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Abstract

There is a great linkage between environmental mitigation and economic growth. Several studies stretch this linkage as an
environmental Kuznets curve (ECK) association. This practice revisits the linkage between environmental degradation and
remittance inflow for the circumstance of the top ten remittance-receiving economies by embracing a fresh process of panel
quantile regression (PQR) method to achieve the country-specific anatomy over the period between 1980 and 2018. Our
research affords a more respectful seeing of the heterogeneous effects of the technological effects and remittance inflow on
environmental pollution in the top ten remittance-receiving economies. Precisely, our analysis of PQR findings affords the
obviousness of an inverted N-shaped EKC hypothesis of the technological effects of financial development on environmental
quality from the 10th to 60th quantile. As regards the technical effects of remittance inflow, an N-shaped EKC has been
spotted across from the 40th to 60th quantile. Finally, the interaction effects of financial development and remittance inflow
pursue negative and significant effects on carbon dioxide emissions across all quantiles. Some injunctions that were most
built-in in this introduced survey are the top ten remittance-receiving economies that ought to line programs that inhibit
investors to involve remittance inflows to perform sustainability surrounding.
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Introduction

Nowadays, worldwide money transfer is regarded as an
important avenue of financing small projects in several
developing countries that seem to be significantly reliant on
remittance inflows owing to its considerable contribution to
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tary funding not only to relatives and individuals but also to
small firms and start-ups. Das et al. (2019) argued that this
financial mainstream contributed essentially in accelerat-
ing economic growth and also considered as a key factor of
income source for any economy. Accordingly, it may induce
an increase growth in the country’s recipient economic and
especially the boosting of their financial development.
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Researchers such as Ahmad et al. (2019) and Sarkodie
and Ozturk (2020) emphasized on the nexus between remit-
tance inflows that enhance buying power and mitigating bad
effects of poverty and environmental degradation in the host
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countries. Obviously, when the GDP is getting higher, it
brings various technological changes having an impact in
turn on more environmentally friendly techniques of pro-
duction (Ssozi and Asongu 2016a, b). Nevertheless, it is
not rational to deny that remittances have many effects on
environmental quality which depends on the fact how it is
implemented throughout each economy. The rising trend of
remittance inflows and how to make efficient this significant
and exceptional financial avenue that could help establish
such a new path of economic growth.

As a source of liquidity, remittance inflows can improve
domestic entrepreneurship and investment in private and
small projects. Similarly, Syed and Miyazako (2013) recog-
nized that this financial engine is regarded to be an important
source of investment in agriculture specifically when shift-
ing from such a subsistence agriculture toward a market-
oriented production. Moreover, Wang et al. (2021), Yang
et al. (2021), and Ssozi and Asongu (2016a) reported that
it is very important to investigate the impact of remittance
inflows on both economic development and the quality of the
environment. Thus, they recommend consequently suitable
policy implications.

In this study, we intend to bring some response elements
for such important inquiries relatively to not only the extent
that can boost remittances to alleviate economic distress
but also how it can help induce efficient environmentally
friendly production techniques. The remainder of the paper
is structured as the following: the second section deals with
the literature review that introduces remittances and how
they induced not only GDP betterment but also environmen-
tal quality. The third section concerns the empirical inves-
tigation that tries to test the PQR of the interaction effects
between technology and remittance inflow in one step, the
interaction effects between financial development and remit-
tance inflow in the second step, and the interaction effects
between technology and remittance inflow. The fourth sec-
tion is shaped by the results, interpretations, conclusions,
and summary.

Remittance inflows and environmental
quality

A few decades ago, a lot of interest has been attributed by
either academicians or policymakers to remittance inflows
considered a significant contributor to the global economy
and an effective avenue of income throughout the world.
As a transitory source of income, remittances (abroad
transfer) help boost domestic investment by providing com-
plementary funding and supporting new start-ups. Moreover,
the remittance inflow trend has increasingly grown faster
and faster globally to become such a huge source and often
exceedingly somewhat the foreign direct investment value

(Sarkodie and Ozturk (2020), Ahmad et al. (2019), Syed and
Miyazako (2013)).

Remittance inflows could affect the whole human capital
components such as investment, health, investment, con-
sumption, and household. Accordingly, such a relationship
was shaped between the new potential source of funding
and the various features of human being betterment that
may converge into increasing avenues of higher levels of
investment or consumption. Besides, Ahmad et al. (2019)
emphasized that through its contribution to the ameliora-
tion of the living standard of households, remittance inflows
seem unfortunately to put further pressure on energy use and
induce carbon dioxide emissions. In this sense, this kind of
abroad transfer should stimulate domestic consumption and
make investment increase significantly in the receiver coun-
tries. Consequently, the improvement of some macroeco-
nomic determinants such as aggregate demand, investment,
consumption, and saving may result in higher demand for
energy more probably considered to affect the environment
quality via such a direct impact on CO, emissions (Dzansi
(2013), Asongu et al. (2016), Toumi and Toumi (2019)).

Many scholars highlight that it is true that remittance
inflows are viewed as an important source of income which
may affect positively human welfare and financial develop-
ment (Meyer and Shera (2017)), whereas it may contribute
seriously to causing environmental degradation through the
expansion in both of households’ consumption and financing
businesses. Others argued that remittance inflows can boost
household per capita income stimulating consequently their
consumers who could consume even more. This fact may
trigger an escalation in both aggregate demand and bank
deposits which leads eventually to such significant indus-
trial production (Ahmad et al. (2019)). In other words, the
consequent increase in economic growth is regarded to be
linked to an increase in carbon dioxide emissions and thus
to environmental degradation.

In contrast, Das et al. (2019) showed that remittance
inflows could directly attenuate carbon dioxide emissions
specifically when these transitory incomes are effectively
spent on friendly or cleaner energy. In addition, remittance
inflows may directly affect the environmental quality via
financial development and economic growth.

Technological innovations
and environmental quality

Many studies have highlighted the close relationship tying
financial development to remittances and consequently to
environmental quality. Anyway, remittance inflows, regarded
as migration financial counterparts, remain increasingly
shaping such a social insurance role. Remittances could
improve purchasing power (commodities such as electric
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machines, cars, lands, houses, computers, and voyages).
Moreover, these household transfers could help to get high
the domestic investment level, especially when producing
true state investment (Das et al. (2019), Ahmad et al. (2019),
Sarkodie and Ozturk (2020), Syed and Miyazako (2013)).

Remittances help to stimulate macroeconomic variables
by boosting savings and aggregate demand inducing con-
sequently multiplier effects on domestic growth which in
turn may affect thoroughly the environment. They have been
viewed as an effective contributor to financial development
and then economic growth. Enormous scholars put stress on
the fact that remittances could stimulate financial develop-
ment by draining funds to domestic entrepreneurship fac-
ing financial distress and facilitating the start-up creation
by doping its need for capital credit and then getting rid of
the exorbitant interest rate of financial institutions. Moreo-
ver, remittances could provide a genuine source of immedi-
ate liquidity, namely, when mitigating several barriers that
cut down business development. It has been argued that
remittance inflows could drive significant industrialization
throughout the financial development mechanism, basically
because of the best reliability of the new potential source of
funding, compared to the other sources of foreign capital
flow.

Das et al. (2019) considered that a one percent increase
in remittances tends to increase GDP by nearly 0.06 per-
cent in the long run. Moreover, this new shape of financ-
ing seems to improve household consumption, intermediate
goods demand, and even finance projects of start-ups and
distressed small firms. Undoubtedly, during the huge out-
break of the COVID-19 virus, several domains had found
their resort only on remittances to mitigate the hard effects
of the pandemic throughout the world. Some recent studies
put stress on the fact of the remittances’ relevance to many
economies wherein there is such a positive long-run effect
on entrepreneurship and domestic investment. Moreover,
Syed and Miyazako (2013) argued that remittances could
also positively boost agriculture investment, especially
when shifting from subsistence agriculture towards market-
oriented production or to value addition.

Ssozi and Asongu (2016a) did postulate that remittance
inflows have been recently documented to contribute to the
output per worker. Otherwise, this new financial drainer
may affect countries’ exchange rates, and consequently, it
may influence the performance of the whole manufacturing
sector (via real exchange rate changes). In addition, Dzansi
(2013) showed that remittance inflows could promote the
relative growth of traded sectors in recipient countries. Oth-
ers argued that a massive inflow of foreign currency could be
associated with real exchange rate appreciation and subse-
quently a loss of international competitiveness which in turn
could lead to a decline in the production of manufactured
and other commercial goods.

@ Springer

Recent studies postulated the more GDP is higher, the
more energy consumption is needed. Accordingly, for the
sake to mitigate CO, emissions (environmental degrada-
tion), policymakers devote significant efforts to proceed
towards renewal of energy reliance instead of carbon emis-
sion procedure. Because of its increased use and demand,
Sarkodie and Ozturk (2020) highlighted the significant
importance of renewable energy and that could be con-
sidered as a genuine shift from an industrial economy to
another one more secure, pure, and friendly. It is a service-
reliant economy shutting basically for the betterment of
environmental quality.

Financial development and environmental
quality

New studies have been carried out recently to investigate
the linkage between some important macroeconomic vari-
ables mainly household income, consumption, savings,
aggregate consumption, aggregate demand, and financial
development, within a framework of remittance inflows,
looking for such an eventual causing of environment deg-
radation. Ahmad et al. (2019) stipulate that remittance
inflows generate household income which positively
contributes to an increase of both consumption and bank
deposits leading consequently to magnifying the aggre-
gate consumption and then the aggregate demand that does
accordingly improve the financial sector.

Other scholars put stress the fact that this new financial
support may negatively affect the quality of the environ-
ment. Their findings showed both negative and positive
effect of financial development on carbon dioxide emis-
sions. Moreover, remittance inflows are viewed as the
main determinants of industrial production and financial
development. Thus, to produce goods, several sources of
energy are used mainly natural gas, oil, and coal. Unfor-
tunately, these sources are considered significant sources
of carbon dioxide emissions (Jamel and Maktouf (2017),
Meyer and Shera (2017)).

Evidently, such a higher demand for energy generated
by the receiving countries’ economic growth could
urge them to devote significant and prominent efforts
to afford new tools and means in the industrial sector
helping carbon dioxide emission mitigation and in
turn better environmental quality. Sarkodie and Ozturk
(2020) put stress the fact that technological changes were
subsequent to one country’s economic growth which
may induce efficient environmentally friendly production
techniques with high income and consumer demand. These
technological changes may aid to increase the feeling of
reliance on renewable energy.
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Methodological framework and data
Methodology

This study has principally analyzed the panel quantile
regression PQR method, developed by Koenker and Bas-
sett (1978), of remittance inflows as the determinant of
carbon dioxide emissions in the top ten receiving remit-
tance inflow countries by introducing financial devel-
opment, technology, real GDP, the interaction effects
between financial development and remittance inflows,
the technological effects of financial development, and
the technical effects of remittance inflows. Before step-
ping into the methodological framing, it is very necessary
to spotlight the dynamic interactive effects of environ-
mental quality and financial development in the top ten
remittance-receiving countries among the technologi-
cal effects in the short and long-run association in the
presence of the N-shaped environmental Kuznets curve.
Therefore, remittance inflows are one of the substantial
factors affecting large-scale production setup (Song, et al.
(2021)). In addition, remittance inflows less the existing
gap between investment savings of the economy in the
world, especially the top ten remittance-receiving coun-
tries by relaxing the financial handcuffs that blocked real
GDP (Su et al. (2021)).

Furthermore, the influx of remittance inflow partici-
pates to accumulate foreign reserves lack and ameliorates
the economy’s success and minimizes the account bal-
ance deficit. However, this research has been introduced
in determining the interactive effects of environmental
quality and financial development in the top ten remit-
tance-receiving countries and used real GDP as a factor
that has a dual linkage between the technology effects of
remittance inflows and carbon dioxide emissions. Many
literature reviews have acknowledged the impact of remit-
tance inflow on change in domestic credit to the private
sector and the economic growth in the presence of carbon
dioxide emissions (Wang et al. 2021), but this study is
the first to introduce the technology effects of remittance
inflows (composite effects of technology and remittance
inflows) in environmental sustainability program in top
ten receiving countries. It reveals that the inflow of funds
in remittance-receiving countries increases households’
purchasing capacity, increasing the energy mix demand.
As a result, demand for nonrenewable energy consump-
tion is more than renewable energy consumption which
defines the level of carbon dioxide emissions. This
concept exerts a theoretically inverse literature review
between carbon dioxide emissions and remittance inflows
(Kibria (2022)).

Panel quantile regression (PQR)

This recent study highlights the empirical dynamics of
remittance inflows as a proxy of environmental sustain-
ability, besides the existence of some control determinants
mainly financial development, technology, and economic
growth on carbon dioxide emissions (Koenker and Bas-
sett 1978; Yang et al. 2021; Khan et al. 2020). Via the
adoption of a panel quantile regression, this study attempts
to examine the eventual relationship tying remittances to
the enhancement of householders’ living standards and
consequently the environmental quality (Le and Ozturk
(2020)).

The current study implements such a strongly normal dis-
tribution of the panel quantile regression (PQR) developed
by (Koenker and Bassett 1978) where this process warrants
measuring the reaction of the dependent variable of other
independent variables with the classical regression method
process. Therefore, the PQR method is used to find the con-
tingent dealing as regards the survey variable’s affiliation.
Therefore, the use of the traditional empirical method can be
a wrong result issued from these methods focusing on mean
evaluation (Lamarche 2010).

Indeed, various panel quantile regression methods
combined the individual effects of both tracking and ladder
of a dependent variable (Y) Koenker (2004) and Canay
(2011). Therefore, this process denotes acquaintances on
how the contingent heterogeneous covariance effects of the
determinants of environmental degradations are examined
by X factors of independent variables with conditional
distribution on a K-vector, where the nonlinear conditional
panel quantile regression estimation is followed by

0, = [n(YiXiis Bo ) IKy ] =0 W

where Q, is the conditional model, Y;, are the endogenous
variables, K;, is the conditional K-vector containing the
X, independent variables, f . is the “residual function,”
and 0 < ¢ < 1 is the “quantile index.” The conditional
nonlinear modulization in model (1) can be represented by
the estimator E:

E[g{’/I(Yinit’ ﬁ()g) < 0}—C|Kit] =0 )

where ¢ {ﬂ(Yn,Xit, ﬂo,c) < 0} is the “indicator function.”
To estimate the “residual function” () the “uncondi-
tional moment” method is followed by

E{K;[{n(Yi- X Bor) <0} =¢]} =0 3)
With a specific case developed by Kaplan and Sun (2017)

Within'l(YiuXivﬁo.{) = (Yil_Yzilﬂl_xzilﬂz_xzizﬂ_‘sl """ _Xzin—lﬂn—l )’
where Y;, is the outlet and Y_;; = Y;5, Y5, ... ... .. Y, are
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“endogenous regressors” of generalized method moment
quantile regression.

Therefore, the general form of the median of panel
quantile regression (Hiibler 2017) can be represented in
Eq. (4) as follows:

Oyic(m/ X ) = X, pmy 4

where Qyn('?k/Xit) means the 7 M conditional quantile
model for dependent variable, Y, are the endogenous vari-
ables (carbon dioxide emissions), X;, represent the #, vec-
tor of independent variables (GDP, GDP2, GDP3, FD, RM,
(FD*RM), (FD*T) and (RM*T)) for each i country at ¢
time, and f, point the slopes of the explicative variables
for quantile 7, (Zhu et al. 2016). Therefore, the equality test
of the elasticity coefficients of independent variables must
be affected to see the existence of a significative dissimilar-
ity between these slopes of different quantiles. For example,
the PQR method can be appointed, when the respect to the
interquartile method is between #, = 0.10 and #, = 0.5 is
established.

To identify the linkage between the environmental miti-
gation and remittance inflows, the technological effects
of financial development and the technological effects of
remittance inflows. The aim of our research is to test the
validity of the N-shaped environmental Kuznets curve
hypothesis. Based on the following structure of Grossman
and Krueger (1995), the first model with the interaction
effects of Rm and FD is as follows:

QcE,,(ﬂk/Xn) = a/GDP,
2 3
+ aGDP +a'GDP’ +aFD,, + a/RM,

+ &{T;, + ) (FD*RM),, + ¢, 3)

where Qcg, (m./X;) is the nth conditional quantile model
for dependent variable, Y, are the endogenous variables, X;,
represent the # vector of independent variables for each i
country at ¢ time, and 7, represent the quantile. In addition, «,,
a,, and a5 explain the elasticity of environmental degradation
with fulfill to real GDP, and a, assess the environmental
strain of financial development, a5 assess the environmental
strain of remittance, a4 assess the environmental strain
of technology, and a; assess the environmental strain
of interaction between remittance inflow and financial
development, and ¢, is the error term. The validity of the
environmental Kuznets curve hypothesis is validated when
the sign and the significance of (a,,@,, a;) variables are
served (Allard et al. 2018; Alvarez and Balsalobre 2016).

— The N-shaped EKC is required when a; > 0, a, <0,
and a3 > 0.

— An inverted N-shaped EKC is required when a; <0,
a, >0,and a3 < 0.

@ Springer

— An inverted U-shaped is produced when a5 is not sub-
stantial.

The second model with the technology effects of financial
development is as follows:

QCEU(”k/ Xn) = ﬂYGDPir
2 3
+ ﬂ; GDP;, +ﬂ;’ GDP”+/)ZFD“

+ BIRM,, + BT, + ) (FD*T),, + &, (6)

Ocg, (m:/X;) is the nth conditional quantile model for
dependent variable, Y;, are the endogenous variables, X
represent the # vector of independent variables for each i
country at ¢ time, and #, represent the quantile. In addition,
B, B,,andp; explain the elasticity of environmental degrada-
tion with fulfill to real GDP, and f, assess the environmental
strain of financial development, 35 assess the environmental
strain of remittance, P assess the environmental strain of
technology, and B, assess the environmental strain of the
technology effects of financial development, and g, is the
error term. The validity of the environmental Kuznets curve
hypothesis is validated when the sign and the significance of
(By» By, B3) variables are served (Allard et al. 2018; Alvarez
and Balsalobre 2016).

— The N-shaped EKC is required when f; > 0, ,° 0, and
B3 > 0.

— An inverted N-shaped EKC is required when §;, <0, 3, >
0,and p; < 0.

— Aninverted U-shaped is produced when f; is not substan-
tial.

The third model with the technology effects of remittance
inflow is as follows:
Oce, (m/Xy) = ¢/GDP; + {]GDP,+{]GDP)+{[FD,

+CRM,, + {J T, + ¢ (FD*RM);, + ¢ (RM*T),, + ¢, 7

Ock, (g /Xn) is the nth conditional quantile model for
dependent variable, Y, are the endogenous variables, X;
represent the 7 vector of independent variables for each i
country at ¢ time, and #, represent the quantile. In addition,
¢1,¢,, and {3 explain the elasticity of environmental
degradation with fulfill to real GDP, and ¢, assess the
environmental strain of financial development, {5 assess
the environmental strain of remittance, {; assess the
environmental strain of technology, and {; assess the
environmental strain of the interaction between FD and RM,
and fg assess the environmental strain of the technology
effects of RM, and ¢,, is the error term. The validity of the
environmental Kuznets curve hypothesis is validated when the
sign and the significance of (¢}, {,, and{;) variables are served
(Allard et al. 2018; Alvarez and Balsalobre 2016).
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— The N-shaped EKC is required when ¢; > 0, £, 0, and
&3> 0.

— Aninverted N-shaped EKC is required when ¢; <0, ¢, >
0,and ¢; < 0.

— Aninverted U-shaped is produced when {5 is not substan-
tial.

Data

This examination treated the dynamic panel quantile
regression between environmental degradation and
remittance inflows, gross domestic product, financial
development, technology, the technological effect of
financial development, and the technological effects of
remittance inflows in the top ten remittance-receiving
inflow economies (Indonesia, Bangladesh, Vietnam,
Pakistan, Egypt, Arab Rep, Nigeria, Mexico, Philippines,
China, and India) over the period between 1980 and 2018,
where GDP variables are defined by real GDP per capita
(constant 2015 USS$), environmental degradation (CE) is
clarified in metric tons per capita, remittance inflow is
the personal remittances, received (% of GDP), financial
development (FD) measured by domestic credit to the
private sector by banks (% of GDP), the technology effects
(T) is the contribution of the industry sector (including
construction), value added (% of GDP) (Martinez-Zarzoso
and Maruotti (2011)), the technological effects of financial
development (TEFCTF) are the interaction effects of
technology and financial development, the technological
effects of remittance inflows (TEFCTR) are the interaction
effects of technology and remittance, and the composite
effect of remittance and financial development (FD*REM)
is the interaction between both these variables. All were
selected variables from the database of the World Bank
(WDI 2021).

Table 1 Descriptive statistics of variables

A logarithmic settlement has been applied for all data
(Table 1, Fig. 1).

Cross-sectional dependence tests

For the majority of panel studies, panel data slightly the
problem of the cross section can be obtained by biased esti-
mations results. Following the cross-sectional dependence
(CD) of Yang et al. (2021), many various tests of CD are
used in our studies such as the LM test of Breusch and Pagan
(1980) and the test of CD by Pesaran (2004).

Table 2 denotes the results of the cross-sectional depend-
ence test of Breusch and Pagan (1980) and Pesaran (2004),
which denotes the null hypothesis; there is no CD for all
variables. Therefore, the being of CD-used variables denotes
that policymakers’ environmental decisions of the top ten
remittance inflow economies are feigned one by one.

Panel unit root tests

To check the long-run parameters’ slopes in panel quantile
regression, the study applied various panel unit root tests
introduced in Table 3 such as Fisher-ADF statistics (Dickey
and Fuller (1979)), Fisher-PP statistics (Maddala and Wu
1999), and Kwiatkowski-Phillips-Schmidt-Shin statistic
(Kwiatkowski et al. (1992)).

Before exploring fundamentally, the panel quantile
regression approach, it is significant to test whether all
variables are stationary at levels and in the first difference,
via mainly the Fisher augmented Dickey-Fuller (Dickey and
Fuller (1979)) and Im et al. (2003) unit root test. As shown
in Table 3, the panel unit root tests reveal that all variables
fail to reject the null hypothesis at a level; nevertheless, the
whole variables are stationary at first lag.

CE FD GDP REM T FD*REM TEFCTF TEFCTR
Mean 1.290722 3.543041 7.574207 0.607308 3.732621 2.173937 13.22400 2.294136
Median 1.324594 3.595215 7.567409 0.643419 3.736438 2.190156 13.25992 2.487382
Maximum 2.178462 3.673827 8.224932 1.895843 3.872466 6.815965 14.16035 7.280673
Minimum 0.642835 3.305165 6.977853 0.012338 3.520112 0.040960 12.19542 0.046099
Std. Dev 0.477517 0.136694 0.364520 0.497119 0.087670 1.807545 0.580777 1.901633
Skewness 0.101310 —0.716811 0.068135 0.596065 —0.278210 0.640289 —0.192791 0.637362
Kurtosis 1.680079 1.954553 1.975117 2.531680 2.563027 2.556520 2.135356 2.631850
Jarque—Bera 2.897777 5.115871 1.737053 2.665807 0.813393 2.984402 1.456461 2.860741
Probability 0.234831 0.077465 0.419569 0.263710 0.665846 0.224877 0.482763 0.239220
Sum 50.33815 138.1786 295.3941 23.68499 145.5722 84.78353 515.7359 89.47131
Sum Sq. Dev 8.664843 0.710040 5.049251 9.390847 0.292072 124.1543 12.81746 137.4159
Observations 39 39 39 39 39 39 39 39

Source: author calculus from World Development Indicators (WDI, 2021) database
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Fig. 1 Scatter plot of lower triangular matrix, histogram of regression line variables

Table 2 Results of CD test CE GDP RM ED T
Breusch and 36.214%%** 231.052%:%* 75.365%** 62.306%** 69.572%%:*
Pagan (1980)  (000) (000) (000) (000) (000)
LM test
Pesaran (2004)  7.284%%* 15.685%* 7.598 % 6.954 %% 4.352%:**
CD test (000) (000) (000) (000) (000)

Source: author calculus

“*Significance at 1% level

Westerlund cointegration test

Once all unit root test outcomes reveal that all variables are
stationary, it is rather significant to test long-run association
among variables via two famous methods, namely, Pedroni
(2004) and Kao et al. (1999) panel cointegration test. In
addition, the Pedroni test reveals how most of the statistical
values reject the null hypothesis of cointegration. So, Kao’s
result confirms the presence of cointegration since the null
hypothesis. Therefore, both hypothesis tests of cointegration
ignored the cross-sectional dependence between all vari-
ables. So, if we have a cross-sectional dependence for all
PQR methodology for all used variables, standard long-term

@ Springer

cointegration tests such as making biased results. Therefore,
Westerlund (2007) developed four mean tests of normality
distribution because of the cross-sectional unit of cointegra-
tion and homogeneous of panel quantile regression. So, in
both normality distributions between groups (Gt) and among
groups (Ga), the alternative hypothesis is the existence of
cointegration of slopes at least one cross-sectional unit. In
addition, both homogeneous tests of the cross-sectional
units between and among panels are, respectively, Pt and
Pa; the alternative hypothesis is the existence of a long-term
relationship at the whole of the panel. Table 4 denotes the
results of the cross-sectional dependence test of Westerlund
(2007), which denotes the null hypothesis; there is no CD
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Table 3 Results of panel unit Series at levels
root tests
CE FD GDP REM T
Fisher-ADF 0.5796 1.3192 0.1647 —1.6409 —1.8750
Fisher-PP 1.2876 -3.1131 0.1647 —1.5586 —1.8935
Kwiatkowski-Phillips- 0.7528 0.1978 0.7476 0.6268 0.3324
Schmidt-Shin test
statistic
Series at first difference
CE FD GDP REM T
Fisher-ADF —6.2526%** —1.8791%** —4.6616%** —6.6936%** —06.7545%%*
Fisher-PP —6.4295%* —5.3522%%%* —4.6563*** —7.0679%%%* —6.5672%%*
Kwiatkowski-Phillips- 3.7713%%* 0.0709%*** 0.1032%** 0.1114%%* 0.1454%**
Schmidt-Shin test
statistic
Source: author calculus
“**Significance at 1% level
Table 4 Results of Westerlund cointegration tests Result and discussions
Statistics Value p value Cointegration
The results of conditional panel quantile regression (PQR)
Gt —2.7903** (0.000) Cointegration  are exposed in Table 5. Firstly, the effect of economic
Ga —1.9423%5x (0.000) Cointegration growth on carbon dioxide emissions is confirmed, so real
Pt —6.1354%x% (0.000) Cointegration  GDP rises in the 10th quantile from 1.406365 to 2.146834
Pa —4417 (0.006) Cointegration  for the 80th quantile. Secondly, economic growth in the

Source: author calculus

“*Significance at 1% level

for all variables, so the cross-sectional independence of
environmental quality, FD, RM, T, and the gross domestic
product is returned and the dependence of these variables is
applied. In addition, there is a long-run association between
all variables in the panel quantile method across the top ten
remittance-receiving countries’ economies.

Table 5 Results of panel quantile regression analysis (model 5)

top ten remittance-receiving countries revolts a heavy inci-
dence in the first stage of quantile and becomes speedy in
the delayed stages of quantile moment regressions. Thirdly,
economic growth in the top ten remittance-receiving coun-
tries has a positive and significant effect on carbon dioxide
emissions. Therefore, the square of real GDP is negative
and statistically negative for all quantiles. In addition, the
cubic of income in the first model is positively affecting the
carbon dioxide emissions and the turning point has almost a

Variables 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

FD 0.072430 0.053495 0.054815 0.247123 0.245828 0.336573* 0.288681% 0.364039%* 0.507150%*
(0.6477) (0.7462) (0.7684) (0.2243) (0.2413) (0.0868) (0.0614) (0.0463) (0.0316)

REM 1.965462* 1.833050 1.798848 4.134464%+ 3.703472%% 4.144847+%%  4.484604%+% 6325003+ 6754976+
(0.0992) (0.1863) (0.2587) (0.0276) (0.0534) (0.0176) (0.0112) (0.0172) (0.0456)

T 0.729969% 0.674117* 0.504606 0.622878%%  0.694555%* 0.683920%* 0.405327 0.430388 0.698827
(0.0237) (0.0741) (0.1831) (0.0466) (0.0440) (0.0329) (0.1671) (0.1662) (0.1349)

GDP 1.406365 1.662835%#%  1.984215%* 1.861696* 1.669780 1.922269% 2.062755%* 2.146834%%%  1.578518
(0.1380) (0.0964) (0.0593) (0.0981) (0.1452) (0.0677) (0.0155) (0.0057) (0.1372)

GDP? —0.605912% —0.660148++ —0.709494++ —0.73215%* —0.690641%* —0.769509 —0.746657 —0.784586  —0.715454#x*
0.0179 (0.0125) (0.0129) (0.0222) (0.0313) ook ook ok (0.0105)

(0.0105) (0.0018) (0.0007)

GDP? 0.051080%*%  0.054401%%*  0.056723%%*  0.059300%%*  0.056540%**  0.061893%* 0.059231%%%  0.061921%%*  0.059336%**
(0.0036) (0.0027) (0.0038) (0.0072) (0.0101) (0.0029) (0.0004) (0.0002) (0.0020)

FD*REM  —0.511639* —0.473759 —0.453923 —1.098706%* —0.966387+* —1.087306%* —1.170453*% —1.671079%+ —1.807923**
(0.1230) (0.2228) (0.3071) (0.0334) (0.0633) (0.0218) (0.0136) (0.0191) (0.0455)

Source: author calculus, p value in parentheses

EEEY

, ** and * indicate significant p values at the 1, 5, and 10% levels, respectively

@ Springer
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5% value for all quantiles. So, the N-shaped environmental
Kuznets curve hypothesis is validated for all quantiles in
the first model for remittances, specifying that remittance-
receiving countries have been affected positively by environ-
mental degradation (Islam 2022).

Our results are confirmed by the research of Zafar et al.
(2022), enhancing that, in 22 top remittance-receiving
countries, and Allard et al. (2018), Alvarez and Balsalobre
(2016), that is notified, in the top ten remittance-receiving
countries, the N-shaped EKC is inspected only in all quan-
tiles. Therefore, in line with the view results, the decoupling
between carbon dioxide emissions and economic growth
outflow assumes that the majority of treated countries have
managed the required minimum level of income at the
improvement point, which means the energy powers econ-
omy is either better harnessed or produced by traditional
methods, for example, in China and India, the production
function is alimented by fossil fuel energies. In addition, the
decoupling analysis between carbon dioxide emissions and
economic growth especially in the Asian region has hap-
pened in the region (Zhang et al. (2020)), where the real
GDP is the major driving power behind the rise of environ-
mental degradation.

In addition, Rem and FD variables have an exceptional
effect on environmental mitigation; both variables are sig-
nificant and have a positive effect on carbon dioxide emis-
sions in all quantiles from Rem and for 60th to 95th quantile
from FD, pointing that environmental mitigation of Rem
supported all quantile and the environmental degradation
sustained in the last quantiles for financial development. The
substantial effects of Rm on carbon dioxide emissions could
be clarified by the occurrence that, the significant effects
of remittances (Wang et al. 2021), gifted the feebleness of
real GDP, remittance inflows as a principal factor of income
in top ten remittance-receiving countries, for example, in
Bangladesh, Vietnam, Egypt, China, and India, is used
in manufacturing industries that depend on fossil energy,
productive in turning point considerable of carbon dioxide
emissions. The same, the substantial effects of FD on carbon
dioxide emissions could be clarified by the occurrence that
the significant effects of financial development on environ-
mental degradation in this case are the same results on many
researchers, which peaked financial development aggravate
environmental quality in BICS countries (Yang et al. (2021))
and in sub-Saharan Africa by Mensah and Abdul-Mumuni
(2022), suggesting that bank credits in top ten remittance-
receiving countries are used in energy efficacity emitter of
environmental degradation. In addition, the technology vari-
able is significant and has a positive effect on environmen-
tal quality in the 10th to 60th quantiles at 10% in the long
term, which denotes that the technology effect is not eco-
friendly with environmental sustainability in top receiving
remittance inflows. Finally, we can restart the contradiction

@ Springer

results between the positive and significance of financial and
remittance inflows separated and the negative and signifi-
cance of the composite effects of both FD and Rm on the
environmental quality regrouped. It unfolds that an expan-
sion in remittance inflows with the interference of financial
development rise financial sectors and proved more invest-
ment for the technical effect of technology for the ecological
environment. Therefore, when the financial sector in the top
ten remittance inflows economies is supported by a suitable
waterway, then the remittance inflows will be respected in
the recompense gap of environmental degradation. There-
fore, the interference of financial development and remit-
tance inflows shows the negative and significant effects on
environmental quality in our study between the 40th and
90th quantiles. Our results are confirmed by the research
of Yang et al. (2021) in BICS economies over the period
from 1990 to 2016. In addition, the results of PQR found in
model 1 are heavy in Table 5 and Fig. 2 and confirmed by
the graphic of the composite variable FD and Rm, which the
interference of financial development and remittance inflows
shows the negative and significant effects on environmental
quality in our study between the 40th and 90th quantiles.

When the result of panel quantile regressions (PQR) is
exposed in Table 6 of the technical effect of financial devel-
opment model. Firstly, the effect of real GDP on environ-
mental quality is established, so GDP variables decrease in
the 10th quantile from 18.14354 to 1.350265 for the 90th
quantile. Secondly, economic growth in the top ten remit-
tance-receiving countries has a negative and significant
effect on carbon dioxide emissions in all quantiles. There-
fore, the square of real GDP is positive and statistically sig-
nificant between the 10th and 60th quantiles. In addition, the
cubic of income in the second model is negatively affect-
ing the carbon dioxide emissions and the turning point has
almost a 10% value for the 30th and 40th quantiles. So, the
inverted N-shaped environmental Kuznets curve hypothesis
is validated for the turning point for the 30th and 40th quan-
tiles in the second model for technology effects of financial
development. Therefore, the waning of environmental qual-
ity is the result of the transfer of technology for the top ten
remittance-receiving economies and by the underplaying of
the energy intensity (Sarkodie and Strezov (2019)).

In addition, Rem and FD variables have an exceptional
effect on environmental mitigation; both variables are sig-
nificant and have a positive effect on carbon dioxide emis-
sions between 10 to 70th quantiles from Rem and for 10th
to 60th quantiles from FD, pointing that environmental miti-
gation of Rem supported all quantile and the environmen-
tal degradation sustained in the first quantiles for financial
development. The substantial effects of Rm on carbon diox-
ide emissions could be clarified by the occurrence that the
significant effects of remittances (Wang et al. (2021)) gifted
the feebleness of real GDP, remittance inflows as a principal
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Fig.2 Quantile—quantile regression graphs of normal variables at 95% confidence level (model 1)

factor of income in top ten remittance-receiving countries,
for example, in Bangladesh, Vietnam, Egypt, China, and
India, used in manufacturing industries that depend on fossil
energy, productive in turning point considerable of carbon
dioxide emissions. The same, the substantial effects of FD
on carbon dioxide emissions could be clarified by the occur-
rence that the significant effects of financial development on
environmental degradation in this case are the same results
on many researchers that peaked financial development
aggravate environmental quality in BICS countries (Yang
et al. (2021)).

In addition, the technology variable is significant and
has a positive effect on environmental quality in the 10th
to 60th quantiles at 10% in the long term, which denotes
that the technology is not eco-friendly with environmen-
tal sustainability in top receiving remittance inflows. So,
we can restart the contradiction results between the posi-
tive and significance of financial and technology segregated
and the negative and significance of technology effects on
the environmental quality assembled. It unfolds that an
expansion in technology with the interference of financial
development rise financial sectors and proved more invest-
ment for the technical effect of technology for the ecological
environment. Therefore, when the financial sector in the top
ten remittance inflows economies is supported by a suit-
able waterway, then the technology will be respected in the

recompense gap of environmental degradation. Therefore,
the technology effect of financial development shows the
negative and significant effects on environmental quality in
our study between the 10th and 60th quantiles. Our results
are the opposite results found by the research of Aluko and
Obalade (2020) in sub-Saharan African SSA economies over
the period from 1985 to 2014. In addition, the results of
PQR found in model 2 are heavy in Table 6 and Fig. 3 and
confirmed by the graphic of the technology effects of finan-
cial development variable (TEFCTF) that the interference
of financial development and technology shows the negative
and significant effects on environmental quality in our study
between the 10th and 60th quantiles.

When the result of the PQR is exposed in Table 7 of the
technical effect of remittance inflow model (composite effect
between the technology and remittance inflows), at first, the
effect of real GDP on environmental quality is established,
so GDP variables increase in a maximum value 2.074315
in the 40th quantile. Secondly, the coefficient value of eco-
nomic growth in the technical effect of remittance inflow
model has a positive effect on environmental quality in all
quantiles. Therefore, the square of real GDP is negative and
statistically significant between the 40th and 60th quantiles.
In addition, the cubic of income in the second model is posi-
tively affecting the carbon dioxide emissions and the turning
point has almost a 5% value for the 40th, 50th, and 60th

@ Springer
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Fig. 3 Quantile—quantile regression graphs of normal variables at 95% confidence level (model 2)

quantiles. So, the N-shaped environmental Kuznets curve
hypothesis is validated for the turning point between the
40th and 60th quantiles in the third model for technology
effects of remittance inflow. This outcome is the same with
the results found by Allard et al. (2018) underlining that in
74 lower middle income between the period 1994 and 2012,
the N-shaped environmental Kuznets curve is validated.

In addition, Rem and FD variables have an exceptional
effect on environmental mitigation; both variables are signif-
icant and have a positive effect on carbon dioxide emissions
between the 80th to 90th quantiles from Rem and for the
70th to 90th quantile from FD, pointing that environmental
mitigation of Rem and FD supported the latest quantiles.
The substantial effects of Rm on carbon dioxide emissions
could be clarified by the occurrence that the significant
effects of remittances (Wang et al. (2021)) gifted the feeble-
ness of real GDP, remittances inflow as a principal factor of
income in top ten remittance-receiving countries, for exam-
ple, in Bangladesh, Vietnam, Egypt, China, and India, used
in manufacturing industries that depend on fossil energy,
productive in turning point considerable of carbon dioxide
emissions. The same, the substantial effects of FD on carbon
dioxide emissions could be clarified by the occurrence that

the significant effects of financial development on environ-
mental degradation, in this case, are the same results on
many researchers that peaked financial development aggra-
vates environmental quality in BICS countries (Yang et al.
(2021)).

In addition, the technology variable is significant and
has a positive effect on environmental quality in the 80th
and 90th quantiles at 10% in the long term, which denotes
that the technology is not eco-friendly with environmental
sustainability in top receiving remittance inflows. There-
fore, when the financial sector in the top ten remittance
inflow economies is supported by a suitable waterway,
then the technology effect of remittance inflow will be
respected in the recompense gap of environmental deg-
radation. Therefore, the technology effect of remittance
inflow shows the negative and significant effects on
environmental quality in our study between the 80th and
90th quantiles. In addition, the results of conditional PQR
found in model 3 are heavy in Table 7 and Fig. 4 and con-
firmed by the graphic of the technology effects of remit-
tance inflow variable that the interference of remittance
inflow and technology shows the negative and significant
effects on environmental quality in our study between

@ Springer
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Fig. 4 Quantile—quantile regression graphs of normal variables at 95% confidence level (model 3)

the 80th and 90th quantiles. In line with our results, the
clipping between economic growth and environmental
quality issued in the top ten remittances receiving inflow
supposing that these economies have not reached the
required level of income, but have a minimum of adop-
tion of technologies transferred by the remittance inflow
to the minimization of the energy intensity in terms of
gains in energy efficiency.

Conclusion and policy implications

The main aims of this research involved PQR that captured
unobservable individual effects and homogeneous
cross-sectional units to inquire about the nexus between
environmental sustainability, technological effects
of financial development, and the technical effects of
remittance inflow in the panel of top ten remittance-
receiving economies during the period between 1980 and
2018. Furthermore, this research appointed the dissimilarity

of the slopes between all quantiles of used models across
the varying panel carbon dioxide emissions. In the first
step, looking at the linkage between remittance inflow and
environmental quality has recognized the carefulness of
many researchers and what percentage of remittance inflow
has been used in the technology concerned to minimize
the environmental degradation in the top ten remittance-
receiving countries. In stripe with feature research, this
analysis requests to rectify the soundness of the N-shaped
environmental Kuznets curve hypothesis for the technology
effects of remittance inflow and the technical effects of
financial development in the top ten remittance-receiving
economies between 1980 and 2018.

In line with our results, this research looks to examine the
ratification of the N-shaped environmental Kuznets curve
hypothesis for remittance inflow in the top ten remittance-
receiving economies over the period 1970 to 2018, with the
interaction between remittance inflow and financial devel-
opment in the first order, the interaction between financial
development and the technology variable (technical effects
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of financial development) in the second order, and the inter-
action between remittance inflow and technology (technol-
ogy effects of remittance inflow). We have used the con-
ditional PQR developed by Hiibler (2017) to analyze the
interactive effects of financial development and remittance
inflow in the first step and the interactive effects of remit-
tance inflow and technology in the second step.

According to our results, the conditional quantile model
shows that Rem, FD, and technology have an exceptional
effect on environmental mitigation; these three variables
are significant and have a positive effect on environmental
mitigation in all quantiles in the top ten remittance-receiv-
ing economies in all used models. Moreover, the interaction
effects between Rm and FD in the first model unfold the
negative and significant effects on environmental degrada-
tion. Furthermore, the empirical results show the validity
of the N-shaped environmental Kuznets curve hypothesis
for all quantiles in the first model. So, in line with the view
results, the decoupling between carbon dioxide emissions
and economic growth outflow assumes that the majority
of treated countries have managed the required minimum
level of income at the improvement point, which means the
energy power economy is either better harnessed or pro-
duced by traditional methods, for example, in China and
India, the production function is alimented by fossil fuel
energies.

Additionally, when considering the technology effects
of the financial development model, the interaction
effects between technology and FD in the second model
show a negative and significant effect on environmental
quality in our study between the 10th and 60th quantiles.
Furthermore, the empirical results show the validity of the
inverted N-shaped environmental Kuznets curve hypothesis
between the lower quantiles in the second model. So, if the
financial sector in the top ten remittance inflow economies
is supported by a suitable waterway, then the technology
will be respected in the recompense gap of environmental
degradation.

Based on our results, for the technology effects of the
remittance inflow model, the interaction effects between
technology and Rm in the third model show a negative
and significant effect on environmental degradation for the
higher quantiles. Besides, the empirical results with the PQR
show the validity of the N-shaped environmental Kuznets
curve hypothesis between the 80th and 90th quantiles in
the third model, denoting that technology transferred by the
remittance inflow, for top ten remittance-receiving econo-
mies, serves to minimize the energy intensity in terms of
gains in energy efficiency.

Referring to the aforementioned results, this survey exam-
ines the subsequent conclusions and policy implications
of the policymakers, in accurately the top ten remittance-
receiving economies for environmental mitigation. At first,

@ Springer

remittance inflow has a positive effect on environmental
quality in the top ten remittance-receiving economies, but
the interaction between Rm and FD, Rm and technology,
has adverse effects on carbon dioxide emissions. Therefore,
our findings denote that remittance inflow and technology
are a supplement to financial development in these econ-
omies to underplay the energy intensity and increase the
gains of energy efficiency. Therefore, the guidance of the
top ten remittance-receiving countries ought cleverness in
the warring potency of remittance inflows on the environ-
mental quality by imposing supplement taxes on extremely
polluted sectors via tight financial settlement and technology
innovation and ought to line programs that inhibit inves-
tors to involve remittance inflows to perform sustainability
surrounding.
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