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Abstract
The concern of environmental degradation, poverty, and income inequality remains a priority in achieving sustainable 
development goals. Countries are trying to reduce income inequality, alleviate poverty, and reduce environmental degrada-
tion which needs special attention. Consequently, this study explores the effect of income inequality, poverty, and energy 
consumption on carbon dioxide emission in the Belt and Road Initiative countries from 1996 to 2018. By employing the 
generalized method of moments, the findings show that income inequality, poverty, and energy consumption significantly 
increase carbon dioxide emission and lead to environmental degradation, while access to electricity significantly raises 
environmental quality. Economic growth positively affects carbon dioxide emission; however, the environmental Kuznets 
curve is valid. Income inequality exerts a moderating effect on carbon dioxide emission via per capita economic growth that 
reduces environmental degradation in the Belt and Road Initiative countries. The results of this study give important policy 
implications for the Belt and Road Initiative countries.

Keywords  Income inequality · Poverty · Economic growth · Energy consumption · Environmental Kuznets curve · Carbon 
dioxide emission

Introduction

The continued concerns for achieving sustainable develop-
ment have grown over the past years as the quality of the 
environment begins to decline due to increased economic 
activities. Poverty reduction and environmental change 

are important agendas for achieving sustainable develop-
ment targets. Most countries around the world struggle to 
reduce poverty and provide a clean environment for future 
generations. Therefore, it is a challenge for countries that 
how to increase economic growth, reduce income inequal-
ity and poverty, and attain higher environmental quality. 
An increase in production to raise economic growth and 
living standard consumes a large amount of energy which 
in turn releases a high amount of carbon dioxide emission 
and degrades the quality of the environment (Padhan et al. 
2019). Poverty alleviation through economic development 
and attaining environmental quality are the main concern of 
countries in sustainable development, especially in develop-
ing countries. The Belt and Road Initiative countries are 
mostly developing and emerging economies that also focus 
to alleviate poverty through the increase in economic activi-
ties. Encouraging economic activities to raise economic 
growth and alleviate poverty upsurges the level of produc-
tion and industrialization which in turn raises the energy 
demand and thus increases carbon emissions and lowers 
sustainable development (Danish 2019). Economic growth 
may alleviate poverty in developing countries but may also 
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create environmental problems (Grunewald et al. 2017). The 
reason for high carbon emissions is poverty and misuse of 
environmental resources by impoverished people for better 
survival (Masron and Subramaniam 2019). Some research-
ers argue that poverty is a major determinant of environmen-
tal degradation, especially in developing countries, because 
poverty is united with high population growth rates and poor 
environmental policies, which increase pressure on available 
resources and reduce environmental quality (Koçak et al. 
2019). It is believed that poverty lowers the buying power 
of goods and services, and a decline in the buying power, 
in turn, reduces productivity and enhances the quality of 
the environment (Jin et al. 2018; Khan 2019); (Dhrifi et al. 
2020). Income inequality raises carbon emissions, whereas 
poverty also exerts a detrimental effect on pollution (Khan 
et al. 2020). The level of environmental degradation is meas-
ured as per capita carbon emission, and carbon emission is 
considered the most pollutant contributor to the environ-
ment (Houghton 1996). It has been argued that increased 
economic growth reduces environmental quality because 
economic growth increases emissions through production 
and damages environmental quality; however, increased 
incomes may reduce poverty (Grunewald et al. 2017). The 
EKC (environmental Kuznets curve) hypothesis holds that 
an increase in per capita income increases pollution, but fur-
ther increases in per capita income levels reduce emissions 
at a certain level (Grossman and Krueger 1991); (Panayotou 
2003); (Selden and Song 1994). Economic growth is help-
ful in poverty alleviation while economic growth is itself a 
harmful factor in rising carbon emissions and environmental 
degradation; therefore, the relationship between economic 
growth and environmental quality is proven (Franklin and 
Ruth 2012). Environmental consequences should be consid-
ered, and policies should be inclusive when rising economic 
growth to reduce poverty and income inequality (Kraay 
2004) (Fig. 1) shows the relationship between variables.

The current study intends to inspect the Belt and Road 
Initiative countries’ income inequality, poverty, energy 
consumption, economic growth, and environmental qual-
ity association. The Belt and Road Initiative originated in 
China but belong to the world. They are involved in different 
regions, countries, cultures, and lifestyles. The aim of the 
Belt and Road Initiative’s origination is to initiate peaceful 
economic cooperation and development among countries. 
The principles of the Belt and Road Initiative are extensive 
consultants, shared benefits, and joint contributions and so 
on. It focuses on policy coordination, connectivity of infra-
structure, unimpeded trade, financial integration, and closer 
people-to-people ties. It has turned ideas into actions and 
vision into reality, and the initiative itself into a public prod-
uct widely welcomed by the international community. There 
is a large number of countries in the Belt and Road Initiative 
project, including developing, developed, emerging, and less 

developed countries with different economic, trade, institu-
tions, income levels, and environmental quality. The low-
level or developing countries are still in combat to upsurge 
economic growth, reduce income inequality and poverty, and 
also reduce carbon emissions. However, an increase in eco-
nomic activities through production raises energy demand 
and thus raises carbon emissions. These countries may not 
have attained renewable energy to use for production and 
economic activities and still be contingent on nonrenewable 
energy sources. It is, therefore, important to give policy sug-
gestions for the sample countries on increasing economic 
activities through production to reduce poverty and income 
inequality as well as achieve sustainable development and 
higher environmental quality. This study uses both poverty 
and income inequality, economic growth, and energy con-
sumption to examine their effect on carbon emission.

Limited studies have been conducted linking both poverty 
and income inequality along with closely related factors such 
as industrialization, economic growth, energy consumption, 
and carbon emission. As emerging and developing econo-
mies, it is very important to investigate the environmental 
impacts of countries along the “Belt and Road Initiative.” 
This study also assumes that the relationship between 
income inequality and carbon dioxide in countries along the 
“Belt and Road Initiative” be conditional on the level of eco-
nomic growth. Consequently, this study uses the interaction 
between income inequality and economic growth to test this 
hypothesis. Likewise, this study also considers the squared 
term of GDP per capita to inspect the environmental Kuznets 
curves of the sample countries. This helps to determine the 
impact of economic growth on carbon emissions when 
selected BRI countries reach a certain level of develop-
ment. The environmental Kuznets curve hypothesis suggests 
that when a county grasps a certain level of development 
reducing carbon emissions, economic growth has a positive 
impact on emissions in the preliminary phase of develop-
ment. To the best of our knowledge, no such examination 
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has ever been conducted on selected BRI countries in past 
research. The current study is new and the first of its sym-
pathetic to consider the impact of both poverty and income 
inequality along with closely related factors such as energy 
consumption and economic growth on carbon emissions in 
selected Belt and Road Initiative countries. Panel data were 
collected from 1996 to 2018 and examined using dynamic 
panel methods. The analysis results show that poverty, eco-
nomic growth, income inequality, energy consumption, and 
industrialization significantly increase the level of carbon 
dioxide emissions in countries along the “Belt and Road Ini-
tiative”; nonetheless, electricity harms carbon emissions, in 
that way reducing carbon emissions. The results further vali-
date the environmental Kuznets curve hypothesis, and the 
interaction term of income inequality and economic growth 
significantly reduces environmental degradation.

Literature review

Various approaches in the preceding literature have been 
identified by which income inequality affects carbon diox-
ide emissions and the environment. Several researchers 
have examined the influence of income inequality on car-
bon emission along with other related variables for different 
countries and regions but achieved mixed results. Poverty 
has also been examined in such association and its effect on 
the quality of the environment has been debated in the pre-
vailing studies. Some researchers argue that poverty causes 
environmental damage, especially in developing countries, 
where poor environmental policies reduce environmental 
quality by increasing pressure on available resources in these 
countries (Koçak et al. 2019), while some other research-
ers believe that poverty lowers buying power and reduces 
people’s affordability to buy food and acquire services and 
thus a decline in the buying power, in turn reducing pro-
ductivity and enhancing the equality of environment (Jin 
et al. 2018; Khan 2019); (Dhrifi et al. 2020). Similarly, other 
factors are also included in such associations such as a rise 
in population, industrialization, energy use, and economic 
growth. Several researchers believe that rising economic 
growth through production and industrialization increases 
the energy demand; however, the increase in economic 
activities, energy consumption, and industrialization leads 
to increased carbon emissions and decreased environmental 
quality (Danish 2020). This study lists some previous stud-
ies that have examined the impact of income inequality and 
other related factors on environmental quality. The studies 
were conducted on different countries’ samples with differ-
ent periods and methods. For example, Baloch et al. (2020) 
used the Driscoll-Kraay regression estimator to study the 
impact of income inequality and poverty on carbon emis-
sions in a sample of sub-Saharan African countries from 

2010 to 2016 and found that income inequality exacerbated 
carbon emissions and poverty also increases pollution in 
sub-Saharan Africa. Similarly, Mahalik et al. (2018) used 
ARDL to investigate the association between income ine-
quality and environmental quality at various country levels 
in the BRICS. The results showed that income increased 
emissions in Brazil, India, and China while reducing emis-
sions in South Africa. The impact of coal use increases emis-
sions in India, China, and South Africa, but has no impact on 
Brazil. Oil production contributes to Brazil’s carbon emis-
sions while reducing emissions from South Africa, China, 
and India. Similarly, Hailemariam et al. (2020) conducted 
another study in OECD countries. The authors examine the 
impact of income inequality on environmental quality by 
incorporating economic growth into the model and using 
panel data techniques. The findings suggest that an increase 
in income inequality increases carbon dioxide emissions, 
while the nonlinear relationship between carbon emissions 
and economic growth validates the environmental Kuznets 
curve. In terms of marginal emission propensity, the Gini 
index reduces the carbon emissions of sample countries.

Similarly, Guo et al. (2020) investigated the impact of 
income inequality on carbon emissions in countries in the 
income groups and found a negative correlation between the 
variables, while they found a positive correlation between 
income inequality and reduced risk in countries with lower 
income. They further show that income inequality does not 
affect emissions in high- and middle-income countries. This 
study further validates the determinantal impact of income 
inequality in upper-income countries. Zhao et al. (2021) 
used a nonlinear ARDL model to study the relationship 
between income inequality and carbon dioxide emissions 
in BRICS countries. The results of this study show positive 
and negative changes in income inequality and its positive 
impact on carbon dioxide emissions in Russia, Brazil, and 
China, and negative changes in income inequality. Further-
more, Padhan et al. (2019) examined the linkage between 
economic growth, energy consumption, wealth inequality, 
and carbon emissions in the next 11 countries from 1971 to 
2013. Econometric techniques include panel unit root tests 
and Westerlund cointegration. The results show that eco-
nomic growth, energy consumption, and income inequality 
increase carbon dioxide emissions. Within the framework 
of the EKC hypothesis, Demir et al. (2019) investigated the 
impact of income inequality on environmental quality in 
Turkey. By collecting data from 1963 to 2011 and using 
the ARDL model to analyze the data. The results show a 
negative relationship between income inequality and carbon 
emissions, suggesting that income inequality reduces envi-
ronmental degradation in the sample countries.

Another study by Liu et al. (2019) in 30 Chinese prov-
inces between 1996 and 2014 investigated the effects of 
income inequality and carbon emissions. The results show 
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that economic growth raises carbon emission levels; how-
ever, the environmental Kuznets curve is valid in the study. 
Another study conducted by Chen et al. (2020) investigated 
the relationship between income distribution and carbon 
emissions within the framework of the environmental 
Kuznets curve. Using simultaneous quantile regression, the 
study found that an equal distribution of income improves 
environmental quality in developed countries, while income 
inequality barely affects emissions levels. Similarly, Cetin 
et al. (2018) used a cointegration approach from 1960 to 
2013 to study the impact of Turkey’s trade openness, energy 
consumption, and economic growth on carbon dioxide emis-
sions. The findings confirm a structurally disrupted long-
term relationship between energy consumption, economic 
growth, trade, and carbon dioxide emissions. The results 
further show that carbon emissions are determined by energy 
consumption, financial development, trade, and economic 
growth. Their research also validated the environmental 
Kuznets curve hypothesis. Chukwuma et al. (2022) dem-
onstrate forensic accounting in predicting financial perfor-
mance and growth of mobile communication in Nigeria. The 
authors used the OLS regression model and found that there 
was a statistically significant association between forensic 
accounting instruments and financial performance. On the 
other hand, Robeena and Sumaira 2022a, b) studied the 
effect of trade openness and financial development in south 
Asian countries from 1980 to 2017 using the dynamic panel 
and static models. The findings show that financial develop-
ment proxy by stock market development indicator signifi-
cantly rise economic growth while trade openness, inflation, 
and interest rate significantly reduce economic growth. Simi-
larly, Sumaira and Bibi (2022) examine the effect of banking 
sector growth on economic growth in four countries of south 
Asian for the period of 1980 to 2017. The authors employed 
fixed effect, difference GMM, and system GMM model and 
found that banking sector development increases economic 
growth. The authors argue that broad money, domestic credit 
to the private sector, and private sector credit by banks sig-
nificantly lead to higher economic growth. Robeena and 
Sumaira 2022a, b studied the role of FDI and financial devel-
opment on economic growth in different income-grouped 
countries and in the global panel from 1998 to 2018 using 
dynamic panel models. The authors found that FDI posi-
tively affects economic growth in lower-middle-income, 
upper-middle-income, and global-income countries. The 
findings further reveal that banking sector development has 
negative effect on the global panel, high-income and upper-
income countries’ growth, while this effect is insignificant in 
lower middle income. Likewise, Jamil (2022a, b) explore the 
monetary policy performance under the control of exchange 
rate and consumer price index. The authors found that stabi-
lizing the effect on the trend and price of the exchange rate 
stabilizes the countries’ output. The findings further show 

that monetary policy control and the price level do not affect 
exchange rate and production. Moreover, Jamil (2022a, b) 
studied the effect of the exchange rate regime on a county’s 
economic growth using a generalized method of moments. 
The variables used in the study were per capita GDP, GDP 
growth, foreign trade, and inflation. The authors argue that 
post-Bretton woods transition from fixed to flexible manage-
ment was found and there was a strong association between 
the exchange rate regime and the countries’ growth rate. Bibi 
and Sumaira (2022) examine the effect of both bank-based 
and stock market–based financial development on economic 
growth in south Asian countries from 1980 to 2017. The 
authors employed static and dynamic models and found that 
both banks and stock markets significantly and positively 
contribute to economic growth in the sample countries.

From the literature review organized above, we conclude 
that there is a large number of studies which have examined 
the effect of income inequality along with other variables on 
carbon dioxide emission for a different sample of countries 
with different econometric models and data samples. We 
conclude that this different sample of countries has different 
characteristics such as the regions are different, economic 
growth levels, cultures, and lifestyles, and thus the effect of 
income inequality on carbon dioxide emission can be var-
ied across countries. The Belt and Road Initiative countries 
are also developing and emerging economies with unique 
characteristics to other countries. The aim of the Belt and 
Road Initiative countries’ origination is to initiate peaceful 
economic cooperation and development among countries. 
The principles of the Belt and Road Initiative are extensive 
consultants, shared benefits, and joint contributions and so 
on. It focuses on policy coordination, connectivity of infra-
structure, unimpeded trade, financial integration, and closer 
people-to-people ties. It has turned ideas into actions and 
vision into reality, and the initiative itself into a public prod-
uct widely welcomed by the international community. There 
is a large number of countries in the Belt and Road Initiative 
project, including developing, developed, emerging, and less 
developed countries with different economic, trade, institu-
tions, income levels, and environmental quality. The low-
level or developing countries are still in combat to upsurge 
economic growth, reduce income inequality and poverty, and 
also reduce carbon emissions. However, an increase in eco-
nomic activities through production raises energy demand 
and thus raises carbon emissions. These countries may not 
have attained renewable energy to use for production and 
economic activities and still be contingent on nonrenewable 
energy sources. It is, therefore, important to give policy sug-
gestions for the sample countries on increasing economic 
activities through production to reduce poverty and income 
inequality as well as achieve sustainable development and 
higher environmental quality. Such examination in the litera-
ture has not been attempted which investigates the effect of 
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income inequality, poverty, energy consumption, and related 
variables along with the interactive effect of income inequal-
ity and economic growth on carbon dioxide emission which 
is our research gap to investigate this association for the belt 
and road initiative countries.

Methodology

Variables and empirical model specification

This study uses balanced panel data to examine the impact 
of income inequality and poverty, economic growth, and 
energy consumption on carbon dioxide emissions in 40 
countries from the Belt and Road Initiative between 1996 
and 2018. Data for all variables used in this study come 
from the World Bank database, the World Development 
Indicator. This indicator data is used by numerous studies 
in environment-related research, such as Holtz-Eakin and 
Selden (1995), Martínez-Zarzoso and Maruotti (2011), and 
Khan et al. (2022b). The variables used in the study are CO2 
emission (metric tons per capita), GINI which represents 
income inequality is the GINI index which is a measure-
ment of the income distribution of residents in a country. 
The 0 indicates perfect equality, while the 100 represents 
perfect inequality. Likewise, poverty (POVT) is used in the 
model which is measured as a headcount ratio of $1.90/
day percent. GDP per capita represents economic growth, 
energy consumption is measured as kilogram of oil equiva-
lent per capita, foreign direct investment (FDI) is taken as 
the net inflow of foreign direct investment, industrialization 
(IND) is measured as industry value-added, ACCT is access 
to electricity (access to electricity (%)), international trade 
(TO) as a percent of GDP, INF is inflation (consumer prices 
(annual)), while urbanization (URB) is taken as the urban 
population as percent of the total population.

The selection of these variables aims to alleviate pov-
erty, minimize income inequality, acquire renewable energy 
sources and reduce fossil fuels, control pollution and reduce 
urbanization, increase sustainable economic growth, and 
manage inflation and trade to reduce carbon dioxide emis-
sion and attain sustainable development in the selected sam-
ple countries of the Belt and Road Initiative.

Carbon dioxide emission taken as metric tons per capita 
is the dependent variable that has been considered a major 
factor of global warming and greenhouse gas emission. The 
GINI coefficient is used to measure income inequality which 
is used by Torras and Boyce (1998) and Liu et al. (2020) 
to support that a change in the level of income inequality 
affects the environmental pollution of a country. The theory 
postulates that a rise in income inequality promotes the level 
of carbon emission. The maximum value is 1 while the mini-
mum value is 0; when it reaches the maximum value, that 

indicates that one person receives all the income while the 
minimum value shows that there is equal income distribu-
tion. However, these cases rarely occur in reality; a larger 
GINI coefficient generally illustrates large income inequal-
ity. Income inequality influences environmental quality posi-
tively or negatively. The positive effect of income inequality 
can be the reason that poor people in the countries and the 
people of poor countries may depend on the use of abundant 
natural resources to fulfil basic needs. The natural resources 
can be the use of fossil fuels and other food wastes as the 
technological innovation and the living standard in these 
low-level countries are low and that is why these counties 
and the people use natural resources and they do not have 
enough modern technology or to use the renewable energy 
and another environmentally friendly way to fulfil their 
needs. For example, in developing countries, low-level cit-
ies are mostly related to environmental degradation as the 
people in these countries still use traditional ways to acquire 
food and they also use traditional transportation systems the 
food and restaurants also use the traditional way. The peo-
ple who work in these small factories are also low-income 
people in developing countries and most of the way of life 
is traditional as well the activities are traditional which are 
being performed to get food and basic standard. That is why 
income inequality can be related to environmental degrada-
tion, especially in developing countries included in the panel 
however if there is equal distribution of income can rise 
environmental quality.

Poverty is considered a major determinant of environ-
mental degradation, particularly in underdeveloped coun-
tries. With increased population, there is a rise in poverty, 
and poor policies of environment rise stress on available 
resources and degrade environmental quality. As Zhao et al. 
(2021) argue, poverty reduces carbon dioxide emission in 
China and Russia in the short run as an increase in poverty 
lowers the buying power and affordability of buying goods 
and services and a decline in the buying power, in turn, 
reduces productivity and protect the quality of environment 
(Jin et al. 2018; Khan 2019); (Dhrifi et al. 2020).

Likewise, it has been argued in previous research that 
a rise in economic growth raises carbon emission and 
degrades environmental quality. Those countries which 
are mostly focusing on rising economic growth to raise the 
living standard will have lower environmental quality. An 
increase in economic activities such as production, indus-
trialization, trade, and so on consumes a large amount of 
energy which leads to environmental degradation, especially 
in low-income countries. Thus, increase in economic growth 
is harmful to the quality of the environment. Apergis and 
Li (2016), Krueger and Grossman (1995), and Bai et al. 
(2020) argue that carbon emission is affected by per capita 
income and is a vital factor to affect the level of emission 
of a country. Some studies in the previous literature use the 
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squared term of GDP per capita to demonstrate the envi-
ronmental Kuznets curve ((Stern 2004); (Mader 2018). The 
environmental Kuznets curve hypothesis shows that when a 
country reaches a certain level of development, economic 
growth reduces emissions while economic growth has a 
positive impact on carbon emissions at the initial stage of 
development in a country. Based on previous research, this 
study also adds the quadratic function of economic growth to 
examine the nonlinear effect of per capita growth on carbon 
dioxide emissions.

Likewise, energy consumption is also related to environ-
mental quality, as increased energy consumption increases 
carbon emissions. Energy is used for production to boost eco-
nomic growth, but this leads to increased carbon emissions 
and reduced environmental quality. Energy is the combina-
tion of renewable and nonrenewable energy. Understandably, 
renewable energy consumption reduces carbon dioxide emis-
sions while nonrenewable energy use increases emissions. The 
sample countries have not yet reached fully utilized renewable 
energy sources, and they are also still not dependent totally 
on fossil fuels; thus, we use energy consumption in total to 
find its effect on carbon dioxide emission. Khan et al. (2021a, 
b, 2022a) and Tsuji et al. (2002) also indicate that increase 
in energy use raises carbon dioxide emissions that worsen 
environmental quality. In this regard, this study also included 
energy consumption in the model to study its impact on carbon 
emissions.

Similarly, several researchers have examined the impact 
of foreign direct investment on carbon emissions in previ-
ous studies. The impact of FDI on carbon emissions can be 
negative or positive, depending on the countries’ level of 
FDI inflows. The impact of FDI on carbon dioxide emis-
sions has two phenomena. The first phenomena are the 
pollution haven hypothesis, while the second is the pol-
lution halo effect hypothesis. The halo effect shows that 
an increase in FDI inflows improves environmental quality 
by reducing a countries carbon emissions, while the haven 
effect shows that an increase in FDI in a country increases 
emission levels and reduces environmental quality. In the 
former perspective, it is stated that energy-intensive com-
panies prefer to build in countries where the environmental 
regulations policies are weak (Walter and Ugelow 1979) 
(Copeland and Taylor 1994). However, the later perspec-
tives indicate that foreign direct investment brings advanced 
technologies and management that are environmentally 
friendly and enhance the quality of the environment (Bird-
sall and Wheeler 1993) (Liang 2008). We add foreign direct 
investment to the model to test its effect on environmental 
quality in the belt and road countries.

Past studies argue that a rise in industrialization affects 
environmental quality where the greater degree of industri-
alization raises the level of production which in turn increases 
carbon dioxide emission and reduce environmental quality 

(Ghisellini and Ulgiati 2020) (Canh 2019) (Khan et al. 2022b) 
(Nguyen et al. 2018). Access to electricity is also needed for 
economic growth; however, it affects the quality of the envi-
ronment and brings changes to carbon dioxide emissions as it 
allows the use of energy-intensive products that release emis-
sions (Dagnachew et al. 2018).

International trade is also added to the model to examine its 
effect on carbon emissions. Trade can affect environmental qual-
ity positively or negatively as Antweiler et al. (2001) indicates 
that trade can affect the environment through composition, trade, 
scale, technology, and technique effects. A rise in the economic 
scale of a country with a rise in trade openness leads to the deg-
radation of the environment referred to as the scale effect. The 
technical effect refers to comparative advantage in dirty or clean 
industries in the global specialization. The composition and tech-
nique effect of trade on environmental quality is positive and that 
is the rise in the environmental quality of a country.

Inflation may also influence the level of carbon dioxide emis-
sion as inflation increases the production cost leading to an 
increase in the prices of renewable energy sources and other tech-
nology that are friendly to the environment. An increase in urban 
population is also related to increasing carbon dioxide emissions 
(Li et al. 2019). Urbanization transfers rural to urban transition 
and moves an agricultural economy to an industrial economy 
((Muhammad et al. 2020). When there is an increase in urbani-
zation, the emission level will increase as inhabitant production 
and improvement in living standards as well as industrialization. 
However, it has also been argued that agglomeration in population 
due to the rise in urbanization enhances the energy use effective-
ness and contributes to achieving economy of scale (Solarin and 
Lean 2016). Several studies in preceding literature show that if 
there is an increase in urbanization, it will upsurge the level of 
emission (Nguyen et al. 2018) (Canh 2019) (Ghisellini and Ulgiati 
2020) (Khan et al. 2022b).

By following the empirical studies of Baloch, Khan et al. 
(2020), Baek and Gweisah (2013), and Liu et al. (2020), the 
following empirical model is constructed to investigate the 
influence of poverty, income inequality, economic growth, and 
energy consumption on carbon emission in the selected belt 
and road initiative countries.

where CO2 is carbon dioxide emission which is the depend-
ent variable, GINI is income inequality, POVT is poverty, 
GDP is per capita gross domestic product, ENR is energy 
consumption, FDI is foreign direct investment, IND is indus-
trialization, ACCT is access to electricity, TO is interna-
tional trade, INF is inflation, and URB is urbanization.
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We introduced the quadratic term of the per capita 
income into the model in Eq. 2 to verify whether the EKC 
hypothesis is effective in the extended model. The model 
can be rewritten as Eq. 2. We also add the interaction 
term between per capita income and GINI. The model 
can be stated as Eq. 3. The variables’ description is given 
in Table 1, and the descriptive statistics and correlation 
matrix of the study variables are presented in Table 2 and 
Table 3, respectively. Collected data was first analyzed 
through descriptive statistics. Descriptive statistics repre-
sent graphical or numerical methods used to summarize 
the data in meaningful ways thus allowing for a simpler 
interpretation of the data. Statistics measures attempted to 
describe data by identifying the central position within the 
data set. Measures of central tendency were also comple-
mented by measures of spread such as the standard devia-
tion, maximum and minimum values. The measures of 
spread show how to spread out or how similar or dissimilar 
the data are. The descriptive statistics were also summa-
rized through tabulations which were also complemented 
by discussions. However, descriptive statistics only serve 
to describe the data. They do not allow for conclusions or 
inferences to be drawn from the data. This means descrip-
tive statistics have to be augmented by other data analysis 
approaches. The min is simply the lowest observation, 
while the max is the highest observation. Obviously, it 
is easiest to determine the min and max if the data are 
ordered from lowest to highest.

Econometric techniques

This study employed both static and dynamic models 
including OLS, fixed effect estimator, two-step differ-
ence GMM, and two-step system GMM models for anal-
ysis. The use of static models in panel data might pro-
duce several econometric problems such as the problem 

Table 1   Variables description

Variables Descriptions

CO2 Carbon dioxide emissions are taken as a metric ton per 
capita

GINI GINI (income inequality index)
POVT Poverty, headcount ratio at $1.90/day percent
GDP Per capita Gross domestic product
ENR Energy consumption measured as kg of oil equivalent per 

capita
FDI Foreign direct investment net inflow of FDI
IND Industrialization measured as industry value-added
ACCT​ Access to electricity percent
TO International trade % GDP
INF Inflation, Consumer prices (annual)
URB Urban population as percent of the total population

Table 2   Descriptive statistics

Variable Mean Std. Dev Min Max

CO2 4.320 3.403 0.001 15.04
GINI 34.07 5.521 23.7 49.9
POVT 5.129 10.06 0.001 81.6
GDP 3.837 4.107 -17.93 17.03
ENR 1895.96 1209.98 281.77 5167.01
FDI 4.064 5.524 -40.329 54.23
IND 29.919 8.117 14.303 58.88
ACCT​ 93.070 17.507 6.90 100.00
TO 91.328 38.781 25.306 220.406
INF 10.229 39.463 -18.108 1058.37
URB 3.280 9.790 1161 8.240

Table 3   Correlation

CO2 GINI POVT GDP ENR FDI IND ACCT​ TO INF URB

CO2 1.000
GINI  − 0.16 1.000
POVT  − 0.476 0.169 1.000
GDPPC  − 0.02 0.104  − 0.034 1.000
ENR 0.941  − 0.225  − 0.530  − 0.053 1.000
FDI 0.088  − 0.035  − 0.114 0.228 0.025 1.000
IND 0.132 0.083 0.162 0.136 0.099  − 0.159 1.000
ACCT​ 0.383  − 0.134  − 0.460  − 0.016 0.445 0.007  − 0.123 1.000
TO 0.107  − 0.393  − 0.229 0.029 0.200 0.215  − 0.173 0.282 1.000
INF 0.010  − 0.023 0.133  − 0.020 0.031  − 0.041 0.111 0.015 0.016 1.000
URB 0.039 0.317 0.169 0.124  − 0.020  − 0.116 0.433  − 0.040  − 0.384  − 0.017 1.000
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of autocorrelations in the regression model in presence 
of lagged dependent variable. Likewise, there may be a 
correlation in the fixed effect time-invariant in the error 
term with explanatory variables and may exist the issue 
of endogeneity between the dependent variables and 
the explanatory variables. In such situations, the use of 
instrumental variables needs to be adopted to eliminate 
the endogeneity issues such as the use of IV estimation. 
However, using the fixed-effect IV estimator feeble instru-
ments may also be biased same as the ordinary least square 
regression model. Consequently, the generalized method 
of moments estimators is a good fit in panel data analysis, 
and it has been considered the most efficient estimator 
(Weili et al. 2022). GMM model has two types, namely, 
the difference and system GMM estimators. In the dif-
ference GMM estimator, the first difference between the 
dependent and independent variables is used to deal with 
specific country effects, and the first difference lagged 
dependent variables are instrumented with previous levels. 
In such a case, it removes the problem of autocorrelation; 
however, the lagged levels maybe be considered as poor 
instruments using the first difference and thus may decline 
the efficiency. To increase the model efficiency, Arellano 
and Bover (1995) and Blundell and Bond (1998) devel-
oped the system GMM estimator which is considered more 
efficient than the different GMM models. There are two 
system equations in the system GMM where one equation 
is a difference while the other remains at the level (Kurul 
2021). After that, construct the second equation variable 
to its specific first-order difference and measure the vari-
able in the difference by its specific lag level. Discussion 
of the advantages of the generalized method of moments, 
it is been also considered suitable in panel data with short 
period T and large N (number of countries). Arellano and 
Bover (1995), Blundell and Bond (1998), and Arellano 
and Bond (1991) recommend and further validate what 
Blundell and Bond (1998), Baltagi (2008), and Rood-
man (2009a, b) have studied. It is also called AB testing. 
This test examines the AR2 (second-order correlation) 
associated with the perturbation term in the generalized 
method of moment (GMM). Certain situations can lead 
to ineffective lag as an instrument. Therefore, Arellano 
and Bond (1991) point out that this test is more important 
than the test (AR1) because it already tests the availability 
of automated communications, especially at the surface. 
Furthermore, Arellano and Bond (1991) show that the 
AB test is very important in GMM because GMM estima-
tors have consistency that depends on the E E(Δεi,t-2) = 0 
condition. According to Arellano and Bond, (1991) and 
Blundell and Bond (2000), this test relies on false assump-
tions without an automatic connection and is tested for 
residues in differences. The AR1 test of AB in the first 
difference usually refutes the erroneous assumption due to 

Δεi,t-1 = εi,t- εi,t-1 where both have εi,t-1. This assump-
tion may be valid if the EIT is not consistently relevant or 
does not follow a random walk to reduce the appropriate 
details of the modified dynamic model for panel data.

This is why AB, AR2 test is more important than the 
first difference because its autocorrelation detects the rela-
tionship levels. Furthermore, Roodman’s (2009a) Sculpture 
states that this test may not be reliable for small dynamics for 
dynamic panels, but no alternative test has been discovered 
for this purpose. In our study, we have implemented the AB 
second-order autocorrelation test. AR1 and AR2 tests with 
the corresponding p value will be accepted sequentially, and 
it will be established that there is no serial automatic rela-
tionship in the second sequence in terms of error. If the AR 
(2) value is greater than the critical level, then it means that 
we will accept that there is no serial relationship.

Consequently, this study employed an ordinary least 
square model, fixed effect estimator, and generalized method 
of moments. However, the main focus of this study is on the 
system GMM especially the two-step system GMM model 
as it is preferred as the most efficient estimator while analyz-
ing panel data.

Results and discussions

Table 4 presents the direct impact of poverty and income 
inequality on carbon dioxide emission where column 1 
shows the list of variables, column 2 presents the OLS model 
results, column 3 presents the results of the fixed effect 
model, while columns 4 and 5 show the results of difference 
and system GMM models, respectively. As we mentioned in 
the methodology, our main focus is GMM and especially the 
two-step system GMM model as it is considered the most 
efficient estimator. The lagged dependent variables are posi-
tive and significant. The Arellano and Bond (1991) test for 
first- and second-order serial correlations in the first-order 
difference error and the Sargan test for over-identification 
restrictions are described. We found that the test of Arel-
lano and Bond (1991) fulfil the requirements and accepted 
the null hypothesis that the error in the first-order difference 
regression does not show the second-order serial correla-
tion AR (2), which evidence the fitness of the models. The 
over-identified restriction also rejects the null hypothesis and 
validates the model fitness and evidence of the correctness 
of the used tools.

In the given table below, the results of the impact of 
income inequality on carbon emissions are significant and 
positive both in the difference and system GMM models, 
as shown by the coefficients. The results show that rising 
income inequality raises carbon dioxide emissions in the 
sample countries, leading to environmental degradation. 
Specifically, the coefficient values indicate that if income 
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inequality in the BRI countries rises by 1%, the level of 
carbon dioxide emission will be increased by 0.01%. Our 
findings are reinforced by Baloch et al. (2020) and Mag-
nani (2000). They also state that income inequality raises 
pollution; however, You et al. (2020) argues that emission 
can be reduced in high-income countries with higher eco-
nomic growth as an improvement in income inequality. Baek 
and Gweisah (2013) illustrate that a high level of inequality 
raises emissions both in the short and the long run. Boyce 
(1994) gives the power-weighted social decision rule and 
argues that environmental degradation depends on the level 
of income distribution between poor and rich societies. Rich-
class people are likely to affect the environmental decisions 
that lead to environmental degradation. Likewise, income 
inequality raises consumption competition which is asso-
ciated with a rise in the use of energy, and thus a rise in 
energy use increases carbon dioxide discharge where the 
high amount of consumption is termed as the Veblen effect. 

This effect means that rich people are using luxurious items 
to show their rich status which is linked to the degradation 
of environmental quality. Likewise, Jorgenson et al. (2017) 
indicate that income inequality increases working hours 
while an increase in working hours raises the consump-
tion of energy that, in turn, increases carbon emission. Our 
findings can be attributed to some or all of these reasons; 
however, energy consumption and economic growth are also 
related to increased carbon emissions in our study. Thus, it 
can be concluded that income inequality, energy consump-
tion, and economic growth all together raise carbon emis-
sions in the Belt and Road Initiative countries that lead to 
environmental degradation. Our findings can be explained 
that income inequality increases emission which may be the 
reason that unequal income distribution reduces the low-
income people’s affordability to purchase environmentally 
friendly products as well the lack of awareness in poor peo-
ple due to low education as poor people cannot get enough 

Table 4   The direct effect of 
poverty and income inequality 
on carbon emission

Note: Standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1

Variables OLS Fixed effect Difference GMM System GMM

GINI 0.023***  − 0.008*** 0.010*** 0.010***
(0.006) (0.003) (0.0001) (0.0003)

POVT 0.002  − 0.004* 0.0001*** 0.033***
(0.005) (0.002) (0.0002) (0.0004)

GDP  − 0.004 0.001*** 0.0281*** 0.0001***
(0.011) (0.003) (0.0001) (0.001)

ENR 0.002*** 0.002*** 0.002*** 0.003***
(4.580) (5.780) (3.420) (2.760)

FDI 0.0462*** 0.006** 0.063*** 0.001***
(0.008) (0.003) (0.0002) (0.000)

IND 0.013* 0.021*** 0.013*** 0.013***
(0.006) (0.005) (0.0003) (0.0002)

ACCT​  − 0.014**  − 0.009*  − 0.001***  − 0.081***
(0.006) (0.005) (0.000) (0.0008)

TO  − 0.006***  − 0.006*** 0.005*** 0.008***
(0.001) (0.000) (0.0001) (7.230)

INF  − 0.000 0.000** 0.010*** 0.004***
(0.000) (0.000) (2.710) (9.800)

URB 6.851 4.500*** 5.430*** 8.360***
(5.631) (9.851) (0.001) (8.301)

L.co2 0.001*** 0.001***
(0.0001) (0.002)

Constant -0.063 0.870 3.376***
(0.684) (0.560) (0.082)

Observations 587 587 529 566
R-squared 0.906 0.835
Number of id 37 36 37
AR1  − 2.81(0.061)  − 2.97(0.014)
AR2  − 1.84(0.065)  − 1.08 (0.279)
Sargan test 705.92(0.012) 486.80(0.941)
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education. On the other hand, rich people can use luxury 
items with rising carbon emissions and worsening environ-
mental quality.

The results on the impact of poverty on carbon emis-
sions indicate that the estimated coefficient is significant 
and positive which illustrates that a rise in poverty leads 
to increase carbon emissions and degrading environmental 
equality in the sample countries. Specifically, the values of 
the coefficients specify that if there is a 1% increase in the 
level of poverty in selected sample countries will increase 
emissions by 0.001 and 0.003% correspondingly shown by 
difference and system GMM estimators. Baloch et al. (2020) 
and Masron and Subramaniam (2019) also found similar 
results which reinforce our findings. They further indicate 
that impoverished people in countries misuse environmental 
resources for their survival which raises the level of emission 
and degrades the quality of the environment. As confirmed 
by our findings, both poverty and income inequality increase 
carbon emissions and degrade environmental quality. The 
Belt and Road Initiative countries should reduce income 
inequality and alleviate poverty because it causes degrada-
tion. It is also proved by the effect of industrialization on 
carbon emissions. Countries on the Belt and Road Initiative 
are increasing industrialization to raise economic growth 
to eradicate poverty, thus increasing energy consumption 
which leads to environmental degradation. Jin et al. (2018) 
also indicates that an increase in industrialization raises eco-
nomic growth which in turn can alleviate poverty while also 
worsening the quality of the environment. The Belt and Road 
Initiative countries need to alleviate poverty; however, some 
of the economic activities should be reduced as these are 
related to carbon emissions.

Economic growth also significantly increases carbon 
dioxide as the coefficients are positive and significant in both 
models. The results show that a rise in economic growth in 
countries along the Belt and Road Initiative increase carbon 
dioxide discharge. More specifically, the results indicate 
that if there is a 1% increase in economic growth in the 
Belt and Road Initiative, countries will raise carbon dioxide 
emissions by 0.028 and 0.001%, respectively. Sharif et al. 
(2019) and Zafar et al. (2021), Khan et al. (2021a, b, 2022a), 
and Okere et al. (2021) reinforce our results. This positive 
effect on carbon emission can be the reason that the sample 
countries are mostly emerging and developing countries that 
are focusing on boosting economic growth and enhancing 
living standards even at the cost of the environment. These 
countries also need to reduce poverty and income inequality, 
and a rise in economic growth can achieve this objective. In 
this way, these countries increase economic growth through 
production and industrialization; however, increase in these 
factors raises energy demand while an increase in energy use 
leads to higher carbon emission discharge which is harmful 
to environmental quality.

Similarly, the system and difference GMM estimators on 
the impact of energy consumption on carbon emissions show 
that both coefficients are positive and significant, indicat-
ing that energy consumption in countries along the “Belt 
and Road Initiative” significantly increases carbon dioxide 
emissions.

Likewise, the difference and system GMM estimators on 
the effect of energy consumption on carbon emission indi-
cate that both coefficients are positive and significant which 
illustrates that energy consumption in the Belt and Road 
Initiative countries significantly increases carbon dioxide 
emission. The estimated coefficient values show that if there 
is a percent rise in the use of energy, it will increase carbon 
dioxide by 0.002 and 0.003%, respectively, shown by the 
difference and system GMM models in the selected Belt and 
Road Initiative countries. These results can be linked with 
the higher production level in the sample countries which 
are focusing to raise economic growth, while a rise in pro-
duction and industrialization increases economic growth 
and raises energy demand and thus leading to high carbon 
dioxide emissions. The sample countries can lower carbon 
emissions by using renewable energy sources as a substitute 
for energy from fossil fuels in production and accelerating 
economic activities that can in turn help alleviate the level 
of poverty, reduce emission levels, and attain sustainable 
development.

The effect of foreign direct investment on carbon dioxide 
emission is also positive and significant which indicates that 
a rise in the inflow of FDI in the selected Belt and Road Ini-
tiative countries leads to a rise in carbon dioxide emission 
which harms the environment. The difference and system 
GMM estimators’ results illustrate that a percent rise in FDI 
inflow in the Belt and Road Initiative countries increases 
carbon emission by 0.06 and 0.001%, respectively. Similarly, 
the effect of industrialization on carbon emission is posi-
tively significant in both estimators shown by its coefficient 
values. The coefficient values show that a percent increase 
in industrialization level in the selected sample countries 
will increase carbon dioxide by 0.013%. Industrialization is 
related to economic growth where industrialization uses a 
high amount of energy where Belt and Road Initiative coun-
tries may not have acquired yet renewable energy. Thus, a 
rise in industrialization to increase economic growth leads 
to rising carbon emissions and environmental degradation.

Access to electricity in the Belt and Road Initiative coun-
tries negatively and significantly affects the level of carbon 
dioxide emission shown by the estimated coefficient in the 
difference and system GMM model. The findings confirm 
that a rise in access to electricity in the selected countries 
significantly reduces carbon emissions and leads to a higher 
quality of the environment. The coefficient values illustrate 
that a percent rise in access to electricity in the selected 
countries will reduce the level of emission by 0.001 and 
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0.08%, respectively, shown by the difference and system 
GMM models.

The coefficients of international trade indicate that a rise 
in international trade in the selected Belt and Road Initiative 
countries significantly increases carbon dioxide emissions. 
The estimated values indicate that if there is 1% rise in trade 
will be an upsurge in carbon dioxide discharge by 0.005 
and 0.008%, respectively, in difference and system GMM 
models. Khan et al. (Khan et al. (2021a, b, 2022a) found that 
trade openness negatively affects carbon emissions. Danish 
Khan (2019) found that trade openness does not affect car-
bon emissions in his sample countries. On the other hand, 
Faisal et al. (2020) achieved the opposite results and argues 
that a high level of trade increases the emerging countries’ 
environmental quality.

The effect of inflation in the model on carbon emission 
is positive and highly significant shown by the estimated 
coefficients in difference and system GMM models. The 
results illustrate that a rise in the inflation level in selected 
countries leads to high carbon emissions. More specifi-
cally, the values of the coefficients indicate that a percent 
increase in inflation will increase carbon dioxide emission 
in selected countries of the Belt and Road Initiative by 0.01 
and 0.004%, respectively, shown by difference and system 
GMM models. Likewise, urbanization also exerts a signifi-
cant and positive effect on carbon emission indicated by the 
estimated coefficients both in difference and system GMM 
models. The results confirm that a rise in urbanization leads 
to high carbon emission discharge in the sample countries. 
More specifically, the results indicate that if there is a per-
cent increase in urbanization in the Belt and Road Initia-
tive countries, carbon dioxide emissions will rise by 5.4 and 
8.3%, respectively.

Table 5 presents the quadratic term results of the dif-
ference and system GMMs models on the impact of pov-
erty, income inequality, and economic growth on carbon 
dioxide emissions in selected BRI countries. The results 
show that the estimated coefficient of income inequality 
is significant and positive in both estimators, suggesting 
that income inequality in the sample countries leads to 
increased CO2 emissions. More specifically, the coeffi-
cient values indicate that a percentage increase in income 
inequality would increase carbon dioxide emissions by 
0.003% and 0.049% in selected countries shown by the 
results of difference and system GMM estimators, respec-
tively. Our findings are consistent with the theory of Boyce 
(1994) who postulate that higher income inequality wors-
ens environmental quality because income inequality cre-
ates rank differences among people that harm the environ-
ment. Likewise, our findings are also similar to the results 
of Uzar and Eyuboglu (2019) for Turkey and Hao et al. 
(2016) and Liu et al. (2019) for China. However, Demir 
et al. (2019) found opposite results to our findings.

Likewise, poverty in the sample countries raises carbon 
dioxide emissions, as the estimated coefficient of poverty 
is positive and significant in both models, indicating that 
poverty increases carbon dioxide emissions. More spe-
cifically, the coefficient values show that for every one 
percentage point increase in poverty in countries along 
the Belt and Road Initiative, carbon dioxide emissions 
increase by 0.001 percentage points. Masron and Subrama-
niam (2019) reinforces our research that poverty increases 
carbon emissions and reduces environmental quality.

The coefficients of economic growth estimated by the 
difference between GMM and the system GMM model are 
positive and significant, indicating that higher economic 
growth leads to higher carbon emissions in the sample 
countries. Specifically, the coefficient values indicate 
that 1% economic growth would increase carbon dioxide 
emissions by 0.012% and 0.001% in selected countries 
as shown by the difference and system GMM models, 
respectively.

Likewise, the results of the square term of economic 
growth indicate that it negatively and significantly affects 
carbon emissions. The coefficients are negative both in dif-
ference and system GMM models confirm the U-shape asso-
ciation between economic growth and carbon dioxide. Thus, 
the environmental Kuznets curve is validated in this result 
shown by the negative coefficients in both estimators. The 
results further illustrate that economic growth rise emission 
levels at the initial stage of the countries’ economic develop-
ment; however, it reduces carbon emissions when it reaches 
higher economic growth. Uzar and Eyuboglu (2019) also 
indicate that the environmental Kuznets curve is valid in 
Turkey. Furthermore, our findings are also in line with Liu 
et al. (2019) and Azam et al. (2021).

The positive effect of income inequality on carbon 
dioxide in sample countries can be linked to the economic 
growth level as economic growth is presumed to be a driver 
of living standards, and increases in economic growth are 
also believed to reduce income inequality; a reduction in 
income inequality can improve the quality of the environ-
ment shown by the results of this study. To test these hypoth-
eses, we employ the interaction term between income ine-
quality and economic growth in our model. The interaction 
term of income inequality and economic growth shows that 
income inequality has a moderating effect on carbon dioxide 
emissions through per capita economic growth. Likewise, 
the results on the interaction terms between inequality and 
economic growth indicate that the coefficients are negative 
which means that income inequality as a moderating effect 
via economic growth on carbon emission reduction.

The estimated coefficient values for the impact of 
energy consumption on CO2 emissions in the difference 
and system GMM models are negative and significant, 
suggesting that increased energy consumption increases 

36006 Environmental Science and Pollution Research  (2023) 30:35996–36011

1 3



CO2 emissions in selected countries. Specifically, the coef-
ficient values show that for every 1% increase in energy 
consumption in selected BRI countries, carbon emissions 
increase by 0.001% and 0.002%. The results indicate that 
high energy use is harmful to the quality of the environ-
ment; however, the use of renewable energy may be use-
ful to reduce pollution. Khan et al. (Khan et al. (2021a, 
b, 2022a) and Khan et al. (2020) argue that renewable 
energy use raises environmental quality by lowering the 
level of carbon emission discharge while Ali et al. (2017) 
indicate that energy from nonrenewable sources degrades 
environmental quality.

The effect of foreign direct investment on carbon emis-
sion is positive and significant shown by the coefficients in 
difference and system GMM models. The results illustrate 
that foreign direct investment in the sample countries leads 
to environmental degradation. The coefficient values show 
that if there is a percent rise in the inflow of foreign direct 
investment in the sample countries will increase emission 
levels by 0.006 and 0.06%, respectively. Similarly, a rise in 
industrialization in the sample countries will lead to envi-
ronmental degradation as the coefficients of industrialization 
in the models are positively significant which shows that 
industrialization raises carbon dioxide emission. This can 

Table 5   The nonlinear effect 
of poverty, income inequality, 
and economic growth on carbon 
emission

Note: Standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1

Variables OLS Fixed effect Difference GMM System GMM

GINI 0.014*  − 0.008** 0.003** 0.049***
(0.008) (0.003) (0.001) (0.0005)

POVT 0.003  − 0.003 0.001*** 0.001***
(0.005) (0.002) (0.000) (0.001)

GDP  − 0.076 0.009 0.012* 0.001***
(0.054) (0.016) (0.006) (0.0001)

GDP2  − 0.003**  − 0.001***  − 0.001***  − 0.0003***
(0.001) (0.000) (8.72) (1.230)

GDP*GINI 0.002  − 0.0001 7.840  − 6.240***
(0.001) (0.0004) (0.000) (9.140)

ENR 0.002*** 0.002*** 0.001*** 0.002***
(4.560) (5.740) (1.480) (4.490)

FDI 0.049*** 0.007** 0.006*** 0.065***
(0.008) (0.003) (0.001) (0.000)

IND 0.013* 0.022*** 0.015*** 0.085***
(0.006) (0.005) (0.000) (0.000)

ACCT​  − 0.013**  − 0.008  − 0.009***  − 0.006***
(0.006) (0.005) (0.001) (0.000)

TO  − 0.006***  − 0.006***  − 0.003*** 0.001***
(0.001) (0.000) (0.000) (9.940)

INF 0.0002 0.000*** 0.001*** 0.014***
(0.001) (0.000) (0.000) (9.810)

URB 6.821 4.530*** 2.970*** 3.650***
(5.741) (9.761) (1.321) (0.001)

L.co2 0.252*** 0.001***
(0.003) (0.002)

Constant 0.172 0.763 0.001***
(0.704) (0.560) (0.002)

Observations 587 587 529 566
R-squared 0.908 0.838
Number of id 37 36 37
AR1  − 2.00(0.045)  − 3.03(0.002)
AR2  − 0.90(0.369)  − 1.74 (0.082)
Sargan test 167.47(0.900) 493.47(0.900)
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be the reason that countries are increasing industrialization 
to increase economic growth which in turn raises energy 
demand while the high amount of energy use increases car-
bon emission and lowers the quality of the environment.

On the other hand, access to electricity in the sample 
countries exerts a negative and significant effect on carbon 
dioxide emission as the coefficients values are negative and 
significant in both models. The results of the study show 
that the electricity supply in the countries is associated with 
higher environmental quality, where each percent increase 
in electricity supply will reduce carbon dioxide emissions by 
0.009% and 0.006%, respectively, shown by difference and 
system GMM estimators.

The impact of international trade on CO2 emissions is 
significant and positive, indicating that the level of trade in 
countries has increased CO2 emissions. The estimated coef-
ficient values indicate that if international trade increases by 
1%, carbon dioxide emissions will increase by 0.001%, and 
thus, the increase in carbon dioxide will reduce the quality 
of the environment. Likewise, rising inflation levels in the 
sample countries lead to a high discharge of carbon diox-
ide. The coefficient values indicate that a percent increase 
in inflation would increase CO2 emissions by 0.01% and 
0.01% in selected countries shown by difference and system 
GMM models, respectively. Again, the impact of urbaniza-
tion on carbon emissions is significant and the estimated 
coefficients are positive. More precisely, the values of the 
coefficient indicate that a percentage increase in urbaniza-
tion in selected countries would increase CO2 emissions by 
2.9% and 3.6%.

Conclusion

This study uses panel data to investigate the impact of pov-
erty and income inequality on carbon dioxide emission in 
the Belt and Road Initiative countries from 1996 to 2018 
considering other closely related factors that include energy 
consumption, economic growth, foreign direct investment, 
industrialization, and access to electricity. The data for all 
variables were collected from the World Bank database, and 
the World Development Indicator, and employed OLS, fixed 
effects, difference GMM, and two-step system GMM estima-
tors for analysis. The results show that income inequality, 
poverty, economic growth, energy consumption, and indus-
trialization significantly increase carbon emissions, while 
electricity supply reduces emissions in the sample countries. 
The results further validate the environmental Kuznets curve 
hypothesis, and the interaction term of income inequality 
and economic growth significantly reduces environmental 
degradation. The findings confirm that a high level of pov-
erty and income inequality in the sample countries is linked 
to environmental degradation. This can be the reason that the 

sample countries are rising economic activities to enhance 
the living standard, reduce income inequality, and allevi-
ate poverty; however, rising economic activities through 
increased production raises unequal energy demand result-
ing in higher carbon dioxide discharge and in turn leads to 
environmental degradation.

Recommendations

The countries’ policies should be devised to raise economic 
growth by using renewable energy as a substitute for nonre-
newable energy in production to alleviate poverty as energy 
consumption in our findings are harmful to environmental 
quality. The countries should alleviate poverty without the 
cost of environmental quality by taking other possible ways. 
On the other hand, economic growth itself is the main driver 
of environmental degradation in the sample countries. This 
study can also suggest not alleviating poverty only with 
increased economic growth but may use other alternative 
ways such as short-term employment and financial support 
to the poor people to reduce poverty and lower the harmful 
impact of economic growth and poverty on the quality of 
the environment. The governments of the sample countries 
should also tackle the unequal distribution of income and 
provide policies that the high-class rich people should not 
use their income to produce pollution. For this purpose, a 
strong institutional framework in the sample countries might 
be required to provide such policies for the different levels 
of people to reduce emissions. Likewise, it is suggested that 
the use of nonrenewable energy sources in production should 
be reduced and government may invest in renewable energy 
sources as it is considered environmentally friendly. Inno-
vations may also be helpful to enhance energy efficiency 
and acquire renewable energy consumption which can be 
used as a substitute for nonrenewable energy for produc-
tion. In short, it is suggested that government should not 
only focus on rising economic growth through production 
and industrialization by using a high amount of energy to 
alleviate poverty while using alternative ways and making 
changes to the production process such as the use of renew-
able energy sources. Likewise, the government should also 
take part to reduce the unequal distribution of income which 
can be helpful reduce carbon emissions and raising environ-
mental quality.

Our study is limited to sample countries and target vari-
ables. Future researchers could conduct such research by 
incorporating institutional quality variables that aid in 
institutional policymaking. Future research could also 
include technological innovations, as innovations increase 
energy efficiency, access to renewable energy sources, and 
make production processes more efficient, which in turn 
helps reduce the harmful effects of industrialization and 
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economic growth on environmental quality. It is also rec-
ommended that such studies be conducted in other coun-
tries, such as developing and developed countries to draw 
useful recommendations, as these countries may differ in 
their levels of the income distribution, economic growth, 
poverty levels, and environmental quality.
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