, and weight of the ith country in the tth year
respectively. The study considered ten (10) CMCs. The data
for the study started in 1980 and ended in 2016. The time
period was sorely based on data availability (Table 1).

Results and discussion of findings

This section proceeds with the trend of selected variables in
the selected CMCs countries.

Figure 1 revealed an increase in the consumption of non-
renewable energy in Algeria, Morocco, Tunisia, and Turkey.
Thoughmore of this energy is consumed in France, Spain, and
Israel, its consumption is rather dwindling than increasing.

From Fig. 2, the urban population has witnessed persistent
growth in almost all the countries sampled, but it is observed to
be relatively constant in Egypt. Israel remains the most urban-
ized, while Egypt is the least urbanized of all the countries.

From Fig. 3, Cyprus, France, Greece, Israel, and Spain
have the highest GDP in the region, while Tunisia, Algeria,
Egypt, and Morocco are the countries with low GDP. GDP
has grown dramatically over the last few decades in France.

Figure 4 revealed that FDI flows into these countries are
meager especially in Algeria, Turkey, Greece, and Morocco.
However, Cyprus has received more FDI inflows than any
other country in the region.

From Figure 5, CO2 emissions are persistently increasing
in Turkey, Morocco, and Tunisia. However, this is not the
case in France, Israel, Cyprus, Greece, and Spain where CO2

emissions have been declining over time.
From Table 2, the distribution of the variables is skewed,

and the kurtosis values suggest that the seven series distribu-
tions are more concentrated than the normal distribution. Also,
the Jarque-Bera tests reject the null hypotheses of normality.

Table 3 provides evidence of CD in the constructs. With
this evidence, the study proceeds with estimation techniques
that are robust amidst CD.

Table 4 presents the unit root tests results. The results ob-
tained from Im et al. (Im et al. 2003) confirmed that, at first
difference, all the variables are stationary. The same result was
observed from the CIPS unit root test, a second-generation test
that is robust to serial correlation and CD.

Table 5 presents the Westerlund (2007) cointegration test.
The test confirms the presence of cointegration among the
variables in the three models. With these results, we can pro-
ceed with the OLS and QR estimation. However, our discus-
sion will be based on the QR estimates.

Firstly, we analyze the impact of FDI, energy consumption,
and urbanization on environmental degradation with ecologi-
cal footprint as the dependent variable (our measure for envi-
ronmental degradation). It should be noted that model 1,
where the ecological footprint is the dependent variable, is
the focus of the current study since the ecological footprint
is a more comprehensive proxy of environmental degradation.

The empirical results revealed that the impact of energy
consumption on environmental degradation is positive but
decreases as environmental degradation increases. This means
that the impact of energy consumption on environmental deg-
radation is high for countries where initial levels of environ-
mental degradation are low and lower for countries where the
initial levels of environmental degradation are high. This re-
sult generally points to an overreliance on non-renewable en-
ergy (non-RE) sources (especially fossil fuels) in CMCs. Non-

35479Environ Sci Pollut Res  (2020) 27:35474–35487



RE are high in greenhouse gas emissions (Dogan and Ozturk
2017; Nathaniel et al. 2020c; Dogan and Seker 2016;
Nathaniel and Iheonu 2019; Nathaniel et al. 2019), thereby
leading to environmental deterioration (Dogan and Turkekul
2016; Nathaniel and Bekun 2019). This finding is also sup-
ported by Zhang et al. (Zhang et al. 2019) for BRICS, Gorus
and Aslan (2019) and Gorus and Aydin (2019) for MENA,
Ssali et al. (Ssali et al. 2019) for sub-Saharan Africa, and
Sinha et al. (Sinha et al. 2019) and Nathaniel et al. (2020b)
for CIVETS, Destek and Sarkodie (2019) for N-11 countries,
and Nathaniel (2020) for Indonesia.

Countries in this region are growing at the expense of their
environment. This finding is supported by Zrelli (2017) which
suggests that non-RE contributes more to economic growth in
CMCs than renewable energy. This was also the case in the
study by Belaid and Zrelli (2019), which focused on nine
CMCs. Generally, all economies desire energy consumption
to grow. However, for such growth to be sustainable, the
energy source has to be ‘clean.’ Examples of such clean en-
ergy sources include solar, wind, geothermal, tide, and hydro-
power. The use of these energy sources, which are mostly
renewables, will not only promote environmental sustainable
without hurting growth but also put the countries on track
towards achieving the SDGs objectives by 2030.

Further findings suggest that FDI has a negative impact on
environmental degradation, indicating that increase in FDIs is

associated with an increase in environmental quality across all
the different quantiles. FDI is not harmful to the environment in
CMCs, suggesting the pollution halo hypothesis, and not the
pollution haven hypothesis. However, this negative impact is
more pronounced, based on the coefficients, for countries
where initial levels of environmental degradation are high and
less pronounced for countries where the initial levels of envi-
ronmental degradation are low. This result also applied to en-
ergy consumption, GDP, and urbanization; thus, the influence
of all the variables on the EFP is clearly homogeneous. These
findings contradict those of Khan and Bin (2019) for 65 Belt
and Road Initiative (BRI) countries, Solarin and Al-Mulali
(2018) for 20 countries, Fakher (2019) for OPEC, Zafar et al.
(2019) for the USA, Sabir and Gorus (2019) for South Asian
countries, and Baloch et al. (Baloch et al. 2019) for 59 BRI
countries. These discrepancies could be as a result of the esti-
mation techniques and the region considered by each of the
studies.

Economic growth negatively affects environmental degra-
dation better in countries where the initial levels of environ-
mental degradation are at their lowest. However, economic
growth increases environmental degradation in countries
where the initial levels of environmental degradation are high.
Urbanization, on the other hand, is seen to negatively affect
environmental degradation across the observed quantiles. The

Table 1 Description of variables
S/
N

Variables Measurement Source Symbols

1. Carbon Emissions metric tons per capita WDI (2019) CO2

2. Energy use kg of oil equivalent per capita ✓ EUS

3. Urbanization percentage of total population ✓ URB

4. GDP per capita in constant 2010 USD ✓ GDP

5. Foreign Direct Investment % of real GDP ✓ FDI

6. Ecological Footprint global hectares per capita GFN (2019) EFP

7. Carbon Footprint global hectares per capita GFN (2019) CFP

Sources: author’s compilation, 2019. Note: GFN Global Footprint Network

Fig. 1 Energy use by country from 1990 to 2016. Source: author’s
computation from WDI (2019)

Fig. 2 Urban population (percentage of total population) from 1990 to
2016. Source: author’s computation from WDI (2019)
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negative effect of urbanization is observed to be at the median
(that is, the 50th quantile).

As the CMCs become more urbanized, the lesser
their level of environmental degradation. This suggests
that urbanization is not particularly harmful to the envi-
ronment. This complements the earlier studies like those
of Danish et al. (Danish 2020) for BRICS, but contra-
dicts those of Nathaniel et al. (Nathaniel et al. 2020a),
He et al. (He et al. 2019), Danish and Wang (Wang and
Dong 2019), Ahmed and Wang (2019), Mikayilov et al.
(Mikayilov et al. 2019), Nathaniel et al. (Nathaniel et al.
2019), Baloch et al. (Baloch et al. 2019), Wang and
Dong (2019), and Solarin and Al-Mulali (2018) for
MENA, Malaysia, N-11 countries, India, Azerbaijan,
South Africa, 59 BRI, 14 SSA countries, and 20 coun-
tries respectively. The aforementioned studies adopted
the OLS techniques which neither considered the
CMCs nor the impact of urbanization on the environ-
ment at different quantiles.

The study proceeds to analyze the impact of FDI,
energy consumption, and urbanization on environmental
degradation when carbon footprints act as the measure
of environmental degradation. The result revealed that

energy use has a positive and significant influence on
environmental degradation across the observed quantiles.
However, the positive impact of energy consumption on
environmental degradation is more pronounced in coun-
tries where the initial levels of environmental degrada-
tion are low i.e. the 10th and 25th quantiles.

On the other hand, FDI has a positive but insignifi-
cant influence on environmental degradation in the 10th
quantile. Across the other quantiles, FDI has a negative
impact on environmental degradation with statistical sig-
nificance revealed in the 75th and 90th quantiles.
However, model 2 is not the focus of the current study,
and the results of the primary model with a more com-
prehensive proxy of environmental degradation do not
support any outcome. Economic growth is likewise re-
vealed to have a positive and statistically significant
impact on environmental degradation across the
quantiles. The impact of economic growth is an increas-
ing function of environmental degradation. On the other
hand, urbanization has an insignificant impact on envi-
ronmental degradation across the quantiles.

Finally, we examine the impact of FDI, energy con-
sumption, and urbanization on environmental degrada-
tion when CO2 emissions act as a proxy for environ-
mental degradation. Studies like (Barros et al. 2016;
Gil-Alana et al. 2016) have shown that CO2 emissions
are a negative environmental indicator. From the results,
energy consumption has a positive and significant im-
pact on environmental degradation across the observed
quantiles. However, the positive impact is more pro-
nounced in countries where the initial level of environ-
mental degradation is higher, that is, from the 50th
quantile and above, compared with the countries where
the initial level of environmental degradation is lower.
FDI positively and significantly influences environmen-
tal degradation in countries where the initial levels of
environmental degradation are at their lowest levels.
GDP is observed to positively and significantly

Fig. 3 Gross domestic product by country from 1990 to 2016. Source:
author’s computation from WDI (2019)

Fig. 4 FDI by country from 1990 to 2016. Source: author’s computation
from WDI (2019)

Fig. 5 Carbon emissions by country from 1990 to 2016. Source: author’s
computation from WDI (2019)
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influence environmental degradation across the observed
quantiles with its impact more prominent in the median
i.e. the 50th quantile.

In conclusion, urbanization is seen to positively and
significantly influence environmental degradation in
countries where the initial levels of environmental deg-
radation are at their lowest point i.e. 10th quantile as
well as in countries where the initial levels of

environmental degradation are at their highest points
i.e. the 75th and 90th quantiles.

Robustness analysis

The study employs the quantile process plots to validate
the empirical findings of the study using graphical pro-
cedures. It can be revealed from the plots that the

Table 2 Summary statistics
Variables CO2 cfp eus gdp fdi efp urb

Mean 1.309 1.072 7.194 9.111 2.541 17.78 4.166

Std. dev. 0.674 0.550 0.736 1.137 11.41 1.266 0.219

Skewness − 0.464 − 0.216 − 0.277 − 0.258 2.854 − 0.513 − 0.454

Kurtosis 2.047 1.507 2.014 1.473 1.243 2.633 2.323

Jarque-Bera 27.32* 37.24* 19.70* 40.05* 84.28* 18.32* 19.79*

Source: author’s computation. Note: * represents statistical significance at 1%

Table 3 Cross-sectional
dependence test Dependent/models Breusch-Pagan LM Pesaran CD Pesaran scaled LM

lnefp = f(lnurb, lngdp, lnfdi, lneus) 225.5297* (0.000) 1.7152* (0.000) 19.0295* (0.000)

lncfp = f(lnurb, lngdp, lnfdi, lneus) 265.4020* (0.000) 4.7569* (0.000) 23.2324* (0.000)

lnco2 = f(lnurb, lngdp, lnfdi, lneus) 366.8518* (0.000) 0.5255 (0.599) 33.9261* (0.000)

Source: author’s computation. Note: * represents statistical significance at 1%

Table 4 Panel IPS and CIPS unit root test

Variables IPS CIPS

Intercept Intercept & trend Intercept Intercept & trend

Levels FD Levels FD. Levels FD Levels FD

lnef 0.796 − 11.230* 1.272 − 10.431* − 2.009 − 5.755* − 3.215* − 5.885*

lncf 1.572 − 11.231* 1.203 − 10.209* − 1.875 − 5.950* − 3.342* − 6.077*

co2 0.210 − 9.630* 1.689 − 8.762* − 1.550 − 5.953* − 2.828*** − 6.074*

lneus − 0.131 − 8.888* 3.017 − 9.179* − 1.435 − 5.915* − 2.509 − 6.024*

fdi − 3.446* − 14.210* − 3.612* − 12.526* − 2.953* − 5.789* − 3.222* − 5.927*

lngdp 1.920 − 6.396* 1.058 − 4.972* − 1.812 − 4.229* − 1.708 − 4.349*

urb 2.791 − 3.723* − 2.316** − 5.240* − 2.726* − 2.365** − 3.337* − 2.532

Source: author’s computation. Note: *, **, and *** represent statistical significance at 1, 5, and 10% respectively

Table 5 Westerlund cointegration test

Dependent/models Gτ Gα Pτ Pα

lnefp = f(lnurb, lngdp, lnfdi, lneus) − 3.322* (0.000) 32.54* (0.000) − 11.42* (0.000) − 6.342* (0.000)

lncfp = f(lnurb, lngdp, lnfdi, lneus) − 3.120** (0.040) − 6.234* (0.000) − 12.31* (0.000) − 7.342*** (0.090)

lnco2 = f(lnurb, lngdp, lnfdi, lneus) − 3.316** (0.030) − 9.456* (0.599) − 12.12* (0.000) − 22.11* (0.000)

Source: author’s computation. Note: *, **, and *** represent statistical significance at 1, 5, and 10% respectively
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Table 6 OLS and quantile regression results

OLS Q.10 Q.25 Q.50 Q.75 Q.90

Dependent variable: lnEFP
LNEUS 3.0325 (0.000) 6.3654 (0.000) 5.0046 (0.000) 2.0273 (0.000) 1.0799 (0.000) 0.8189 (0.009)
FDI − 0.0139 (0.042) − 0.0115 (0.007) − 0.0153 (0.122) − 0.0168 (0.034) − 0.0200 (0.000) − 0.0206 (0.009)
LNGDP − 1.4529 (0.000) − 3.5898 (0.000) − 2.1961 (0.000) − 0.0892 (0.766) 0.2580 (0.001) 0.2845 (0.175)
URB − 0.0259 (0.001) − 0.0146 (0.031) − 0.0462 (0.003) − 0.0773 (0.000) − 0.0476 (0.000) − 0.0394 (0.000)
Constant 10.9588 (0.000) 4.2691 (0.000) 4.1938 (0.002) 9.4184 (0.000) 11.6779 (0.000) 12.9543 (0.000)
F-statistic 139.48 (0.0000)
R2/pseudo R2 0.2822 0.3472 0.1989 0.2051 0.3225 0.3003
Observations 370 370 370 370 370 370
Dependent variable: lnCFP
LNEUS 0.6837 (0.003) 0.8430 (0.000) 1.0091 (0.000) 0.5137 (0.014) 0.2426 (0.112) 0.4226 (0.059)
FDI − 0.0015 (0.275) 0.0010 (0.763) − 0.0010 (0.698) − 0.0039 (0.290) − 0.0069 (0.011) − 0.0075 (0.061)
LNGDP 0.9736 (0.000) 0.7187 (0.000) 0.7259 (0.000) 1.0897 (0.000) 1.3425 (0.000) 1.2011 (0.000)
URB − 0.0012 (0.601) 0.0089 (0.101) − 0.0049 (0.232) − 0.0078 (0.174) − 0.0051 (0.223) 0.0001 (0.986)
Constant − 10.3397 (0.000) − 10.5368 (0.000) − 10.5236 (0.000) − 9.7354 (0.000) − 9.8683 (0.000) − 10.0246 (0.000)
F-statistic 603.75 (0.0000)
R-squared overall 0.9111 0.6146 0.6859 0.7367 0.7168 0.6700
Observations 370 370 370 370 370 370
Dependent variable: lnCO2

LNEUS 0.9863 (0.001) 0.9472 (0.000) 0.9377 (0.003) 1.0847 (0.002) 1.1697 (0.004) 0.9839 (0.010)
FDI 0.0009 (0.301) 0.0079 (0.029) 0.0002 (0.968) − 0.0014 (0.805) − 0.0051 (0.473) − 0.0076 (0.257)
LNGDP 1.0179 (0.000) 0.6807 (0.000) 1.0700 (0.000) 1.2906 (0.000) 1.2438 (0.000) 1.2051 (0.000)
URB 0.0383 (0.001) 0.0209 (0.000) − 0.0061 (0.491) − 0.0003 (0.970) 0.0259 (0.022) 0.0536 (0.000)
Constant − 14.3850 (0.000) − 11.0520 (0.000) − 12.2804 (0.000) − 15.0622 (0.000) − 16.2733 (0.000) − 15.8272 (0.000)
F-statistic 557.95 (0.0000)
R2/pseudo R2 0.8458 0.6089 0.6376 0.6669 0.6413 0.6408
Observations 370 370 370 370 370 370

Source: author’s computation. Note: *, ** and *** represents statistical significance at 1, 5, and 10 percent respectively
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Fig. 6 Quantile process plot. Dependent variable: lnEFP
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quantile regression result presented in Table 6 is similar
to the findings in Figs. 6, 7, and 8.

Conclusion and policy direction

This study investigated the link between energy consump-
tion, urbanization, FDI, economic growth, and environ-
mental indicators (ecological footprint, carbon footprint,
and CO2 emissions) in ten (10) CMCs. The data for the
study started in 1980 and ended in 2016. The study ad-
dressed a gap in the literature by applying the second-
generation panel estimation techniques, which controls
for heterogeneity and conditional dependence. The panel
regression results generally reveal that FDI promotes en-
vironmental quality in CMCs. However, energy consump-
tion significantly increases environmental degradation
while economic growth and urbanization lead to mixed
results for the different representation of environmental
degradation.

Given that the non-renewable energy sources underlie en-
vironmental deterioration, it is pertinent for CMCs (especially
those in the southern Mediterranean) to limit their “dirty” en-
ergy sources and substitute them with renewables to promote
environmental sustainability. Countries in the southern
Mediterranean can take a cue from their counterpart in the

northern shore of the Mediterranean. Establishing environ-
mental regulatory standards that incentivize the use of renew-
able energy sources’ technologies will serve as a useful policy
tool. Other policy tools that CMCs can adopt include provid-
ing tax rebates, interest rate holidays, and other forms of sub-
sidies for economic agents that adopt or engage in greener
technologies.

Despite the seemingly harmless relationship between
FDI and the environment, policy-makers have to incentiv-
ize the use of clean production processes by foreign firms
in order to stimulate the technique effect, which can com-
plement the composite effect in order to ensure that the
scale effects are avoided. This will entail creating and
enforcing strict environmental laws for the inflow of
FDI to avoid negative outcomes like economic dumping.
The imposition of dumping duties for an example will
discourage the importation of hazardous goods that could
harm the environment and encourage the direction of FDI
to the non-polluting sectors of the economy. These coun-
tries can also encourage environmentally friendly invest-
ments through better sustainable human capital and infra-
structural development. Urbanization is an offshoot of
discrepancies in development factors ranging from house-
hold income, basic amenities, infrastructural provision,
etc. To curb the adverse effect of urbanization on the
environment, there is a need for an aggressive investment
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Fig. 7 Quantile process plot. Dependent variable: lnCFP
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in rural infrastructures and human capital formation. This
will help with the emergence of smart cities, which em-
phasizes sustainability, innovation, and efficiency in the
use of energy for housing, transportation, production, and
other economic activities.

This study suffered from data availability; as a result, some
determinants of the CO2 emissions, carbon footprint, and EF
were not added to the estimated models. Future researchers
could leverage on this. Also, the study can be extended to
other countries in Africa, and other regions in the world.
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