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Due to the rapid growth of fossil energy consumption, countries worldwide have paid
considerable attention to reducing carbon emissions. Moreover, with economic
globalization and trade liberalization, exploring the relationship between foreign trade
and carbon emission reduction has become increasingly critical. Exploring this relationship
can aid in establishing suitable recommendations for global carbon emission reductions.
This paper uses a spatial econometric model and a dynamic panel threshold model to
empirically test the spatial effect, nonlinear effect, and heterogeneous effect of foreign trade
on global carbon emissions. All the above models are based on the construction of the
economic weight matrix of different countries. The results reveal that 1) carbon emissions
in various countries exhibit with significant spatial spillover in the overall spatial context; 2)
foreign trade has a significant role in promoting carbon emissions in local and similar
economic areas, but it has an apparent dual-threshold effect on economic development;
and 3) there are significant differences in the impact of foreign trade on carbon emissions in
different regions and different periods. Therefore, in the process of global economic
integration, based on their development stages and comparative advantages, countries
can focus on overall planning and coordination to promote the optimal allocation of
resources and reduce carbon emissions.

Keywords: international trade, carbon emission reduction, space econometric, dynamic panel, heterogeneous test

INTRODUCTION

An urgent focus must be placed on reducing greenhouse gas emissions and controlling climate
change. The rapid development of industrialization has dramatically improved people’s living
standards. However, the consumption of a large amount of fossil energy has led to a dramatic
increase in CO2 emissions. According to the assessment report of the Intergovernmental Panel on
Climate Change, over the past 50 years, global warming has largely been related to greenhouse gas
emissions. The global average temperature is approximately 1.2°C higher than that before
industrialization, and the six years between 2015 and 2020 were the warmest recorded in the
history of meteorological observation. All countries, whether developed or developing, must assume
responsibilities and obligations related to global climate change. At present, 126 countries and
organizations around the world have promised to achieve the goal of “carbon neutrality”. Twenty-
two countries and regions have set the goal of carbon neutrality in the form of legislation and policies.
In addition, carbon emission reduction has become a common research focus and an urgent issue in
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current global development (Li, et al., 2020). Moreover, in the
process of industrialization, international trade has effectively
promoted the growth of the world economy and enabled
countries to realize comparative advantages, but it has also led
to an international trade pattern with a centre-periphery
structure, which has led to regionally varying carbon emissions.

There are two main problems in global carbon emissions and
international trade. First, the transfer of products through trade
may lead to disputes regarding carbon emission reduction
responsibilities. In global supply and production chains,
carbon emissions embedded in traded products are transferred
through international trade. For example, developing countries
usually export products associated with high energy consumption
and high pollution and import low-pollution and high value-
added products from developed countries. This process amplifies
the carbon emission intensity through trade and leads to an
imbalance in the carbon emission reduction burden between
exporting and importing countries, leading to potential
conflicts (Zhang, et al, 2020). Second, additional green
barriers and carbon tax competition may impact the free trade
system. After years of industrial development, most developed
countries have achieved a carbon peak, and their carbon
neutralization strategies were implemented at various points in
the past. However, the application of low-carbon technology and
equipment renewal have increased the production costs of
enterprises. To protect domestic enterprises, developed
countries may introduce carbon tariffs or raise environmental
protection standards to set obstacles to international trade. For
example, the European Union has introduced the “carbon border
adjustment mechanism”, which levies taxes on countries’ goods
in a slow emission reduction process, thus forming de facto trade
barriers and increasing the costs to exporting countries (Chu,
et al.,, 2021).

International trade and energy economics have been identified
among the top-ten research topics of current economic studies
(Luo, et al, 2021). With the acceleration of global carbon
neutrality, developing export-oriented economies face heavy
pressure to reduce emissions, and exporting countries may
require importing countries to assume more carbon emission
responsibilities, which may increase international carbon
emission responsibility disputes and trade frictions. Moreover,
the increase in green barriers may create obstacles for the
international trading system. In addition, under the condition
of noncooperative emission reduction, the phenomenon of free
riding occasionally occurs, causing a “tragedy of the commons”.

Hence, this paper focuses on clarifying the impact of
international trade on carbon emissions. There are several
issues that need to be addressed, such as the effect of
international trade on carbon emissions, whether international
trade can be an opportunity for countries to reach their carbon
emission reduction goals, and whether countries with different
regional economic development levels have the same carbon
emission reduction level. This paper systematically investigates
the carbon emission reduction effect of foreign trade from
different perspectives to provide theoretical and empirical
support for countries worldwide to better cope with energy
development. In the next section, a literature review is
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conducted to analyse the existing research and identify
research gaps.

LITERATURE REVIEW

Reducing carbon emissions and addressing global climate
change have become unified goals worldwide (Chang, et al,
2019). However, agreement about how international trade
influences carbon emissions has not been reached. Some
scholars have suggested that the rapid growth of
international trade has led to carbon emission issues. For
example, Zhong et al. (2021) analysed the impact of
international trade on carbon emission reductions based on
the global value chain. With evidence from 39 major economies,
they found that the development of international trade has led
to a 5% increase in the interregional flow of carbon emissions,
on average. Wang et al. (2021) found that China’s energy
consumption increased due to the expansion of the
international trade scale. Shi et al. (2020) focused on
countries from the Belt and Road region using a threshold
model and discovered a nonlinear relation between
international trade and carbon emissions. Wang W et al.
(2019) discovered that the ratio of embodied carbon per unit
value-added exports to embodied carbon per unit value-added
imports is much lower in developed countries than in
developing countries, indicating that developed countries
have obtained higher trade benefits at relatively low
environmental costs. This finding suggests that developed
countries are in an advantageous position in relation to
embodied carbon flows in global trade. Wang L et al. (2020)
found that with the development of international trade,
environmental quality is threatened by an increasing energy
demand, which has also led to an increase in carbon emissions.

Some scholars have reported that international trade can
reduce carbon emissions. For instance, Kerui et al. (2020),
using approximately 116 panel datasets from 1986 to 2014,
indicated that international trade could improve carbon
emission reductions and increase income, and the greater the
increase in income is, the higher the carbon emission reduction.
Li et al. (2019) showed the positive effects of international trade
on carbon emission reduction. China’s high level of technological
development has led to reduced carbon emissions in the context
of international trade. Wang et al. (2018) found that improving
the level of economic expansion and enhanced foreign trade are
conducive to improving environmental effects. Khan et al. (2020)
analysed international trade in G7 countries and identified the
relationship among international trade, carbon emission
reduction, and renewable energy, thereby discovering a
sustainable environment for G7 countries. Misak et al. (2018)
also studied international trade, carbon emissions and other
factors, such as model choice and international transport. The
results indicated that establishing international transport laws
can help reduce carbon emissions within international trade. Sun
et al. (2019) also considered international trade and carbon
emission reduction in conjunction with green innovation and
energy efficiency.
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In the research on international trade and carbon emissions,
several methods have been applied. For example, Wang S et al.
(2020) used a stochastic regression model to determine the best
path to reach a carbon emission reduction target. Carbon
emissions can also be calculated through an accounting
framework with investment-based methods (Zhang, et al,
2020). Moreover, intertemporal mechanisms were provided by
Bednar et al. (2021) to encourage countries to take responsibility
for carbon emissions in the international trade market. Adnan
etal. (2021) used second- and third-panel cointegration methods,
and the results indicated that cross-sectional dependency and
heterogeneity confirm the correlations among panels in the study.
Moreover, technological innovation can reduce carbon emissions
in international trade. Baloch et al. (2018) used the autoregressive
distributed lag (ARDL) model, vector error correction (VEC)
model and regressive threshold model to estimate carbon
emission reductions and identify financial instability within an
international trade background.

RESEARCH GAPS

The literature review indicated that many scholars have
examined international trade and carbon emissions, but
research gaps still First, few researchers have
systematically investigated the impact of foreign trade on
carbon emission reduction in countries worldwide from a
spatial perspective based on economic geography. Second,
few studies have considered the overall context of
international trade and carbon emissions. Through
heterogeneity analysis, this paper examines the heterogeneous
effects of international trade on carbon emissions in different
countries and at different times and refines the research on the
impact of international trade on carbon emissions. The
marginal contribution of this paper is three-fold. First, the
spatial spillover effect of foreign trade and carbon emissions
are studied by using dynamic spatial models, including the
Durbin model and a spatial autoregression model, thus
expanding upon the existing research. Second, a dynamic
threshold panel model is used to discuss the dynamic
relationship between foreign trade and carbon emissions and
obtain scientifically valid estimation results.

exist.

METHODS

Research Hypotheses

Countries can meet their own consumption needs by importing
products while avoiding the responsibility of reducing the
emission of carbon dioxide and other greenhouse gases.
Therefore, international trade and industrial transfer generally
increase the total carbon emissions of the host country. To a
certain extent, international trade forces a country to optimize
and upgrade its industrial structure, which is conducive to energy
efficiency improvement. However, carbon emission reduction is
characterised by global externalities. Different countries have
different  emission  reduction  capabilities,  historical
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responsibilities, environmental protection strategies, and free-
riding problems, which may cause cross-border transfers of
carbon emissions through international investment and trade,
resulting in “carbon leakage”. Therefore, we formulate research
Hypothesis 1 as follows.

Research Hypothesis 1: International Trade has a Spatial
Spillover Effect on the Carbon Emission

Antweiler et al. (2001) believed that technological level
improvements can reduce the pollution caused by trade and
that international trade is beneficial to the environment.
Therefore, developing international trade is conducive to
improving the environment and reducing carbon emissions.
However, with regional development, the introduction of
advanced technology, the optimization and upgrading of the
industrial structure and the elimination of backward
production capacity, the allocation of carbon resources tends
to be optimized, and carbon emissions are reduced. In addition,
economic improvements increase the environmental protection
requirements of products, which result in the development of
high-tech and low-polluting products and help reduce carbon
emissions. Therefore, we formulate research Hypothesis 2 as
follows.

Research Hypothesis 2: The impact of international trade on
carbon emissions exhibits nonlinear changes due to different
levels of economic development, with a certain threshold effect.

Model Setting

The Dynamic Spatial Model

To explore the impact of international trade on carbon emissions,
we establish a dynamic spatial model as follows:

InCarriy = a + BWLNCarry,; + B,WLNCartry,_, + p,open;,
+p,Wopen;, + 6Xip + p; + h, + €
1)
In Eq. 1, i stands for the country; t is time; LNCarr represents the
log of carbon emission intensity; open stands for foreign trade; X
is a series of control variables; f3;,3,,p;,p, and § represent the
estimation coefficients of the respective variables; y; and y, are

spatial and temporal effects; ¢;; is the residual term; W is a spatial
weight matrix; and « is a constant term.

The Dynamic Threshold Model

The effect of international trade on carbon emissions varies in
different countries. Therefore, a dynamic threshold model is
necessary and can be expressed as follows:

InCarryy = u, + InCarry,_y + fopen;; + 6X; + AWLNCO,;,
+ MiInopen;;*I (LNPGDP;; <y,)
+ Mlnopen; x1 (LNPGDP;, <7y,)
+ Aslnopen; *1 (LNPGDP;; <y,) + &,
2

In Eq. 2, A\j, A, and A; are the coefficients of the influence of the
foreign trade level on carbon emissions at different threshold
intervals based on the economic development level; LNPGDP;; is
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a threshold variable; y is the threshold estimate; y, and y,
represent the first threshold value and the second threshold
value, respectively; I(-) is an indicator function; and the other
variables are set as described above.

Moran’s Index Model

To perform a spatial correlation test, Moran’s index was used to
test foreign trade and carbon emissions based on the
corresponding autocorrelation. According to Moran’s theory,
when the Moran’s index varies from 0-1, a positive relation
exists. The formula for the Moran’s index is as follows:

M_EM

= 3
Ty ?:1 Bz; ®

In Eq. 3, B; is the deviation between the attribute value for sector i
and the average value (O; — O); A, represents the spatial weights
between sectors i and k; g refers to the total number of sectors; and
T, is the sum of all the spatial weights. When Moran’s M > 0, a
positive spatial correlation exists, and a high value indicates a high
correlation. When Moran’s M < 0, a negative spatial correlation exists,
and a low value represents a large spatial difference. When Moran’s M
= 0, the spatial correlation is random.

VARIABLE DESCRIPTIONS AND DATA
SOURCES

Explained Variable

This paper selects the carbon emission intensity (LNcarr,;;) as
the explained variable; it is calculated based on the CO, emissions
per unit Gross Domestic Product (GDP).

Core Explanatory Variable

This paper selects foreign trade (Open) as the core explanatory
variable. This variable is equal to the ratio of import and export
trade to the GDP and is used to express the foreign trade level of a
country or region.

Control Variables
There are six control variables in this paper: PGDP, Urban,
Industry, People, Foreign Direct Investment (FDI) and
GDPdeflator.

PGDP refers to the per capita GDP, which is the GDP divided
by the population of the country. Urban refers to the proportion

International Trade and Carbon Reduction

of the urban population to the total population of the country.
Industry refers to the ratio of the added value of secondary
industry to GDP. People refers to the number of people per
unit area. FDI refers to the ratio of FDI stock to the GDP of a
country. The GDPdeflator measures inflation based on the GDP
in the current year divided by the GDP in the previous year.

Data Sources

To investigate the effect of international trade on carbon emissions,
this paper empirically examines the corresponding trade-emissions
relationship using a spatial measurement model and a dynamic
threshold model. In total, 17 of the G20 countries were selected as
the sample in this paper based on the availability of data (Refer to
Appendix Table A1). The explained variable “LNCarr” is the log of
the carbon emission intensity, with a unit of million tons, and the
corresponding data source is the BP database. The core explanatory
variable “Open” refers to the ratio of import and export trade to the
GDP, with a unit of United States dollars, and the corresponding
data source is the World Integrated Trade Solution (WITS)
database. The control variable “PGDP” is from the World Bank
database, with a unit of United States dollars. “Urban”, with a unit
of people per square kilometre, is derived from the World Bank.
“Industry” refers to the proportion of industrial output value in the
GDP, with a unit of United States dollars, and the corresponding
data source is the World Bank. “People” refers to the population
density, with a unit of people per square kilometre, and the data
source is the World Bank. “FDI” refers to the proportion of foreign
direct investment stock in the GDP, with a unit of %, and the
corresponding data source is the United Nations Conference on
Trade and Development (UNCTAD) database. “GDPdeflator”, in
%, is derived from the World Bank. The above data were obtained
from 1996 to 2018, and the corresponding descriptive statistics
(e.g., mean, SD, minimum value and maximum value) are shown
in Table 1.

EMPIRICAL RESULTS

Results of Moran’s Index Calculations

The Moran’s index calculation results are listed in Table 2. The
results show that Moran’s M > 0 in all years except 2015. The
results also indicate that the Moran’s index for carbon emissions
and foreign trade fluctuated between approximately 0.22 and
0.559 from 1996 to 2018, exhibiting significant positive spatial

TABLE 1 | Descriptive statistics for the considered variables.

Variables Obs Mean SD Min Max
Explained LNCarr 391 6.251494 0.8504613 4.660,028 8.90654
Core explanatory Open 391 0.396318 0.143,606 0.1186059 0.8613456
PGDP 391 21,533.68 17,5688.19 399.95 68,150.11
Urban 391 70.63276 15.84259 26.82 91.62
Control Industry 391 28.54 7.40 17.07 48.06
People 391 151.75 146.99 2.38 529.19
FDI 391 34.51 56.51 0.61 425.37
GDPdeflator 391 1.058579 0.1269025 0.4424 1.5176

SD, Min and Max denote the standard deviation, minimum and maximum, respectively.
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TABLE 2 | Moran’s index results regarding the effect of foreign trade on carbon
emissions.

Year Moran’s M Year Moran’s M
1996 0.336 2008 0.366
1997 0.433 2009 0.33
1998 0.496 2010 0.328
1999 0.415 2011 0.325
2000 0.379 2012 0.401
2001 0.412 2013 0.559
2002 0.517 2014 0
2003 0.446 2015 0.271
2004 0.484 2016 0.22
2005 0.576 2017 0.352
2006 0.356 2018 0.362
2007 0.391

TABLE 3| Empirical analysis results regarding the effect of foreign trade on carbon
emissions.

LNCARR
VARIABLES (1) 2 3) (4)
SAR SDM GMM oLs
L.LNCarr 0.825"* (32.86)
Open 0.351** 0.495"** 0.241* 0.443"*
(5.27) (6.47) (6.28) (5.92)
Urban 0.030" 0.025"* 0.004** 0.032***
(18.46) (12.97) (3.20) (17.57)
FDI 0.000 0.000 0.000 0.000
(0.22) (0.88) (0.99) (0.44)
People 0.004*** 0.005*** 0.000* 0.004***
(10.06) (10.66) (1.70) (8.64)
PGDP -0.690*** -0.672"** -0.097*** -0.669***
(-43.41) (-40.40) (-5.03) (-37.43)
Industry 0.017* 0.015"** 0.004*** 0.020"*
(7.28) (6.66) (3.07) (7.53)
GDPdeflator -0.139"* -0.117* -0.797* -0.133**
(-4.17) (-3.81) (—28.87) (-3.50)
Constant 2.301** 9.330"*
(9.95) (50.91)
p -0.236"* —0.288*
(-7.51) (-3.72)
sigma2_e 0.004*** 0.003***
(13.93) (14.06)
Observations 391 391 391 391
R-squared 0.8134 0.6425 0.9934 0.9718
Number of IDs 17 17 17 17

Note: z-statistics in parentheses: **p < 0.07, *p < 0.05, and *p < 0.1.
SAR, SDM, GMM, and OLS denote the spatial lag regression model, spatial Durbin
model, Gaussian mixture model, and ordinary least squares model, respectively.

dependence. This finding indicates that from the perspective of
spatial correlation, an increase in international trade leads to an
increase in carbon emissions. This result verifies research
Hypothesis 1.

SAR, SDM, GMM and OLS Results

The robustness of the spatial econometric results for the panel
dual fixed-effect model, GMM, SAR model, and SDM was

International Trade and Carbon Reduction

assessed. The results are shown in Table 3. The trend and
magnitude of the core explanatory variable coefficients are
consistent, and the results pass the significance test, reflecting
good model robustness.

Table 3 lists the empirical analysis results regarding the effect
of foreign trade on carbon emissions. The first column in Table 3
lists the variables, the second column gives the SAR results, the
third column gives the SDM results, the fourth column gives the
GMM results, and the fifth column gives the OLS results. First,
the regression coefficient of carbon emissions with one-stage lag
(L.LNCarr) is significantly positive, which indicates that there is a
significant “temporal inertia” related to carbon emissions in
various countries, with a specific “snowball effect”. Second, the
coefficients of p are —0.236 and —0.288, which are significantly
negative. This result indicates that an increase in carbon
emissions in a region has a significant negative impact in areas
with a similar per capita GDP; that is, carbon emission reductions
are transferred among regions through trade. The coefficient of
foreign trade (open) is significantly positively related to the core
explanatory variables, indicating that an increase in foreign trade in
this region is positively correlated with the intensity of carbon
emissions. This finding shows that foreign trade has a positive
spatial spillover effect on carbon emissions. In addition, the
degree of urbanization, population density, and the proportion of
industrial output value are all positively correlated with the carbon
emission intensity, which is in line with expectations. The SAR,
SDM, GMM and OLS results all validate research Hypothesis 1.

Analysis of the Regression Results for

Threshold Effects

The single and dual thresholds in Table 4 pass the significance
test, but the triple threshold fails, which means there is a dual-
threshold effect. In addition, Table 5 shows that the threshold
values in the 95% confidence interval are 8.5345 and 10.4494. To
intuitively express this results, further delogarithmic processing is
performed. The values after delogarithmic processing correspond
to the regional per capita GDP, with threshold values of 5,087.29
United States dollars and 34,523.65 United States dollars.
Therefore, the global economic development stage can be
divided into three threshold intervals. The first threshold
interval is GDP per capita values less than 4,337.27
United States dollars. The second threshold interval is GDP
per capita values between 4,337.27 United States dollars and
34,523.65 United States dollars. The third threshold interval is
GDP per capita values above 34,523.65 United States dollars.
Thus, research Hypothesis 2 in this paper is validated.

Based on Table 6, a high level of foreign trade significantly
inhibits carbon emissions. Specifically, if a region is in the first
threshold range and the regional economy is underdeveloped,
foreign trade positively promotes regional carbon emissions. To
catch up with economically developed areas, financially
underdeveloped areas consume many natural resources at the
expense of the environment. This process increases carbon
emissions. When the regional economic development level
passes the second threshold, there is a gradual shift from a
state of underdevelopment to a moderate development level.
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TABLE 4 | Threshold estimation and test results.

Model F- statistic Prob
Single threshold 109.57 0.09

Double threshold 166.79 0.000
Triple threshold 61.53 0.7133

TABLE 5 | Threshold estimation and confidence intervals.

Threshold 95%
Threshold 1 8.3193 [8.2599, 8.3227]
Threshold 2-1 8.5345 [8.4532, 8.5499]
Threshold 2-2 10.4494 [10.4245, 10.4521]

TABLE 6 | Results of the threshold effect model.

Interpreted variable Elasticity coefficient t-statistic Prob
| 0.3768076 6.56 0.000
o 0.114,673 3.48 0.001
\s 0.057255 1.73 0.085

The promoting effect of foreign trade on carbon emissions
disappears and gradually changes to inhibition. When the
economic development level passes the third threshold,
the economy becomes relatively developed, and foreign
trade significantly inhibits carbon emissions. Notably,
economically developed areas can introduce advanced
technology and achieve a high resource utilization
efficiency; therefore, increasing trade helps allocate
resources to achieve a comparative advantage, reduce the
consumption of ecological resources and restrain carbon
emissions. Hypothesis 2 is confirmed, which suggests that
the impact of foreign trade on carbon emissions nonlinearly

varies according to different levels of economic
development.
HETEROGENEITY TEST

To investigate the heterogeneity in the relationship between
international trade and carbon emissions, this paper conducts
extensive tests on regional and temporal heterogeneity.

Regional Heterogeneity Tests

The results regarding regional heterogeneity indicate that countries
with high economic development levels focus on the introduction of
clean technologies when developing foreign trade, which can restrain
carbon emissions. The foreign trade coefficient is significantly
negative in non-BRICS G20 countries but highly positive in
BRICS countries. BRICS countries are characterised by relatively
backward economic development. In the early period of

Bootstrap time

International Trade and Carbon Reduction

Critical value

10% 5% 1%
300 106.2615 122.2793 171.7156
300 68.8225 78.3972 119.7082
300 159.836 187.1816 272.5536

development, rapid economic growth is achieved at the expense
of environmental damage, thus increasing carbon emissions. The
above results suggest that the impact of international trade on carbon
emissions varies across G20 countries. Therefore, different countries
will choose different strategies to reduce carbon emissions in the
future.

Temporal Heterogeneity Tests

The results of temporal heterogeneity tests are analysed over two
periods: from 1996 to 2000 and from 2000 to 2018. According
to the results shown in Table 7, the coefficient of foreign trade
is positive. Between 1996 and 2000, which was part of the
early stage of economic development, economic growth
mainly involved a large amount of energy consumption. In
comparison, between 2000 and 2018, the coefficient of
foreign trade was significantly negative. This trend reveals
that with the rapid economic development achieved by
increased foreign trade, environmental protection was
enhanced, and advanced technology was introduced. Most
countries have recognized the importance of reducing carbon
emissions. To a certain extent, pollution prevention and
control were thus improved, and carbon emission
reductions were achieved. These changes are associated
with  certain  stages, dynamics, and continuity
characteristics of the impact of foreign trade on carbon
emissions.

Finally, based on the results of the regional heterogeneity tests
and temporal heterogeneity tests, international trade can affect
carbon emissions, and this relationship exhibits periodic features
and dynamic characteristics.

ROBUSTNESS TEST

The above results and tables show that international trade
generally promotes carbon emissions. To assess the robustness
of the above results, this section presents a robustness test, and the
results are listed in Table 8. Specifically, a variable substitution
method is used in this assessment. The logarithm of the carbon
emission intensity is replaced by the logarithm of the carbon
emissions of a country. As shown in Table 8, the OLS and GMM
trends reflect the moderate effect of international trade on carbon
emission reductions. For the core explanatory variable Open, the
OLS, GMM, SDM and SAR results are all significant, and the core
explanatory variables are highly robust. For the control variables
PGDP, Urban, Industry, People, and FDI, the OLS, GMM, SDM
and SAR results are all significant. Although the OLS, SDM, and
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TABLE 7 | Results of the heterogeneity tests.

International Trade and Carbon Reduction

LNCARR
Variables 1) 2 (3) (4)
Non-BRICS BRICS Years 1996-2000 Years 2000-2018
Open -0.312"* 0.766"* 0.125 -0.457**
(-3.17) (3.30) (1.03) (-3.95)
Urban 0.017** 0.034*** 0.020* 0.021***
(4.70) (10.45) (3.08) (5.09)
FDI 0.000 0.006* —0.000 -0.001**
(1.56) (1.99) (-0.15) (-2.14)
People 0.003** 0.003*** 0.001 0.004***
(2.39) (4.55) (1.06) (4.939)
PGDP —0.960"** —0.697** —0.924** —0.904***
(-35.56) (-13.90) (—26.44) (-38.66)
Industry 0.037*** 0.011 0.003 0.034***
(9.02) (1.60) (0.66) (7.06)
GDPdeflator 0.053 0.081 0.015 0.006
(0.99) 0.91) (0.55) 0.11)
Constant 12.688™* 9.866™* 13.231* 11.883**
(38.43) (20.21) (24.12) (38.70)
Observations 276 115 85 306
Number of IDs 12 5 17 17
R-squared 0.917 0.982 0.967 0.914

Notice: z-statistics in parentheses: **p < 0.01, *p < 0.05, and *p < 0.1.

TABLE 8 | Results of the robustness test.

LNcarbon
Variables oLs GMM SDM SAR
L.LNCarbon 0.888***
(41.57)
Open 0.272** 0.145** 0.320"* 0.169*
(3.08) (3.96) (3.64) (2.07)
Urban 0.034* 0.002** 0.026™* 0.032**
(15.66) (2.04) (11.67) (16.54)
FDI 0.000* 0.000** 0.001*** 0.000"*
(2.20) (1.98) (2.80) (2.70)
People 0.005"* 0.000* 0.005*** 0.004***
(10.26) (1.81) (10.63) 9.44)
PGDP 0.315™ 0.060*** 0.286™** 0.258™*
(14.97) (5.51) (14.50) (11.80)
Industry 0.025"* 0.004*** 0.019*** 0.026™*
(7.96) (2.90) (7.34) (8.94)
GDPdeflator -0.167** 0.034* -0.136"** -0.142"*
(-3.72) (1.85) (-3.88) (-3.47)
Constant -0.086 -0.230*
(—0.40) (-2.53)
rho -0.296"** 0.240"*
(-3.85) (5.35)
sigma2_e 0.004*** 0.006™*
(13.80) (13.92)
Observations 391 374 391 391
Number of IDs 17 17 17 17
R-squared 0.8347 0.9723 0.6155 0.6695

Notice: t-statistics in parentheses: ***p < 0.01, *p < 0.05, and *p < 0.1.
OLS, GMM, SDM and SAR denote the ordinary least squares model, generalized method
of moments model, spatial Durbin model, and spatial autoregression model, respectively.

SAR results for GDPdeflator are below 0, the GMM result is 1.85.
The overall results are significant; therefore, they verify the
previous results. Moreover, the robustness test shows that the

measurement of the explained variables does not influence the
core conclusions of this paper.

CONCLUSION AND POLICY
IMPLICATIONS

Conclusion

Based on the above results, the conclusions of this paper are as
follows: 1) The spatial correlation indicates significant positive
spatial dependence between international trade and carbon
emissions. 2) The spatial econometric model results indicate
that foreign trade has a positive spatial spillover effect on the
carbon emissions of countries with similar local development
levels. The growth of foreign trade promotes carbon emissions to
a certain extent. 3) The regression results for the threshold effect
indicate that the impact of foreign trade on carbon emissions in
various countries has a noticeable dual-threshold effect on the
economic development level, with threshold values of GDP per
capita of 5,087.29 United States dollars and 34,523.65
United States dollars. Thus, three threshold intervals are
delineated to indicate the different stages of economic
development. 4) The heterogeneity test results indicate that
foreign trade impacts carbon emissions differently in different
regions and different periods and that the spatial spillover effect is
characterised by regional and temporal heterogeneity, with
certain stages, dynamics, and continuity.

International trade is important for a country’s economic
development, but carbon emission reduction is also necessary.
Hence, research on the relationship between international trade
and economic development and the corresponding effects has
significant value for long-term development. For instance, the
international trade war between China and the United States has
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led to a reduction in current carbon emissions. China has reduced
its carbon emissions by 3,621.11-4,031.52 ten thousand tons, and
the United States has reduced its carbon emissions by
214.6-314.59 ten thousand tons. However, the international
trade war may also lead to a carbon increase in other
countries (Zhang, et al.,, 2021).

In current research, the relationship between international
trade and carbon emissions is still mainly viewed from two
perspectives. One view posits that international trade increases
carbon emissions, and the other posits that international trade
reduces carbon emissions. The results of studies adopting
different perspectives, variables, and research methods can
contradict each other. For example, international trade
between China and the United States has led to emissions
issues because global shipping generates 938 million tons of
carbon emissions per year (Lin, et al.,, 2014; Liu, et al, 2019;
Zhang, et al., 2017). Kazakhstan can develop green energy to
reach the goal of a green economy (Wang X, et al,, 2019), and
China can improve agricultural technology to mitigate poor
energy use (Jiang et al, 2020). Dietzenbacher et al, 2020
proposed accounting methods to encourage countries to
develop an effective energy policy in relation to international
trade and establish a reward and punishment system as a useful
way to reach the established goals. In addition to benefiting from
low-carbon industries, high-income countries develop leading
low-carbon technologies and management modes based on their
advantages in technology, talent, capital, and awareness of
environmental protection, thus contributing to carbon
reduction (Qin, 2020). According to above literatures,
international trade as a double-edged sword impacts the
carbon emissions. Therefore, in future research, more scholars
need to study the relationship between international trade and
carbon emissions.

Policy Implications
The results of this paper highlights several policy implications for
further development, and they are listed below.

1) Promote the low-carbon transformation of foreign trade
strategies according to the conditions in different countries.
While maintaining the current development trend, countries
can formulate differentiation strategies according to the
threshold effect of economic development. They should also
strengthen environmental supervision while expanding foreign
trade. For instance, mandatory corporate social responsibility
information disclosure, which is conducive to corporate green
technological innovation, can be supported to finally achieve a
win-win situation between the economy and environment. For
instance, countries in threshold 1 should improve their
particular strengths to increase the GDP rather than rely on
international trade because in threshold 1, international trade
increases carbon emissions. Countries with a threshold of 2-1
should balance industrial development to prevent carbon
emissions. For countries with a threshold of 2-2, although
international trade can reduce carbon emissions, they should
identify green development methods for the future.

International Trade and Carbon Reduction

2) Strengthen international coordination and urge developed
countries to assume more responsibilities in trade. The
impact of carbon dioxide on climate is the same
everywhere. Due to the gap between output and energy
efficiency, the carbon emissions of the same products
produced in different countries vary. The international
trade mode of production in low-income countries and
consumption in high-income countries is associated with
high carbon emissions. Therefore, developed countries
should provide financial and technical support to
developing countries to help them improve their overall
energy efficiency and reduce emissions.

3) Monitor the different relationships between international
trade and carbon emission reductions and adjust the
relationships considering the associated dynamics. This
approach requires relevant departments to understand the
development trends of international trade and carbon
emissions. Moreover, different countries can adopt certain
methods to reduce carbon emissions without restricting
international trade. For example, to reduce carbon
emissions, China has focused on establishing new
transitional policies.
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APPENDIX

TABLE A1 | The 17 countries of this paper.

17 Countries Australia, Brazil, Germany, Russia, France, South Korea, Canada, United States, Mexico, South Africa, Japan, Turkey, Italy,
India, Indonesia, United Kingdom, China
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