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ABSTRACT
Previous research has explored the relationship between carbon emissions, trade open-
ness, and foreign direct investment (FDI), but these studies have not specifically exam-
ined carbon emissions using sector-level data. This paper expands upon the existing
body of literature by employing a threshold regression approach, utilizing the intensity
of carbon emissions as a primary variable to scrutinize the effects of FDI and trade open-
ness on carbon emissions at a sectoral level. Our findings indicate that the impact is con-
tingent upon the chosen thresholds, thereby underscoring the influence of foreign trade
openness and FDI on carbon emissions within the industrial sector. The effect of FDI on
sector-specific industrial carbon emissions is not constant, with the influence coefficient
varying over time. In contrast, trade openness positively and negatively impacts carbon
emissions. Specifically, increased foreign trade openness leads to a decrease in carbon
emissions in less carbon-intensive sectors. Factors such as the intensity of economic
activity, employment levels, independent technical innovation, and per capita GDP sig-
nificantly influence carbon emissions within industrial sectors.
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1. Introduction

The escalating annual increase in carbon dioxide emissions significantly contributes to global warming.
This phenomenon poses a serious threat to numerous biological species and the well-being of human
populations. In 2018, the United Nations issued a stern warning, emphasizing the urgency of immediate
actions to limit climate change to a manageable level of 1.5 degrees Celsius. Without such measures in
place by 2040, the global community faces severe consequences. Hence, the worldwide focus has shifted
towards controlling carbon emissions and averting further environmental degradation. Notably, China
currently holds the position of the world’s largest trading nation. As per the China Statistical Yearbook,
in 2018, the utilized foreign direct investment was valued at 885.6 billion yuan, while the total value of
export and import of goods reached 30.51 trillion yuan. The substantial foreign trade and FDI growth
have greatly bolstered China’s economic expansion. However, their relationship to carbon emissions has
piqued academic curiosity. Most existing research has explored the association between foreign trade or
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FDI and carbon emissions, underscoring their significant interrelation (Metulini et al., 2017). These stud-
ies, nonetheless, do not adequately address the connection between carbon emissions, foreign trade
openness, and FDI.

Furthermore, there is insufficient focus on carbon emissions from China’s industrial sectors. Also,
many studies presuppose a linear relationship between FDI, foreign trade, and carbon emissions, over-
looking the possibility of variability across sectors with different carbon emission levels. Lastly, divergent
views on carbon emissions, foreign trade openness, and FDI largely stem from discrepancies in sample
selection and research methodologies.

In line with prior research, this study proposes several novel contributions. Firstly, it explores the rela-
tionship between carbon emissions, foreign trade openness, and FDI in China’s industrial sector. Secondly,
we utilize panel data from specific domestic industries selected from the “China Input-Output Table” and
other pertinent data sets. After categorizing all industrial sectors into twenty classifications, we examine
the impact of foreign trade and FDI on those most directly associated with carbon emissions. Thirdly, we
apply a threshold regression approach to evaluate their influence on varying magnitudes of carbon emis-
sions. A fixed-effects approach was used to investigate the impact of foreign trade openness and FDI on
carbon emissions, using panel data from China’s industrial sector from 2011 to 2021.

The remainder of the article is structured as follows. The literature review is discussed in the second
portion and is presented there. The framework, sources of data, and variables employed in this research
are discussed in the third portion. The research findings and analyses are presented in the fourth por-
tion. The summary and results of the study are presented in the final portion.

2. Literature review

The review of available literature led us to identify three major topics of study: foreign trade openness,
foreign direct investment, and carbon emissions. Firstly, previous literature investigates the effects of for-
eign direct investment (FDI) on environmental quality, focusing on the concept of a “pollution haven."
Secondly, past literature examines the influence of foreign trade on carbon emissions. Lastly, the previ-
ous studies explore the relationship between foreign trade and foreign direct investment.

A substantial amount of research has been conducted on the effects of FDI on the environment in
China, presenting three primary perspectives on FDI’s impact on carbon emissions. One theory posits
that FDI directly creates a “pollution haven.” Differences in environmental policies across nations have
given rise to this concept. Developed countries often have stricter environmental regulations than
emerging nations, which might not have any or less stringent environmental legislation. Consequently,
as developed countries relocate their polluting industries to emerging nations, carbon emissions
increase. Pao and Tsai (2011) examined the effects of financial growth and economic development on
environmental degradation from 1980 to 2007 using a panel cointegration approach. Their findings sup-
port the “pollution haven” hypothesis. Ren et al. (2014) explored the impact of per capita income,
imports, exports, foreign trade openness, and FDI on carbon dioxide emissions in China, employing
industry panel data and the generalized two-step method of moments (GMM) evaluation technique.
Their findings suggested that large FDI inflows exacerbate China’s carbon dioxide emissions.

An alternative perspective, known as the “pollution halo” theory, suggests that the influx of FDI brings
advanced technology and management methods that could potentially improve the environment. Gohar
et al. (2023a) conducted a study using data from the Chinese provincial panel covering 2000 to 2017,
employing a panel-corrected standard error (PCSE) approach. They found that FDI adversely affected indus-
trial CO2 emissions at the national level. This negative correlation remained consistent when regional varia-
tions were considered for the eastern, central, and western regions. In addition, their study revealed that
internal R&D initiatives significantly increased carbon dioxide emissions at both the regional and national
levels.

The third perspective considers the interplay between the “pollution haven” and “pollution halo”
effects concerning economic growth. The “pollution haven” hypothesis proposes that an increase in FDI
could initially cause greater pollution during the early stages of economic growth. Conversely, the
“pollution halo” argument contends that as economic growth progresses, FDI indirectly reduces environ-
mental pollution through technological advancements.
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The primary focus of studies investigating the impact of foreign trade on carbon emissions aims to ascer-
tain how this effect varies across different regions and categories of carbon emissions. Grossman and Krueger
proposed three categorization themes: scale effect, composition effect, and technical effect. These categories
have been frequently utilized in empirical studies examining trade and environment relationships. Yan and
Yang (2010) estimated the carbon dioxide emissions attributable to China’s foreign trade from 1997 to 2007.
They found that scale and composition effects amplified carbon dioxide emissions, while the technical effect
partially offset this increase. Trade activities, including imports and exports, can also be classified into trade
deficit and surplus categories. Using the input-output analysis method, Ren et al. (2014) estimated carbon
dioxide emissions in China’s foreign trade from 2000 to 2010, highlighting the steady expansion of China’s
trade surplus as a significant factor in the rapid increase in carbon dioxide emissions.

Bashir, Sadiq, et al. (2022a) analyzed how energy transition and environmental innovation bring envir-
onmental sustainability. Bashir, Sadiq, et al. (2022a) examined how industrial and economic indicators
contribute to GHG and carbon emissions. Moreover, Lei et al. (2022) analyzed the nexus between board
characteristics and firms’ environmental performance. Similarly, Bashir (2022) analyzed how the pollution
haven hypothesis has evolved. However, these studies provide mixed findings. Chang et al. (2022a,
2022b) and Derindag et al. (2022) or Behera and Dash (2017) focus on different geographical areas or
nations, while others employ distinct research techniques like the panel quantile regression technique
used by Zhu et al. (2016) and the VEC (vector error correction) method used by Derindag et al. (2023a,
2023b) and Gong et al. (2023). To address these issues, this study uses panel data from twenty industrial
sectors in China, employing a threshold regression approach to examine the interplay between FDI, for-
eign trade openness, and carbon emissions.

Foreign trade can be divided into two categories: exports and imports. Sulaman et al. (2020) exam-
ined the impact of trade along the “Belt and Road” global initiative on carbon dioxide emissions from
2000 to 2016, covering sixty-five countries. They sought to determine the effect of exports on carbon
emissions in high-income and low-income countries. They found that exports led to an increase in car-
bon emissions in low-income countries but a decrease in high-income countries. Additionally, they found
that imports increased carbon emissions in low- and middle-income countries and decreased in high-
and middle-income countries.

Haug and Ucal (2019) explored how international trade affected carbon dioxide emissions in a
regional study of Turkey. His research indicated that while an increase in exports did not have a statistic-
ally significant effect, a decrease in exports led to a reduction in per capita carbon dioxide emissions.
Conversely, a decrease in imports had no long-term impact, whereas an increase in imports correlated
with an increase in per capita carbon dioxide emissions. Further studies by Chen et al. (2022) and Chen
et al. (2018) analyzed the relationship between foreign trade and China’s per-capita carbon dioxide
(CO2) emissions from 1980 to 2014, revealing a negative correlation. Balsalobre-Lorente et al. (2022) and
Shahbaz et al.’s (2019) examination of the environmental Kuznets curve also considered the impacts of
scale, technology, composition, and trade openness on carbon emissions in the US. Their findings dem-
onstrated that increased trade openness contributed to reducing carbon dioxide emissions.

Moreover, the main focus of studies on the relationship between international trade and foreign dir-
ect investment (FDI) has been the examination of substitution and complementarity. A complementary
relationship between foreign trade and FDI is observed when the cost of conducting foreign trade is
high. Conversely, Jos�e (2007) suggested that an alternative relationship between FDI and international
trade occurs when the cost of foreign trade is low. Li and Wen (2013) revealed that FDI positively influ-
ences international transactions. The extant literature, however, fails to draw definitive conclusions about
the overall relationship, given that international trade and FDI occur across numerous nations and sec-
tors. While Chang et al. (2020a, 2020b, 2020c) suggest that FDI plays a significant role in promoting
trade between the European Union and Central and Eastern European nations, the impact of FDI may
vary based on its country of origin. Chang (2020), Ali et al. (2022), Chang et al. (2023a, 2023b) found a
two-way causal relationship between Singapore’s FDI and the total service trade and service imports.
However, only marginal support was found for a similar two-way causal relationship in Malaysia. Similar
studies have also explored the link between carbon emission reductions, environmental mitigation, eco-
nomic complexity, and global inequality (Jiang et al., 2022; Rafei et al., 2022; Sinha et al., 2022).
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Limited research has been conducted on the association between foreign trade openness, foreign dir-
ect investment, and industrial carbon dioxide emissions in China. It is essential to determine whether a
connection exists between these elements and, if so, identify its impact’s nature. This study applies a
threshold panel regression approach to examine the effects of FDI and trade openness on China’s car-
bon emissions. This approach uses panel data from China’s industrial sector from 2011 to 2021.

3. Variable description, data, & methodology

3.1. Data source & sample selection

The study sample used in this work includes data from 20 industry sectors spanning 11 years (2011–2021).
To guarantee the compatibility and consistency of the data, a categorization approach according to stand-
ard practices, like the “China Input-Output Table,” is used. The industrial sector of China is divided into
twenty industries, which primarily include wood processing and furniture, instrumentation and cultural
office machinery manufacturing, papermaking, printing, cultural and educational sports goods manufactur-
ing, transportation equipment manufacturing, general-purpose and special equipment manufacturing, food
manufacturing and tobacco processing industry, manufacturing communication equipment, computer, and
other electronic equipment manufacturing, chemical industry, metal products industry, oil and gas extrac-
tion, non-metallic mines and other mining and dressing industries, electrical machinery and equipment
manufacturing, Metal mining industry, petroleum processing, coking, and nuclear fuel processing industry,
electricity and heat production and supply, textile, clothing, shoes, hat, leather, and down and its products
manufacturing, coal mining and washing industry, crafts and other manufacturing (waste and scrap), metal
smelting and rolling processing industry, and denotes non-metallic mineral products industry.

Data on R&D expenditure was sourced from the “China Science and Technology Statistical Yearbook”
(2011–2021), while the “China Science Statistical Yearbook” (2011–2021) provided data on industrial research
and development. The “China Energy Statistical Yearbook” (2011–2021) offered information on energy con-
sumption, and the “China Environmental Statistics Yearbook” (2011–2021) delivered data on industrial pollution
outputs. Data on foreign direct investment, total exports and imports, and the gross domestic product were
obtained from the “China Statistical Yearbook” (2011–2021). Finally, the “China Industrial Economic Statistical
Yearbook” (2011–2021) was consulted for the sector’s total production value and workforce statistics.

3.2. Explanation of variables (Table 1)

Table 1. Variables description.
Type of variable Variables Unit Calculating

Explained variable
(threshold variable)

CDEtk, t Percentage (%) The total carbon emissions proportion to
production value

Explanatory
Variables

FDIk, t Percentage (%) The absolute index’s percentage of the
production value of foreign-funded
enterprises to production value

FTOk, t Percentage (%) Industrial industry’s overall import and
export proportion to the total industry
production

Yk, t 10000 yuan/person Gross domestic product per capita
Control variable TECk, t Piece Number of patents, grants, and

inventions, with a technological
innovation’s high level

PEk, t Ten thousand Industry personnel
TORk, t Percentage (%) The industry R & D expenditure’s

proportion to total production
ACTk, t 10,000 Kilo watt hours Power usage
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3.2.1. The explained variable (threshold variable)
The industry k’s carbon emission intensity in year t is indicated by the symbol CDEtk, t: The intensity level
is determined by dividing the overall industrial carbon emissions by the industry value of production.
The total industrial carbon emissions are calculated by multiplying the industry’s energy consumption
by the emission coefficient.

3.2.2. Explanatory variables
FDIC, t represents the foreign direct investment in industry k in year t: The total production worth of
companies with foreign funding is selected as a gauge for assessing the effect of foreign direct invest-
ment on industry carbon emissions due to the availability of data at a more specific industry level and
potential convergence problems in econometric analysis (Li and Liu, 2012). The favorable projected value
for the predicted coefficient of foreign direct investment’s impact on carbon emissions would indicate
that growing levels of foreign direct investment in China’s industrial sector will raise the country’s car-
bon emissions. It is consistent with the idea that focused investment often causes carbon emissions to
increase in emerging nations while decreasing them in advanced countries. In contrast, if the predicted
coefficient of foreign direct investment is negative, it means it has been drawn to China’s industrial sec-
tor to lower carbon emissions. This result would be consistent with the theory of technology spillover
influences, according to which foreign direct investment boosts the technical and energy efficiency of
the host nation and, as a result, reduces carbon emissions in emerging economies.

During a certain period, t, FTOk, t reflects the degree of trade openness in industry k. It identifies the link
between China’s economic openness and economic development by comparing its overall imports and
exports to the gross domestic product (GDP) ratio to the degree of dependency on international trade open-
ness. The fact that exports are frequently mentioned as the main cause of environmental issues is noteworthy
(Dogan et al., 2019). The industry’s overall export and import worth ratio to its total production value in
China was chosen to assess its openness to international trade. If the calculated trade openness coefficient is
favorable, it follows that opening up China’s industrial sector to overseas commerce would raise carbon emis-
sion contamination. If the predicted coefficient is unfavorable, on the other hand, freeing up China’s industrial
sector to international commerce would help reduce carbon emissions.

The real per capita GDP index for industry k in year t is represented by Yk, t: The industry’s carbon
dioxide emissions and the extent of its economic growth are strongly related. According to Gohar et al.
(2023b, 2022a, 2022b), Hashmi and Chang (2021) and Hashmi et al. (2021a), the per capita gross domes-
tic product index evaluates how financial growth affects carbon emissions. According to the
Environmental Kuznets Curve (EKC) hypothesis, economic expansion reduces environmental degradation
after achieving a specific point. It suggests a conflict between environmental pollution and economic
growth. A negative U-shaped association between total economic development and carbon emissions
was found by Dogan and Inglesi in 2020 (Dogan & Inglesi-Lotz, 2020). Nevertheless, the EKC theory’s
presumptions have not been proven true when the industrial sector makes up a substantial portion of a
nation’s economic structure, and there is a U-shaped link between carbon emissions and manufacturing
financial development.

3.2.3. Control variables
TECk, t, represents the autonomous technological innovation index for business k in year t: The development
of low-carbon technologies in the host nation comes from inside and outside sources in an open economy.
In contrast to outside sources, which discuss worldwide technologies, insider sources discuss independent
technical innovation. The capacity of local businesses to incorporate and utilize imported technology is just
as important for developing the host nation’s productivity and ecologically friendly technology as independ-
ent technical innovation and the acquisition of foreign technology. Agreements for the transfer of techno-
logical patents, commerce, and cross-border investment are all included in the definition of technology
import, with the latter being the most common route. The relationship between TEC and foreign direct
investment determines how well local businesses can adopt new technology brought about by FDI. The
imported technology emphasizes the importance of foreign corporations in encouraging independent innov-
ation inside domestic businesses and driving reductions in emissions, indicating that domestic companies
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ought to have a special capacity for learning to gain advantages from foreign technology spillovers. The
data on invention patent authorizations, indicating an elevated level of technical innovation, is used as the
data for independent technological innovation, drawing motivation from Foss and Laursen (2005).

PEk, t: is the total number of workers in sector k in year t. When creating rules for the business’s
employment and ecological constraints, authorities should consider this indication. The workforce of a
sector significantly influences carbon emissions.

Industry k’s research and development activity in year t is represented by the number TORk, t , which
significantly impacts the industrial sector’s adoption of technology for reducing carbon emissions. The
research and development (R&D) activity magnitude is often assessed by looking at the cash allocated
to research and development (R&D) operations (Ren et al., 2014). The ratio of industry investment in
research and development to total production is used to gauge research and development intensity to
allay issues with endogeneity and collinearity in regression calculations.

Throughout year t, industry k experienced ACTk, t as the intensity of its economic activity. The inten-
sity of economic activity or ACT indicates the degree of manufacturing activity inside the industry. There
is a correlation between rising carbon emissions and higher economic activity levels. Power use may be
used as a stand-in for measuring economic activity intensity.

3.3. Variable’s descriptive statistics

Before proceeding with the methodology and empirical research, we performed descriptive statistics on
the carbon emissions data from China’s industrial sector. The results of these statistics for all variables
are displayed in Table 2.

Table 2 presents intriguing data: The carbon emission intensity for the twenty industries ranges from
a minimum of 1.459 to a maximum of 6.601, with a standard deviation of 2.391. It highlights substantial
variations in carbon emissions among the industries, as shown by the nearly 5.142 spread between the
highest and lowest figures. Comparable disparities are observed in foreign trade and foreign direct
investment (FDI) sectors. The range between the highest and lowest figures for foreign trade is
1002.491, while for foreign direct investment, it is 9.374. These variations underscore the necessity to
classify industries based on their carbon emissions volume when assessing the effects of foreign trade
openness and direct investment on China’s industrial carbon emissions.

Table 2 presents intriguing data: The carbon emission intensity for the twenty industries ranges from
a minimum of 1.459 to a maximum of 6.601, with a standard deviation of 2.391. It highlights substantial
variations in carbon emissions among the industries, as shown by the nearly 5.142 spread between the
highest and lowest figures. Comparable disparities are observed in foreign trade and foreign direct
investment (FDI) sectors. The range between the highest and lowest figures for foreign trade is
1002.491, while for foreign direct investment, it is 9.374. These variations underscore the necessity to
classify industries based on their carbon emissions volume when assessing the effects of foreign trade
openness and direct investment on China’s industrial carbon emissions.

We selected and ordered in ascending order the carbon emission intensity statistics from twenty
industries from 2010. Figure 1 delineates four separate intervals—(0.2174–0.5782), (0.5782–1.3411),
(1.3411–2.3525), and (2.3525–2.4630)—to illustrate how the intensity of carbon emissions varies signifi-
cantly across different sectors. The impact of foreign trade openness and foreign direct investment (FDI)
on carbon emissions may display a threshold effect at different levels of carbon emission intensity.

Table 2. Variables descriptive statistics.
Variable Sample size Mean Standard deviation Minimum Maximum

CDE 220 3.413 1.380 1.040 5.999
FTO 220 752.385 276.723 9.795 949.051
FDI 220 4.309 2.082 1.006 7.975
TOR 220 2.995 1.116 1.001 4.994
LNY 220 4.654 0.852 3.020 5.994
LNACT 220 7.359 1.998 4.039 10.990
LNPE 220 5.906 1.155 4.038 7.981
FDI�TEC 220 4626.126 2941.100 32.450 10087.206
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3.4. Construction of approach

Given the substantial differences in carbon emissions across various sectors, we divided the Chinese
industrial sector into several study areas. We used the carbon emission decomposition variables included
in the STIRPAT approach, established by Gohar et al. (2022c, 2022d), as the foundation for our empirical
approach to investigate the effects of carbon emissions.

CDEk, t ¼ b0 þ b1FDIk, t þ b2FTOk, t þ b3Zk, t þ �k, t (I)

In our research, the primary variables are carbon emissions, foreign trade openness, and foreign direct
investment (FDI). Nonetheless, it is crucial to note that other variables, such as independent techno-
logical advancement and per capita production, can further influence carbon emissions, FDI, and trade.
To represent the relevant business environment, we incorporate control variables, including the number
of industry personnel, industry research, and development intensity, and industry economic activity. To
overcome potential issues with data heteroscedasticity, we convert the framework’s index data into a
natural logarithm form. Through this, we aim to reduce the evaluation’s exposure to heteroscedasticity.
The revised approach is presented as follows:

CDEk, t ¼ c0 þ c1FDIk, t þ c2FTOk, t þ c3LnYk, t þ c4FDIk, t�LnTECk, t þ c5lnPEk, t þ c6TORk, t þ c1LnACTk, t þ �k, t (II)

The fixed-effect method only explores the linear relationship between foreign direct investment, for-
eign trade openness, and carbon emission intensity. As a result, foreign direct investment and the
degree of foreign trade openness are employed as explanatory variables. Meanwhile, carbon emission
intensity is used as the threshold variable to construct the Panel threshold model:

CDEk, t ¼ b0 þ b1FDIk, t�I CDEk, t � l1ð Þ þ b2FDIk, t�I CDEk, t � l1ð Þ þ #1Zk, t þ �k, t (III)

CDEk, t ¼ b0 þ b1FTOk, t�I CDEk, t � l2ð Þ þ b2FTOk, t�I CDEk, t � l2ð Þ þ #2Zk, t þ �k, t (IV)

Figure 1. In 2010, the twenty industries’ carbon emissions intensity.
Note: In Figure 1, NMPI denotes the non-metallic mineral products industry, MSARPI is used for metal smelting and rolling processing indus-
try, NMAOMADI stands for non-metallic mines and other mining and dressing industry, CMAWI for coal mining and washing industry, CI
stands for the chemical industry, EAHPAS stands for energy and heat production and supply, PP stands for petroleum processing, and
CANFPI is used for coking and nuclear fuel processing industry, MMI stands for metal mining industry, P,P,C,E,SGM denoted papermaking,
printing, culture, education, and sports goods manufacturing, CAOM is used to denote crafts and other manufacturing (waste and scrap),
OAGE stands for oil and gas extraction, MPI denoted Metal products industry, T, C, S, H, L, and DAP stand for textile, clothes, shoes, hats,
leather, down, and by-products, WPAFTM is used to indicate Wood processing, and furniture manufacturing, FMATPI stands for Food
Manufacturing and Tobacco Processing Industry, GASEM stands for general and special equipment manufacturing, TEM stands for transpor-
tation equipment manufacturing, EMAEM is used to show denotes electrical machinery and equipment manufacturing, IACOMM is used to
show instrumentation and cultural office machinery manufacturing CE, CAOEEM denotes communication equipment, computer and other
electronic equipment manufacturing.
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4. Estimation & findings

4.1. Simple linear regression

4.1.1. Unit root estimation
This study utilizes data from twenty segments of China’s industrial sector from 2011 to 2021. The chosen
data’s panel structure imbues it with properties of both time series and cross-sectional data, and it is
often nonstationary. As a result, the first stage of the analysis verifies the stationarity of the panel data
by applying unit root tests. Three commonly used unit root tests are employed—LLC, ADF, and PP tests.
All variables stabilize once first-order differencing is applied, as shown in Table 3.

4.1.2. Cointegration estimation
Cointegration analysis uses the Pedroni and Kao tests. The variables examined include FDI, FTO, LNY,
CDE, LNPE, LNACT, TOR, and FDI � TEC. The cointegration test results, presented in Table No. 4, reveal a
long-run relationship between industry economic activity intensity, industry research, and development
intensity, the number of employees, independent technological innovation indicators, GDP per capita,
foreign trade, and foreign direct investment across all industries in the Chinese industrial sector.

4.1.3. Selection of panel regression approach
Panel data analysis often utilizes three primary approaches: fixed-effect methods, random-effect meth-
ods, and mixed-effect methods. Multiple tests are compared to identify the most suitable method. This
study uses the F, LM, and Hausman tests. The F test compares the fixed-effects and mixed utility meth-
ods, while the LM test contrasts the mixed-effect method with the random-effect method. Lastly, the
Hausman test is used to compare the fixed-effect method and the random-effect method.

Table 5 reveals that the null hypothesis is rejected for all industries and highly polluting sectors
across all three estimations. The former is preferred between the random and mixed-effect models;
when compared to the mixed-effect model, the fixed-effect model is more suitable. Further, it is found
that the fixed-effect model is preferable to the random-effect model. Based on these findings, the fixed-
effect model is considered the most optimal.

4.1.4. Fixed effect approach regression
Control variables are gradually included in the fixed-effect model to analyze the effects of different
determinants. These findings are depicted in Table 6. The results suggest that foreign direct investment

Table 3. Findings of unit root estimation.
Level First difference

Index LLC test ADF test PP test LLC test ADF test PP test

CDE −20.173��� 191.094��� 291.394��� −15.392��� 111.494��� 89.484���
FTO −9.482��� 171.492��� 239.591��� −10.458��� 151.963��� 149.569���
FDI −13.498��� 150.398��� 221.965��� −7.505��� 100.564��� 112.596���
TOR 7.393 6.383 9.584 −5.964��� 71.459��� 79.498���
LNY −12.475��� 51.494 29.596 −13.963��� 121.594��� 139.075���
LNACT −10.694��� 123.459��� 49.976� −8.493��� 69.985��� 91.958���
LNPE −12.495��� 79.392��� 100.948��� −6.087��� 79.385��� 89.409���
FDI�TEC 16.483 1.598 2.765 −8.409��� 79.494��� 181.213���
Note. It should be noted that ��� implies statistical significance at the 1% level.

Table 4. Panel data cointegration estimation.
Testing method ADF Pedroni test PP Kao test UDF MPP

Statistics −8.867��� −9.474��� −2.384��� 7.573���
Note. It should be noted that ��� implies statistical significance at the 1% level.

Table 5. The panel regression approach selection estimation findings
Hausman tests LM test F test

Test Result −8.867��� −9.474��� 7.573���
Note. It should be noted that ��� implies statistical significance at the 1% level.
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is significant at the 10% level and significantly influences carbon emissions. However, the impact of the
foreign direct investment coefficient on carbon emissions changes from negative to positive and back to
negative as control variables are introduced. The mechanism through which foreign direct investment
impacts carbon emissions is complex and requires further investigation.

Contrary to previous studies, the relationship between foreign trade openness and carbon emissions
is found to be insignificant. This discrepancy might be caused by the offsetting effects of different time
frames, as indicated by the findings of the previous descriptive analysis. Therefore, further research using
a threshold regression model is needed. Except for research and development intensity, all other control
variables show significance. It suggests that these variables significantly influence carbon emissions.

In summary, we examine the influence of foreign direct investment on carbon emissions and the rela-
tionship between foreign trade openness and carbon emissions using threshold regression. This method-
ology allows us to assess how various levels of foreign trade openness and direct investment impact
carbon emissions.

4.2. Threshold regression

4.2.1. FDI (foreign direct investment) is employed as an explanatory variable
Testing various criteria is crucial before a particular methodology is selected. Consequently, we analyze
single, double, and triple thresholds using self-bootstrapping. Typically, 1000 sample iterations are used
in the Bootstrap calculation for F and P values.

As shown in Table 7, all threshold models—single, double, and triple—exhibit significance at a 1% level.
It suggests that when carbon emission intensity is taken as the threshold variable, the impact of foreign
direct investment on carbon emission intensity displays a triple threshold. Hence, the triple threshold
model is chosen. The next steps involve determining the threshold value and performing threshold regres-
sion. The results for the threshold values are shown in Table 8, while the results for threshold regression
are presented in Table 9. These findings are supported by Chang et al. (2020a), Chang et al. (2020b),
Imane et al. (2023) and Lu et al. (2023), whereas these findings are not supported by Syed et al. (2019)
and Hashmi et al. (2021a, 2021b, and 2022).

Tables 8 and 9 illustrate that foreign direct investment negatively and asymmetric impacts carbon
emission intensity. The effects of varying amounts of foreign direct investment on carbon emission

Table 6. Fixed effect regression approach.
Approach 1 Approach 2 Approach 3 Approach 4 Approach 5 Approach 6

FDI 1.738���
(0.003)

−1.329���
(0.006)

1.394���
(0.001)

−1.394�
(0.0681)

−1.433�
(0.0847)

−0.213�
(0.091)

FTO −0.1284
(0.112)

0.0006
(0.218)

0.392
(0.327)

−1.339
(0.339)

−0.340
(0.212)

−0.329
(0.323)

LNY −1.031���
(0.002)

−1.304���
(0.001)

−1.430���
(0.002)

−1.509���
(0.005)

−1.404���
(0.004)

FDI�TEC 0.229�
(0.083)

0.393�
(0.098)

0.943�
(0.073)

0.685�
(0.069)

LNPE −1.956���
(0.001)

−2.104���
(0.001)

−1.760���
(0.005)

TOR 7.403
(0.4942)

7.393
(.685)

LNACT 1.707���
(0.008)

CONS 1.384���
(0.009)

4.879���
(0.003)

4.328���
(0.004)

10.697���
(0.002)

10.969���
(0.008)

10.493���
(0.006)

Note. It should be noted that ��� implies statistical significance at the 1% level and � at the 10% level.

Table 7. Threshold influence’s self-sampling estimation.

Explained
variable

Threshold
variable

Explanatory
variable Threshold F-value p-Value

Confidence interval

10% 5% 1%

Single Threshold 131.484 0.006 3.893 5.755 13.595
CDE CDE FDI Double Threshold 40.392 0.002 3.274 4.891 9.493

Triple Threshold 21.965 0.001 3.583 4.958 8.302
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intensity can be grouped into four categories, significantly impacted by the total amount of foreign dir-
ect investment. An increase in foreign direct investment decreases carbon emission intensity when the
carbon emission intensity is less than 1.349. For values of carbon emission intensity between 1.349 and
2.574, the marginal effectiveness drops to −40.193. The marginal effectiveness rises to −30.459 when
the carbon emission intensity falls between 2.574 and 3.684. Lastly, the marginal effectiveness reaches
zero when the carbon emission intensity exceeds 3.684. Hence, foreign direct investment has the highest
absolute impact on carbon emission intensity when it falls between 1.349 and 2.574. These findings
align with the results from Bashir, Sadiq, et al. (2022a) but contradict those of Ma et al. (2022) and
Shahbaz et al. (2021).

4.2.2. Foreign trade openness was employed as an explanatory variable
The findings of the Bootstrap assessment, which determines the F-value and P-value for each threshold
estimation, are shown in Table 10. According to the single-threshold estimation, the single threshold is sig-
nificant at a 1% level, with a p-value of 0.006. According to the double threshold estimation, the double
threshold is significant at a 1% level, with a p-value of 0.003. The triple threshold is significant at a 5%
level, as indicated by the triple threshold estimation’s P-value of 0.039. Previous literature also provides
similar findings (Chang et al., 2022a, 2022b; Maydybura et al., 2022; Noman et al. 2023; Peng et al. 2022).

Table 9. Threshold regression findings.
Variable Explanation variable: FDI Variable Explanation variable: FTO

FTO −1.498���
(−0.006)

FTO 1.796���
(−0.001)

LNY −1.439���
(0.007)

LNY −1.340���
(−0.008)

FDI�TEC 1.493���
(0.000)

FDI�TEC 1.596���
(0.000)

LNPE −1.584���
(−0.004)

LNPE −1.976���
(−0.001)

TOR 4.695
(−0.583)

TOR 5.209
(−0.945)

LNACT 1.567��
(−0.031)

LNACT 1.659�
(−0.073)

FDI1 −30.209���
(−0.009)

FTO1 −1.192���
(0.002)

FDI2 −40.193���
(−0.005)

FTO2 1.404
(0.383)

FDI3 −30.459���
(−0.000)

FTO3 1.4049���
(0.000)

FDI4 1.459
(0.487)

FTO4 3.210���
(−0.003)

CONS 21.494�
(−0.078)

CONS −4.302
(0.294)

Note. It should be noted that ��� implies statistical significance at the 1% level, �� at the 5% level, and � at the 10% level.

Table 10. Threshold influence’s self-sampling calculation

Explained
variable

Threshold
variable

Explanatory
variable Threshold F value p-Value

Confidence interval

10% 5% 1%

CDE CDE FDI
Single Threshold 91.498 0.006 2.4475 3.6343 8.291
Double Threshold 21.964 0.003 −16.953 −21.303 −29.910
Triple Threshold 4.291 0.039 5.292 10.375 16.742

Table 8. Threshold analysis findings.
Explained
variable

Threshold
variable

Explanatory
variable Threshold Estimate

Confidence
interval of 95%

Single threshold 3.684 [3.2092, 3.69834]
CDE CDE FDI Double threshold 2.574

3.684
[2.3283, 2.9658]
[3.2911, 3.4824]

Triple threshold 1.349
2.574
3.684

[1.2948, 1.4928]
[2.3747, 2.5638]
[3.4821, 3.6730]
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The effects of trade openness on carbon emission intensity are shown in Tables 9 and 11, which are
divided into four periods, and all demonstrate a substantial influence of trade openness. A rise in trade
openness reduces carbon emission intensity when it falls below 2.1938, with foreign direct investment
having a marginal efficiency of 1.192. The marginal efficiency rises to zero for carbon emission intensity
levels between 2.1938 and 3.193, indicating that trade openness has little effect in this range. The mar-
ginal efficiency increases to 1.4049 when the intensity of carbon emissions is between 3.193 and 3.684.
In this range, increased trade openness leads to a rise in carbon emissions intensity. Lastly, the marginal
efficiency increases to 3.210 when the intensity of carbon emissions exceeds 3.684. Trade openness sig-
nificantly affects carbon emission intensity when the intensity of carbon emissions surpasses 3.684.
Foreign trade openness generally has a specific suppressive impact on carbon emissions when the inten-
sity of carbon emissions is relatively low. However, trade openness starts to contribute to carbon emis-
sions to some extent as the intensity of carbon emissions rises. These findings contradict Gohar et al.
(2022d) and Wang et al. (2022). However, few other studies contradict with the findings of our study.
These findings include Salman et al. (2023a, 2023b) and Uche et al. (2022a, 2022b).

The fixed-effect assessment reveals that contrary to most other research indicating a substantial influ-
ence of foreign trade openness on carbon emissions, there is no substantial symmetric influence of for-
eign trade openness on China’s industrial carbon emissions. For example, Shahbaz et al. (2019) found
that foreign trade openness resulted in lower carbon dioxide emissions when they examined United
States data from 1965 to 2016. Similarly, Huang et al. (2020) assessed real carbon dioxide emissions in
the China-Australia trade using the Bilateral Trade (EEBT) approach and long-term sectoral data. Their
findings suggested that while international trade openness might reduce carbon emissions related to
the use of green energy sources, technological spillovers could significantly contribute to carbon dioxide
emissions associated with a specific trade. Nevertheless, there are significant impacts on carbon emis-
sions from foreign direct investment and trade openness. The research conducted with the threshold
regression approach indicates that the impacts of foreign direct investment and foreign trade openness
on industrial carbon emissions vary across different carbon emission periods. Therefore, the threshold
regression approach may be more suitable than the symmetric regression approach for studying the link
between foreign direct investment, foreign trade openness, and industrial carbon emissions in China. It
would enable a more comprehensive examination of the conflicting beneficial and harmful influences in
the symmetric regression approach.

5. Conclusion & policy implications

The research adopts a panel threshold approach to assess the impacts of foreign direct investment and
trade openness on carbon emissions. It analyzes eleven years of data from twenty sectors within China’s
industrial sector. The empirical evaluation of the research has led to the following findings:

1. Foreign direct investment hurts carbon emissions, which partially supports the concept of a "pollu-
tion halo." Regression results using the panel threshold approach reveal a nonlinear relationship
between carbon emissions and foreign direct investment. The magnitude of carbon emission inten-
sity influences the coefficient of foreign direct investment. Overall, foreign direct investment tends
to reduce carbon emissions in China’s manufacturing sector. The inhibitory effect of foreign direct
investment on carbon emissions is particularly pronounced when the intensity of emissions falls
within the range of [1.349, 2.574].

Table 11. Threshold estimated findings.
Explained
variable

Threshold
variable

Explanatory
variable Threshold Estimate

Confidence
interval of 95%

CDE CDE FDI

Single Threshold 3.193 [2.8948, 3.5938]
3.482 [3.3281, 3.5627]

Double Threshold 2.193 [2.1938, 3.1912]
3.193 [2.8948, 3.5938]

Triple Threshold 2.193 [1.4391, 2.1938]
3.482 [3.3281, 3.5627]
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2. The coefficients determining whether trade openness positively or negatively impacts carbon emis-
sions can be positive or negative. Moreover, these coefficients transition from negative to positive
as carbon emissions increase. When the carbon emission intensity ranges between [2.3834, 3.1938],
the trade openness coefficient is -0.89. Between [2.1938, 3.193], the trade openness coefficient is
0.12. As the carbon emission intensity rises to [3.193, 3.684], the trade openness coefficient increases
to 0.102. Ultimately, when the carbon emission intensity reaches [3.684, 4.1370], the coefficient of
trade openness rises to 3.19. Foreign trade openness tends to stimulate carbon emissions when the
intensity of carbon emissions is lower. At the same time, it tends to mitigate carbon emissions
when the intensity of carbon emissions is higher.

3. Economic activity intensity within the industry is significant at the 5% level, while measures such as
per capita gross domestic product (GDP), independent technological advancement, and employment
exhibit significance at the 1% level. Economic activity level significantly impacts carbon emissions.
Specifically, the coefficients of per capita GDP and industry employment are negative, indicating
that an increase in per capita GDP and industry employment leads to reduced carbon emissions
from industrial operations.

These are the primary policy implications of this research:

1. The empirical findings demonstrate that the relationship between carbon emissions and foreign
trade openness in China’s industrial sector is highly complex, encompassing inhibitory and stimula-
tory influences on carbon emissions. It is crucial to promote foreign trade openness while concur-
rently mitigating carbon emissions in the industrial sector through effective environmental
management regulations. Optimizing trade openness metrics is of paramount importance. As
China’s trade operations have evolved from "made in China" to "creation in China" and from labor-
intensive industries to technology-intensive ones, the framework of international trade openness
needs improvement. It can be achieved by expanding the import and export of environmentally
friendly industries, boosting the export of technology-intensive sectors, and enforcing stricter envir-
onmental regulations for new businesses.

2. Increasing foreign direct investment (FDI) strategically is necessary. Priority should be given to
attracting foreign investment in low-carbon industries while reducing funding for sectors with high
carbon emissions. Implementing relevant policies that encourage foreign direct investment, facilitate
the transfer of cutting-edge global technology, and capitalize on the positive effects of techno-
logical spillovers for environmental development is crucial. Foreign direct investment and inter-
national trade need progressive transformation for China’s future economic growth and transition to
a low-carbon economy. It can be achieved by implementing a "supply-side reform" in the industrial
sector, focusing on reducing carbon emissions. Phasing out excess capacity and high-pollution
industries should be part of this restructuring. Simultaneously, research and development of new
sustainable technologies should be promoted to create a green industrial environment.

3. It is advisable to implement a range of subsidy measures that discourage carbon emissions in
industries with high emission intensity thresholds while amplifying the adverse impact of foreign
trade openness and foreign direct investment (FDI) in sectors with lower carbon intensity.
Effectively addressing carbon emissions in different sectors requires close attention to the distinct
categorization of carbon emission intensities among the twenty sectors within the industrial sec-
tor. Different strategies can be employed for sectors with varying carbon emission intensity, such
as export tax rebates and tariffs. These regulations can encourage foreign direct investment (FDI)
in sectors with low carbon emissions, foster international trade, and restrict or prohibit trade in
sectors with high carbon emissions. This approach aims to enhance the organizational framework
of the industrial sector, aligning it with low-carbon emission targets and promoting sustainable
growth.

This study has several limitations that should be acknowledged. Firstly, the research is limited to a
single country, which may restrict the generalizability of the findings. It is recommended to expand the
analysis to include multiple countries and compare the findings across different contexts to enhance the
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robustness of the results. Additionally, incorporating various panel models, such as GMM and panel
ARDL models, would yield valuable insights and bolster the analysis. Furthermore, using advanced time
series techniques would provide a more comprehensive understanding of the interrelationships among
the variables under investigation. Considering these factors would contribute to a more nuanced and
comprehensive exploration of the research topic.
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