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In recent years, the carbon dioxide emissions generated by the massive consumption of
fossil energy have been increasing year by year, resulting in more and more obvious
greenhouse effect, and the occurrence of climate disasters around the world has become
more and more frequent. This study analyses the long-term effects of economic growth,
trade, foreign direct investment (FDI) and gross domestic product (GDP) on carbon dioxide
(CO2) emissions in Latin American countries that are in the middle-income trap (MIT). Using
annual time-series data for the period 2000–2020, the results of middle-income countries
of Latin America are compared with higher-income countries (Singapore, the
United States, and South Korea) and an upper-middle-income country, China.
Specifically, we examine the role of sector value addition to GDP on the CO2 emission
nexus for middle-income economies, controlling for the effects on GDP, FDI, and trade.
Using regression and path analysis (multiple regression) we find that for higher-income
countries FDI, GDP and trade are the important variables that have a strong positive impact
on CO2 emission, but that positive impact is weak in MIT countries, which makes this study
significant as it highlights important variables needed for MIT countries to remain focused.
Autoregressive distributed lag (ARDL) model results also explore that FDI, GDP growth and
trade variables can significantly accelerate the environmental quality by CO2 emission,
while tourism/travel services and education do not much impact the environment. Hence,
our paper provides solid ground for developing a sustainable and pro-growth policy for MIT
countries because they are plagued by the decline or stagnation of economic growth.
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1 INTRODUCTION

With the development of world trade, the economies of various countries, especially developing
countries, have achieved unprecedented growth, but at the same time, it has also brought about the
problem of increased carbon dioxide emissions, which in turn leads to climate warming (Chunling
et al., 2021; Qayyum et al., 2022; Yang et al., 2022). However, there are still many differences among
countries on the definition of emission responsibilities and actions taken (Ali and Kirikkaleli, 2022).
Developed countries believe that developing countries are currently the main source of carbon
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emissions, and require less developed countries, including China
and Latin American countries, to take greater measures to reduce
emissions (Qayyum et al., 2021; Yang et al., 2021; Shabir et al.,
2022). The less developed countries pointed out that the
accumulated carbon dioxide emissions of developed countries
in history far exceeded the current carbon emissions of
developing countries, and the commitment of developed
countries to provide financial and technical assistance to less
developed countries to reduce emissions has not been fully
implemented (Yang et al., 2020a; Yang et al., 2020b; Fan et al.,
2020). Therefore, developed countries require less developed
countries. It is unreasonable for developed countries to
shoulder the same level of responsibility for reducing
emissions. Such differences in emission reduction actions will
have an impact on global carbon emissions (Kirikkaleli et al.,
2022).

The rapid development of world trade after World War II has
directly promoted the economic growth of various countries, but
on the other hand, it has led to the problem of carbon dioxide
emissions. Especially in the context of global warming, it is
particularly important to divide the emission responsibilities of
each country, and the carbon embodied in trade has thus become
a subject of research (Bhatti et al., 2021a; Bhatti et al., 2022; Yuan
et al., 2022). Debone et al. explored the relationship between
Brazil’s economic structure changes and carbon emissions and
found that there was a significant correlation between those
factors (Debone et al., 2022). In particular, the increase in
Brazil’s carbon emissions in the 1990s was largely attributable
to the transition to energy-intensive production in its production,
in which 6.6% of energy use and 7.1% of carbon emissions were
caused by the export sector. In addition, carbon accounting from
a production perspective can lead to carbon leakage issues, which
raises concerns about shifting carbon emissions. Liu et al.
estimated that carbon emissions embodied in global trade
reached 5.3 billion tons, and some countries were net
importers of carbon embodied in trade, which was related to
the country’s size, geographical features, and other national
characteristics (Liu et al., 2017).

Many economies can easily grow from a low-income country
to a middle-income country, but it is difficult to cross the middle-
income stage and become a high-income country (Smit and
Pilifosova, 2003; Green and Stern, 2017; Zhang et al., 2017).
CO2 emission is one that is playing a vital role in extracting the
relationship between MIT and trade. Latin American countries
such as Brazil, Argentina, and Mexico jumped from low-income
countries to middle-income countries in a very short period of
time, creating a miracle of growth in the national economy and
per capita income, but they experienced economic regressions
one after another between 1970 and 1980 (Parrique et al., 2019).
Among Asian economies, only Japan has successfully overcome
the “middle-income trap” and achieved a leap in economic
development (Taylor, 2005). After being hit by the Asian
financial turmoil, Indonesia, the Philippines, India, and other
countries have remained in the middle-income ranks because
they could not resume their previous prosperous economic
development (Kang et al., 2016). The “middle-income trap"
(MIT) is a common economic phenomenon that occurs in

countries with different historical, cultural, and economic
backgrounds, accompanied by declining economic growth and
fragile financial systems. In order to help countries, avoid falling
into or escape from the “middle-income trap”, many research
institutions and scholars have studied its development theories,
causes, and avoidance mechanisms (Ozturk and Al-Mulali, 2015).
Even if not all countries or regions fall into the “middle-income
trap”, they will always be affected by the “middle-income trap” to
varying degrees in the process of their economic development
(Wang and Zhao, 2015). Few countries or regions can be avoided.
In addition to the “middle-income trap” occurring in developing
countries, similar phenomena have also occurred in some
developed countries in the early stages of development, such
as the United States and the United Kingdom (Zhang et al., 2018).

The fundamental reason for the occurrence of the “middle-
income trap” is that the engine that supported economic growth
in the past was unsustainable (Dinda, 2004; Ran et al., 2020). If a
country wants to make a breakthrough in economic development
and enter the ranks of high-income countries, it needs to change
this stagnant or even retrogressive economic state, adjust the
backward growth mechanism, and inject new impetus into
economic development (Su, 2017). From the perspective of
international trade, the root cause of the “middle-income trap”
is that with the rapid social and economic development, middle-
income countries have ushered in opportunities for development.
When the economy grows to a certain level, the advantages of
labor no longer exist, and labor remuneration continues to
increase, but the economic structure has not been upgraded,
and the international competitiveness has been further weakened
(Edwards, 2017). Therefore, the international trade situation has
not only not improved year-on-year but has deteriorated, and the
industrial structure has not been improved. To optimize and
adjust, economic development has fallen into difficulties, which
has caused social turmoil and intensified social contradictions,
and the economic development of middle-income countries has
fallen into difficulties (Susilo, 2021); (Gonçalves and Salles, 2008).

The arrival of the industrialization era not only made the
world economy develop rapidly but also released a large number
of greenhouse gases, thus causing global warming. In this process,
CO2, as the main component of greenhouse gases, plays a major
role (Kaygusuz, 2009). The damage by global warming hinders
the sustainable development of the economy and affects human
health at the same time. At present, the issue of global warming
has received widespread attention, and CO2 emission reduction
has become an important issue for all countries. Therefore, in the
process of economic development, the question of when the
kuznets inflection point of CO2 emissions comes and whether
relevant measures can be taken to make the inflection point come
earlier, is particularly important. Therefore, many scholars have
commenced studies on the impact of economic development on
CO2 (Khan et al., 2020).

Saud et al. (2019) used cross-sectional data from developed
and developing countries to conduct an empirical analysis of
the correlation between economic development and
environmental pollution, thus formally launching the EKC
hypothesis. In fact, before this, scholars had studied the
correlation between the above two variables and obtained
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similar results. Lowering barriers to trade often expands the
scale of economic activity, changes the composition of
economic activity, and changes production techniques,
thereby affecting the environment. The inauguration of the
North American Free Trade Agreement comes as U.S.
environmental groups voice concerns about the agreement,
fearing that free trade could worsen the environment in
Mexico while affecting the environment in the
United States. Therefore (Grossman and Krueger, 1991),
used cross-sectional data from 42 countries to explore the
correlation between economic development and air quality,
and the results showed an inverted, roughly U-shaped
correlation. Galeottia et al. found through empirical analysis
that the nonlinear impact of economic development on CO2

emissions presents an inverted U-shape and proved the
robustness of this relationship by replacing the relevant
data of CO2 emissions in the empirical analysis (Galeotti
et al., 2006). Loganathan et al. explored the impact of CO2

tax and economic development on environmental quality in
Malaysia with the cointegration test and Granger causality test,
using time-series data from 1974 to 2010, and found that
economic development and CO2 are directly related with
positive relation (Loganathan et al., 2014). There is an
inverted U-shaped nonlinear relationship between
emissions, and the CO2 tax policy fails to play its role in
controlling CO2 emissions (Cederborg and Snöbohm, 2016).
and (Yang et al., 2015) also conducted empirical research on
the relationship between economic development and CO2

emissions, and the results showed that there was an
inverted U-shaped correlation between them (Liu et al.,
2016). investigated the joint effects of economic
development and urbanization on CO2 emissions based on
a partial linear additive model. The impact on CO2 emissions
presents a “roller coaster” mode with three turning points.
Using the data from 1975 to 1998 of 22 countries that made
CO2 emission reduction commitments in the Kyoto Protocol
(Mensah et al., 2019), determined to verify by pooled mean
group (PMG) whether the environmental Kuznets curve is
suitable for CO2. The results show that the nonlinear effect of
economic development on CO2 emissions exhibits an N-shape
rather than an inverted U-shape (Xiumei et al., 2011). used the
VAR model to empirically analyze the dynamic correlation
between CO2 emissions and economic development in Zibo
City, Shandong Province. The results show that there is no
inverse U-shaped correlation in the dynamic sense between the
above two variables, but the per capita GDP has a very large
contribution to the interpretation of the variance
decomposition of CO2 emissions, so the realization of CO2

emission reduction goals is certain (Shuai et al., 2017).
combined the STIRPAT model with panel data and time-
series data to study the impact of population, level of
technology, and economic growth on CO2 emissions in 125
countries with different incomes levels, from 1990 to 2011. It
shows that from a global perspective, the key factor affecting
CO2 emissions is the degree of economic development, but for
high-income countries, the level of technology has the greatest
impact on CO2 emissions.

There are two aspects of innovation:

• First, an ARDL is employed in a way that has never been
done before to extract the relationship between trade, FDI,
economic growth, and CO2 in Latin American nations that
are a part of the MIT.

• Second, the impact of CO2 emissions in higher-income
countries and MIT countries is explored. MIT Latin
American countries are supplied with policy advice
regarding the factors that need to be focused on.

The remainder of the study is structured as follows. The
section Literature review describes the impact of MIT on
economic growth. Section methodology describes the data
source, and techniques used for analysis using ARDL. shows
the estimation outputs of the panel data estimators. Discussion on
findings and implications with conclusion is provided in Section
discussions and conclusion. The conclusion describe the policy
recommendation and future prospects of this study.

2 METHODOLOGY

2.1 Study Area and Data Description
Latin America refers to central America, the Caribbean, and
South America, all south of the United States. It is named thus
because most countries use Spanish and Portuguese, both of
which belong to the Latin family, as their national languages.
Located in the central and southern parts of the western

TABLE 1 | List of selected countries with income level and region.

Country Name Income Level Region

Argentina Upper-middle-income Latin America
Belize Lower-middle-income
Bolivia Lower-middle-income
Brazil Upper-middle-income
Colombia Upper-middle-income
Costa Rica Upper-middle-income
Dominica Upper-middle-income
Dominican Republic Upper-middle-income
Ecuador Upper-middle-income
Grenada Upper-middle-income
Guatemala Upper-middle-income
Guyana Upper-middle-income
Honduras Lower-middle-income
Jamaica Upper-middle-income
St. Lucia Upper-middle-income
Mexico Upper-middle-income
Nicaragua Lower-middle-income
Panama Upper-middle-income
Peru Upper-middle-income
Paraguay Upper-middle-income
El Salvador Lower-middle-income
Suriname Upper-middle-income
Venezuela, RB Lower-middle-income
South Korea, Rep High-income East Asia
China Upper-middle-income South Asia
Singapore High-income Southeast Asia
United States High-income —
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hemisphere, it is bordered by the Atlantic Ocean in the east, the
Pacific Ocean in the west, bordering North America
(United States) in the northwest, and facing Antarctica across
the Drake Passage in the south. There are 33 countries in Latin
America, out of which we selected a total of 19 countries and
categorized them according to their income level i.e., upper-
middle- and lower lower-middle-income. We selected three
higher-income countries, the United States, Singapore, and
Korea, as models for comparison as they had escaped the
MIT. China is also selected although it is an upper-middle-
income country but will probably leave this level due to its
silk road and other programs (Sener and Karakas, 2019).
Table 1 shows the list of the selected countries.

2.2 Data Selection
Data for different factors have been selected from theWorld Bank
website for the period from 2000 to 2020 for the selected countries
(Glawe and Wagner, 2020). The focus factors that impact the
MIT are health, GDP, travel services/tourism, trade (high-
technology exports, information etc.), and FDI. Descriptive
analysis of the data is shown in supplementary material A.
Statistical analysis of the data was performed using SPSS
software (version 25; IBM). Results of statistical analysis are
shared in supplementary material A.

2.3 Regression Model
This paper uses regression analysis to obtain the relationship of
variables that impact CO2 emission. Regression analysis is a
method of making predictions on continuous data. The
purpose is to analyze whether two or more variables are
related, and the direction and strength of the relationship.
Regression analysis can observe specific variables by building
mathematical models or predict variables of interest to
researchers.

The simplest regression model can be represented as the data
object to be fitted is X � {x1, x2, . . . , xm}, the corresponding real
value is Y � (y1, y2, . . . , ym), the linear model can be written as:

ŷ � Xw (1)
Where w is the regression coefficient, we use a square error to
measure the fitting error:

L(X) � ∑m

i�1(yi − xT
i w)2 � (y −Xw)2 (2)

The above formula is equal to 0 to the w.

zL(X)
zw

� z(yTy − wTXTy − yTXw − wTXTXw)
zw

� 2XT(y −Xw) � 0 (3)
It can determine:

ŵ � (XTX)−1XTy (4)
The above is easy to interact with training data; a good solution

is partial weighted linear regression, increasing a weight wi for
each error (here w is not the above ŵ), at this time, the error
function can be written:

L(X) � ∑m

i�1wi(yi − xT
i w)2 � [W(y −Xw)]2 (5)

Among them,W is a diagonal matrix, also called the core; the
type of core can choose freely, and the most common is the
Gaussian nucleus. The weight corresponding to the Gaussian
nucleus is as follows:

W(j, j) � exp(
����xi − xj

����2
−2k2 ) (6)

Similarly, the new error function L (X) is governed to obtain
the regression coefficient at this time:

ŵ � (XTWX)−1XTWy (7)
The W here is actually WTW, but using W replaces the same

meaning and is simple.

2.4 Path Analysis
After linear regression, we applied path analysis for multiple
regression. Path analysis multiple linear regression reflects the
direct effect between independent variables and dependent
variables, but the relationship between variables is often
intricate; some are unidirectional influence relationships, and
some are mutual influence relationships, so it is often difficult for
analysts to use only one regression model (World Bank, 2022).

In path analysis, to distinguish variables with different
characteristics, statisticians give them names that reflect their
characteristics: exogenous variables, endogenous variables, and
final outcome variables. Exogenous variables refer to those
variables in the model that only affect other variables and are
not affected by other variables. Endogenous variables are the
exact opposite of exogenous variables, referring to variables that
can both affect and be affected by other variables in the model. If
the endogenous variable is only affected by other variables, but
not affected by other variables at all, such an endogenous variable
is called the final outcome variable.

Path analysis includes the following four ways:

• A may have an effect on B, but B will not affect A. (A→B)
• B may have an effect on A, but A will not affect B. (A←B)
• There is a two-way influence relationship between A and
B. (A←→B)

• The exact mode of influence between AB is unknown, but
there is a correlation.

If the coefficients in the path analysis model are statistically
significant, the problem will be much simpler, which may be the
result, but when there are coefficients that are not statistically
significant in the model, the model needs to be simplified, raising
the question of how to evaluate the effect of the simplified model.
In path analysis, an endogenous variable corresponds to a
regression equation, and each regression equation has a
coefficient of determination R2, representing the proportion of
the variance of the corresponding endogenous variable that can
be explained by the equation, (1–R2), that indicates the remaining
unexplained part of the equation.
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2.5 ARDL Model
The ARDL model has been in use for decades to model the
relationship between economic variables in a single-equation
time-series setup. Its popularity also stems from the fact that
the cointegration of nonstationary variables is equivalent to an
error correction (EC) process, and the ARDL model has a
reparameterization in EC form (Aamir et al., 2021). The
existence of a long-run/cointegrated relationship can be
tested, based on the EC representation. A bounds testing
procedure is available to draw conclusive inference without
knowing whether the variables are integrated of order zero or
one, I (0) or I (1), respectively (Kripfganz and Schneider,
2016).

The regression model studies the analysis of univariate series,
while the ARDL model models multivariate time series. In the
ARDL model, not only the lag part of the original data, but also
other influencing factors are added to adjust the autoregressive
results.

The specific definition of the autoregressive (AR) model is
shown below.

If ψ0,ψ1,ψ2, . . . ,ψp(ψp ≠ 0) are real numbers, {et} is a white
noise sequence, and the random variables X1, X2, . . ., Xt, . . .
satisfy the following difference equation of order p.

Xt � ψ0 + ψ1Xt−1 + ψ2Xt−2 +/ + ψpXt−p + et, t � 1, 2,/,
this equation is called an autoregressive model of order p, or it can
be simply written as AR (p) model, call {Xt} an autoregressive
sequence of order p, abbreviated as AR(p) sequence, and call it
ψ: � (ψ0,ψ1,ψ2, . . . ,ψp)T is the autoregressive coefficient of the
above model. If the first coefficient ψ_0 in the above model is
equal to 0, then {Xt} is called a p-order autoregressive sequence
with mean 0, satisfying.

Xt � ψ1Xt−1 + ψ2Xt−2 +/ + ψpXt−p + et, t � 1, 2,/ (8)
Special attention should be paid to the fact that when ψ0 is not

equal to 0, the p-order autoregressive sequence can be
transformed into a p-order autoregressive sequence with a
mean of 0, which can also be called a centralized p-order
autoregressive sequence. Without loss of generality, the
p-order autoregressive sequences involved in this paper are all
centralized p-order autoregressive sequences.

As we all know, time series can be divided into stationary and
nonstationary. Similarly, autoregressive series are also stationary
and nonstationary. The definition of a stationary autoregressive
series of order p is as follows.

Definition 2.3.1 For the p-order autoregressive model
(2.3.1), if its coefficients ψ1,ψ2, . . . ,ψp make , the solution
is called (2.3.1) is a p-order stationary autoregressive model,
and the p-order autoregressive sequence in this model is a
p-order stationary autoregressive sequence. The above
condition is called the stability condition of the p-order
autoregressive model.

The p-order autoregressive models involved in this paper are
all p-order stationary autoregressive models, and the p-order
autoregressive sequences involved are all p-order stationary
autoregressive sequences.

3 RESULTS AND DISCUSSION

A generally accepted view as to the cause of the MIT is that with
economic growth, labor costs increase, and the comparative
advantage of cheap labor costs is lost; a new economic growth
model guided by knowledge and innovation has not yet been
formed, thus making economic growth momentum insufficient.
Therefore, the causes of the MIT can be roughly divided into the
following three levels: first, the direct impact variables of
sustained economic growth, such as education, industrial
structure and its changes; second, the internal and external
environmental variables affecting economic growth, such as
trade, macroeconomic policies, demographic factors, and FDI;
and the third is the fundamental reason that affects long-term
economic performance, such as social and economic systems, for
example, tourism and services (Egawa, 2013; Satrovic, 2017).
Given this, travel services, high-technology exports, service
exports, and FDI are selected as independent variables
affecting a country’s per capita GDP, GDP as an independent
factor and carbon emission CO2 (y) as a dependent variable.
Table 2 shows the studies which use similar factors in their
literature review and experiments.

According to the above analysis, with ln(free), ln(open),
ln(con), ln(ind), ln(hon), ln(tec), inf, ln(lab), ln(inv) and ln(ci)
as the independent variables and ln(y) as the dependent variable,
establish the following panel data econometric model:

In(yit) � c0 + αi + c1ln(tecit) + c2ln(freeit) + c3infit

+ c4ln(openit) + c5ln(heait) + c6ln(eduit)
+ c7ln(inv it) + c8ln(indit) + c9ln(honit) (9)

where i represents the countries’ element, i = 1, 2,., 14 (here
Singapore and Korea are also considered for evaluation); i = 1,
2,...., 26, t represents time, c0 is the intercept term, and αi is the
difference intercept term. In(yit) is the logarithm of a country’s
per capita GDP, ln(tecit) is the logarithm of a country’s
technological level, ln(freeit) is the logarithm of economic
freedom, and infit is the logarithm of the inflation rate.
ln(openit) represents the logarithm of the proportion of trade
volume in GDP, ln(heait) represents the logarithm of health,
ln(inv it) represents the logarithm of the proportion of FDI in
GDP, ln(indit) represents the logarithm of the proportion of
secondary industry output in GDP, ln(ciit) is the logarithm of the
urbanization rate, and εit is the random error term.

The results of the Hausman test found that the fixed effects
model was the most suitable for the data in this paper. However,
the static panel ignores the dynamic influence of the lag term of
the independent variable on itself, which may lead to large
deviations in the estimation results. Since the economic
growth of the previous period has an impact on the economic
growth of the current period, it is necessary to introduce the lag
term of economic growth to reflect the dynamic lag effect. On the
basis of the static panel model, the first-order lag term of the
dependent variable is incorporated into the model to obtain the
dynamic panel model as follows:
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In(yit) � c0 + αi + c1ln(tecit) + c2ln(freeit) + c3infit + c4ln(openit)
+ c5ln(labit) + c6ln(conit) + c7ln(inv it) + c8ln(indit)
+ c9ln(honit) + c10ln(ciit) + c11ln(yi,t−1) + εit

(10)
Using the lagged term of the dependent variable as an

independent variable will cause endogeneity problems in the
regression model. To better deal with the correlation and
endogeneity between cross-sections, regression analysis was
performed on the data. First, using correlation analysis
between different factors highlights that for high-income

countries, such as Singapore, CO2 emission has a strong
correlation with GDP (0.825**), high-technology exports
(0.871**) and services exports (0.867**), while there is a
negative correlation with travel services (−0.149). South Korea
showed a strong correlation of CO2 with GDP (0.922**), high-
technology exports (0.849**), services export (0.828**) and FDI
(0.920**). The United States demonstrates a strong correlation of
CO2 with high-technology exports (0.803**) and travel services
(0.300), while there is a negative relationship with GDP
(−0.874**). For Latin American countries, a strong correlation
of CO2 is observed with GDP (0.907**), high-technology exports

TABLE 2 | Variable selection and studies.

Variables Studies

GDP Qayyum et al. (2021), Yang et al. (2021), Satrovic, (2017), Egawa, (2013)
Tourism Qayyum et al. (2022), Chunling et al. (2021), Ali and Kirikkaleli, (2022), Qayyum et al. (2021), Satrovic, (2017), Egawa, (2013)
FDI Qayyum et al. (2022), Yang et al. (2020b), Satrovic, (2017), Egawa, (2013)
CO2 Ali and Kirikkaleli, (2022), Shabir et al. (2022), Satrovic, (2017), Egawa, (2013)
Trade Qayyum et al. (2021); Fan et al. (2020), Kirikkaleli et al. (2022), Satrovic, (2017), Egawa, (2013)

FIGURE 1 | Correlation analysis of different factors in different countries.
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(0.774**) and services exports (0.625**), while there is a negative
correlation with FDI (−0.760**). China shows a strong correlation
of CO2 emission with GDP (0.8935**), high-technology exports
(0.974**), and services exports (0.905**), while there is a negative
correlation with travel services (−0.422) and FDI (−0.333). These
are areas where Latin American countries need to focus by
increasing industrialization. Figure 1 shows further detailed
comparisons of correlation between regions or countries.
Results of correlation analysis are shared in supplementary
material B.

The next step is to apply regression analysis to further check
regression results. Table 3 shows the regression between different
variables with the significance between their relationship with the
CO2 of each country. However, Figure 2 shows the relationship of
variables with countries and the Latin American region. From
Table 3, it can be seen that GDP has significant positive impact on
CO2 emission in Argentina (β = 2.182*), Bolivia (β = 1.127**),
Dominica (β = 1.661**) and Guyana (β = 2.318***) while other
countries specially China (β = 0.557) and other developed
countries like South Korea (β = 0.650), United States (β =
2.563) and Singapore (β = 0.578) also have significant positive
relationship. FDI shows a positive relationship with CO2

emission in Argentina (β = 0.205), Bolivia (β = 0.034), Brazil
(β = 0.196), Dominican Republic (β = 0.316), Grenada (β = 0.710)
and Panama (β = 0.239), while it shows a negative relationship
with other Latin countries like Ecuador (β = −0.152), Jamaica (β =
−0.720), Nicaragua (β = −0.083) and Suriname (β = −0.865).
Similar positive and negative relationships are also observed in
developed countries like the United States (β = -0.046), Singapore

(β = 0.358) and South Korea (β = 0.179). The high-technology
exports relationship with CO2 is positive in Argentina (β = 0.125),
Belize (β = 0.030), Colombia (β = 0.432), Costa Rica (β = 0.135),
Dominican republic (β = 0.057), Ecuador (β = 0.093), Guatemala
(β = 0.625),Jamaica (β = 0.896) and Portugal (β = 0.126) while this
relationship is negative in other Latin American countries like
Suriname (β = −0.069), El Salvador (β = −0.140), Panama (0.200),
Saint Lucia (β = −0.086) and Honduras (β = −0.030). For
developed countries the relationship is positive in South Korea
(β = 0.407), Singapore (β = 0.049) and the United States (β =
0.322).

Figure 2. Taking Latin American countries as a region, the
relationship between CO2 and GDP is weak, R2 = 0.43 shows
that it is lower, while strong in China (R2 = 0.87) and other
developed countries like Singapore (R2 = 0.68), United States
(R2 = 0.76) and South Korea (0.85). Similarly, for the trade of
high-technology exports and CO2, Latin America has a weak
relationship with R2 = 0.05 while other countries have a strong
relationship, like China (R2 = 0.95), South Korea (R2 = 0.72),
United States (R2 = 0.64) and Singapore (R2 = 0.76). FDI shows
a weak relationship with CO2 in Latin America (R2 = 0.22) and
China (R2 = 0.11), while for developed countries the
relationship is strong, such as South Korea (R2 = 0.85) and
Singapore (R2 = 0.49). Trade of services exports is a strong
predictor for CO2 emission in China (R2 = 0.82), South Korea
(R2 = 0.69), Singapore (R2 = 0.75) and the United States (R2 =
0.93), while it is a weak predictor in Latin American countries
(R2 = 0.22). Results of regression are similar to the study by
(Wang et al., 2019) where a direct positive relationship

TABLE 3 | Regression model for Latin America and other countries.

Country Name GDP Travel Services High-Technology
Exports

Service Exports Foreign Direct
Investment

R2

Argentina 0.818* 0.198 −0.018 −0.280 0.009 0.866**
Belize 0.547 −0.738 0.0309 −0.016 −0.095 0.719
Bolivia 1.127** 0.089 −0.014 −0.218 0.034 0.992***
Brazil 0.737 −0.325 −0.334 0.592 0.162 0.689
Colombia 0.443 0.568 0.480** −0.010 0.028 0.945**
Costa Rica −0.312 0.467 0.133 1.138* 0.015 0.927**
Dominica 1.662** 1.268* NA −2.170* 0.111 0.464
Dominican Republic 2.020 −0.578 0.017 0.100 0.163 0.896***
Ecuador 1.905* −0.964 0.118 −0.089 −0.074 0.929**
Grenada 1.664 0.880 −0.297 −1.022 0.710 0.688
Guatemala 1.554 1.313 0.374 0.672 0.178 0.952***
Guyana 2.318*** −0.229 0.428* −0.089 0.105 0.980***
Honduras −0.188 0.087 −0.030 0.827 0.005 0.792
Jamaica −0.776 1.963 0.691* −0.728 −0.439* 0.862*
Saint Lucia −0.822 1.414 −0.086 0.906 0.902 0.316
Mexico −0.145 −0.022 0.244 −0.206 −0.024 0.063
Nicaragua 1.474 0.352 0.276 −0.688 −0.083 0.900**
Panama 0.061 1.104 −0.200 1.231 0.239 0.896*
Portugal −1.212 −0.072 0.126 2.216** −0.072 0.916**
El Salvador −2.530 −0.627 −0.140 2.152 −0.306 0.575
Suriname 0.615 −0.038 −0.069 0.141 −0.865 0.820
Vietnam 0.943 0.157 NA −0.001 −0.037 0.889***
China 0.557 0.379 0.345 −0.095 NA 0.968***
S. Korea 1.035** 0.233* 0.222 −0.883*** 0.449* 0.906***
Singapore 1.272 0.313 −0.079 0.315 0.068 0.949***
United States −0.188 0.088 −0.030 0.827 0.006 0.792
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between CO2 emission and trade exists in China and Australia.
A study by (Khaskheli et al., 2021) indicated a similar results
pattern in low-income countries by using the panel smooth
transition regression model. This study result confirmed that
the nexus between the variables is nonlinear. Moreover, it also

shows that high trade and FDI increase the CO2 emissions, but
as the economy of MIT states progresses to a higher regime, the
association between the two variables becomes significant.
(Koengkan et al., 2020), in research on CO2 emission in 18
Latin American and Caribbean countries, also found

FIGURE 2 | Regression analysis of different factors in different countries.
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TABLE 4 | ARDL model for Latin America and other countries.

β Coefficient Std. Error t value Pr (>|t|) Multiple R2

Latin America
(Intercept) 0.045 0.044 1.034 0.303 0.842 ***
L (CO2 emissions, 1) 0.827 0.052 15.877 0.000
GDP 0.270 0.107 2.517 0.013
L (GDP, 1) 0.010 0.139 0.075 0.940
L (GDP, 2) −0.129 0.087 −1.482 0.141
Travel services 0.030 0.040 0.748 0.456
High technology exports 0.014 0.054 0.266 0.791
L (High technology exports, 1) 0.016 0.064 0.247 0.806
L (High.technology.exports, 2) −0.041 0.065 −0.640 0.523
L (High technology exports, 3) −0.012 0.066 −0.184 0.854
L (High technology exports, 4) −0.024 0.050 −0.484 0.629
L (High technology exports, 5) 0.049 0.044 1.102 0.272
L (High technology exports, 6) −0.073 0.037 −1.974 0.050
Service exports 0.046 0.068 0.677 0.499
L (Service exports, 1) −0.144 0.070 −2.069 0.041
FDI 0.042 0.041 1.005 0.317
L (FDI, 1) −0.018 0.044 −0.396 0.692
L (FDI, 2) −0.021 0.043 −0.481 0.631
L (FDI, 3) −0.120 0.042 −2.874 0.005

China
(Intercept) 0.328 0.137 2.395 0.062 0.998***
L (CO2 emissions, 1) 0.523 0.353 1.481 0.198
GDP −0.744 0.651 −1.143 0.305
L (GDP, 1) 0.772 0.714 1.081 0.329
Travel services 0.110 0.047 2.349 0.065
L (Travel services, 1) 0.052 0.091 0.576 0.589
High-technology exports −0.070 0.050 −1.400 0.220
L (High-technology exports, 1) −0.072 0.072 −1.004 0.361
Service exports 0.356 0.321 1.110 0.317
L (Service.exports, 1) 0.324 0.371 0.873 0.422
Foreign direct investment −0.195 0.069 −2.835 0.036
L (FDI, 1) 0.011 0.058 0.190 0.856

South Korea
(Intercept) 0.268 0.262 1.021 0.341 0.967***
L (CO2 emissions, 1) 0.201 0.439 0.458 0.661
GDP 0.662 0.622 1.064 0.323
L (GDP, 1) 0.231 0.586 0.395 0.705
Travel services 0.219 0.196 1.114 0.302
L (Travel services, 1) −0.095 0.214 −0.444 0.671
High-technology exports 0.589 0.331 1.778 0.119
L (High-technology exports, 1) −0.325 0.141 −2.311 0.0541
Service exports −2.058 1.378 −1.493 0.179
L (Service.exports, 1) 1.424 1.433 0.994 0.353
FDI 0.323 0.243 1.327 0.226
L (FDI, 1) 0.057 0.300 0.191 0.854

Singapore
(Intercept) −0.293 0.240 −1.219 0.290 0.961*
L (CO2 emissions, 1) 0.316 0.688 0.460 0.669
GDP 1.632 1.732 0.942 0.399
L (GDP, 1) −1.242 1.565 −0.793 0.472
Travel services 0.246 0.582 0.424 0.693
L (Travel services, 1) 0.063 0.512 0.124 0.908
High-technology exports 0.170 0.300 0.569 0.600
L (High-technology exports, 1) 0.175 0.373 0.469 0.664
Service exports 0.896 1.926 0.465 0.666
L (Service.exports, 1) 0.115 1.662 0.069 0.948
FDI 0.543 0.346 1.570 0.191
L (FDI, 1) 0.544 0.662 0.823 0.457

United States
(Intercept) 3.3177 0.4545 7.299 0.0867 0.997*
L (CO2 emissions, 1) 0.3231 0.1675 1.929 0.3045
GDP −16.9782 3.9464 −4.302 0.1454
L (GDP, 1) 23.5397 5.6189 4.189 0.1492

(Continued on following page)
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asymmetric effects on globalization and identified that
economic globalization, social globalization and political
globalization exert an adverse impact on CO2 emissions.

After collecting significant factors from correlation and
regression models, the next step is to validate the results by
checking with the ARDL econometric model (Table 4). The
result of the ARDL model in Table 3 shows that in the Latin
American model the R2 value is 0.597. The lag coefficient β has
shown that a weak GDP has a weak impact on CO2 i.e., β =
0.251 for the best lag model. Similarly, high-technology export
(β = 0.065) and FDI (-0.065) have a weak impact on CO2 for
Latin American countries. For China, the R2 value is 0.998,
showing a significant impact of variables on CO2 emission. Lag
coefficient β is 0.772 for GDP showing that CO2 emissions are
impacted by the economic growth of the country. Similarly, β
is weak for services exports (0.356) and FDI (0.011) while
negative for high-technology exports (0.070). In South Korea,
the GDP has a strong impact on CO2 emissions, where β is
0.497. For travel services β is 0.233 and services export β is
2.328, for FDI it is 0.375 and for high-technology exports it is
0.481, which shows a positive impact on CO2 emission. For
Singapore, the R2 is 0.951, showing a strong relationship of
variables with CO2. GDP is strongly related to CO2 emission
with β = 1.632 and travel services β is 0.063. Similarly, in the
United States the CO2 emission shows a strong relationship
with GDP with β = 4.603, high-technology exports with β =
0.213 and travel services with β = 0.406. These results were
similar to the study by (Hotak et al., 2020) using the long-
term ARDL approach and finds a positive relationship
between trade balances and CO2 emissions for high-
income countries, which is the same as in our study (Sun
et al., 2019). results contradicted our study on China because
his study finds a negative impact of services trade and a
positive impact of FDI, using long-term ARDL. As shown in
Figure 3, at the significant level of 5%, both CUSUM and
CUSUMSQ curves are within the bounds (the red dotted line
is the boundary), suggesting that the stability of the model is
proved.

To ensure the stability of the proposed model, an ARDL
series is tested by adding the recursive residuals, cumulative
sum (CUSUM), and cumulative sum of square (CUSUMSQ)
analyses. Figure 3 shows plots of the CUSUM and CUSUMSQ
graphs. If the curves of CUSUM and CUSUMSQ remain

within the critical range of 5%, it represents the parameter
stability and the stability of the model.

Path analyses were used to find the relationship between
CO2 (dependent variable) and other factors (independent
variable). The path analysis model was used to predict the
direct and indirect relationships between the CO2 and the
other factors such as FDI, economic growth and trade
(Figure 4 and Table 5). β is the correlation coefficient that
shows the degree of the relationship. The higher the value of
beta, the stronger the association between the variables. It can
be observed that for China, the CO2 β coefficient with the GDP
is 0.787, whereas it is low but positive for travel services
i.e., 0.378, and for high-technology exports it is 0.495. In
China, it has a negative relationship with FDI, with the β
coefficient being -0.078. For South Korea the results are similar
i.e., CO2 emission has a strong relationship with GDP at β =
1.095, a weak relationship with FDI at β = 0.475, travel services
at = 0.246 and high-technology exports at β = 0.194. Korea has
a negative relationship of CO2 with services exports i.e., β =
-0.934. In the United States, CO2 emission has a strong
relationship with GDP at β = 1.217, while the weak
relationship with high-technology exports is β = 0.421, and
travel services it is β = 0.268. FDI and services exports have a
negative relationship with CO2 emission with β that is −0.159
and −1.297 respectively. In Singapore, the CO2 emission has a
positive relationship with GDP (β = 0.392), travel services (β =
0.533), high tech exports (β = 0.050), services exports (β =
1.386) and FDI (β = 0.366). In the case of Latin America, the
CO2 emission has a weak relationship with GDP (β = 0.363)
and high-technology exports (β = 0.076), while it has a
negative relationship with travel services (β = −0.104),
services exports (β = −0.015) and FDI (−0.129).

By using the Granger test, the calculated t-statistics of the
lagged value of the ECT indicates that there is a long-run
causality from the travel services, FDI, services exports, and
economic growth on carbon emissions. The tabulated (F)
statistics values (Table 6) indicate that there is a
unidirectional causal relationship from travel services, FDI,
services exports, and economic growth on carbon emissions.
This study is significant for middle-income countries as it
focuses on various factors that can help to avoid MIT. Overall,
changes in industrial scale, trade structure, marketization and
export dependence can explain changes in CO2 emissions to a

TABLE 4 | (Continued) ARDL model for Latin America and other countries.

β Coefficient Std. Error t value Pr (>|t|) Multiple R2

Travel services 2.8327 0.3822 7.412 0.0854
L (Travel services, 1) −0.7995 2.8034 −0.285 0.8231
High-technology exports 0.9272 0.159 5.83 0.1081
L (High-technology exports, 1) −1.7482 0.2074 −8.428 0.0752
Service exports −0.3117 1.239 −0.252 0.8431
L (Service.exports, 1) −3.8073 4.1696 −0.913 0.5289
Foreign direct investment 0.623 0.1134 5.494 0.1146
L (FDI, 1) 1.182 0.2078 5.687 0.1108

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05.
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certain extent. The effects of CO2 emissions from export trade
in other industries are very significant, except that there is no
scale or structural effect in the mining industry, no structural
effect in the leather, fur, down and related products industry,
and no market effect in the pharmaceutical manufacturing
industry, and no policy effect in the metal products industry
(Adebayo and Rjoub, 2021). The combined force of industry
scale, trade structure, marketization, and export dependence

lead to both negative and positive effects of export trade on
CO2 emissions. Purely from an industry perspective, there are
obvious differences in the intensity and direction of the impact
of the scale, trade structure, marketization degree, and export
dependence of various industries on CO2 emissions. Most
industries have a negative impact on CO2 emissions, while
trade structure has a positive effect on CO2 emissions. That is
to say, the expansion of the industrial scale leads to the

FIGURE 3 | The plot of the cumulative sum and cumulative sum of squares of recursive residuals.
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deterioration of CO2 emissions, while the trade structure has a
positive effect. Advances have led to improvements in CO2

emissions; however, there is a big difference between market
effects and policy effects. Changes in the degree of
marketization and dependence on export trade in some
industries are conducive to reducing CO2 emissions
(Wenlong et al., 2022). In the long run, the expansion of
the industrial scale will still exacerbate CO2 emissions, and
the upgrade of the trade structure will promote the reduction

of CO2 emissions. Although export trade growth is an
important factor affecting CO2 emissions, export trade may
not necessarily lead to an absolute increase in CO2 emissions.
Therefore, we believe that the fundamental way to reduce CO2

emissions lies in optimizing trade structure and scientifically
managing export trade. Future work is directed towards using
the latest machine learning methods like recommendation
system (Bhatti et al., 2018; Bhatti et al., 2019) or hybrid
models (Bhatti et al., 2021b).

FIGURE 4 | Path analysis of different factors in different countries.
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4 CONCLUSIONS AND POLICY
IMPLICATIONS

4.1 Conclusions
This study compares and analyzes different criteria for determining
theMIT in Latin American countries and provides possible reasons
for the MIT. Our research finds that the social and economic
development of Latin American MIT countries contains some
common characteristics, and the findings help us understand the
mechanism of the MIT. In South Korea, the United States and
Singapore, with an analysis of the proportion of trade exports of
various types of export commodities, a reasonable explanation for
the difference in the export commodity structure betweenMIT and
non-MIT countries is obtained. For non-MIT countries, the

industrial upgrading process seems to be consistent with the
flying geese pattern of development, but it is also increasing the
environmental issues related to CO2 emissions. Government
should either follow green environment policies to reduce the
burden of CO2 emissions or develop a sustainable environment
policy by creating a trade balance. It follows that industrial
upgrading through backward linkages between consumer goods
and capital goods is more successful in high-income countries that
are not inMITs. For countries that are MITs, there is a tendency to
rely on exports of primary products, while industrialization is
driven by forward linkages of finished products. Limitations of this
study are to its focus on few variables, which can impact on quality
on results. In future we will be focused on more high quality
variables.

TABLE 5 | Path analysis model results for all countries.

Countries/Factors Estimate Std.Err z-value P (>|z|) Std. lv Std.all R2

China
GDP 0.563 0.443 1.27 0.204 0.563 0.787 0.969
Travel services 0.398 0.157 2.533 0.011 0.398 0.378 —

High-technology exports 0.262 0.2 1.311 0.19 0.262 0.495 —

Service exports 0.044 0.442 0.1 0.92 0.044 0.06 —

FDI −0.034 0.065 −0.516 0.606 −0.034 −0.078 —

South Korea
GDP 1.035 0.223 4.643 0 1.035 1.095 0.907
Travel services 0.233 0.084 2.778 0.005 0.233 0.246 —

High technology exports 0.222 0.128 1.74 0.082 0.222 0.194 —

Service exports −0.883 0.152 −5.829 0 −0.883 −0.934 —

FDI 0.449 0.172 2.618 0.009 0.449 0.475 —

Latin America
GDP 0.552 0.085 6.469 0 0.552 0.43 0.281
Travel services −0.047 0.062 −0.76 0.447 −0.047 −0.044 —

High technology exports 0.064 0.049 1.305 0.192 0.064 0.077 —

Service exports −0.05 0.06 −0.833 0.405 −0.05 −0.052 —

FDI −0.169 0.052 −3.243 0.001 −0.169 −0.194 —

Singapore
GDP 1.272 0.521 2.44 0.015 1.272 0.862 0.950
Travel services 0.313 0.204 1.532 0.126 0.313 0.171 —

High technology exports −0.079 0.189 −0.416 0.678 −0.079 −0.08 —

Service exports 0.315 0.387 0.814 0.415 0.315 0.285 —

FDI 0.068 0.179 0.379 0.705 0.068 0.062 —

United States
GDP 1.53 0.451 3.392 0.001 1.53 1.495 0.778
Travel services 0.279 0.195 1.432 0.152 0.279 0.321 —

High technology exports 0.326 0.132 2.465 0.014 0.326 0.426 —

Service exports −1.981 0.49 −4.041 0 −1.981 −1.614 —

FDI 0.155 0.145 1.07 0.284 0.155 0.232 —

TABLE 6 | Granger Test with ECT.

Short Run Long Run

(Y/X) ΔInCO2 ΔInGDP ΔInTravelServices ΔInHighTech exports ΔInFDI ΔInServicesexports ECTt-1
ΔInCO2 — 7.93** 4.91 7.14** 7.51** 7.78** −0.051 (−2.615) **
ΔInGDP 2.44 — — 6.21 3.45 3.77 −0.024 (−1.29)
ΔInTravelServices 1.34 2.87 2.78 1.97 1.91 3.27 −0.19 (−0.13)
ΔInHighTech exports 3.25 3.54 2.74 — 2.79 3.51 −0.017 (−0.88)
ΔInFDI 201 5.78* 3.04 8.76** — 1.91 −0.0.791 (−0.89)
ΔInServicesexports 1.03 6.22 2.91 6.58** 3.36 — −0.003 (−0.13)

Note: *, ** denotes significance at the 1 and 5% level, respectively.
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4.2 Policy Implications
From the empirical results of this study, the transfer of
environmental load through international trade could be
forecasted regularly using the relationship extraction between
factors with regression, and long-term impact can be monitored
with the ARDL model. The environmental loads of international
trade, such as water, land use, and energy use, are considered
under the current international division of labor between
countries. According to the producer-based responsibility
principle, a country has responsibility only for the emissions
or pollutants that are generated directly within its borders; a
typical case is the international climate change regime. To achieve
CO2 reduction targets, countries have the incentive to outsource
CO2 emissions to other countries, and both the national and
global efforts toward CO2 reduction could be undermined by this
“CO2 leakage” phenomenon. Therefore, it would be difficult to
devise effective environmental policies if the real distribution and
balance of the environmental impacts of trade are not considered.
For countries that are facingMIT, it is important to focus on trade
factors as the results reveal that in China, trade components are
directly impacting the economic growth and CO2 emissions, and
other high-income countries show the same results as China. The
policy implications of the findings of this study are very direct. It
is necessary to develop the consumer goods industry and
maintain competitiveness in promoting the upgrading of
industries to capital goods through backward linkages.
Although there are many problems in the economic
development of Latin America, these difficulties can be
addressed by economic and social policies. Based on the
reasons analyzed above, Latin American governments can
implement the following policies:

• Raise the national education level and train workers in
advanced technology

• Increase scientific research funding and encourage R&D
innovation

• Promote industrial upgrading
• Create a favorable environment for foreign investment and
encourage overseas investment to stimulate the economy

• Improve the role of taxation; allow taxation to reduce the
gap between the rich and the poor, and increase social
welfare
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