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Abstract: The search for a green and low-carbon economy has been a guide to current energy and
environmental research. Using current panel cointegration approaches, our study examines the
interaction between trade and an environmental pollution proxy of carbon dioxide (CO2) emissions
by integrating economic growth and energy usage as major potential determining factors in this
relationship for 49 high-emission countries in Belt and Road regions over the period of 1991–2014.
For a robust analysis, we further grouped these countries into income panels (high, middle, low)
and various regions (East Asia, Southeast Asia, Central Asia, South Asia, the Middle East/Africa,
and Europe). The results of the panel cointegration tests revealed that the four variables were stationary
in the long run. Similarly, our panel results indicated that trade openness had both positive and
negative impacts on environmental pollution, but the effect varied in these different groups of nations.
The results of the vector error correction model (VECM) causality also showed a long-run causal effect
between trade, economic growth, energy consumption, and environmental pollution in the Belt and
Road, Europe, high-income, middle-income, and low-income panels. The environmental Kuznets
curve (EKC) results further indicated the existence of an inverted U-form relationship between trade
and carbon emissions. Finally, certain policy implications are discussed.
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1. Introduction

Economic study of the trade openness and CO2 emissions relationship has undoubtedly become
a major concern for economists, policymakers, and the general public. Since the emergence of the
“General Agreement on Tariffs and Trade” (GATT), trade between countries has increased significantly,
enhancing trade liberalization. Similarly, the reconstitution of the GATT to the World Trade Organization
(WTO) has greatly encouraged global trade. The most recent strategy is the establishment of the
“Trade Facilitation Agreement” (TFA) [1], which is estimated to stimulate global trade by up to
USD 1 trillion annually, with the greatest paybacks occurring for developing countries. However,
the main concern of the TFA is its long-run global externality effects. The reciprocity of international
trade was previously well proven in trade economics by Adam Smith and David Ricardo in their
absolute advantage theory and comparative advantage theory, respectively, revealing that developing
nations with receptive economic policies enjoy the mutual trade returns. In 2001, China officially
entered the WTO, and since then it has been heavily involved in international competition and global
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cooperation. A more recent study identified trade openness as the primary driving force behind
China’s economic development. For example, a report from the United Nations Statistics Division [2]
provided statistics on the volume of Chinese merchandise exports, which was estimated to reach
USD 2263.3 billion in 2017, representing 13.8% of exports worldwide. Additionally, the value of
imports increased to USD 1843.7 billion during that same period, although its imports system was
markedly different from that of exports. This transformation was accompanied by a wider range of
CO2 emissions from exports to several nations at the expense of Chinese energy usage and a safe
environment, with figures of petroleum and iron raw materials recording about 10.9% of Chinese
imports [2]. Within the scope of industrialization, pollution from global trade constituted a substantial
share of world CO2 emissions in 2008. Moreover, carbon emissions embodied in global value chains
are increasing more rapidly than some economic indicators, for example, population or real income [3].
An increasing number of empirical works have been carried out to determine the trade and CO2

emissions relationship [4–7]. However, the results from this research have been variable (finding either
positive or negative relationships), and a specific consensus has not been reached. This has generated
much concern for current studies on the subject, prompting researchers to include economic growth,
energy consumption, urbanization, and foreign direct investment (FDI) in the investigation of the
relationship between trade openness and environmental quality [8–10]. In economic theory, we know
that increasing trade enhances growth. Similarly, increasing growth adversely affects the environment
by releasing emissions into the atmosphere. We then expect the countries affected to implement more
environmentally friendly production techniques to enhance the quality of the environment.

In September 2013, at Nazarbayev University, the president of China revealed the biggest
infrastructure plan ever announced as part of his state visit to Kazakhstan (now known as the Belt
and Road Initiative (BRI), with the aim of improving connections and support between countries
in the Eurasian region in order to encourage trade [11–13]. The BRI reflects the trends of economic
globalization and is aimed at spreading China’s development opportunities throughout the Eurasian
region to achieve common prosperity. When fully implemented, the BRI is expected to change the
locality, supply, and trade structures of China. China has been instrumental in increasing global
emissions to date, overtaking countries such as the USA, India, and Japan. The Energy Information
Administration has reported that China’s CO2 emissions dramatically increased by 170% between 2000
and 2009 and are still rising [14]. This rapid rise in CO2 emissions can be attributed to its very high
emission intensity and strong reliance on coal for production [15]. In 2009, around 82% of China’s
electricity production was generated using conventional energy, primarily coal [14]. China’s growing
urban development means that the construction industry, accompanied by electricity production,
accounts for a substantial share of emissions from households [16]. Although studies have recently
been conducted on the trade–emissions nexus [8,17–21], very few have investigated this relationship
in Belt and Road countries as a whole [20–22]. These countries have been recognized over the past
years as major drivers of world economic growth within emerging markets, and current research has
forecasted them to be among the most dominant economies in the coming years. Additionally, previous
research has failed to consider the presence of the environmental Kuznets curve (EKC) framework
when investigating the effects of BRI projects on trade, energy consumption, and economic growth
and their adverse impact on global environmental quality. The theory behind the EKC started in the
early 1990s with Grossman et al. [23] during research on the possible effects of the North American
Free Trade Agreement (NAFTA) and an empirical study by Shafik et al. [24] for the 1992 World
Development Report. However, the EKC theory was made famous in the 1992 World Development
Report of the International Bank for Reconstruction and Development (IBRD) by retaining the opinion
that increased economic activity undoubtedly harms the environment; due to lack of innovations,
creativity and economic investment. Many scholars have explained this situation more aggressively,
with Beckerman [25] arguing that “even though growth in the economy normally contributes to
deterioration of the environment at the initial stages of development, in most countries, the most
possible way to achieve a safe surrounding is through development”. The EKC theory has not once
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been proven to be applicable to all emissions or ecological factors, and current research has disputed
the concept of the EKC at large. Increasing production costs due to strict environmental standards has
been a menace to global competition, according to manufacturers. The fundamental theory is that
pollution-intensive firms in countries with friendly environmental standards enjoy more economic
benefits, more than the similar firms located in countries with rigorous environmental laws. However,
issues with regard to the potential negative environmental effects of open trade have been widely
discussed, with the fear that a highly incorporated global economy (for instance, NAFTA, the European
Union, and the WTO) will accelerate the depletion of resources, increase global emissions, and promote
dumping in low-income economies. The level of a country’s real GDP is a major factor in determining
environmental regulations. However, inequalities in the cost of complying with environmental
standards are the main reason for trading in dirty commodities.

Against this background and the 2030 agenda for sustainable development on climate change by
the World Bank, this paper examines the immediate and long-term economic effects of real income,
international trade, and energy consumption on environmental quality using panels from countries
within Belt and Road regions over the period of 1991–2014. With this, we hope to add to existing studies
by investigating the performance of trade and its long-term impacts on the environment. Our work
contributes in multiple ways to current research. First, we used panel data from Belt and Road regions
to empirically investigate the relationship between trade and environmental quality using the Granger
causality approach of Engle et al. [26]. Again, for robust analysis, we used the most suitable and current
long-term panel modus operandi, together with the panel cointegration estimate recommended by
Pedroni [27]. We also discuss the complexity of the trade openness and CO2 emissions relationship,
pointing out that more trade does not always mean more emissions, and more emission levels do not
necessarily involve more trade.

The manuscript adopts the following structure: Section 2 provides brief assessments on the related
literature. Section 3 is the data, methodology, and empirical evidence used. Section 4 reveals and
explains the empirical results. Section 5 concludes the study and provides several policy implications.

2. Literature Review

2.1. The Pollution Haven Hypothesis

In most cases, the pollution haven hypothesis (PHH) by Copeland et al. [28] explains the influence
of trade on the environment. Strict environmental regulations in a country force companies to relocate to
economies with friendly environmental laws. We can therefore classify the PHH as low environmental
regulations that provide countries with comparative advantages that distort international trade patterns.
Since many developing countries have an edge in the production of pollution-intensive commodities,
their supply may be shifted to developing nations due to trade liberalization. The total effect of
international trade on pollution is therefore obscure. The impacts of free trade on the environment
are fully explained by composition, scale, and technology effects [4,29,30]. The scale effect shows
that economic growth, mainly due to trade, worsens the environment due to the expansion of energy
demand resulting from increased economic activity. However, as countries embrace free trade,
higher income levels can lead to environmental improvements at the peak of economic prosperity.
The composition effect explains that countries should change their production process based on their
comparative advantage. When demand for traded goods manufactured by contaminating methods
increases, countries in turn produce polluted goods ceteris paribus. This results in the movement of
the polluting sector from industrialized nations to underdeveloped economies [30]. Thus, reaffirming
Grossman et al. [31], the net composition effect is that environmental improvements are fueled by
higher income levels, but this result could be biased due to the comparative size of the environmental
regulatory effect and the capital–labor effect in those industrial economies [32]. Finally, the technical
effect explains the environmental impacts of transferred knowledge and innovative production
methods as income and trade expand. Through trade liberalization, the transfer of environmentally
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friendly technologies and energy-efficient production techniques between countries can lead to lower
greenhouse gas (GHG) emissions, specifically CO2. Therefore, classifying a country as a pollution
haven depends on the above-mentioned features.

2.2. Trade Openness and Carbon Emissions

A number of works have developed empirical and theory-based models for analyzing the impact
of trade liberalization on the environment [5]. The impact of international trade on environmental
sustainability is an essential component in the formulation of trade policies. Using the simultaneous
equation model [33], the impact of CO2 emissions on trade openness and other indicators for 14 Middle
Eastern and North American (MENA) nations was studied between 1990 and 2011. The outcome
showed that the effect of open trade on pollution in these economies was inverse and statistically
unimportant. Utilizing the fully modified ordinary least squares (FMOLS) technique, Shahbaz et al. [6]
analyzed 105 countries, obtaining data for the period 1980–2014 and grouping them into samples
of worldwide, high- (developed), middle- (developing), and low-income (underdeveloped) groups.
The research showed an inverted U-form nexus between trade and environmental quality for all
groups. Similarly, Shahbaz et al. [34] found that trade openness improves pollution, since free trade
fosters a greater level of research and development associated with foreign direct investment (FDI).
Sohag et al. [35] investigated the impacts of real income, trade, population increases, and energy
consumption on CO2 emissions using data from 82 developing nations between 1980 and 2012 using
various mean group (MG) approaches (cross-correlated and augmented). The results showed that
a percentage increase in trade (holding all of the other explanatory variables constant) reduces CO2

pollution by 0.3%. Meanwhile, the results were inconclusive for low-income, middle-income, and full
sample countries. Managi et al. [36] used the instrumental variables modus operandi to estimate the
overall effect of trade on environmental quality. The results showed that global trade increases emissions
in non-advanced economies, with a contradictory reaction in advanced economies: this increase was
attributed to the scale and composition effects of trade. By using industrial data from various Chinese
provinces from 1997–2007, Jayanthakumaran et al. [37] examined the relationship between real income,
global trade, CO2 emissions, and sulfur dioxide (SO2) particulates, confirming that international trade
minimizes greenhouse gas emissions by increasing income and promoting an overall increase in
consumer expenditure on environmentally friendly goods. Unresolved empirical research could have
possibly occurred due to omitted variables, since a number of pollutants react contrarily to various
trade factors and since the impact of trade on the environment is nation-precise, which may depend on
the income level and political institutions of countries. In addition, few studies on the subject have
involved Belt and Road countries as a whole, thereby creating the zeal for this research.

2.3. Real Income, Energy Consumption, and CO2 Emissions

A school of thought has argued that the above economic indicators are interrelated and need to
be studied together [38]. For instance, an EKC study confirmed that rising incomes do not always
reduce CO2 emissions, arguing that environmental pollution typically increases as income increases
(Salahuddin et al. [39] and Farhani et al. [40]). In addition, since energy usage has a significant effect on
the quality of the environment, it is feasible to examine these two components using a joint mechanism
to minimize inaccuracy. Likewise, because the three elements are related, their relationships may be
tested simultaneously by a joint mechanism: specifically, in accordance with studies conducted by
Keppler et al. [41] in the UK; in Brazil, Russia, India, China, and South Africa (BRICS) by Pao et al. [42];
in India by Ghosh [43]; and in China by Zhang et al. [44]. However, their results were different
due to the various approaches, data, and nations used in their research. Over the past two decades,
the real income and environmental pollution relationship has been well examined in the literature:
This research has mostly been linked to the EKC framework. Much of the previous research on this
relationship has supported the inverted U-shaped relationship, often described as the EKC theory.
Since Grossman and Krueger [23,45], this relationship has been further investigated. Saboori et al. [46],
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Ozturk et al. [47] and Fodha et al. [48] examined the EKC framework in their research, but their
analysis showed a scope of inconsistent outcomes. For instance, a linear relationship, N-shaped
relationship, and U-shaped relationship have appeared in the literature. An omitted variable bias
issue was identified as the key limitation in the previous studies. Therefore, some current research has
integrated other variables that influence environmental pollution, such as urbanization, trade openness,
financial development, and energy consumption, into studies. This multivariate analysis, however,
has also generated various outcomes for the EKC theory [33,47]. Using a bootstrap panel unit root
test and cointegration method, Arouri et al. [38] investigated the nexus between real income, energy
usage, and CO2 emissions for 12 MENA countries between 1981 and 2005. Their results showed
increasing long-run relationships between energy usage, real income, and CO2 emissions. This also
revealed that economic growth had a quadratic relationship with environmental pollution in the
12 countries. They further emphasized that while the long-term coefficient estimates of real GDP
met the EKC framework in the selected nations; their threshold points were different, thus failing to
fully explain the EKC hypothesis. Acheampong [49] employed panel vector autoregression (PVAR)
together with a system generalized method of moment (GMM) to investigate the changing causality
between CO2 emissions, energy consumption, and economic growth in 116 nations between 1990 and
2014. Their outcomes established that real income does not influence global and territorial energy
usage. Again, apart from worldwide and the Caribbean/Latin America, real income had no causal
effect on environmental pollution. In addition, energy usage increased real income in Sub-Saharan
Africa and inversely affected real income in the Caribbean/Latin America. Finally, apart from MENA
nations, environmental pollution did not affect the use of energy in the global sample, with countries
in Sub-Saharan Africa showing evidence of the EKC framework. Gorus et al. [50] also examined
the causality between real income, energy usage, and pollution using various Granger causality
approaches in eight MENA oil-endowed economies between 1975 and 2014. The examination of the
panel frequency domain showed a cause-and-effect relationship between all the underlying variables
in different frequencies relative to the causal relationships of the time domain. Previous studies have
failed to include both regional and income levels in their analysis, making it difficult to explain the
extent to which energy consumption and real income affect environmental pollution in this group
of nations.

3. Model and Empirical Analysis

3.1. Methodology and Data Collection

This section defines the framework and data used for the empirical analysis of the trade and
environmental relationship. We compiled data on CO2 emissions, real income, trade, and energy usage
from the World Bank online data bank (2017) for 49 high-emission countries in Belt and Road regions
(Table 1). Our data were yearly, ranging from 1991 to 2014.We further grouped the data into region and
income groups. Many elements were employed to measure pollution in the literature, including SO2,
nitrogen oxide (NO), and CO2, etc. However, we used CO2 in our analysis because of its global effects.
For instance, a report from the Environmental Protection Agency (EPA) showed the health problems
associated with CO2 emissions in the atmosphere [51].

Table 1. Definition of variables.

Variable Definition Units of Measurement

CO2 Carbon emissions per metric ton Metric ton
Y GDP per capita Current USD

TR Import + export Current USD
EC Energy consumption kg of oil equivalent per capita
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Our work selected and used available data for the empirical analysis. We presupposed that the
main forces of economic development were trade and energy usage, so we defined environmental
pollution as an end product of energy consumption in relation to trade and economic growth.

Hence, we defined our models:

CO2it = f (Yit, TRit, ECit). (1)

We altered all selected variables into natural logarithms in order to minimize the heteroscedasticity
problem and get the growth level of the parameters by their log differences to compute Equation (2),
using it to examine the relationship between the dependent and independent variables, following the
works of [52–55]:

ln CO2it = α0 + α1 ln Yit + α2 ln TRit + α3 ln ECit + εit, (2)

where ln CO2it indicates the natural log of CO2 emissions; ln Yit denotes the natural log of real income
as a proxy for economic growth; ln TRit shows the natural log of trade openness; and ln ECit shows the
natural log of energy consumption. The normal or stochastic error term εit is assumed to be normally
distributed. The coefficients α1, α2 and α3 indicate the elasticity of environmental pollution with
respect to real income, trade, and energy consumption, respectively, and α0 is the constant parameter.
If α1 < 0, this shows that economic growth (Yit) is substitute for environmental pollution (CO2it),
and otherwise the two are complements, that is, when α1 > 0. This means that increasing real income
will consequently increase energy consumption and thereafter cause pollution in the atmosphere to
rise. If α2 < 0, this means that global trade will deteriorate energy concentration through the technical
effect by refining the environment, and it will inversely affect economic growth by increasing energy
demand, leading to a potential rise in CO2 emissions, thus reducing environmental quality when
α2 > 0. If α3 < 0, this implies that the effect of energy usage on environmental pollution is negative,
or else positive.

As for the anticipated outcomes, we expected α1 to be positive, implying that increasing real
income will increase environmental pollution. For α2, we expect mixed signs (positive or negative),
as in the economic literature. According to Kohler [56], this varies depending on the degree of
economic development. We expected a negative sign for developed countries, since developed
countries at a certain point stop manufacturing emission-intensive commodities and import them from
nations with lenient environmental regulations. With regard to emerging economies, we expected
a positive sign, because pollution-intensive sectors appear to emit a larger percentage of pollutants.
We expected the sign of α3 to be positive, since higher energy consumption is expected to increase
environmental pollution.

Finally, following the theory behind the EKC analysis, we examined the reality of an inverted
U-shape relationship between trade openness and CO2 emissions. We introduced the square of trade
into Equation (2) to compute Equation (3), using this equation to confirm the rationality of the EKC
hypothesis in our model. Following the work of Shahbaz et al. [6], we defined our EKC model as below:

ln CO2it = α0 + α1 ln Yit + α2 ln TRit + α3 ln
(
TR2

it

)
+ α4 ln ECit + εit, (3)

where α0 in the model is the interception parameter, which differs between country i and year t.
The basic theory is that [57] while pollution levels per metric ton may vary across nations at any given
level of trade, the coefficient of trade openness is constant for all nations at a particular level of trade.
The threshold point of trade openness, where pollution is maximized, is determined by

π = exp(−α2/2α3). (4)
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3.2. Data Tests and Analysis

3.2.1. Cross-Sectional Dependence Test

An economic analysis with panel data had several merits over cross-sectional and time series
data. Using panel data in particular [43] enabled further observations by combining time series data
between nations and further generated greater exponents for estimating the Granger causality test.
In addition, when using panel data, we could control exogenous sources of individual heterogeneity
that varied over specific periods. Since trade openness generally involves several nations, it became
very important to take into account the influence of cross-sectional dependence on the selected
dataset. We therefore began our analysis with a cross-sectional dependence test. The existence of
cross-sectional dependency in a cross-country panel analysis occurs due to unnoticed common shocks
or model misspecifications that are part of the error terms. Cross-sectional dependency within panels
may be described as weak or strong, but negligence in determining the presence of cross-sectional
dependency between selected variables can lead to bias estimations as well as inconsistent standard
errors of the estimated parameters [58]. Therefore, by using the one parametric test proposed by
Pesaran et al. [58,59], and Breusch et al. [60], we examined the existence of cross-sectional dependency
within our selected panels. The cross-sectional dependency lagrange multiplier (CDLM) [58] test sums
the squares of the correlation coefficient between cross-sectional residuals. This technique is used
when T > N or N > T, where N is (the cross-sectional dimension) and T is (the time dimension of the
panel) and is asymptotically standard and normally distributed. The null and alternative hypotheses
were consistent with the CDLM1 test used by Breusch et al. [60]. This test is calculated using the
following formula:

CDLM =

√
2T

N(N − 1)
(
∑N−1

i=1

∑N

j=i+1
ρ̂i j), (5)

where ρ̂i j represents the sample outcome of the pairwise correlation of the residual, which is defined as:

ρi j = ρ ji =

∑T
t=1 εitε jt

(
∑T

t=1 ε
2
it)

1/2
(
∑T

t=1 ε
2
jt)

1/2
. (6)

The null and alternative hypotheses to be verified were ρi j = ρ ji = corr(εit, εt j) = 0 for i , j and
(ρi j = ρ ji , 0) for specific i , j, respectively. The CDLM1adj test of Pesaran et al. [59] is an extended form
of the CDLM1 estimation formulated by Breusch et al. [60] and is expressed below:

CDML1adj =
1

CDLM1


(T − k)ρ2

i jµT√
v2

i j

, (7)

where N~(0, 1) and CDLM1 is computed as

CDLM1 = T
∑N−1

i=1

∑N

j=i−1
ρ̂2

i j. (8)

This test also squares and adds the correlation coefficients between cross-sectional residuals after
the ordinary least square (OLS) estimation and is used when N is constant and T approaches infinity
and has N(N − 1)/2 degrees of freedom (Table 2). Below are the null and alternative hypotheses for
this test: H0 (there is no relationship between cross-sections) and H1 (there is a relationship between
cross-sections).
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Table 2. Dependency test result.

Countries Variable Breusch–Pagan LM Pesaran LM Pesaran CD

Belt and Road

ln CO2it 12,926.99 (0.0000) * 242.3014 (0.0000) * 22.43205 (0.0000) *
ln Yit 24,017.5 (0.0000) * 470.9839 (0.0000) * 154.6236 (0.0000) *

ln TRit 24,985.2 (0.0000) * 490.9374 (0.0000) * 157.8545 (0.0000) *
ln ECit 7994.459 (0.0000) * 140.5943 (0.0000) * 25.11911 (0.0000) *

High-Income

ln CO2it 1185.95 (0.0000) * 63.66259 (0.0000) * 0.51182 (0.6088)
ln Yit 2907.51 (0.0000) * 168.0475 (0.0000) * 53.86982 (0.0000) *

ln TRit 2988.747 (0.0000) * 172.9732 (0.0000) * 54.61348 (0.0000) *
ln ECit 603.4995 (0.0000) * 28.34632 (0.0000) * 4.733538 (0.0000) *

Middle-Income

ln CO2it 4183.259 (0.0000) * 151.3334 (0.0000) * 14.87076 (0.0000) *
ln Yit 6642.774 (0.0000) * 247.8035 (0.0000) * 81.33934 (0.0000) *

ln TRit 6853.511 (0.0000) * 256.0693 (0.0000) * 82.66953 (0.0000) *
ln ECit 2780.408 (0.0000) * 96.30902 (0.0000) * 17.34194 (0.0000) *

Low-Income

ln CO2it 143.0766 (0.0000) * 23.38349 (0.0000) * 7.67568 (0.0000) *
ln Yit 299.109 (0.0000) * 51.87097 (0.0000) * 17.26065 (0.0000) *

ln TRit 294.9485 (0.0000) * 51.11136 (0.0000) * 17.14719 (0.0000) *
ln ECit 136.8153 (0.0000) * 22.24034 (0.0000) * 2.180673 (0.0000) *

Note: *, indicates significance at 1%, (authors’ computation).

3.2.2. Panel Unit Root Test

Our research employed two alternative unit root test approaches to examine the availability of
stationarity in our panel data and to reduce the problem of inconsistency and invalid test statistics
in our estimation. This included the Levin–Lin–Chu (LLC) approach by Levin et al. [61] and the
Im-Pesaran-Shin (IPS) test by Im et al. [62] (Table 3). In this respect, the null hypothesis of nonstationarity
within the series is evaluated against the alternative hypothesis that a proportion of the variables are
completely static. Conversely, the LLC test for stationarity merges the various cross-sections, allowing
the free movement of trends and intercepting coefficients across cross-sections and generating joint
t-test results [63]. The LLC test evaluates the null hypothesis of stationarity between the individual
cross-sections with the alternative hypothesis of stationarity between all cross-sections. According to
Baltagi et al. [64], the LLC technique allows for “static influences, separate deterministic movements
and unrelated serially correlated errors”, providing efficient results for panels of a moderate size.
To limit the impact of cross-sectional dependency in our panel, we demeaned the data during the
LLC test. In addition, Bildirici et al. [65] confirmed that the LLC test provides better approximations
compared to other previous stationarity test approaches.

Table 3. Unit root test result.

Panels/Series
Level First Difference

Intercept Intercept and Trend Intercept Intercept and Trend

Belt and Road

LLC Test
ln CO2it −3.422 (0.0003) * −4.73 (0.0000) * −11.91 (0.0000) * −8.873 (0.0000) *

ln Yit 0.894 (0.8145) −1.680 (0.0464) ** −10.616 (0.0000) * −8.153 (0.0000) *
ln TRit −0.906 (0.1823) −1.401 (0.0805) *** −14.561 (0.0000) * −11.23 (0.0000) *
ln ECit −1.358 (0.0872) *** −1.285 (0.0993) *** −9.154 (0.0000)* −7.365 (0.0000) *

IPS Test
ln CO2it 0.857 (0.8044) −1.475 (0.0700) *** −15.574 (0.0000) * −12.97 (0.0000) *

ln Yit 7.896 (1.0000) 0.296 (0.6165) −11.242 (0.0000) * −6.881 (0.0000) *
ln TRit 7.067 (1.0000) −0.958 (0.1689) −14.994 (0.0000) * −10.83 (0.0000) *
ln ECit −0.948 (0.1715) −1.449 (0.0736) *** −13.411 (0.0000) * −9.508 (0.0000) *
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Table 3. Cont.

Panels/Series
Level First Difference

Intercept Intercept and Trend Intercept Intercept and Trend

High-Income

LLC Test
ln CO2it −2.628 (0.0043) * −0.613 (0.2697) −7.7673 (0.0000) * −5.677 (0.0000) *

ln Yit −0.711 (0.2384) −0.028 (0.4886) −9.1453 (0.0000) * −7.705 (0.0000) *
ln TRit 0.016 (0.5067) −1.804 (0.0356) ** −10.013 (0.0000) * −8.107 (0.0000) *
ln ECit −0.347 (0.3642) 2.190 (0.9860) −3.692 (0.0001) * −2.561 (0.0052) *

IPS Test
ln CO2it −1.097 (0.1361) −0.072 (0.4709) −10.264 (0.0000) * −9.075 (0.0000) *

ln Yit 3.740 (0.9999) 0.250 (0.6003) −7.607 (0.0000) * −5.051 (0.0000) *
ln TRit 4.616 (1.0000) −1.278 (0.1005) −9.824 (0.0000) * −7.54 (0.0000) *
ln ECit −2.158 (0.0154) ** 0.155 (0.5620) −7.532 (0.0000) * −5.66 (0.0000) *

Middle-Income

LLC Test
ln CO2it −3.277 (0.0005) * −4.253 (0.0000) * −8.146 (0.0000) * −5.980 (0.0000) *

ln Yit 0.286 (0.6129) −1.2978 (0.0972) *** −5.611 (0.0000) * −3.536 (0.0002) *
ln TRit −1.143 (0.1264) −0.7078 (0.2395) −10.484 (0.0000) * −8.474 (0.0000) *
ln ECit −1.737 (0.0411) ** −2.705 (0.0034) * −7.536 (0.0000) * −6.182 (0.0000) *

IPS Test
ln CO2it 1.417 (0.9218) −1.599 (0.0549) *** −10.692 (0.0000) * −8.243 (0.0000) *

ln Yit 5.503 (1.0000) 0.682 (0.7525) −7.290 (0.0000) * −3.83 (0.0001) *
ln TRit 4.952 (1.0000) 0.050 (0.5201) −9.859 (0.0000) * −6.704 (0.0000) *
ln ECit 0.208 (0.5826) −1.472 (0.0705) *** −9.869 (0.0000) * −6.598 (0.0000) *

Low-Income

LLC Test
ln CO2it 0.818 (0.7935) −2.654 (0.004) * −2.440 (0.0070) * −1.356 (0.0874) ***

ln Yit 3.022 (0.9987) −2.406 (0.0081) * −5.154 (0.0000) * −4.908 (0.0000) *
ln TRit −0.642 (0.2602) −0.909 (0.1815) −2.933 (0.0017) * −0.524 (0.3001)
ln ECit 0.371 (0.6447) −1.908 (0.0282) ** −5.003 (0.0000) * −4.837 (0.0000) *

IPS Test
ln CO2it 1.335 (0.9091) −0.728 (0.2332) −4.997 (0.0000) * −4.645 (0.0000) *

ln Yit 4.849 (1.0000) −0.950 (0.1709) −4.118 (0.0000) * −3.256 (0.0006) *
ln TRit 1.854 (0.9682) −0.821 (0.2056) −5.579 (0.0000) * −3.929 (0.0000) *
ln ECit 0.518 (0.6981) −1.303 (0.0961) *** −5.026 (0.0000) * −3.855 (0.0001) *

Note: *, **, *** indicates significance at 1%, 5%, and 10% respectively. LLC: Levin–Lin–Chu, IPS: Im-Pesaran-Shin.

3.2.3. Panel Cointegration Test

Several panel cointegration tests are available in the literature, and the emergence of a panel
cointegration test from time series analysis is a recent occurrence. We therefore used seven different
test statistics for testing the cointegration nexus in the heterogeneous panels described by Pedroni [27].
This test was further grouped into two dimensions: the “inner dimension” and “between dimensional
statistics”, usually described as the panel cointegration test and grouped mean panel cointegration
statistics, respectively. The alternative hypotheses for both groups were tested against the same null
hypothesis. However, this analysis was modified to minimize the possible bias created by the potential
endogenous series in the model. When applying the cointegration test by Pedroni [27], we first
evaluated the panel cointegration regression model and saved the residual:

Xit = δoi + αit + β1iY1it + βniYnit + πit. (9)
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We continued the test by finding the first difference of our dataset for the 49 selected countries
and calculated the residuals of the differentiated regression as below:

∆Xit = θ1i∆Y1it + θni∆Ynit + εit. (10)

The third sequence of the test was to estimate the residual (ε̂it) and the long-run variance (L̂2
11i)

using the regression equation developed after estimating our first difference. This was then followed
by estimating the appropriate autoregressive model using the residuals from the panel cointegration
regression equation. The next step was to calculate the seven-panel statistics developed by [27] using
the averages and variance modification. All seven tests by Pedroni [27] verified the null hypothesis of
no cointegration (Table 4). This is computed below versus different alternative hypotheses, H1: ρi = 1
for all i = 1, 2, 3 . . . . . . . . . N. The alternative hypothesis for the grouped mean panel cointegration
statistics was H1: ρi < 1, where a similar value of ρi = ρ was insignificant. Similarly, the alternative
hypothesis for the “inner dimension” was ρi = ρ < 1. Here, we presumed a constant value for ρi = ρ.
However, with respect to the various alternative hypotheses, the outcomes were negative.

Table 4. Pedroni cointegration test result.

Model Panels Statistics P-Value Model Panels Statistic P-Value

Within-Dimension Within-Dimension
Panel v-Statistic

Belt and Road

2.7042 0.0034 * Panel v-Statistic

High-Income

0.7829 0.2168
Panel rho-Statistic −2.7354 0.0031 * Panel rho-Statistic −0.3463 0.3646
Panel PP-Statistic −13.1135 0.0000 * Panel PP-Statistic −2.2617 0.0119 **

Panel ADF-Statistic −2.4385 0.0074 * Panel ADF-Statistic −2.2013 0.0139 **
Between-Dimension (Between-Dimension)
Group rho-Statistic 0.6731 0.7496 Group rho-Statistic 0.1584 0.5630
Group PP-Statistic −14.9132 0.0000 * Group PP-Statistic −4.0045 0.0000 *

Group ADF-Statistic −4.2855 0.0000 * Group ADF-Statistic −2.5734 0.0050 *
Within-Dimension Within-Dimension

Panel v-Statistic

Middle-Income

2.5904 0.0048 * Panel v-Statistic

Low-Income

3.9026 0.0000 *
Panel rho-Statistic −3.4590 0.0003 * Panel rho-Statistic −1.7520 0.0399 **
Panel PP-Statistic −9.4382 0.0000 * Panel PP-Statistic −3.9126 0.0000 *

Panel ADF-Statistic −1.3362 0.0907 *** Panel ADF-Statistic −1.8888 0.0295 **
Between-Dimension Between-Dimension
Group rho-Statistic 0.112821 0.5449 Group rho-Statistic −0.6947 0.2436
Group PP-Statistic −7.29825 0.0000 * Group PP-Statistic −5.3107 0.0000 *

Group ADF-Statistic −1.83946 0.0329 ** Group ADF-Statistic −2.3755 0.0088 *

Note: *, **, *** indicates significance at 1%, 5%, and 10%, respectively (authors’ computation). ADF: augmented
Dickey–Fuller; PP: Phillips-Perron.

3.2.4. Panel Cointegration Estimates

In this section, we examine the long-run effects between our dependent and independent variables
considering the existence of cross-sectional dependency within our dataset. We estimated the long-run
regression models by means of the FMOLS technique (Table 5). The FMOLS is totally independent
from larger samples within the existence of endogeneity and heterogeneous changes. Once more,
using this approach generates consistent and unbiased estimates in smaller samples [66]. The FMOLS
coefficient estimator is defined below:

β̂∗NT = N−1/2
∑N

i=1
V̂−1

11i(
∑T

t=1
(yit − yi)

2)
−1/2

(
∑T

t=1
(yit − yi))X

∗

it − Tε̂i, (11)

where X∗it = (Xit −X) − V̂21t
V22i

∆yit, ε̂i = Ĝ21i + ϑ̂0
21i −

V̂21t
V22i

(Ĝ22i + ϑ̂0
22i), and V̂i is a lower triangular

decomposition of ϑ̂i as both T and N approach infinity for both the standard model lacking intercepts
and the fixed effects model with heterogeneous intercepts.
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Table 5. Panel FMOLS cointegration estimate results.

Dependent Variable lnCO2it

Panel/Variables Coefficient P-Value Panel/Variable Coefficient P-Value

Belt and Road Southeast Asia
ln Yit −0.2055 0.0000 * ln Yit 0.1306 0.0000 *

ln TRit 0.2240 0.0000 * ln TRit 0.2368 0.0000 *
ln ECit 1.1648 0.0000 * ln ECit 0.7464 0.0000 *

High-Income Central Asia
ln Yit −0.5800 0.0000 * ln Yit 0.0576 0.0303 **

ln TRit 0.4623 0.0000 * ln TRit 0.1174 0.0596 ***
ln ECit 1.1857 0.0000 * ln ECit 0.7558 0.0000 *

Middle-Income Middle East/Africa
ln Yit −0.0488 0.0000 * ln Yit −0.0773 0.0002 *

ln TRit 0.0471 0.0124 ** ln TRit 0.3314 0.0000 *
ln ECit 1.2701 0.0000 * ln ECit 0.6140 0.0000 *

Low-Income South Asia
ln Yit 0.0989 0.0000 * ln Yit 0.2209 0.0000 *

ln TRit 0.3090 0.0000 * ln TRit 0.1861 0.0001 *
ln ECit 1.096 0.0000 * ln ECit 1.2633 0.0000 *

East Asia Europe
ln Yit 0.3728 0.0000 * ln Yit 0.0666 0.0000 *

ln TRit −0.1172 0.2625 ln TRit −0.1407 0.0000 *
ln ECit 0.6835 0.0000 * ln ECit 1.1414 0.0000 *

Note: *, **, *** indicates significance at 1%, 5%, and 10%, respectively. FMOLS: Fully Modified Ordinary Least Squares.

3.2.5. Panel Causality Test

After estimating the long-run nexus between the underlined series, we followed Engle et al. [26]
to examine the Granger causality between sustainable trade and pollution using the vector error
correction model (VECM) panel model (Tables 6 and 7). Our VECM model is defined below:

∆lnCO2it = δi +
∑n

j=1 δ11i j∆lnCO2i, t− j +
∑n

j=1 δ12i j∆lnYi, t− j +
∑n

j=1 δ13i j∆lnTRi, t− j +∑n
j=1 δ14i j∆lnECi, t− j + γ1iθi, t−1 + εit,

(12)

where γ1i represents the elasticity of adjustment for the cointegration vector θi, t−1; and δ12i j, δ13i j, θ14i j
indicate the short-term elasticity for the break values of the endogenous series, that is, economic growth,
international trade, and energy usage, respectively. We employed Wald tests (F-tests) for short-run
causality to test the null hypotheses of H0 = δ12i j = 0 for every i and j in our equation. Similarly, the null
hypothesis of H0 = γ1i = 0 was used to estimate the long-term causal relationship between the selected
variables for all i and j in the equation. Utilizing the multiple regression causal relationships proposed
by Granger with a break interval of n (Schwarz Info Criterion, SIC = 2), we estimated and analyzed the
direction of both causalities within our model.

Table 6. Panel vector error correction model (VECM) Granger causality test results.

Dependent Variables

Independent Variables

lnCO2it lnYit lnTRit lnECit ECT-1

Short Run Long Run

Belt and Road
ln CO2it 0 1.2487 (0.5356) 2.9302 (0.2310) 17.3300 (0.0002) * −0.0079 (0.0000) *

ln Yit 1.6195 (0.4450) 0 0.3005 (0.8605) 18.6802 (0.0001) * 0.0011 (0.5428)
ln TRit 0.3517 (0.8387) 3.7997 (0.1496) 0 14.3249 (0.0008) * 0.0025 (0.2859)
ln ECit 13.3974 (0.0012) * 0.4795 (0.7868) 0.0925 (0.9548) 0 −0.0022 (0.0320) **
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Table 6. Cont.

Dependent Variables

Independent Variables

lnCO2it lnYit lnTRit lnECit ECT-1

Short Run Long Run

High-Income
ln CO2it 0 1.3830 (0.5008) 1.2084 (0.5465) 12.3981 (0.0020) * −0.0094 (0.0008) *

ln Yit 1.0366 (0.5955) 0 0.7134 (0.7000) 10.3203 (0.0057) * −0.0082 (0.0120) **
ln TRit 0.8481 (0.6544) 0.0086 (0.9957) 0 3.5804 (0.1669) 0.0028 (0.5079)
ln ECit 4.3611 (0.1130) 1.1299 (0.5684) 2.3906 (0.3026) 0 0.0024 (0.2079)

Middle-Income
ln CO2it 0 0.3361 (0.8453) 5.0801 (0.0789) *** 6.5886 (0.0371) ** −0.0031 (0.0000) *

ln Yit 2.0913 (0.3514) 0 1.6337 (0.4418) 8.3475 (0.0154) ** 0.0001 (0.9209)
ln TRit 0.1346 (0.9349) 7.0280 (0.0298) ** 0 7.9989 (0.0183) ** −0.0002 (0.8139)
ln ECit 25.6053 (0.0000)* 1.7689 (0.4129) 0.7490 (0.6876) 0 −0.0010 (0.0065) *

Low-Income
ln CO2it 0 1.4921 (0.4742) 7.2661 (0.0264) ** 6.8192 (0.0331) ** −0.0536 (0.0000) *

ln Yit 2.3161 (0.3141) 0 0.6581 (0.7196) 6.3442 (0.0419) ** −0.0149 (0.1480)
ln TRit 2.9359 (0.2304) 0.4687 (0.7910) 0 4.3696 (0.1125) −0.0163 (0.2986)
ln ECit 1.4947 (0.4736) 0.8927 (0.6399) 1.6468 (0.4389) 0 −0.0281 (0.0002) *

East Asia
ln CO2it 0 1.3295 (0.5144) 0.7680 (0.6811) 0.4543 (0.7968) −0.0901 (0.2115)

ln Yit 5.6673 (0.0588) *** 0 1.4974 (0.4730) 8.8903 (0.0117) ** 0.0173 (0.7982)
ln TRit 7.3016 (0.0260) ** 4.6727 (0.0967) *** 0 6.0167 (0.0494) ** −0.1629 (0.0378) **
ln ECit 1.6397 (0.4405) 8.5985 (0.0136) ** 7.2096 (0.0272) ** 0 −0.0811 (0.0004) *

Southeast Asia
ln CO2it 0 2.0055 (0.3669) 0.7635 (0.6827) 4.9328 (0.0849) *** 0.0085 (0.1926)

ln Yit 0.9883 (0.6101) 0 0.7069 (0.7022) 0.6981 (0.7053) 0.0015 (0.8169)
ln TRit 2.0244 (0.3634) 15.23863 (0.0005) * 0 0.9334 (0.6270) 0.0268 (0.0001)
ln ECit 12.5851 (0.0018) * 2.7928 (0.2475) 0.9591 (0.6190) 0 0.0015 (0.6956)

Central Asia
ln CO2it 0 2.3240 (0.3129) 5.3926 (0.0675) *** 11.7651 (0.0028) * 0.0077 (0.7782)

ln Yit 3.4059 (0.1821) 0 0.7016 (0.7041) 3.5999 (0.1653) 0.0548 (0.0646)
ln TRit 10.5200 (0.0052) * 5.6221 (0.0601) *** 0 8.1708 (0.0168) ** −0.0897 (0.0325) **
ln ECit 2.9591 (0.2277) 3.0529 (0.2173) 0.1795 (0.9142) 0 0.0104 (0.5874)

Note: *, **, *** indicates significance at 1%, 5%, and 10%, respectively (authors’ computation).

Table 7. Panel VECM Granger causality test results.

Dependent Variables

Independent Variables

lnCO2it lnYit lnTRit lnECit ECT-1

Short Run Long Run

Middle East/Africa
ln CO2it 0 4.7957(0.0909) *** 6.3626(0.0415) ** 6.5713(0.0374) ** 0.0001(0.9906)

ln Yit 1.1447(0.5642) 0 0.2670(0.8750) 12.8194(0.0016) * 0.0058(0.6935)
ln TRit 0.0507(0.9749) 4.8561(0.0882) *** 0 3.1981(0.2021) 0.0327(0.1114)
ln ECit 1.3344(0.5131) 1.2602(0.5325) 2.1999(0.3329) 0 0.0034(0.7136)

South Asia
ln CO2it 0 0.5075(0.7759) 2.4841(0.2888) 1.5018(0.4719) 0.0002(0.5460)

ln Yit 0.1256(0.9391) 0 1.4524(0.4837) 1.4525(0.4837) −0.0001(0.9709)
ln TRit 1.0750(0.5842) 7.7166(0.0211) ** 0 3.0753(0.2149) 0.0013(0.0204)
ln ECit 1.3776(0.5022) 2.7386(0.2543) 2.8025(0.2463) 0 0.0004(0.0095)

Europe
ln CO2it 0 0.3553(0.8372) 6.6823(0.0354) ** 4.1866(0.1233) −0.0169(0.0046) *

ln Yit 2.9953(0.2237) 0 0.1447(0.9302) 4.8213(0.0898) *** −0.0283(0.0032) *
ln TRit 1.6183(0.4452) 1.5161(0.4686) 0 3.1959(0.2023) 0.0115(0.3078)
ln ECit 32.4836(0.0000) * 3.2300(0.1989) 5.8535(0.0536) *** 0 0.0116(0.0061)

Note: *, **, ** * indicates significance at 1%, 5%, and 10%, respectively (authors’ computation). ECT: Error
Correction Term.

4. Results and Discussions

This section discusses the empirical outcomes of the analysis. Table 2 displays the outcomes of the
cross-sectional dependency test applied to both the dependent and independent variables using the
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approaches of Pesaran et al. [58,59], and Breusch et al. [60]. Based on our results, we rejected the null
hypothesis of the cross-sectional dependency test for the underlined variables. Subsequently, a unit root
test was performed to check for stationarity and to determine the integrative features of the data using
the LLC statistics of Levin et al. [61] and then the IPS test statistics of Im et al. [62]. The results for these
tests are reported in Table 3 for all variables, indicating that CO2 emissions, trade openness, real income,
and energy usage were nonstationary in level form. On the other hand, in the first difference, all variables
were integrated, explaining that pollution, real income, trade, and energy usage had a distinctive order
of integration in each panel. This result helped in investigating the long-term nexus between the series
using the panel cointegration technique. Estimates from the panel cointegration test are shown in
Table 4 using the panel cointegration test developed by Pedroni [27]. The outcome shows that we
accepted the alternative hypothesis of cointegration in most circumstances. Therefore, we conclude by
saying that there was ample proof for the existence of cointegrating relationships between the variables
(trade openness, economic growth, energy usage, and environmental quality). The results of the panel
FMOLS analysis of the long-term effects between real income, energy consumption, and trade on
environmental pollution are stated in Table 5. The empirical results showed that trading with the global
economy significantly increased environmental pollution in Belt and Road countries (1%), developed
economies (1%), developing economies (5%), underdeveloped economies (1%), Southeast Asia (1%),
Central Asia (10%), the Middle East/Africa (1%), and South Asia (1%). This implies that a percentage
increase in international trade increased environmental pollution by the various magnitudes of the
trade coefficients, keeping the other explanatory variables constant. This result is in line with findings
from Shahbaz et al. [6] and Managi et al. [36]. A potential explanation for this impact of trade on the
environment could be a heavy reliance on coal-powered technologies for production, household energy
consumption, and the numerous pollution industries located within these regions, with patterns of
specialty in high-pollutant commodities, hence providing support for the pollution haven hypothesis.

However, the coefficient of trade openness was inverse and statistically significant in Europe (1%),
but was not significant in East Asia. This implies that increasing trade with the global world reduced
emissions in Europe and East Asia, but the effect was insignificant in East Asia. Countries within
this panel were relocating their dirty industries to emerging economies with lenient or nonexistent
environmental regulations. Economic growth had a negative impact on CO2 emissions in the Belt
and Road countries (1%), high-income countries (1%), middle-income countries (1%), and in the
Middle East/Africa (1%). This means that a percentage increase in economic growth reduced pollution
in the atmosphere by a percentage of the growth elasticity in the various panels, hence improving
the quality of the environment. Countries within these panels should concentrate on expanding
growth in an attempt to reduce environmental pollution. This confirms the result of Frankel et al. [67].
Similarly, the panel results indicated a positive significant impact of real income on CO2 emissions
in low-income countries (1%), Southeast Asia (1%), South Asia (1%), Central Asia (5%), East Asia
(1%), and Europe (1%). This implies that a 1% increase in real income (holding the other control
variables constant) increased the CO2 level in the atmosphere by a percentage magnitude of the growth
coefficient. This result is in line with the past outcomes of Omri [33] and Fodha et al. [48].

Since increasing economic growth involves the expansion of economic activities, the level of
energy usage increases alongside growth. Consequently, the byproducts of energy consumption emit
pollution into the atmosphere, therefore reducing environmental quality. The coefficient of energy
consumption was positive and significant for the Belt and Road countries (1%), high-income nations
(1%), middle-income countries (1%), low-income countries (1%), East Asia (1%), South Asia (1%),
Southeast Asia(1%), the Middle East/Africa(1%), Central Asia(1%), and Europe(1%).This implies that
a 1% increase in energy consumption (holding the other explanatory variables constant) increased CO2

emissions levels in the atmosphere by a percentage magnitude of the energy consumption coefficient.
Our results were consistent with previous studies [38]. This confirmed our anticipated outcomes,
since according to the literatures; increasing energy usage reduces environmental quality in the long
run: this result was related to the PHH. The dirty industry relies heavily on conventional energy
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sources (mainly coal power) for production, since most of these economies are now developing their
clean energy sectors. The U.S. Energy Information Administration (2013) has reported China as the
largest energy consumer worldwide, with a total energy use of 113,200 trillion British thermal units,
accounting for about 22% of global energy usage. About 71% of total energy consumption is generated
by coal, followed by oil (19%), hydroelectric power (6%), natural gas (3%), nuclear energy (1%),
and other clean energy (0.2%). In addition, the output of the panel VECM Granger causality results
(reported in Tables 6 and 7) indicated a long-run relationship between real income, trade openness,
energy usage, and CO2 emissions in the Belt and Road panel, with a feedback effect between energy
consumption and CO2 emissions both in the short run and long run. This implies that there was
a bidirectional relationship between energy consumption and CO2 emissions.

Similarly, the panel VECM Granger causality outcomes for the high-income, middle-,
and low-income groups displayed a long-run relationship between real income, trade openness,
energy consumption, and CO2 emissions. Trade openness and energy consumption Granger-caused
CO2 emissions in the middle- and low-income panels in the short run. Likewise, there was a feedback
relationship between CO2 emissions and energy consumption in the middle-income panel in the short
run. This result supports the outcomes of Ozturk et al. [68] and Mardani et al. [69] and many others.
In addition, the results showed long-run causality between real income, energy consumption, trade,
and environmental pollution in the European panel, with a feedback effect between trade and energy
consumption in the short run. Further, the negative coefficient of the square of trade openness in our
EKC outcome confirmed the existence of an inverted U-shaped nexus between trade and environmental
pollution in all 10 panels, but with different turning points. This ensured absolute environmental
enhancement along the path of trade openness and globalization. Our EKC results confirmed the
outcome of Omri [33].This result implies that as countries within this group expanded their economies
into the global world, CO2 emissions initially increased and began to fall after the maximum trade
threshold point was achieved.

Since the expansion of trade is influenced by increasing real income, we could relate this outcome
to support the EKC framework, which tests the relationship between income and environmental quality.
These trade turning points where emissions began to fall are reported in Table 8. Our findings showed
that the EKC theory was supported in both developed and developing countries. However, it took
more years for developing economies to reach the turning point than it took developed countries.
Obtaining this threshold level was possible in the very short run through joint international efforts
and supports. Generally, emissions from developing countries continued to rise until they reached
the maximum turning point, making them the largest emitters of global CO2 emissions. Our results
confirmed the rising levels of emissions, specifically CO2, in developing economies such as China
and India. According to the EKC theory, until these countries reach the maximum turning point,
their emissions levels continue to increase as their economies grow. Countries are therefore adopting
clean energy production technologies and consumption techniques that will promote economic growth
and also reduce pollution and achieve a low-carbon economy. Higher turning points imply that it took
countries within that panel fewer years to reach the threshold point where trade was maximized.

Table 8. Environmental Kuznets curve (EKC) results.

Dependent Variable lnCO2it

Variable Coefficient P-Value Variable Coefficient P-Value

Belt and Road Southeast Asia
ln Yit −1.1147 0.0000 * ln Yit −1.4538 0.0000 *

ln TRit 1.5184 0.0000 * ln TRit 2.555 0.0003 *
ln TR2

it −0.0590 0.0000 * ln TR2
it −0.0814 0.1389

ln ECit 1.0489 0.0000 * ln ECit 0.8257 0.0000 *
Turning point USD 386,314 Turning point USD 8,612,713.642
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Table 8. Cont.

Dependent Variable lnCO2it

Variable Coefficient P-Value Variable Coefficient P-Value

High-Income Central Asia
ln Yit −1.2342 0.0000 * ln Yit 0.1865 0.0003 *

ln TRit 1.5347 0.0000 * ln TRit 1.5288 0.0000 *
ln TR2

it −0.0710 0.0000 * ln TR2
it −0.0639 0.0000 *

ln ECit 1.0448 0.0000 * ln ECit 0.9160 0.0000 *
Turning point USD 57,362.316 Turning point USD 338,856.956

Middle-Income Middle East/Africa
ln Yit −1.0986 0.0000 * ln Yit −1.1413 0.0000 *

ln TRit 1.11871 0.0001 * ln TRit 1.4808 0.0293 **
ln TR2

it −0.0647 0.9370 ln TR2
it −0.0633 0.6470

ln ECit 0.9985 0.0000 * ln ECit 0.9209 0.0000 *
Turning point USD 6212.84 Turning point USD 227,142.60

Low-Income South Asia
ln Yit 0.3320 0.0799 *** ln Yit −1.4674 0.0000 *

ln TRit −1.3137 0.0000 * ln TRit 8.7983 0.0000 *
ln TR2

it 0.0785 0.0000 * ln TR2
it −0.3481 0.0000 *

ln ECit −0.3756 0.0545 *** ln ECit 0.5951 0.0000 *
Turning point USD 4521.805 Turning point USD 308,909.7981

East Asia Europe
ln Yit −1.0646 0.0000 * ln Yit −1.1622 0.0000 *

ln TRit 1.8589 0.0002 * ln TRit 1.5937 0.0003 *
ln TR2

it −0.1144 0.1164 ln TR2
it −0.0990 0.3096

ln ECit 0.6946 0.0792 *** ln ECit 0.0617 0.0000 *
Turning point USD 3460.3423 Turning point USD 3119.582

Note: *, **, *** indicates significance at 1%, 5%, and 10%, respectively (authors’ computation).

5. Conclusions and Policy Implications

This research investigated the relationship between international trade and pollution (modeled
as CO2 emissions), introducing other key explanatory variables such as energy consumption and
economic growth and utilizing panels from 49 high-emission countries in Belt and Road regions.
We further categorized these countries into regions and income groups for robust analysis. Data for
these studies were collected from the World Development Indicators (2017). The data spanned
a period of 24 years from 1991 to 2014, and participation in the WTO and data availability was
considered. We employed a current panel estimation method for the empirical study. The stationarity
and cross-sectional dependency test results showed that our selected variables were cointegrated
at the first difference and were cross-sectionally dependent. Similarly, the cointegration test result
confirmed that CO2 emissions, international trade, real income, and energy consumption were
integrated in the long run. In addition, the panel results using the FMOLS method showed that
trading with the global world significantly increased CO2 emissions in the Belt and Road, developed,
developing, underdeveloped, Southeast Asia, Central Asia, the Middle East/Africa, and South Asia
panels. Therefore, the outcomes of Copeland et al. [28] were confirmed, while East Asia and Europe
showed an inverse significant relationship between trade and CO2 emissions. However, a significant
fraction of these negative effects on environmental quality is expected to be offset by the recent path of
increasing renewable energy consumption by firms and households, therefore providing support for the
scale effect. The outcomes for the Belt and Road, developed, developing, and underdeveloped panels
reaffirmed the common concept that developed nations dump emissions linked to their production in
developing economies. They relocate their pollutant industries to these areas, providing support to the
pollution haven hypothesis [28]. This external relocation improves the environment in industrialized
economies, but continues to enhance economic growth and worsen the environment in emerging
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economies. However, with increased technical foreign direct investment from industrialized economies,
the adverse ecological impacts of the scale effect in emerging countries can be minimized.

For example, foreign direct investment from developed countries has significantly transformed
China into a highly contaminated manufacturer globally: then they export most of what they produce
back to developed countries. The panel VECM Granger causality results showed that trade openness
Granger-caused environmental pollution in the Belt and Road, developed, developing, underdeveloped,
and European countries in the long run. This implies that the world’s environment becomes better as
the quality of the environment in the various income groups (high, middle, and low) improves. Hence,
involving the various income groups and regions is necessary when establishing world environmental
policies. The early trade and environmental policies observed in multilateral climate change agreements
have failed to yield the desired outcome. This includes the Doha Climate Change Conference in 2012.
Since then, researchers and environmental economists have taken a different approach to examining
this issue. Our result confirmed the various past outcomes of Copeland et al. [28] and Frankel et al. [67].
In addition, different income groups have various propensities to influence environmental quality
via open trade. This calls for various policy implications and the need for various policy techniques
for improving environmental quality and enhancing economic growth sustainability. For instance,
the greening investment principle is aimed at ensuring eco-friendliness, global warming adaptability,
economic diversity, and inclusion. It demands that nations “green” their fiscal, budgetary, and monetary
systems, as well as create strict climate change policies and enhance their implementation, creating green
jobs through the provision of supportive fiscal and tax reforms, building green investment regulations
and products, and promoting financial reporting for the whole supply chain system. However,
this requires cooperation from stakeholders and beneficiaries. Countries must therefore develop
a favorable and supportive environment for eco-friendly investment. The EKC findings (reported in
Table 8) suggest that it would take several more years to achieve the threshold point for low-income
groups than it would for developed and developing countries to do so, but again underdeveloped
economies are likely to attract significant trade effects from advanced industrial countries over time.
Low-income economies, however, produce less pollution compared to industrialized economies. Thus,
in order to achieve global development goals, the various threshold points provide supports for
individual economies to restructure their domestic ecological laws. Moreover, we can conclude that
due to global economic costs, pollution in the atmosphere as a result of trade openness has an extremely
negative influence on air quality. A similar reference was realized in the various income panels, but with
different turning points. In addition, with regard to the negative externalities related to emissions
in the atmosphere, achieving the threshold level is possible in the very short term through effective
international treaties and policy tools. Even though developing countries are theoretically expected
to decrease their trade volumes for lower greenhouse gasses, reducing trans-boundary greenhouse
gasses as well as negative spillover impacts requires international environmental collaboration.

According to Beghin et al. [70], cooperation focused on technology distribution enhances
environmental quality by promoting efficiency gains and modernization. The integration of
environmental provisions into a trade agreement has therefore been identified by different countries as
the most efficient means of protecting the world economy. Trade agreements should therefore reinforce
the ability of governments to address concerns associated with the environment. Likewise, dropping
trade barriers on environmentally friendly goods may increase green innovations at a minimum
cost. For example, the Trans-Pacific Partnership (TPP) treaty was committed to helping emerging
economies move into clean sectors and further adopts low-carbon mechanisms through the production
of eco-friendly commodities and investments [71]. Efforts to reduce coal use must be accelerated
by delaying new coal plants, actively promoting electrification in the industry and clean heating in
buildings, efficiently pricing carbon, and providing coal-dependent countries with targeted support for
renewable energy and economic transition. Our results show that more trade does not necessarily induce
emissions, and the reverse is also true, as countries are gradually adopting eco-friendly production
technologies. This transformation will reduce the heavy reliance on conventional energy for production
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and improve environmental quality in the long term. In general, reducing environmental pollution
without negatively affecting trade volumes and real income calls on power-dependent countries to
help develop generation capacity and renewable energy investment as well as restructure energy
saving efforts to curb excessive energy lost. In addition, the current economic barriers to the promotion
of renewable energy must be eliminated by working to improve coordination between authorities,
providing adequate subsidies for developers, mitigating green investment risks, and gradually
implementing renewable energy markets [72].

Even though the above analysis gives valuable insight into this topic, it should be acknowledged
that developing efficient energy and trade agreements committed to reducing environmental pollution
and maintaining real GDP growth must take into account macroeconomic determinants other than the
ones used in our study. In addition, the study was performed using a dataset collected for individual
countries: Hence, the average emissions and the cross-country variations in emissions levels were likely
to be influenced by factors affecting global trade. In addition, several indicators for measuring emissions
are available in the literature, such as SO2, NO, etc.: All of this must be taken into consideration
when selecting trade-related emissions data. Future expansions of this study should also take into
account urbanization, sustainable energy distribution, sustainable development issues, innovation,
human capital development, environmental regulation policy, etc., in multivariate analyses.
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