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The role of remittances inflow, renewable and non-renewable energy
consumption in the environment: accounting ecological footprint indicators
for top remittance-receiving countries

Abstract
This study determines the dynamic linkages between remittances inflow, foreign direct
investment, and ecological footprint in top ten remittance-receiving counties in the presence of
economic growth and renewable and non-renewable energy under the framework of
Environmental Kuznets Curve (EKC) hypothesis over the period of 1990-2018 by employing
the continuously updated fully modified (CUP-FM) and the continuously updated biascorrected (CUP-BC) estimators. The results show that remittances inflow, foreign direct
investment, and non-renewable energy utilization affect the ecological footprint positively
while renewable energy utilization negatively impacts on ecological footprint. This study also
supports the pollution haven hypothesis and inverted U-shaped EKC hypothesis. Furthermore,
in order to account for the national heterogeneity, we have executed a country-wise EKC
hypothesis, the results of the full modified ordinary least square (FMOLS) support the inverted
U-shaped EKC hypothesis in the case of Bangladesh, China, France, India, Pakistan, and
Vietnam while displaying a U-shaped curve in Germany, Mexico, and Nigeria. Besides, the
results are robust to various robustness analyses that we have executed for inspection of the
reliability of our main findings. Finally, this study presents important policy implications with
respect to top remittance-receiving countries.

Keywords: Ecological Footprint; Remittance inflows; EKC hypothesis; Top remittances
countries

1- Introduction
Today rethinking environmental regulation remains at the forefront of academic debate
and social medial. Already scientists have warned that if the level of pollution continued, this
might attract physical risk, reduce productivity, and prolonged economic growth. Meanwhile,
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the International Panel on Climate Change (IPCC) has made a serious effort to promote
environmental sustainability by strengthening regulations that will reduce carbon (CO2)
emissions (IPCC, 2019). Despite the commitment of IPCC, the optimal reduction in carbon
emissions is far from being achieved. What is unclear is whether the success of IPCC in
ensuring compliance has led to the increase in carbon emissions or perhaps, the major carbonemitting nation failed to promote environmental quality. In the existing published literature, a
lot of scholars such as Yang et al., 2020; Lv and Li. (2021); Shen et al., (2021); Safi et al.
(2021) have used CO2 emission as an indicator of environmental quality. However, CO2
emissions as a proxy of environmental degradation do not cautious the resources, i.e., gas, oil,
forest, soil, and fishing (Usman and Jahanger 2021). In this situation, ecological footprint (EFP)
is broadly known as a more inclusive proxy of environmental decay (Yang et al., 2021a; 2021b;
Usman et al., 2020a; 2020b; 2020c). The EFP is compressed of six kinds of areas such as
carbon footprint, build-up land, grazing land, forest land, cropland, and fishing grounds that
define the broad concept of environmental sustainability. EFP is an important indicator of the
environmental impact of humans and provides metrics to assess how strict environmental
policies are in order to promote sustainability (Nathaniel et al., 2021).
Remittance flows have become an increasingly essential part of the universal economy
and a potential source of income for many countries.1 Remittance inflow has been considered
as one of the critical sources of fund/subsidy, susceptive to attaining the sustainable
development Goals (SDG) definite in the post-2015 Agenda of the United Nations
Development Programme (UNDP 2015). Remittance inflow could enhance buying power,
making it easier to attain household accessories (i.e., automotive vehicles, electric machines,
and vehicles, etc) and thus putting more pressure on energy utilization and environmental
degradation. According to the world bank (2019), these ten major remittances-receiving
countries such as India (83332078002US$), Mexico (39021789685US$). Philippines
(35167471832US$), France (26837550754US$), Egypt (26781400000US$), Nigeria
(23809281401US$), Pakistan (22245000000US$), Bangladesh (18362675926US$), China
(18294313104US$), Vietnam (17000000000US$) and contributing proximately more than 2/4
of the total environment pollution (BP, 2019). Therefore, it is essential to investigate the impact
of remittances inflow on the EFP in these countries to recommend suitable policy implications.
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One of the key aspects of environmental deprivation is the level of economic growth.
The inverted U-shaped relationship Environmental Kuznets Curve (EKC) hypothesis that
occurs between environmental degradation and economic growth was first confirmed by
Grossman and Krueger (1991). The relationship shows that environmental degradation
enhances at the initial stage as the level of economic growth rises and then economic growth
decreases environmental pollution when a certain threshold is passed. This relationship can be
shown in Fig. 1. Energy plays a vital role in economic development and environmental
degradation. A large amount of energy utilization in the production processes or economic
activities leads to enhance environmental degradation (Yang et al., 2020). According to
statistics from the world bank (2019), the contribution of top remittances countries to energy
utilization increases from 55.12501 US$ in 1990 to 65.65632 US$ (10.53%) in 2014.
Meanwhile, the rapidly growing energy utilization and fossil fuel-based energy structure have
generated huge challenges associated with environmental pressures across the top remittance
countries.

Fig.1 Environmental Kuznets Curve
Foreign direct investment (FDI) is a significant element of economic growth,
particularly when national savings are not enough to deal with national investments (OECD,
2002). Researchers investigate that FDI supports environmental quality with eco-friendly
technologies (Essandoh et al., 2020). Latest researches deliberate on the pollution-haven
hypothesis, suggesting that a less role and regulation about the environment in a host country
4

will attract multinational companies through FDI which leads to degradation of the
environmental quality in the country (Yang et al., 2020). However, the nexus between
environmental degradation and FDI is still questionable due to the pollution-halo hypothesis.
The pollution halo hypothesis suggests that universal eco-friendly(green) technologies transfer
through FDI inflow that enhances the environmental quality (Balsalobre-Lorente et al., 2019).
This study contributes to the existing literature in third-folds. First, this study is to
explore the effects of remittances inflow, renewable and non-renewable energy utilization over
ecological footprint during 1990-2016 under the framework of the Environmental Kuznets
Curve (EKC) hypothesis. Second, to the best of the author's information, this is the first study
that takes into account the impact of remittances inflow on the ecological footprint in the top
ten remittances-receiving countries. Third, after confirming the possible cross-sectional
dependency (CSD), this study used a second-generation more advance econometric technique
(i.e., CADF and CIPS unit root test, Westerlund cointegration test, and panel Dumitrescu and
Hurlin non-causality test). For long-run elasticity, this study used continuously updated fully
modified (CUP-FM) and continuously updated bias-corrected (CUP-BC) models. These
approaches are useful in producing consistent estimates even when CSD, autocorrelation,
endogeneity, fractional integration, heteroscedasticity exist in panel data and give more
valuable policy implications for top remittances-receiving countries.
The rest of the study is organized as follows. Section 2 presents a concise literature
review, while section 3 describes data, empirical strategy, and methodology. Section 4 presents
the empirical results and discuss the findings, while section 5 concludes with policy
recommendation and suggestion for future research.
2- Literature review
The nexus between remittances inflow, remittances inflow, renewable, and nonrenewable energy utilization, economic growth, and ecological footprint have been separated
into these sub-headings (1) Remittances inflow-environmental nexus (2) Renewable-nonrenewable energy utilization-environment nexus (3) Economic growth-foreign direct
investment-environment.
2.1. Remittances inflow-environment nexus:
Remittance inflow plays an essential part in accelerating economic growth and is also
considered a key factor of income source for any economy (De and Ratha. 2012). Remittance
inflow has an important source of the financial sector and increases the environmental
5

degradation by providing funds or loan at low interest to the individual enterpriser/investor that
enhances the overall investment in energy-intensive sectors such as heavy machinery,
automobiles, and other electronic applications that minimizing the environmental excellence
(Usman and Jahanger. 2021; Yang et al., 2021b; 2020). In the recent literature, some
researchers have examined the influences of the remittance inflow on environmental
performance for different regions. Usman and Jahanger. (2021) examined the links among
remittances inflow, institutional quality, and ecological footprint and reported that remittances
inflow and institutional quality increase the environmental degradation. Likewise, Yang et al.,
(2020) inspected the nexus between remittances inflow, globalization, and environmental
pollution in 97 global countries from 1990-2016. Their empirical evidence indicated that
remittance inflows significantly enhance environmental decay while globalization has a
favorable effect on environmental sustainability. Similarly, Yang et al., (2021) studies the
influence of remittances inflow on environmental pollution proxied with ecological footprint
and reported that remittances inflow is a positive association with environmental degradation.
Furthermore, Jiang et al., (2021); Ahmad et al., (2019); Neog et al., (2020); Khan et al., (2020);
Villanthenkodath et al., (2020); Qingquan, et al., (2020); Brown et al., (2020) have documented
that remittances inflow positively influences the environmental degradation. Whereas the a
negative association between remittances inflow and environmental quality in the context of
different regions (Opoku et al., 2021; Sharma et al., 2019).
2-Renewable-non-renewable energy utilization-environment nexus
Considering the dynamic nexus between renewable and non-renewable energy
consumption and the environment, Shahnazi and Shabani (2021) applied the classical
econometrics method during the time period from 2000 to 2017 in the case of European
countries. Their outcomes indicated that renewable energy had a negative effect on
environmental degradation while economic freedom exerted a U-shaped effect on
environmental decay.

Similarly, Azam et al., (2021) analyzed the association among

renewable energy, nuclear energy, and environmental degradation in the top ten polluted
countries based on Fully Modified Ordinary Least Squares (FMOLS) techniques from 19902014.Their empirical results indicated that renewable and nuclear energy utilization leads to
significant circumstances to clean energy production. Likewise, Usman et al., (2020c) probed
the causal association among financial development, renewable and non-renewable energy
utilization, and ecological footprint in the top fifteen highest emitting countries covering the
period from 1990 to 2017. The results indicated that financial development and renewable
6

energy utilization help to reduce environmental decay. Anwar et al., (2021) inspected the
dynamic linkages among renewable and non-renewable energy utilization and CO2 emission
in the case of Asian countries and found that renewable energy consumption leads to a decrease
in environmental degradation. Khan et al., (2021) studied the association among natural
resources, renewable energy, non-renewable energy utilization, and environmental
sustainability using the generalized method of moments (GMM) approach from 1971 to 2016.
The results of the study indicated that natural resources and renewable energy utilization
improves environmental sustainability while non-renewable energy utilization worsens
environmental quality. Moreover, Nathaniel et al., (2021) examined the link of economic
growth, natural resources, human capital, renewable energy utilization on environmental
sustainability in the case of BRICS countries. The empirical results indicated that economic
growth and natural resources increase the ecological footprint while renewable energy
utilization decreases the ecological footprint. In the same vein, Pata and Caglar (2021)
documented that a negative association between renewable energy and environmental
sustainability.
2-Foreign direct investment-economic growth-environment nexus
Several recent studies have examined the association between FDI and environmental
degradation. For instance, Opoku et al., (2021) reported that FDI increases environmental
pollution These findings also support the pollution halo hypothesis. Bulut et al., (2021)
examined the link of GDP and FDI on the environmental degradation from 1970-2016 in the
case of turkey. The empirical results of the paper show that both hypotheses i.e., the pollution
haven hypothesis and EKC hypothesis are valid in Turkey. Some scholars also found the
existence of pollution haven hypothesis, for instance, Assamoi, et al., (2020) for Cote d’Ivoire;
Bulus and Koc (2021) for Korea; Solarin et al., (2017). for Ghana; Guzel and Okumus (2020)
for five Asian Countries; Rana and Sharma (2019) for India; Nadeem et al., (2020) for India.
Many other researchers also found inverted U-shaped EKC hypothesis such as Germani et
al.,(2020) for Italian provinces, Farhani et al.,(2020) for three large economies (China, United
State, India), Ullah and Khan,(2020) for Pakistan, Altıntaş and Kassouri,(2020) for 14
European countries, Chen and Taylor,(2020) for Singapore, Yilanci et al.,(2020) for 232
Chinese cities, Rahman,(2020) for top ten electricity consuming countries, Köksal et al.,(2020)
for Turkey. Anser et al.,(2020) for G7 countries, Kongbuamai et al.,(2020) for eight ASEAN
countries, Katircioglu et al.,(2020) for Cyprus.
3-Data, model specification, and empirical methodology
7

3.1. Data
In order to explore the effect of globalization, economic growth, renewable and nonrenewable energy utilization on the ecological footprint, a balanced panel data-set was applied
for the top ten remittances-receiving countries (please see the geographical coverage of top ten
remittances-receiving countries) India, Mexico, Philippines, France, Egypt, Nigeria, Pakistan,
Bangladesh, China, Vietnam, Germany during the time period from 1990 to 2018. The
ecological footprint (EFP) is measured as an aggregate of six inclusive indicators i.e., carbon
footprint, build-up land, cropland, grazing land, fishing grounds, and forest land footprints
concerning the global hectares per capita; the remittances inflow (RMT) is calculated in term
of personal remittances, received (current US$), the economic growth per capita (GDP) is
measured in per capita constant 2010 US$; the variable of foreign direct investment (FDI) is
calculated net inflow (% of GDP); the renewable energy utilization (RENV) is estimated in
term of nuclear, wind, hydroelectricity and solar whereas the utilization of coal, oil, and natural
gas is used as an indicator for non-renewable energy utilization ( NRENV). The data of RMT,
GDP, FDI, RENV, and NRENV are acquired from World Development Indicators
(WDI.2020). The data of EFP is taken from the Global Footprint Websites (GFPN.2020). All
the variable descriptions and data sources are presented in Table.1.
Variables

Description

Table 1. Variable description and data sources
Unit of measurement

Data sources

EFP

Ecological footprint

per capita global hectares

GFPN, (2020)

REM

Remittances Inflow

Personal remittances, received (current US$)

WDI, (2020)

GDP

Economic growth

Constant 2010 US$ in per capita

WDI, (2020)

FDI

Foreign direct investment

Foreign direct investment, net inflow (% of GDP)

WDI, (2020)

REC

Renewable energy use

% of total final energy use

WDI, (2020)

Fossil fuel energy consumption (% of total)

WDI, (2020)

NRENV Non-renewable energy use

Note: GFPN stands for Global Footprint Network, WDI stands for world development Indicators.
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Top remittances-receiving
countries
Rest of the world

Figure 1: Geographical Coverage of Top Health Expenditure Countries

3.2. Model specification
This study builds on the literature of (Yang et al.,2021a; 2020b; 2020; Usman and
Jahanger (2021); Usman et al., (2020c) by integrating remittances inflow, economic growth,
renewable and non-renewable energy utilization. In order to minimize the likelihood of data
sharpness and heteroscedasticity of all variables data-set of this study is transformed into the
natural logarithm. For this purpose, the panel version of the econometric model is presented as
follows:
EFPit = f(RMTit , GDPit , FDIit , RECit , NRENVit )

(1)

Log transformation of Eq.1 is signified in Eq. 2 as follows:
ln(EFPit ) = β0 + β1i ln(RMTit ) + β2i ln(GDPit ) + β3i ln(FDIit ) + β4i ln(RECit )
+ β5i ln(NRENVit ) + εit

(2)

Additionally, this study adds an economic growth square (GDPS) to verify the validity
of the Environmental Kuznets Curve (EKC) hypothesis. The extended form of the EKC
hypothesis can be expressed as follows:
ln(EFPit ) = β0 + β1i ln(RMTit ) + β2i ln(GDPit ) + β3i ln(GDPSit )

+ β4i ln(FDIit ) + β5i ln(RECit ) + β6i ln(NRENVit ) + εit (3)

Where i, t and εit indicate the cross-sections, time periods, and stochastic error

terms. β0 denotes the constant term, εit displays the error term and 𝛽1, 𝛽2, 𝛽3, 𝛽4, 𝛽5, 𝛽6
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represents the elasticity of concern variables. Furthermore, the predictable sign of RMT is
unclear, for instance, Yang et al., (2021b; 2020) defined an adverse impact of remittances
inflow on environmental sustainability. On contrarily, other empirical published literature i.e.,
Opoku et al., (2021); Sharma et al., (2019) found that remittances inflow have a positive
influence on environmental degradation. As a result, the predictable co-efficient sign of
remittances inflow on environmental sustainability may be either positive/negative. The study
expects an adverse coefficient sign for REC due to the positive attractiveness of REC in
minimizing environmental degradation. On the other hand, the impact of GDP and NREC on
environmental pollution is predictable to be positive such as (Ullah and Khan,2020; Altıntaş
and Kassouri, 2020; Chen and Taylor, 2020; Yang et al., 2021b; Usman et al., 2020c).

LnEF

Table 2: Correlation Metric
LnRMT
LnGDP
LnFDI LnRENV LnNRENV

LnEF

1

LnRMT

0.3458*

1

LnGDP

0.8360*

0.3907*

1

LnFDI

0.3709*

0.1821*

0.2024*

1

LnRENV

-0.8973*

-0.2452*

-0.7244*

-0.1515*

1

LnNRENV

0.5335*

0.2847*

0.4196*

0.0768

-0.5937*

1

VIF

1/VIF

------

-----

1.25

0.800695

2.38

0.420657

1.06

0.944996

2.74

0.365219

1.61

0.621888

Note: ***, **, * shows the coefficients are significant at the 1%, 5%, 10% level of significance, respectively.
VIF stands for Variance Inflation Factor. Mean VIF value is 1.81

The correction metrics among concerned variables after natural logarithm is expressed
in table.2. A highly positive association (0.8360) exists between ecological footprint and
economic growth per capita, while a highly negative (0.8973) is observed between renewable
energy utilization and ecological footprint. The descriptive statistics of our variables are
expressed in Table.3 from 1990 to 2018 through box plots (see Fig.2)

Table 3. Descriptive Statistics
Mean
Std. Dev.

Variable

Obs

Min

Max

LnEF

290

-.1770874

.4860609

-1.2439

0.6521

LnGDP

290

11.70009

.6515317

10.4692

13.0363

LnRMT

290

9.821923

.5803523

7.0003

10.8964

LnFDI

290

.1562931

.5144368

-2.3476

1.1059
10

LnRENV

290

1.436474

.3893489

0.2985

1.9485

LnNRENV

290

1.75786

.1878189

1.2001

1.9591

Note: Min and Max show the minimum and maximum value of all variables; Std. Dev indicate the standard
deviation

1.0
11

10.89647(Max)

0.65213(Max)
0.5
10

Range

Range

0.0

-0.5

9

8

-1.0

A

7

-1.24393(Min)

-1.5

7.00037(Min)

B

6

LnRMT

LnEF

2

13.5

13.03635(Max)

13.0

1.10596(Max)

1

12.5

Range

Range

0

-1

12.0

11.5

11.0
-2

C

-2.34761(Min)

10.5

D

10.46921(Min)

-3

10.0

LnFDI

LnGDP

2.2
2.0

2.0

1.94857(Max)

1.95931(Max)

1.8
1.6

1.8

1.2

Range

Range

1.4

1.0
0.8

1.6

1.4

0.6
0.4
0.2

0.29855(Min)

E

1.2

1.20014(Min)

F

0.0

LnRENV

1.0

LnNRENV

Figure 2: Box-plot summery descriptive statistics of our key variables. (A) LnEFP (B) LnRMT (C) LnFDI (D)
LnGDP (E) LnRENV (F) LnNRENV

3.3. Methodological framework
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Firstly, this study proceeds with the examination of cross-sectional dependency (CSD)
estimators as a consequence to address the issue of panel data valuation and assure that the
empirical analysis is efficient, reliable, and unbiased. Figure 3 represents illustrations of the
road map of econometric techniques of the current study. First, we use four CSD estimators
recommended by Pesaran (2004) are employed for this purpose with Eqs.4 &5 stated as
follows:
𝑁−1

2Q
CSD = √
(∑
N(N − 1)

𝑁

∑ θ̂𝑖𝑗 ) ~ N(0,1)𝑖, 𝑗

𝑖=1 𝑗=𝑖+1

(4)

CSD = 1, 2, 3.................70.........N
𝑁−1

𝑁

(Q − h)θ̂2𝑖𝑗 − F(Q − h)θ̂2𝑖𝑗
2Q
̂
R=√
(∑ ∑ θ𝑖𝑗 )
N(N − 1)
Var(Q − h)θ̂2𝑖𝑗
𝑖=1 𝑗=𝑖+1

(5)

Where N represents the panel (cross-sectional dimensions) and Q represents the sample
size (time durations) of the study. After verifying the CSD within the panel data-set, more
consolidation will be proceeding to implement the second-generation estimator. The secondgeneration estimator tests have gained attention in the environment economic literature.
Therefore, this study employs second-generation stationary tests such as cross-sectional
augmented IPS (CIPS) and cross-sectional augmented ADF (CADF) estimators to examine the
stationary properties of the concerned variables. Pesaran (2007) proposed the CADF stationary
test is expressed in Eq.6 is specified as follows:
𝛥𝑌𝑖𝑡 = 𝛽𝑖 + β𝑖 𝑦𝑖,𝑡−1 + γ𝑖 𝑦̅𝑡−1 + φ𝑖 𝛥𝑦̅𝑡 +εit

(6)

Where 𝛥 denotes the difference operator, 𝑌𝑖𝑡 represents the concerned variables, 𝛽 is an

individual intercept and εit show the country-specific effects. Schwarz information criterion
(SIC) approach concludes the lag dimension. The null hypothesis (H0) for both estimators

(CIPS, CADF) is that all individuals are not unit-root within time-series panel dataset and the
alternative hypothesis (H1) is that all individuals are not unit-root within a time series panel
dataset. After estimation the integration order (0,1) of candidate variables, it is necessary to test
the long-run elasticity among concerned variables. Therefore, Westerlund (2007) anticipated
12

the second-generation cointegration estimator which handles the issue of CSD and slope
heterogeneity. Westerlund long-run elasticity test is expressed in Eq.7 as follows:
mi

mi

j=1

j=−mi

ΔYit = ρ′i dt + σi (Yit−1 − α′i xit−1 ) + ∑ σij Δ yit−j + ∑ ωij Δ xi,t−j +εit

(7)

Where σi denotes the speed of modification that adjusts the system back to long-run

stability. But error correction based Westerlund long-run elasticity contains different
approaches such as (i.e., Gt, Ga, Pt, and Pa) is anticipated by Eq.8 & 9 represented as follows:
𝑁

Gτ =

1
ʊi
∑
N
KF(ʊi )

Ga =

Qʊi
1
∑
ʊˊi (1)
N

(8)

𝑖=1
𝑁

(9)

𝑖=1

And panel cointegration tests statistics (Pt and Pa) is deliberated by the Eqs. 10 and 11
as follows:
Pτ =

ʊ̂i
KF(ʊ̂i )

(10)

Pa = 𝑄ʊ̂

(11)

After substantiating the long-run elasticity among concern variables, the assessment of

long-run parameters is projected through Continuously Updated Fully Modified (CUP-FM)
and Continuously Updated Bias-Corrected (CUP-BC) approach proposed by Bai et al. (2009);
Bai and Kao (2006). were employed to inspect the impact of concerted variables considering
CSD by following Eq.12 as follows:
𝑦𝑖𝑡 = ϖ𝑖 + 𝛿𝑥𝑖𝑡 + 𝜀𝑖𝑡

𝑥𝑖𝑡 = 𝑥𝑖,𝑡−1 + 𝜇𝑖𝑡

𝜀𝑖𝑡 = 𝜉𝑖 𝑙𝑡 + 𝜋𝑖𝑡

(12)

Where 𝜉𝑖 and 𝑙𝑡 are factor loading and unobserved factors 1(0) correspondingly, 𝑥

denotes concerned variables. Fully modified ordinary least square (FM-OLS) approach to
detect the presence of factors (Phillips and Hansen, 1990) as is given in Eq.13 as follow:
13

𝜖̂𝐹𝑀 =
𝑁

𝑁

(

𝑇

∑ ∑(𝑥𝑖𝑡 −𝑥̅𝑖 ) (𝑥𝑖𝑡 −𝑥̅𝑖 )′
𝑇

𝑖=1

𝑡=1

−1

)

+ ̂
𝜉𝑖 ))
𝑥 ∑ (∑(𝑥𝑖𝑡 −𝑥̅𝑖 ) 𝑦̂𝑖𝑡+ − 𝑇(𝜙̂𝜇𝜀 +𝜙̂𝜇𝑙

(

𝑡=1

𝑖=1

)

(13)

𝜖 projected by FMOLS are imitated using residuals from the FMOLS of the existing

period since convergence happens. This process is called the CUP-FM approach is expressed
in Eq.14 as follow:
𝑦𝑖𝑡 = ϖ𝑖 + 𝛿𝑥𝑖𝑡 + 𝜉𝑖 𝑙𝑡 + 𝜀𝑖𝑡
𝑥𝑖𝑡 = 𝑥𝑖,𝑡−1 + 𝜇𝑖𝑡

(14)
𝑙𝑡 = 𝑙𝑡−1 + 𝜋𝑡

Where 𝑙𝑡 are pragmatic or unpragmatic I (1) time series called Stochastic and

deterministic trends. It is supposed that the independent variable (remittances inflow) (𝑥𝑖𝑡 ) are

independent across i. The final step of the econometric approach is to investigate the causality
association among candidates’ variables. So, this current study used Dumitrescu and Hurlin
(2012) estimator that deals with the CSD and heterogeneity that may occur in the model. The
mathematical explanation of the Dumitrescu and Hurlin (D-H) non-causality test is expressed
in Eq.15 as follows:

𝑋𝑖𝑡 = 𝜏𝑖 +

𝐽

𝑗
∑ 𝜂𝑖
𝑗−1

𝐽

𝑗

𝑋𝑖(𝑡−𝑗) + ∑ 𝜖𝑖 𝑍𝑖(𝑡−𝑗) +𝜀𝑖𝑡
𝑗−1

(15)
𝑗

𝑗

Where X and Z denote the expected observables; the term 𝜂𝑖 and 𝜖𝑖 show the OLS and

AR estimators. i indicate the cross-sections. The approach presents two tests (W bar-statistics
and Z bar-statistics) from which outcomes are shown bidirectional causality, unidirectional
causality, and no causality association among the variables.
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𝐻𝑁𝐶
𝑃𝑁.𝑄

= N

−1

𝑁

∑ Ui,Q

(16)

𝑖=1

Ui,Q denotes the Wald statistics of each cross-section (countries). H0 (null) and H1

(alternative) hypothesis of D.H causality are stated in Eqs: 17 and 18 as follows:
H0 : 𝜆𝑖 = 0
𝜆 =0

H1 : { 𝜆𝑖𝑖 ≠ 0

𝑓𝑜𝑟 ∀𝑖

𝑓𝑜𝑟 𝑎𝑙𝑙
𝑓𝑜𝑟 𝑎𝑙𝑙

(17)

𝑖 = 1,2,3,……………,N1
𝑖 = N1 + 1,2,3,.….…𝑁 }

(5)Dumitrescu
and Hurlin
(D-H)
Causality test

(18)

(1) Crosssection
Dependence
tests (LM &
CSD)

(4) Long-run
elasticity
estimator
(CUP-BC,
CUP-FM)

(2) Second
generation
tests (CADF
& CIPS)
(3) Second
generation
Cointegation
test(Westerlund
,2007

•

Fig. 3. Road map of econometric modeling strategy
4. Results and discussion:
4.1. Cross-sectional dependence (CSD) test results:
Before proceeding to examine the unit root properties of the concern variables, we
check the occurrence of Cross-sectional dependence (CSD) in the panel dataset. In this regard,
we have applied four CSD methods such as: (1) Breusch-Pagan LM, (2) Pesaran Scaled LM,
(3) Bias-corrected scaled LM, and (4) Pesaran CSD and empirical outcomes are stated in
Table.4. These empirical outcomes disclose that the null hypothesis of no CSD is rejected, in
doing so implying the presence of CSD in the panel. More peculiarly, all the variables (i.e.,
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LnEFP, LnRMT, LnFDI, LnGDP, LnRENV and LnNRENV) are statistically significant at a
1% significance level.
Series

Table-4: Cross-sectional dependence analysis
Breusch-Pagan LM Pesaran scaled LM
Bias-corrected scaled LM

Ln EP

521.168***

LnRMt

0.000 50.013***

0.000

6.851***

0.000

1042.153*** 0.000 105.109***

0.000 104.930***

0.000

32.179**

0.000

126.489***

0.000 8.411***

0.000

6.243***

0.000

1259.983*** 0.000 128.070***

0.000 127.891***

0.000

35.492***

0.000

LnNRENV

851.206***

0.000 84.981***

0.000 84.803***

0.000

3.875***

0.000

LnRENV

702.412***

0.000 69.297***

0.000 69.118***

0.000

5.524***

0.000

LFDI
LnGDP

0.000 50.192***

Pesaran CD

0.000 8.589***

Note: *** shows the significance level at 1%.
4.2. Results of panel stationary tests
After verifying the CSD of data, the next stage of the empirical examining is to check
the integration order/stationary level of all said variables. The first-generation stationary tests
can show to be ambiguous, as these tests ignore the presence of CSD. Therefore, to address the
CSD problem, we applied second-generation stationary tests namely: CADF and CIPS, and the
findings are expressed in Table.5. The empirical outcomes describe that some said variables
(LnEFP, LnRMT, LnFDI, LnGDP, LnRENV, and LnNRENV) have a stationary issue at level
but after the shift of first difference, I(1) all said variables become stationary. This displays the
best explanation to test the long-run cointegration whether it occurs or not.

Table 5: Results of Panel stationary Tests
Series

CIPS

CADF

At Level

1st difference

At Level

1st difference

LnEF

-1.204

-4.523***

-1.365

-3.451***

LnGDP

-1.815

-3.012***

-2.036

-2.403**

LnGDPS

-1.891

-3.046***

-2.107

-2.465**

LnRMT

-2.503***

-4.674***

-2.301**

-3.321***

LnFDI

-2.319**

-5.285***

-1.967

-4.293***

LnRENV

-3.432***

-5.435***

-2.263**

-3.244***
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LnNRENV

-2.695***

-5.250***

-2.472**

-3.813***

Note: *** denotes 1% and ** denotes 5% level of significance, respectively.

4.3. Results of panel cointegration tests
After verifying the order of integration lever among the said variables, we apply
the Westerlund (2007) cointegration test to examine the long-run equilibrium among said
variables in the presence of CSD. The outcomes of Westerlund cointegration tests are described
in Table.6 and we note that the null hypothesis (H0) of no cointegration is rejected at the 1%
and 5% levels of significance. This confirms that the variables LnEFP, LnRMT, LnFDI,
LnGDP, LnRENV, and LnNRENV contain long-run cointegration over the period from 1990
to 2018 in the top ten remittances-receiving countries.

Statistics

Table 6: Panel Westerlund cointegration tests results
Gτ
Ga
Pτ

Values

Pa

-2.301**

-11.701***

-13.974**

-10.710*

Z-values

-1.446

-0.541

-3.987

0.351

P-values

0.093

0.280

0.000

0.740

Robust P-values

0.017

0.070

0.029

0.001

Note: ***, ** & * indicate significance level at 1%, 5% and 10%

4.4 Results of long-run elasticity estimates
To further explore the long-run elasticity among said variables such as LnEFP,
LnRMT, LnFDI, LnGDP, LnRENV, and LnNRENV variables in the cointegration association
of each panel using the Continuously Updated Fully Modified (CUP_FM) and Continuously
Updated Bias-Corrected (CUP_BC). The results of the CUP_FM test are stated in Table.7. The
outcome demonstration that remittances inflow (RMT) has a positive and significant effect on
environmental degradation. More specifically, a 1% increase in RMT will lead to an increase
in the environmental decay by 0.028% at a 1% level of significance. RMT degradation the
environmental quality because it might likely enhance industrial production and aggregate
consumption expenditure. The industries sector will use more energy for more economic
growth, particularly fossil fuels and thus causing more environmental degradation in the top
remittances-receiving countries. This outcome is similar to those found by (Yang et al.,2021b;
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2020; Usman and Jahanger, 2021). Besides, the findings of economic growth (GDP) have a
positive and significant effect on environmental pollution, while the economic growth square
(GDPS) is negative, which strongly supports the invested U-shaped Environmental Kuznets
Curve (EKC) hypothesis. It is noted a 1% enhance in GDP will lead to an increase in the
environmental decay by 0.036%, while a 1% enhance in GDPS will lead to minimizing
environmental degradation by 0.013%. This finding of this study is consistent with some earlier
studies of Yilanci et al.,(2020); Rahman,(2020); Köksal et al.,(2020); Anser et al.,(2020);
Kongbuamai et al.,(2020); Katircioglu et al.,(2020).
Regarding the coefficient of foreign direct investment (FDI), it has a significant positive
on environmental pollution in top remittances-receiving countries. More particularly, a 1 %
escalation in FDI will lead to an increase in the environmental decay by 0.03% level of
significance. These findings also support the “pollution haven hypothesis”. The positive longrun of influence FDI on environmental degradation approves the fear of the challenges of free
flow of trade openness and foreign investment flows. Multinational firms (Heavy or polluted
industries) move from developed to developing countries through FDI because these countries
environmental regulation is less strict and weak. (Yang et al.,2020). According to the World
Bank, the contribution of top remittances-receiving countries to foreign direct investment net
inflow increases from 140522354434.27US$ in 1990 to 1126434818564.98US$ in 2019 its
mean 12.47% increases FDI within twenty-nine years (WDI.2020b). These results coincide
with the findings of Assamoi, et al., (2020); Bulus and Koc (2021); Solarin et al., (2017); Guzel
and Okumus (2020); Rana and Sharma (2019); Nadeem et al., (2020). Furthermore, the
outcome of renewable energy utilization (RENV) has a statistically significant and negative
influence on environmental degradation in top remittances-receiving countries. A 1% increase
in RENV leads to a decrease the environmental pollution by 0.011%. These results are in line
with the finding of Usman et al., (2020c). RENV decreases environmental degradation in top
remittances countries as renewable energy generation is dictated by hydroelectricity.
Hydroelectricity is a pollution-free (clean) source of energy because it does not include the
burning of dirty fossil fuels. The elasticity of non-renewable energy utilization (NRENV) is
statistically significant and positive, indicating that a 1% increase in NRENV is linked with a
0.005% rise in environmental degradation. The conventional source of energy utilization (coal,
oil, petroleum, natural gas, and electricity) causes environmental decay as energy is produced
from fossil fuel and it is usually pragmatic that fuel fuels create waste material, mercury, and
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emission which degradation the environmental quality. This finding is similar to those found
by Yang et al.; (2021a); Usman et al., (2020a; 2020c).

Variables

Table-7: Result of Long run elasticity estimates
CUP_ FM

LnRMT

LnGDP

LnGDPS

LnFDI

LnRENV

LnNRENV

CUP_ BC

0.028***

0.066***

(2.748)

(4.137)

0.036***

0.007

(6.406)

(1.305)

-0.013***

-0.004***

(18.426)

(6.307)

0.03***

0.025***

(3.913)

(3.72)

-0.011***

-0.003

(-2.843)

(-1.327)

0.005*

0.006

(1.721)

(1.55)

Note: t-statistics are within parentheses ***, **, * significant value at 1%, 5%, 10% level.

GDP

GDPS

RMT

EFP
FDI

NRENV

RENV

Fig. 3: Graphical appearance of empirical results
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4.3 Outcomes of country-wise long-run elasticity evaluations
The long-run panel data examination is before reflected in the existing portion of this
study. However, the dynamic links between globalization, economic growth, renewable and
non-renewable energy utilization, foreign direct investment, and ecological footprint for
country-wise are curious. Furthermore, this study discovers the long-run elasticity of the EFP
for the time series data of each top ten remittances-receiving countries. The fully modified
ordinary least square (FMOLS) approach (Pedroni 2001) is applied for the estimation of longrun country-wise analysis and results are reported in Table.8. The outcome shows that RMT
has a positive impact on environmental degradation in some remittance-receiving countries.
Particularly, 1 % enhance in RMT will enlarge the environmental pollution in case of China,
France, Germany, India, Mexico, Pakistan with 1.2127 %, 1.5465%, 0.0093%, 0.3503%,
0.0675%, 0.9773%, 0.0078% respectively. In general, the inflow of remittances enhances
aggregate demand for the production process. And due to less regulations about the
environment in these countries, more requests for industrial production goods will raise the
utilization of fossil fuels which degradation the environmental quality. These outcomes are
contradicted with the previously published literature, i.e., Jiang et al., (2021); Ahmad et al.,
(2019); Neog et al., (2020); Khan et al., (2020); Villanthenkodath et al., (2020); Qingquan, et
al., (2020); Brown et al., (2020). On the other hand, RMT has a negative influence on
environmental degradation in some remittances-receiving countries such as Bangladesh and
Nigeria. A 1% increase in RMT leads to a decrease in environmental pollution in the case of
Bangladesh and Nigeria by 0.0184% and 0.3006% respectively. These results of RMT are
congruent to the outcomes of Opoku et al., (2021); Sharma et al., (2019).
Furthermore, the inverted U-shaped Environmental Kuznets Curve (EKC) hypothesis
was confirmed only in the six countries out of ten, such as Bangladesh, China, France, India,
Pakistan, and Vietnam at 1% and 5% significance levels, respectively. The findings are parallel
to

Anser et al.,(2020); Kongbuamai et al.,(2020); Katircioglu et al.,(2020). However,

Germany, Mexico, and Nigeria have a U-shaped association between ecological footprint and
economic development at a 1% and 5% level of significance. The conclusions are akin to
Apergis et al., (2017); Apergis and Payne (2009). Moreover, the EKC hypothesis does not hold
in the case of the Philippines. This result is consistent with the outcomes of Pata & Aydin.
(2020). Additionally, the “Pollution Haven Hypothesis” was verified in the case of Bangladesh,
Mexico, Nigeria, Pakistan, and the Philippines countries. These results coincide with the
findings of Guzel and Okumus (2020); Rana and Sharma (2019); Nadeem et al., (2020).
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Table 7. Results of country-wise long-run estimations (FMOLS results)
LNRMT

LNGDP

LGDPS

LNFDI

LNNRENV

LNRENV

Series

Coeff.

Prob.

Coeff.

Prob.

Coeff.

Prob.

Coeff.

Prob.

Coeff.

Prob.

Coeff.

Prob.

Bangladesh

-0.0184

0.8628

0.3185***

0.0000

-2.1033**

0.0004

0.2269***

0.0000

0.0146

0.6314

-0.8144***

0.0000

China

1.2127**

0.0001

0.2601***

0.0000

-3.3155***

0.0000

0.0028

0.7390

0.0065

0.2035

-0.6486***

0.0000

France

1.5465***

0.0000

0.7581**

0.0139

-1.3103**

0.0042

-0.0139

0.2247

0.0203

0.5380

-0.1732**

0.0079

Germany

0.0093

0.9901

-1.1398**

0.0007

0.4989**

0.0015

0.0083

0.2464

0.0892**

0.0183

-0.0773

0.2085

India

0.3503

0.1476

0.2303***

0.0000

-1.3749**

0.0091

0.0028

0.6112

0.0067

0.7180

-1.1900***

0.0000

Mexico

0.0675***

0.0000

-0.8841**

0.0002

0.9411**

0.0172

0.1057**

0.0030

-0.1171**

0.0143

0.4965**

0.0180

Nigeria

-0.3006***

0.0000

-3.9957***

0.0000

0.9967***

0.0000

0.1112**

0.0184

0.6812***

0.0000

-0.3296***

0.0000

Pakistan

0.9773

0.1795

0.6490**

0.0001

-0.2137**

0.0003

0.0633**

0.0001

0.0091

0.7318

0.1111

0.7813

Philippines

0.0078

0.3988

0.5482

0.2826

-0.8350

0.7259

0.0381**

0.0784

-0.4644*

0.0953

-0.0129

0.1265

Vietnam

-0.2350*

0.0778

0.8552***

0.0000

-0.3423***

0.0001

-0.0069

0.8318

-0.0062

0.7893

-1.2119***

0.0000

Note: ***, **, and * indicate significance level at 1%, 5%, and 10%
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Furthermore, the coefficient of non-renewable energy utilization (NNRENV) has a positive
and significant impact on environmental degradation in the case of Germany and Nigeria
countries. Specifically, a 1% increase in NNRENV will lead to an increasing environmental
decay in the case of Germany and Nigeria by 0.0892% and 0.6812% respectively. This finding
is alike to those found by Yang et al.; (2021a); Usman et al., (2020a; 2020c). Besides,
NNRENV demonstrated the negative influence on the environmental decay in the case of
Mexico depicting that a 1% increase in NNRENV will lead to a decrease the environmental
pollution by 0.1171% in the long term and these outcomes are consistent with the existing
published literature of Rahman et al., (2019). Renewable energy utilization (RENV) has a
negative influence on the environment in TOP remittances-receiving countries. Particularly,
1% enlargement in RENV will enhance the environmental quality in case of Bangladesh,
China, France, India, Nigeria and Vietnam with 0.8144%, 0.6486%, 0.1732%, 1.1900%,
0.3296% and 1.2119% respectively. These results coincide with the findings of Usman et al.,
(2020c).
For, robustness checks, this study performed an alternative method i.e., Continuously
Updated Bias-Corrected (CUP-BC). Table 6 also the conclusions of the regressions analysis
by engaging the CUP-BC. In sum, the results of this technique are consistent with the of the
CUP- FM approach as reported in table 6.
4.4 Outcomes of panel Dumitrescu and Hurlin (D-H) pairwise non-causality test
Lastly, the final step of the econometric process of empirical analysis is to determine
the causality association among said variables i.e., globalization, economic growth, renewable,
and non-renewable energy utilization, and ecological footprint. We discover causal association
within the panel Dumitrescu and Hurlin (D-H) context which can tickle the problem of CSD.
Table 8 demonstrations that a feedback hypothesis is revealed between EFP and GDP, between
EFP and GDPS, between EFP and FDI, between EFP and RENV, between RMT and GDP,
between FDI and GDP, between RENV and GDP, between RENV and NRENV, between
RENV and RMT, between NRENV and RMT. In contrast, a growth hypothesis is discovered
from EFP to RMT, from GDP to GDPS, from GDP to RENV, from GDP to RENV, from RMT
to GDP, from FDI to GDP, from FDI to RMT. However, our empirical findings are consistent
with some previous studies (Usman et al., 2020c; Usman and Jahanger. 2021; Khan et al., 2020)
in the case of different panel economies. Table.8 and Figure.4 will offer significant support to
policymakers for implementing efficient strategies to control pollution levels for the topremittances countries in the future.
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Table. 8: Dumitrescu Hurlin Panel Causality
Variables

LnEFP

LnGDP

LnGDPS

LnRMT

LnEFP

4.3360*** 4.3640*** 2.3847***
(7.4595)
(7.5222)
(3.0964)
0.0000
0.0000
0.0020
LnGDP
1.6379
3.3160*** 1.4985
(1.4264)
(5.1787)
(1.1146)
0.1537
0.0000
0.2650
LnGDPS
1.6124
3.2481***
1.4979
(1.3693)
(5.0269)
(1.1134)
0.1709
0.0000
0.2655
LnRMT
3.7439*** 4.7876*** 4.7927***
(6.1355)
(8.4693)
(8.4807)
0.0000
0.0000
0.0000
LnFDI
1.5242
2.0565** 2.0698** 2.1221**
(1.1721)
(2.3624)
(2.3922)
(2.5091)
0.2412
0.0182
0.0167
0.0121
LnRENV
0.9228
9.0414*** 9.0984*** 20.2250***
(-0.1727) (17.9812) (18.1086) (42.9885)
0.8629
0.0000
0.0000
0.0271
LnNRENV 1.5249
2.4969*** 2.5159*** 4.3074***
(1.1738)
(3.3471)
(3.3897)
(7.3956)
0.2405
0.0008
0.0007
0.0000
-

LnFDI

LnRENV

LnNRENV

2.7114***
(3.8267)
0.0001
0.6699
(-0.7381)
0.4604
0.6611
(-0.7579)
0.4485
1.4464
(0.9982)
0.3182

5.4781***
(10.0134)
0.0000
3.9161***
(6.5207)
0.0000
3.8030***
(6.2677)
0.0000
2.6109***
(3.6021)
0.0003
1.8393*
(1.8768)
0.0605

2.8865***
(4.2183)
0.0000
3.3325***
(5.2157)
0.0000
3.2751***
(5.0872)
0.0000
3.7951***
(6.2501)
0.0000
3.0691***
(4.6266)
0.0000
22.7153***
(48.5569)
0.0000

1.6359
(1.4220)
0.1550
1.1588
(0.3550)
0.7226

3.1016***
(4.6993)
0.0000

-

Note: Top values indicate w-stat. ( ) shows z-stats. *** denotes 1%,** denotes 5%, and * denotes 10% level of significance,
respectively.

EFP

RMT

NRENV

GDP
RENV

GPDS

FDI
Feedback Hypothesis

Growth Hypothesis

Figure.4. Causality association for top remittances countries
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5 Conclusion and Policy Implication:
This study examines the relationship between globalization, economic growth,
renewable and non-renewable energy utilization, foreign direct investment, and ecological
footprint for the top remittances-receiving countries using panel data from 1990 to 2018. This
study applies second-generation techniques to test the associations among the concern
variables. We apply four Cross-Sectional dependence (CSD) techniques to investigates the
CSD among the said variables. From a stationarity point of view, this study using CIPS and
CADF approach of panel unit root tests and Westerlund’s (2007) panel ECM applied to check
the long-run equilibrium among the variables. The long-run cointegration relationship was
investigated through the Continuously Updated Fully Modified (CUP-FM) and Continuously
Updated Bias-Corrected (CUP-BC) method. For country-wise long-relationship explored
through FMOLS approach. Dumitrescu-Hurlin panel causality test applies to verify the casual
association among the said variables.
The findings of CUP-BC and CUP-FM techniques show that remittance inflow and
non-renewable energy utilization and foreign direct investment boost environmental
degradation which proves the existence of the pollution haven hypothesis while renewable
energy utilization significantly reduces environmental pollution. Moreover, the empirical
results confirm the validity of the inverted U-shaped Environmental Kuznets Curve (EKC)
hypothesis in the case of top remittances countries. More precisely, for country-wise analysis
FMOLS approach results indicates that remittances inflow has a positive on environmental
degradation in the case of China, France, Germany, India, Mexico, Pakistan but negatively
influence in case of Bangladesh and Nigeria economies. Besides we examine the country-wise
EKC hypothesis and stimulatingly, our findings confirm the evidence of the invested U-shaped
EKC hypothesis in the case of Bangladesh, China, France, India, Pakistan, and Vietnam
economies, while a U-shaped EKC hypothesis found in the case of Germany, Mexico and
Nigeria economies. Moreover, the EKC hypothesis does not hold in the case of the Philippines.
Moreover, the “Pollution Haven Hypothesis” was verified in the case of Bangladesh, Mexico,
Nigeria, Pakistan, and the Philippines economies. Furthermore, the outcome of panel D-H
causality test demonstration that a between ecological footprint and economic growth, between
ecological footprint and economic growth square, between ecological footprint and foreign
direct investment, between ecological footprint and renewable energy utilization, between
remittance inflow and ecological footprint, between foreign direct investment and ecological
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footprint, between renewable energy utilization and economic growth, between renewable and
non-renewable energy utilization, between renewable energy utilization and remittances
inflow, between non-renewable energy utilization and remittances inflow.
Our findings have useful policy implications for governments, policymakers, and
academicians. First, it is understood that, beyond the role played in terms of financial/
economic progress and in term of subsidy support for households, the remittances inflow is an
influential tool permitting affecting the environmental sustainability depending on how they
owed. Government should address the adverse influence of remittances inflow on
environmental sustainability by putting restrictions on polluting industries through strict
financial regulation and imperative to evade structural bureaucracy problem in order to
simplify received remittances in a formal way. Besides, the government minimizing the
remittances costs and given more subsidies to enhance remittances inflow to these top
remittances-receiving countries remains an appropriate goal under sustainable development.
Second, foreign direct investment degradation the environmental quality so policymakers
should attach these investors that bring eco-friendly technologies to reduce the level of
emission and achieve a cleaner environment. Government should explore zero-carbon
technology that led to minimize environmental degradation and also need to modification the
excellence of trade intensity from upper to lower carbon industry/manufacture through
extensive stages for research and development (R&D) and eco-friendly industries. Third, since
renewable energy may also help to improve environmental quality so we recommended to the
policymakers should enhance the role of renewable energy utilizing in reducing the
environmental degradation arising from the consumption (oil, fuel, coal) of energy, most of
which comes from fossil fuels.
This study has some limitations which can be pointed out in future research works.
Since we do not consider the important variables such as social, economic, and cultural
variables along with remittances flows and variance decomposition analysis (VDA) that is
useful to examine the future contribution of concerned variables towards environmental
degradation with a large time dimension.
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Figures

Figure 1
Environmental Kuznets Curve

Figure 2
Geographical Coverage of Top Health Expenditure Countries. Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.

Figure 3
Box-plot summery descriptive statistics of our key variables. (A) LnEFP (B) LnRMT (C) LnFDI (D) LnGDP
(E) LnRENV (F) LnNRENV

Figure 4
Road map of econometric modeling strategy

Figure 5
Graphical appearance of empirical results

Figure 6
Causality association for top remittances countries

