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Abstract

South Asia is primarily affected by environmental degradation. As a result, it is worthwhile to explore the impact of inter-
national capital flows on the ecological sustainability of the South Asian region. There are many studies in the literature on
the CO,-remittances nexus, CO,-FDI nexus, and CO,-economic growth; however, no study has yet taken remittances and
FDI into account in the symmetric and asymmetric model for the South Asian region. To address the research gap, this study
investigates the effect of international capital flows, fossil fuel energy consumption, and economic growth on South Asian
carbon emissions. This study examines the effect of fossil fuel energy consumption, remittances, foreign direct investment,
and economic growth on the environmental sustainability of the South Asian region from 1975 to 2020. Autoregressive
distributive lag (ARDL) and non-linear ARDL (NARDL) models are used to estimate the symmetrical and asymmetrical
relationships among the variables. The findings of the ARDL models reveal that fossil fuel energy consumption and eco-
nomic growth increase while remittances and FDI decrease carbon dioxide (CO,) in the long run. According to the NARDL
empirical findings, positive remittances and negative FDI shock reduce CO,. Besides, the positive and negative fossil fuel
energy consumption shock increases CO,. Moreover, the positive (negative) economic growth shock increases (decreases)
CO,. The cumulative dynamic multipliers revealed the adjustment pattern to new long-run equilibria. The study recommends
that policymakers regard remittances and FDI as policy instruments, particularly when developing long-term strategies and
policies connected to environmental quality.

Keywords Fossil fuel energy consumption - Environmental sustainability - Remittances - Foreign direct investment

Introduction

Environmental sustainability is a global concern, and the use
of fossil fuels has adverse effects on the environment (Khan
et al. 2021, 2022f; Weili et al. 2022). Fossil fuel energy
consumption (FFEC) is primarily a non-renewable energy
source. These fuels are the world’s principal energy source
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and were produced over millions of years from organic mate-
rial. Despite a pervasive scientific consensus that present
levels of fossil-fuel usage intimidate the environment with
disastrous levels of global warming, the utilization of fos-
sil fuels has continued and expanded (Painter 2019; Yousuf
et al. 2022). The flue gases generated as a result of com-
bustion are a significant source of excess carbon emissions,
leading to rising carbon levels in the atmosphere (Marland
et al. 1985). The COVID-19 recovery could be a tipping
point for governments looking to reduce environmental deg-
radation. The key findings of the Production Gap Report to
stay on a 1.5 °C trajectory between 2020 and 2030 include
reducing fossil fuel production by an annual 6% globally.
Instead, countries are planning and predicting a 2% yearly
growth, which would increase treble production by 2030
while staying under the 1.5 °C limit. As seen globally that
the lockdown measures for the COVID-19 outbreak have
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resulted in short-term reductions in coal and gas production
(Zhongming and Wei 2020).

Specifically in South Asia, environmental pollution has
become a major concern. South Asia, with 1.86 billion
people, had around a quarter (24%) of the world’s popula-
tion. The annual population growth of the region is 1.15%
in 2020. From a global perspective, South Asia is a criti-
cal economic zone. The region has grown at an annual rate
of 5.6% from 2000 to 2020. The yearly economic growth
remained higher than 7% in different years over the last two
decades; 2003-2007, 2010, and 2015-2016, while declined
to a minimum of — 5.7% in 2020 due to COVID-19 (WDI
2022). Environmental degradation is indeed a problem
among regional countries. With expected industrial activ-
ity and population increases, each South Asian country’s
contribution to regional air pollution has grown over time
(Adebanjo and Shakiru 2022; Hasnat et al. 2018). In India
and Pakistan, environmental degradation is significantly
caused by thermal power plants and traffic congestion. In
Bangladesh, vehicular emissions and brick kilns are the big-
gest polluters. In Bhutan, the most significant source of air
pollution is forest fires. In Nepal, the air quality is worsening
due to harmful pollutants present in high concentrations.
According to the Statistical review of World Energy 2021,
coal is the dominant fuel in the region. Many factors, includ-
ing urbanization, industrialization, and fossil fuels depend-
ency, are responsible for increasing carbon emissions in the
atmosphere (Khwaja et al. 2012).

Many studies examined the link between energy con-
sumption, carbon emissions, and other explanatory vari-
ables for different regions (Ahmad et al. 2021; Balsalobre-
Lorente et al. 2022; Khan et al. 2020d; Rahman et al. 2019;
Yang et al. 2020). However, the link between international
financial flows and environmental degradation had not been
examined in the South Asian region. Many workers migrate
yearly from South Asian countries, making remittances
(REM) an essential funding source for economic develop-
ment. Remittances are funds sent home by citizens living
in another country that account for a significant amount
of the country’s output. Individual household incomes are
considerably supplemented while local economies rely on
remitted money. In 2018, the low- and middle-income coun-
tries received more than three quarters (US$ 529 billion) of
global remittances (US$ 689 billion). Remittances to Tajik-
istan, Kyrgyz Republic, Nepal, Tonga, and Moldova were
more than a quarter of the country’s aggregate output (Ratha
et al. 2016). Remittances are an important source of income
and a financial lifeline for many developing economies that
affect their socioeconomic and demographic characteristics,
i.e., the balance of payment, exchange rate, poverty, inequal-
ity, production, and consumption. They are affected by the
home and host countries’ economic conditions (Khan et al.
2022e; Umair & Waheed 2017). The influx of remittances

is doubled that of FDI. In 2020, South Asian remittances
were US$ 147 billion, while the region’s FDI was US$ 69
billion (WDI 2022). The increase in remittances increases
consumption and production, affecting environmental sus-
tainability (Ahmad et al. 2022).

FDI is also essential for the growth of emerging econo-
mies. It is a corporation’s investment in projects by con-
trolling equity ownership of 10% or more other than the
country of origin (Jamil et al. 2022; Khan et al. 2020c,
2022d; Lane & Milesi-Ferretti 2003). Trade liberalization
and financial development attract FDI inflows in contribut-
ing to economic growth (Jamil 2022; Khan et al. 2020b,
2022a). FDI increases employment opportunities, boosts
entrepreneurship and competitiveness, and intensifies pro-
ductivity, technology, and innovation (Sabir et al. 2020).
The increase in these financial flows affects environmental
degradation (Khan et al. 2020d, 2022¢; Rahman et al. 2019;
Yang et al. 2020). South Asian remittances remained at an
annual average of 3.7% and 4.2% of the aggregate output
during 2001-2010 and 2011-2020, respectively, while FDI
remained at a yearly average of 1.6% during 2001-2020.
Remittances are increasing and have sustained a minimum
value of 3% annually since 2001. With the global economic
expansion, FDI peaked at 3.3% in 2008. The FFEC increased
from an annual average of 36.8% of the total in 1975-1980
to 70.3% in 2011-2020. The increase in international capi-
tal flows and fossil fuel consumption supported the real per
capita income increase from an annual average of 413.7 US$
during 1975-1980 to 1575.9 US$ during 2011-2020. The
real per capita income peaked in 2020 (1743 USS$). The solid
fuel consumption emissions increased from an annual aver-
age of 199.2 megatons during 1975-1980 to 1432.4 mega-
tons during 2011-2020.

Most of the developing and emerging economies are fac-
ing difficulties related to environmental degradation because
foreign finance is used to import fossil fuels to expand their
economies causing environmental degradation. To lessen
environmental deterioration, renewable energy must be used;
yet, developing nations might not yet be at the point where
they can obtain renewable energy. To safeguard environ-
mental quality, it is crucial for developing nations to adopt
policies that encourage the use of renewable energy instead
of nonrenewable sources (Khan et al. 2021). South Asia is
primarily affected by environmental degradation. As a result,
it is worthwhile to investigate the impact of international
capital flows on the ecological sustainability of the South
Asian region. There are many studies in the literature on
the CO,-remittances nexus, CO,-FDI nexus, CO,-economic
growth, and others, but no study has yet taken remittances
and FDI into account in the symmetric and asymmetric
model for the South Asian region. This study aims to fill
in the gaps in the literature by addressing different research
questions. The four hypotheses in this context include (i)
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remittances significantly contribute to the environmental
sustainability of South Asia (ii) FDI significantly improves
the environmental quality of South Asia (iii) FFEC signifi-
cantly contributes to South Asia’s environmental degrada-
tion, and (iv) The region’s economic growth is interrelated
to environmental degradation. The findings reveal that the
explanatory variables have a short- and long-run effect on
South Asian carbon emissions. The ARDL model is better
for a small data sample, non-stationary, and mixed-order
integrated time series (Ndem et al. 2022). ARDL results
show that an increase in REM and FDI decreases CO, while
increasing FFEC and GDP increases CO,. NARDL results
for non-linear cointegration show that increasing the posi-
tive part of REM diminishes CO,. The rise in the positive
and negative parts of FDI decreases CO,. The increase in
the positive and negative parts of FFEC significantly adds
to CO,. Finally, a rise in the positive part of GDP signifi-
cantly increases CO,, while an increase in the negative part
reduces CO,.

The remainder of the study is structured as follows: The
“Literature review” section critically evaluates the theoreti-
cal and empirical literature review. Materials and methods
are discussed in the “Materials and methods” section fol-
lowed by empirical findings in the “Results and discussions”
section. Finally, the conclusions are drawn in the “Conclu-
sion and policy implications” section.

Literature review
Remittances and environmental sustainability

Remittances are significantly associated with environmental
sustainability. Remittance growth has substantial socioeco-
nomic and demographic effects on countries and regions. It
supports an increased standard of living and improved finan-
cial systems (Meyer and Shera 2017). Therefore, remittances
have a positive economic effect that contributes to human
welfare. Furthermore, remittances are critical to support
the balance of payment in low-income countries, generate
employment opportunities, and expand global integration.
Concurrently, increased production and consumption due
to remittances increase carbon emissions (Rehman et al.
2019; Xu et al. 2021). Remittances contribute to the coun-
try’s economic development and industrialization via finan-
cial system improvement that has the potential to increase
carbon emissions (Mohsin et al. 2022; Wang et al. 2021).
In contrast, the increased remittances are liable to reduce
carbon emissions via investment in education and afford-
ability of eco-friendly resources at micro- and macro-levels
(Zafar et al. 2022). Remittances are among the key factors in
financial development since they boost the resources avail-
able for credit (Farhani and Ozturk 2015; Li and Tse 2015).
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Besides, Neog and Yadava (2020) examined an asym-
metric relationship between CO, emissions and remittances
in India for the years 1980 to 2014. The study used time
series data to develop a nonlinear ARDL model based on
the theoretical links. The findings of the NARDL bound
test imply the variables’ long-run cointegration. The results
demonstrate that, in contrast to a negative shock, a positive
shock in remittances increases CO, emissions. Moreover,
Brown et al. (2020) considered a modified version of the
EKGC, to find the relationship between CO, emissions and
remittances. The study employed ARDL bounds testing
methods to Jamaican data (1976-2014) to clarify the causal
connection between these factors. The findings show only
statistically significant evidence of an asymmetric response
of CO, to changes in remittances in the short-run, but there
is a long-run cointegrating link between remittances and
CO, on a per capita basis. The study suggested for creating
initiatives that encourage investors and consumers to use
remittances to make eco-friendly purchases.

FDI and environmental sustainability

Besides remittances, FDI is also linked to environmental sus-
tainability. FDI increases capital inflows, supports the BOP
constraints, promotes export, increases employment oppor-
tunities, increases competition among developing countries,
and advances technology. However, marginal social costs
remain higher if all marginal damages in the form of envi-
ronmental degradation are added due to this FDI-led pro-
duction- and consumption-polluting activities (Mohsin et al.
2022). FDI boosts domestic production. The investment rate
also rises with access to new financial and technological
resources. However, FDI, financial development, and energy
consumption are interrelated to affect economic growth (Xu
et al. 2018; Ziaei 2015). Earlier studies on FDI have mainly
concentrated on production-based pollution, neglecting to
consider consumption-based pollution (Liddle 2018). Trade
is substantial for consumption-based emissions. However,
they are not effective for territory-based emissions. Imports
raise consumption-based emissions, while exports reduce
them. The importance of fossil fuels in terms of energy is
substantially more significant when it comes to emissions
based on territory. A few studies showed that trade and glo-
balization stimulate territory-based CO, emissions (Abbasi
et al. 2022a; Hasanov et al. 2018). Therefore, the consump-
tion-related carbon emissions and FDI could be positively
linked, confirming the pollutant haven hypothesis predicated
on the assumption that FDI inflows negatively impact receiv-
ing economies (Gyamfi 2021).

For the top five developing-nation emitters of GHG from
fuel combustion between 1982 and 2016, Sarkodie and Stre-
zov (2019) determined the impact of FDI, economic growth,
and energy consumption on GHG emissions. The research
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demonstrated the validity of the pollution haven hypothesis
and discovered a significant positive relationship between
energy usage and GHG emissions. The SDGs will be accom-
plished by developing nations with FDI that includes the
transfer of clean technologies and improvements in labor
and environmental management standards. Besides, Jain
(2017) examined the connections between environmental
degradation, economic development, energy use, and FDI
in six sub-Saharan African countries between 1980 and
2014. The results showed unidirectional causality running
CO, to FDI in the long-run. CO, levels rose by 49% for
every 1% increase in energy consumption. The study recom-
mended using eco-technology to protect lives and preserve a
green environment. In a panel of BRI nations from 1995 to
2016, Khan et al. (2020a) examined the effects of FDI and
renewable energy on CO, emissions by employing GMM
and FMOLS. The BRI panel’s pollution haven hypothesis
is refuted by empirical findings that renewable energy is
effective in reducing CO, emissions and the negative sign
of FDI with CO, emissions.

Fossil fuels consumption and environmental
sustainability

For millennia, fossil fuel consumption is resulting in exces-
sive pollution, traffic congestion, and increase environmental
stress (Miller 2013). All countries and regions promote the
need for a paradigm shift away from fossil fuels and toward
renewable energy sources (Abbasi et al. 2022b; Asongu et al.
2020; Martins et al. 2019; Midilli & Dincer 2008). Earlier
studies have determined the link between the use of fos-
sil fuels and carbon emissions. Therefore, the adoption of
more robust energy conservation programs is essential to
reduce emissions and pollution (Al-Mulali and Sab 2012a,
b; Alam et al. 2016; Apergis and Ozturk 2015; Behera and
Dash 2017; Diao et al. 2009; Fodha and Zaghdoud 2010;
Tao et al. 2008). In addition, fossil fuel resource extraction,
delivery, and use are vulnerable to climate change, espe-
cially when combined with other global-scale changes. For
example, changes in ambient temperature can have a direct
impact on fossil energy demand. Since the year 2000, fos-
sil fuel emissions have risen dramatically, partially due to
the failure of most Kyoto Protocol signatories to reduce
CO, emissions and partly due to China (the world’s leading
emitter) and India’s exceptionally rapid industrial expansion
(Levin 2013).

Moreover, Koengkan (2018) examined how the use of
renewable energy affected CO, emissions in five MERCO-
SUR countries. The short- and long-run results of the ARDL
model showed that economic expansion and fossil fuel con-
sumption raised CO, emissions, whereas renewable energy
use decreased them. Hanif (2017) examined how the use of
fossil fuels, the use of electricity, and urbanization affected

the environmental degradation that occurred in a panel of
20 developing Latin American and Caribbean economies by
employing the system GMM from 1990 to 2015. The find-
ings show that urbanization and fossil fuels both consider-
ably contribute to environmental degradation. The results
have also supported the EKC hypothesis. Lau et al. (2014)
investigated the EKC for Malaysia between 1970 and 2008
on CO, emissions, economic growth, FDI, and trade open-
ness. The study, which considered FDI and trade, came to
the inverted-U-shaped conclusion that there is an inverted
U-shaped relationship between economic growth and CO,
emissions in both the short and long run for Malaysia.

Hanif et al. (2019) studied the long- and short-run effects
of economic expansion, FDI, and the use of fossil fuels on
CO, emissions in fifteen developing Asian countries. The
ARDL model was used to analyze panel data for the years
1990 to 2013 in the empirical evidence. The findings dem-
onstrated that efforts to promote economic growth contribute
to the production of CO, emissions and that the use of fossil
fuels worsens the environment by increasing CO, emissions.
The results also provided proof that EKC exists in the panel.
Finally, the research implied that limiting the use of fossil
fuels and encouraging an environmentally sustainable eco-
nomic growth approach will be beneficial for the overall
wellbeing of the countries.

Economic growth and environmental sustainability

The issue of how to protect the environment has been a fun-
damental aspect for academia and policymakers for a couple
of decades. There is a contentious discussion over the term
“green growth” (Ekins 2002). A substantial amount of lit-
erature has previously determined the relationship between
economic expansion and carbon emissions (Al-Mulali and
Sab 2012a, b; Alam et al. 2016; Apergis and Ozturk 2015;
Dashper 2020; Diao et al. 2009; Fodha and Zaghdoud 2010;
Hanif 2018; Kirikkaleli 2020; Nasreen et al. 2017; Tao et al.
2008; Wang et al. 2016). Long-term policies should promote
the use of renewable energy sources in different sectors. By
employing FMOLS and the Granger causality test between
1973 and 2018, Salazar-Nuiiez et al. (2022) investigated
the connections between energy consumption, economic
growth, and CO, emissions in Mexico. Economic growth
had the largest impact on CO, emissions, which gives
empirical support for an EKC for Mexico. Renewable and
nonrenewable energy and economic expansion contribute
significantly to environmental degradation. The causality
results also endorsed the relationship among the variables.
In a panel of 22 of the top remittance-receiving countries,
Zafar et al. (2022) investigated the link between remittances,
export diversification, education, and CO, emissions while
adjusting for renewable energy and economic growth. The
study used a variety of econometric techniques to show that
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export diversification, remittances, and renewable energy
all contribute to slowing down environmental deteriora-
tion. In contrast, environmental deterioration is increased
by economic expansion. Shan et al. (2021) gave detailed
accounts of CO, emissions for 294 Chinese cities. According
to the findings, just 11% of cities showed high decoupling
between 2005 and 2015, while 66% of cities showed weak
decoupling and 23% showed no decoupling at all. The study
also found that the improvement in production and carbon
efficiency, which leads to a decrease in emission intensity,
is the most significant socioeconomic element in explaining
the economic-emission decoupling in cities. CO, emissions
and emissions-GDP decoupling in Chinese cities may have
implications for other emerging nations when designing low-
carbon growth strategies.

A critical analysis of the literature shows that several
studies researched the relationship between international
capital flows, energy use, CO, emissions, and other explana-
tory variables. For example, Deng et al. (2022), Rani et al.
(2022), and Yang et al. (2020) studied the influence of
remittances, energy use, and other macroeconomics vari-
ables on CO, for a panel of countries while Ahmad et al.
(2022) and Neog and Yadava (2020) conducted the same
for a single country’s time series analysis. Rahman et al.
(2019) and Zhang et al. (2022) examined the effect of FDI
along with remittances, energy consumption, and other mac-
roeconomics variables on environmental degradation for a
panel of countries, while Jafri et al. (2022). Therefore, it is
concluded that the past literature review mostly used ARDL
and NARDL for a single country analysis.

In contrast, other studies used NARDL-PMG, FMOLS,
DOLS, and GMM for panel estimation. The earlier stud-
ies mostly remain limited to a country or two except Rani
et al. (2022) which linked remittances, economic growth,
and fossil fuel only for SAARC countries. None of the ear-
lier studies have examined the symmetric and asymmetric
impact of remittances along with FDI, FFEC, and per cap-
ita income (GDP) on environmental sustainability for the
South Asian region. Along with remittances, South Asian
countries experienced a fundamental shift in the 1990s that
has been even more pronounced in subsequent years in the
FDI environment (Sahoo 2006). South Asia is one of the
world’s most populous regions. The population distribution
of South Asia is rapidly transforming the way. A massive
population implies that energy is used extensively for eco-
nomic growth, resulting in increased CO, emissions. As a
result, the current study employs remittance and FDI as a
tool for economic growth and reveals their involvement in
boosting CO, emissions for the region (Rahman et al. 2019).
India and Pakistan are among the top remittance-receiving
countries while India is among the top CO, emitter econo-
mies, FDI destination, and energy consumers among these
economies (WDI 2022). However, the empirical findings
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are still insufficient for advising effective policy to increase
energy efficiency and environmental quality because of dif-
ferences in periods, variables evaluated, countries or regions
selection, and models used, particularly in the South Asian
region. A summary of the literature is provided in Table 1.

Materials and methods
Data source

The study examined the link between fuel energy consump-
tion and international capital flows with carbon emissions in
South Asia from 1975 to 2020. The natural logarithm of the
variables is used to analyze the proportional link between the
variables. The summary of the dataset is shown in Table 2.
The World Development Indicator, WDI (2022), collects
data for all the variables in question.

Model

The changes in REM, FDI, FFEC, and GDP are among the
most critical factors in CO, emission. The functional form
and model are constructed as follows:

CO, = f(REM, FDI, FFEC, GDP) 1)

CO,, = ay + @, REM, + o,FDI, + a3FFEC, + a,GDP, + ¢,
@)
where o is the intercept, a, to o, are the slopes, and g, is
the error term. For time series analysis, there are irregu-
lar ups and downs in the movement of variables over time,
and the relationship between variables could be inter-
related directly. There are random walks and drifts in the
time trend of related variables. Graphical representations of
related variables would also be analyzed to test trends and
drift in variables. The initial stages will determine descrip-
tive statistics and correlation between associated variables.
The time series should be separated from random effects
and required to be stationary. With a null hypothesis of unit
root, ADF (Dickey and Fuller 1979), and PP (Phillips and
Perron 1988) testsare used for the order of integration. Sta-
tionarity test by unit root testing is required for meaningful
estimation and interpretation of the relationship for policy
implication. ADF unit root test is used to find the maxi-
mum number of integrations. Besides, the PP test is robust
against heteroscedasticity, allows for weaker assumptions
on the distribution of errors, and controls for higher-order
serial correlation (Khanal et al. 2022). The ADF test is more
appropriate for finite data, while the PP test provided a non-
parametric correction to f test statistics employed by Mohsin
et al. (2022). As a result, the study used both the ADF and
PP tests to check stationarity. The least-squares method for
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£ g § . o3 the individual intercept is used in the ADF and PP tests in
5 = — < =
g,ﬁ £% ég Z ; Egs. (3) and (4) as.
OE8§8S=0228 =
Egs25gEZ=Ss O P
E5€ =3 2E%583, 0O ADF : Ay, =ag+ay,_, + D, BAy,_ +¢ 3)
25225x582%88 5 =
;én'gé%oq.ig—ﬁggé <
EEE886 SFER TS ) .
. 83§a§o§mg§:i S PP Ay, =(@—1y._+¢ 0))
=] — on >0 O Qg SE 2 « o,
Slu¥Ps"8S ~¥ 52880 . . . .
2 =) 2 S5 § g E i = £30 8 where A is the first difference operator, «; is the intercept, p
o =) = = o — IS . . .
% ‘51%, g ig g 52 E g +- g. is the lag order of the autoregressive process, and ¢, is the
2 2§§§§31%3§€E o] error term.
= S «w g 9 = N . . . .
Z E é 322 ; 8 g E 3 8 z E Long-run relationships between series are relatively more
M|~ ~ - A important for policymakers than short run as these variables
- L g are used to change the policies with caution. Moreover, out-
Q Gy . . . .
59 8 e = S5 comes of changes in one variable significantly cause a short-
S . (=] s . . .
8=% % g g E or long-run difference in related variables as all macroeco-
=) =] . . . .
é S E = % Eq nomic variables, to some extent, are interrelated with each
= = w O . . .
2 E 2 5 g 8 28 < § other. There are several econometric approaches with their
g 3 . . .
= =2 \i/ E 3§ 2 g applications to obtain long-run relations. Engle and Granger
= ;» g = J EE 23 (1987) was widely used for the long-run relationship among
= N = < . . . .
g sk X0 s Fe 2w variables in the past. This study used the ARDL technique
2|l 80 w-A <% 88 p y q
S| z=2 g %’*ﬁ = 28 25 by Pesaran et al. (2001) to analyze the long-run relationship
‘53 2 E = ) Z E 2% 2 g S between the variables. ARDL is preferred over others as the
= E = . . . . .
3 é ER £ P é g é =0 order of integration is not a significant subject matter, while
old techniques required testing of the order of integration in
the initial steps. Another significance of the model is that
it can be used effectively for relatively small samples, for
instance, whether the variables may have different lags. The
2 ARDL model representation is devised in Eq. (5) as:
2 -
< A m m
2| e < + 38 - ACOy =ag+ Y, §ACO2_;+ )" yAREM,
] > > S5Z 5 l; )i1_
2|8 83 S5 8 + " BAFDI_ + )" o,AFFEC,,
1B 2B 22 :8 o o
SR ey SE % + )\ PAGDP_; + 4,CO,,_,
+ MREM, | + A3FDI,_ + AFFEC,_| + AsGDP,_| + ¢,
o &)
=]
- The study used Pesaran et al. (2001) technique to formu-
§ late long-run functional relationships between related vari-
g ables. F test is employed in this methodology with a joint
£ significance test. The cointegration is assessed based on the
g S bounds F test. F test would be indecisive in the range of
ED 2 § . upper and lower bound limits. Equation (6) represents the
8 é i 2 error correction term (ECT) as:
5| 3 R=PR= —_
Sls 5 g 2 ACO, = ay+ )" §ACO, + )" YAREM,
m m
5 - = + " BAFDI_ + )" o,AFFEC_; (6)
—~ — — m
g S S 8 + ) @AGDP,_ + AECT,_, +¢,
Q — ~ =
2 ht g s F
2., |= g E 5 ECT shows the speed of adjustment (A) to the steady-
o= - < . . . . . .
R 20 g g g state. A simple and linear model has two limitations: it can-
SE|S & : = not be used to test for asymmetric uncertainty effects, and
v 2 the data may include other nonlinearities. NARDL is the
@ 4| @ 5, w© extension of simple ARDL. Shin et al. (2014) developed
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Table2 Summary of dataset Variable Explanation Source
CO, CO, emissions from solid fuel consumption (kilotons) WDI (2022)
REM Personal remittances received (% of GDP)
FDI Foreign direct investment, net inflows (% of GDP)
FFEC Fossil fuel energy consumption (% of total)
GDP GDP per capita (constant 2015 US$)
the NARDL.f(.)r short- and lgng-run.nonlinearities genefr.ated EDI- = Z’ AFDI- = Z’ min(AFDI, 0) (10)
through positive and negative partial sum decompositions ! n=1 ! n=1
of the explanatory variables. As a result, using more robust
statistical methodologies, this study attempts to fill a gap FFEC: = Zl | AFFECIJr = Zt 1 max(AFFEC,,0) (11)
in the existing literature. Compared to ARDL, the NARDL "= "=
approach has different advantages. The NARDL approach . .
distinguished between short- and long-run asymmetries, = FFEC = 2n=1 AFFEC, = anl min(AFFEC,,0) (12)
testing dependent variable responses to positive and negative
changes in each explanatory factor, and is adaptive to coin- . ;
tegration dynamics between variables (Ahmad et al. 2022).  GDP; = anl AGDP] = anl max(AGDP,, 0) (13)
None of the earlier studies have yet examined asymmetries
to decompose the shocks of explanatory variables into par- _ ' _ ' .
tial positive and negative sums for the South Asian region. GDP = Zn:] AGDP; = Zn:l min(AGDP,, 0) (14

The policymakers are concerned more about asymmetries
that typical symmetrical approaches do not capture. The
explanatory variables are divided into positive and negative
changes by a partial sum approach:

t t
REMf =)' AREM; =)  max(AREM,0)  (7)

t t .
REM = anl AREM; = anl min(AREM,, 0) ®)

t t
FDI* = anl AFDI = anl max(AFDI,, 0) )

Table 3 Descriptive statistics and correlation matrix

Statistics Cco, REM FDI FFEC GDP
Mean 13.14 0.86 -1.21 3.99 6.54
Median 13.19 0.86 —0.66 4.06 6.49
Maximum 14.24 1.55 1.21 4.27 7.28
Minimum 12.11 -0.85 —-5.42 3.58 5.99
Std. Dev 0.62 0.50 1.60 0.22 0.39
Skewness -0.01 -0.98 -0.56 -0.58 0.32
Kurtosis 1.93 4.90 2.62 2.07 1.91
Correlation matrix

CO, 1.00

REM 0.82%* 1.00

FDI 0.93%* 0.85%* 1.00

FFEC 0.98%* 0.79*%  0.94* 1.00

GDP 0.99%* 0.83*  0.90* 0.94% 1.00

Authors’ calculation. *Significance level at 1%

Substituting Eqs. (7)—(14), the modified model in
Eq. (15) will be as follows:

p p
ACO, =7y + D §ACOy ,+ 3 O,AREM
p - p
+ Zk:o GLAREM _; + Zk:o 9 AFDI,

P _ p +

+ Zk=0 B AFDI, + Zk=0 pAECT,
p _ p "

+ ) JWAEC + Y o AGDPF,

(15)
r _
+ ) @AGDP_ +¢,CO,_,
+ - +
+ (szEMt_l + (,03REMt_1 + q03FDIt_1
— + —
+ @4FDI_ | + @sECT | + @cEC,_,
" _
+ @;GDP_, + 9sGDP,_| +¢,
Table 4 Unit root test
Variables ADF PP
1(0) I 1(0) I(1)
CO, 0.09 —7.59% 0.12 —7.49%
REM —4.43% —6.47* -3.8 —6.69*
FDI -0.29 —6.45% 0.3 —6.86%
FFEC —2.63%%:* —2.67#%* —2.43 -5.07%
GDP 1.29 —4.42% 1.29 —4.45%

Authors’ calculation. *, ** and ***Significance level at 1%, 5%, and
10%, respectively
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Results and discussions

The mean value of the logarithmic variables, CO,, REM,
FDI, FFEC, and GDP, are 13.14, 0.86, — 1.21, 3.99, and
6.54, respectively (Table 3). All variables have a posi-
tive mean value except the FDI. The higher standard

deviation implies that the FDI is widely distributed among
the member countries. The min—-max values for FDI also
indicate the same. The data is nearly symmetrical for CO,
and GDP. REM has the highest (Ieptokurtic) while GDP
and CO, have the lowest (platykurtic) kurtosis values
among the variables. Following the descriptive statistics,

Tat?le 5 Short- and long-run Variable ARDL NARDL
estimates of ARDL (1, 2, 2, 1,
0) and NARDL (1,2,0,0,2, 1, Coeff SE 1t Stat Prob Coeff SE t Stat Prob
2,0,1)
Short-run
D (CO,) —-0.61* 0.11 =535 0.00 —0.47* 0.12 -3.81 0.00
D (REM) -0.11 0.04 -3.04 0.01
D (REM (- 1)) 0.09* 0.03 3.29 0.00
D (REM+) 0.10* 0.03 3.38 0.00
D (REM+(-1)) 0.12*  0.03 3.44 0.00
D (FDI) —0.03* 0.01 =295 0.01
D (FDI (- 1)) 0.02%%* 0.01 2.58 0.02
D (FDI-) —0.02%%%* 0.01 -1.81 0.08
D (FDI-(- 1)) 0.05* 0.01 4.20 0.00
D (FFEC) 1.81* 0.17 10.90 0.00
D (FFEC+) 1.28* 0.19 6.85 0.00
D (FFEC-) 30.99*% 2.80 11.08 0.00
D (FFEC-(-1)) —38.47* 6.27 -6.13 0.00
D (GDP-) 6.52%* 270 2.42 0.02
R squared 0.75 0.84
Durbin-Watson stat ~ 1.91 2.00
Akaike info criterion —4.98 -5.22
Schwarz criterion —4.71 —-4.83
Long-run
REM —0.18% 0.05 -3.32 0.00
REM + —0.31%* 0.12 =259 0.02
REM- 0.10 0.20 0.51 0.61
FDI —0.04%** 0.02 -—-1.87 0.07
FDI+ —0.06 0.06 —-1.06 0.30
FDI- —0.11%* 0.05 -2.11 0.05
FFEC 0.98%* 0.19 5.20 0.00
FFEC + 1.08%*%%* 0.58 1.87 0.08
FFEC- 106.44% 42.54 2.50 0.02
GDP 1.40% 0.10 13.70 0.00
GDP + 1.84* 0.37 5.03 0.00
GDP- —22.18** 10.77 -2.06 0.05
C 0.19 0.62 0.30 0.76  13.47* 0.78 17.19 0.00
Bound test
F test 15.05% 8.58*
ECT -0.61% 0.06 —-10.45 0.00 —0.47* 0.04 —-11.07 0.00
Diagnostic tests
LM 0.11 0.34
BPG Hetero. test 0.28 0.63
RESET 2.10 0.51

Authors’ estimation. *, **, and ***Significance level at 1%, 5%, and 10%, respectively
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a correlation matrix indicates the degree of relationship
between the variables. There is a strong positive correla-
tion among the variables.

Table 4 shows the results of the ADF and PP unit root
tests. The study used the maximum available lag length with
automatic selection criteria (using EViews 10). Some vari-
ables are stationary at the level, but all are stationary at the
first difference. Only REM is stationary at the level and the
first difference, with both trend and trend and intercept in
ADF and PP. The variables in this study have a mixed nature
of stationarity properties, stationary at both the level, and
the first difference.

The short-run and long-run ARDL and NARDL esti-
mates are reported in Table 5. The study used the maxi-
mum available lag length with automatic selection crite-
ria (dependent variable maximum lags =2 and regressors
maximum lags =2). According to ARDL’s empirical

findings, the short-run analysis shows that there is a posi-
tive effect of REM and FFEC on CO,; that is, a 1% rise in
REM and FFEC contributes to CO, by 0.08% and 1.81%
at the 1% significance level, respectively. Furthermore,
the result indicates that FDI is negatively related to CO,
in the short run; a 1% rise in FDI contributes by 0.03%
to CO,. The long-run association of the ARDL model
shows that FFEC and GDP are positive while REM and
FDI are negatively related to CO, significantly. According
to the findings, a 1% increase in FFEC and GDP contrib-
utes 0.98% and 1.40% to CO,, respectively. On the other
hand, the long-run analysis shows that a 1% increase in
REM and FDI decreases CO, by —0.18% and — 0.04%,
respectively. The findings imply that South Asia's inter-
national capital flows are reducing CO, while energy
consumption and economic growth adversely affect the
environment. NARDL estimates are also summarized in

1.4

02 T

92 94 96 98 00 02 04 06 08 10 12 14

-0.4

-0.4 T T T T T T T T T T T T T

06 08 10 12 14

_____ 5% Significance

(b)

2002 2004 2006 2008 2010 2012 2014 2016

»»»» 5% Significance

T T T T T T T T T T T T T
02 03 04 05 06 07 08 09 10 11 12 13 14 15 16

— CUSUM of Squares —-—-- 5% Significance

(d)

Fig.1 CUSUM, CUSUMSQ, and recursive coefficients test for ARDL and NARDL
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Table 5. The short-run analysis shows that REM + and
FFEC + positively impact CO,. The results reveal that
a 1% increase in the REM + and FFEC + increases CO,
by 0.10% and 1.28%. A 1% rise in GDP- increases CO,
by 6.52%, while a 1% increase in the FDI- causes a
decrease in CO, by 0.02%. The long-run analysis shows
that REM + is significant and negatively related to CO,,
while the negative part is negative but insignificant. A 1%
rise in REM + decreases CO, by 0.31%. A 1% increment
in FDI + insignificantly decreases CO, by 0.06%, while a
1% gain in FDI- significantly decreases CO, by 0.11%. A
1% increase in FFEC + and FFEC- significantly increases
CO, by 1.08% and 106.44%, respectively. Finally, a 1%
rise in GDP + significantly increases CO, by 1.84%, while
a 1% increase in GDP- significantly increases CO, by
22.18%. The results are consistent with Rani et al. (2022),
Zafar et al. (2022), Wang et al. (2021), Yang et al. (2020),
and Rahman et al. (2019).

The bound test of ARDL and the NARDL confirms the
long-run relationship among the variables. ECT has a nega-
tive and statistically significant value for the ARDL (—0.61)
and the NARDL (—0.47), ensuring the pace with which the
system adjusts to the long-run equilibrium path. The ECT
results are consistent with many studies that have also esti-
mated a relatively high speed of adjustment to equilibrium
such as Khalid et al. (2021) estimated a value of —0.51

for Bangladesh, — 0.57 for India, — 0.96 for Nepal, —0.69
for Pakistan, — 0.94 for Sri Lanka, — Ali et al. (2019) esti-
mated — 0.76 for Pakistan, — Shahbaz et al. (2015) estimated
more than — 0.7 for many African countries, Waqih et al.
(2019) estimated — 0.52 for SAARC region, Attiaoui et al.
(2017) estimated — 0.44 for African countries, and Jafri et al.
(2022) estimated —0.64 (ARDL), and —0.74 (NARDL) for
China.

The study uses multiple statistical tests on the dataset
to confirm the validity of the findings, including the tests
for serial correlation, heteroskedasticity, and normality.
All diagnostic test statistics show no evidence of model
misspecification.

Figure 1 shows the results of the CUSUM and
CUSUMSQ for ARDL (Fig. 1a and b) and NARDL (Fig. 1c
and d) models to look at the parameter constancy, as sug-
gested by Brown et al. (1975) and Pesaran and Pesaran
(1999). The findings indicate that the statistics graph for
CUSUM and CUSUMSQ stays within the critical range
at the 5% threshold, indicating that the coefficients of the
energy equation are stable (Fig. 1a and d) otherwise cross-
ing the range at the 5% threshold (Fig. 1b and c). The study
employed the recursive coefficients test for stability assess-
ment (Rahman and Alam 2022; Taghvaee et al. 2022). All
the plotted figures have expressed the better stability of this
model (Fig. le and f).
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Fig. 1 (continued)
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Fig. 1 (continued)

The dynamic multiplier graphs are drawn in Fig. 2. The
cumulative dynamic multipliers revealed the adjustment pat-
tern to new long-run equilibria. For example, the adjustment
to positive and negative shocks at a specific prediction horizon
is represented by the positive (continuous black) and negative
(dashed black) curves. The broken red asymmetry plot shows
the difference in the responses of multipliers with 95% confi-
dence intervals. The plots further reveal that negative shocks
in decomposed variables (excluding FFEC) affect the long run
more than positive shocks. In contrast, positive shocks in FFEC
affect the long run more than negative shocks.

Conclusion and policy implications

There are many studies in the literature on the
CO,-remittances nexus, CO,-FDI nexus, CO,-economic
growth, and others, but no study has yet taken remittances
and FDI into account in the model for the South Asian
region. This research examines if international capital flows,
fossil fuel energy consumption, and economic growth have
symmetric and asymmetric impacts on South Asian carbon
emissions. The study employed a time series data set from

2000 2006 2008 200 212 24 N1

— Recursive C(18) Estimates.
SE.

®

1975 to 2020 for the South Asian region ignored by the
existing literature. The main contribution is that it uses a
new asymmetric ARDL technique to examine whether inter-
national capital flows have positive or negative shocks. The
study used ADF and PP for the unit root test. The ARDL and
NARDL results confirm a linear and non-linear connection
between the CO,, REM, FDI, FFEC, and GDP in the short
and long run. According to the empirical evidence, the posi-
tive effect of FFEC outweighs the negative impact of FFEC,
while the opposite is true for the other variables.

Carbon emissions have been a major cause of extreme
environmental pollution, with negative repercussions for
human life regardless of whether a country’s economy is
developed or underdeveloped. Therefore, cutting such emis-
sions in developing nations is critical to maintaining eco-
nomic growth. South Asia mainly relies on fossil fuels to
meet its energy needs, whose imports are primarily financed
by international capital flows. Despite increased energy out-
put, the demand is much more than the supply. As a result,
countries rely on fossil fuel imports to meet their energy
needs. Initiatives to enhance energy security include diver-
sifying the energy mix, raising the proportion of renewable
energy sources, fostering regional cooperation to maximize
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Fig.2 Dynamic multiplier graphs

the hydropower potential of the region, and putting energy-
saving measures in place to minimize transmission and dis-
tribution losses.

The region’s large economies contributing more to
environmental degradation should serve as a platform
for national and regional bodies to collaborate on similar
concerns about transboundary pollution (Han and BiBi
2022; Khan et al. 2022b). It is essential that all sectors,
especially the industrial sector of South Asian countries,
should be sensitized to ensure that emission levels com-
ply with worldwide health and environmental standards.
These regulations should be enforced with legal conse-
quences to ensure and limit the type and amount of envi-
ronmental degradation. The International Energy Agency
(IEA) emphasizes a historic surge in renewable and energy

@ Springer
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investment to avoid severe climate change impacts. The
clean energy investment must have tripled to four trillion
dollars to achieve net zero emissions by 2050. This will
create millions of new employment opportunities and
boost global economic development. Financially con-
strained countries can efficiently use remittances and FDI
for these investments. However, sustainable energy invest-
ments frequently face an uphill battle due to controlled
prices or taxes that favor fossil fuels in almost all South
Asian countries (IEA 2021). In addition, the region needs
to improve its green infrastructure through international
capital flows. The present levels of fossil fuel energy use
are ineffective for environmental protection. To achieve
long-term environmental and economic goals, govern-
ments must adopt transformation initiatives toward green
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energy and less polluting economic growth sectors. This
study is limited to the South Asian region. However, this
can be expanded to other regions for a comparative study,
particularly by using more recent data and other sources
of foreign financial flows such as foreign aid and others.
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