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Institutional opening, which signifies a higher level of opening up to the world,
enhances the linkage effect of domestic and international resources, breaks
down institutional barriers, and achieves optimized allocation of factors. Energy
consumption and carbon emission standards of Chinese products will be more
integrated with international standards. Thus, reducing the carbon content of
export products has emerged as a critical concern. In this context, this paper has
used a fixed-effect model to analyze the impact of opening up on China’s overall
carbon emission reduction and has explored the transmission path from the
opposite direction of export product and technology import. The results are as
follows: 1) The level of opening up can effectively reduce China’s total carbon
emissions; 2) The quality of export products plays a positive intermediary role in
this impact; 3) Technology import reduces overall carbon emissions by improving
the quality of exported products. 4) The carbon emission reduction effect of
opening up is more obvious in non-coastal areas and the Belt and Road
provinces. Based on the empirical results, this paper has put forward several
policy suggestions for the government and enterprises.
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1 Introduction

In December 2022, General Secretary Xi Jinping pointed out in the report of the 20th
Party Congress that China adheres to the fundamental national policy of opening up to the
outside world. China will continuously provide new opportunities to the world, promote the
construction of an open global economy, and strive to benefit the people of all countries.

From a domestic perspective, there has been a concerted effort to attract multinational
corporations and foreign capital into the Chinese market in the period following China’s
reform and opening up. The goal was to absorb advanced technologies and exceptional
management practices. Leveraging the advantage of abundant labor resources, China made
rapid strides within a short span of time, particularly in the manufacturing industry. For a
long time, China’s extensive development model has brought significant opportunities to its
economy, but it has also concealed many risks, including resource wastage, environmental
pollution, and rising labor costs. Low-priced but high-pollution products have led to a rapid
increase in carbon emissions, leading to high carbon content in Chinese products.
Institutional opening requires that the carbon content of products be consistent with
international standards, and China needs to reduce the carbon content of products. This
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signifies that the dividends brought by the extensive economic
model are diminishing, and reducing carbon emissions has
become a top priority for export enterprises.

With the gradual disappearance of China’s demographic
dividend, products with low-carbon content are more welcomed
globally. Thus, China’s previous high-pollution and high-energy
consumption production methods are no longer sustainable. It has
become more challenging to enhance profit margins through large-
scale production at the lower end of the “smile curve” using labor as
a production factor. To break free from this predicament, it is
imperative to steer production toward a green and sustainable
direction, add higher value to products, eliminate outdated
production capacity, and achieve a low-carbon transformation.

From an international perspective, the prevailing trend of “de-
globalization” is expected to continue, leading to a decrease in the
willingness of various countries’ governments and businesses to
engage in open cooperation with China. Furthermore, as traditional
industries reach a bottleneck in their development, there is an urgent
need for technological innovation to provide fresh impetus to
regional development and stimulate the local economies.
Historically, China’s trade structure primarily focused on exports.
Currently, in the face of trade restrictions from developed countries,
such as the carbon border adjustment mechanism (CBAM), the
export situation of Chinese products is not optimistic. Therefore, it
is urgent to align with international standards to improve the quality
of China’s exported products.

In order to change our previous reliance on low-priced export
goods, we must improve the competitiveness of our products by
enhancing their quality and forming a sustainable competitive
advantage. Thus, in the report of the 20th National Congress of
the CPC, it was clearly proposed that the opening up of rules,
regulations, management, and standards should be steadily
expanded. Institutional opening refers to the integration of rules,
regulations, management, and standards from international
organizations and regional economic and trade agreements
through specific means in specific fields, including the
introduction of internationally recognized systems that are
suitable for China’s national conditions and needs.

Institutional opening up means a higher level of openness to the
outside world. On the one hand, it constructs a rule system that is in
line with international standards, an optimal the environment for
factor allocation, and is more conducive to technology import. On
the other hand, a higher level of opening up has put forward higher
requirements for the quality of Chinese export products. Can the
improvement of technology import levels drive Chinese enterprises
to use cleaner technologies and reduce carbon emissions, with the
leading development of clean technology abroad? Can higher export
product standards improve the quality of Chinese export products,
reduce the carbon content of Chinese products, and thus reduce
carbon emissions?

In order to answer the above questions, this article intends to
explore the impact of China’s level of opening up on carbon
emissions from the perspectives of technology introduction and
export product quality. The marginal contribution of this article lies
in 1) Constructing an evaluation index system to comprehensively
measure China’s level of opening up to the outside world; 2) current
academic research focuses more on the impact of technology
introduction on carbon emissions but neglects the impact of

technology introduction on the quality of Chinese export
products in the current environment that advocates clean
technology. This article innovatively explores the impact of
export product quality on China’s carbon emissions.

2 Literature review

2.1 Research on the impact of opening up on
carbon emissions

For China, opening up to the outside world is a necessary path to
development, and it is crucial to explore the impact of opening up on
carbon emissions. Investigations by scholars over the years have
explored various aspects regarding the impact of openness on
carbon emissions. Balaguer and Cantavella-Jordá (2004)
compared the level of opening up in Europe, the United States
(Dogan et al., 2020a), and Southeast Asia (Salman et al., 2019) and
found that China’s opening up shows three characteristics: active
participation in the construction of a multilateral trade system,
timely adjustment of a foreign trade system according to changes in
the situation, and continuous improvement of foreign
exchange ability.

The opening-up level was a positive driving factor of carbon
emissions (Zhao et al., 2024). Overall, the effects of opening up in the
environmental domain can be broadly categorized into two theories.
The first theory assumes that the impact of trade openness on
pollution is indistinct and can be further broken down into scale
effects, technological effects, and component effects (Farhani et al.,
2014). The Green Finance Reform and Innovation Pilot Zone
(GFRIP) markedly enhances carbon emission efficiency,
exhibiting a sustained dynamic effect (Du et al., 2025). The
foreign trade zone (FTZ) has reduced urban environmental
pollution, but this effect is mainly reflected in non-resource-
based cities and regional central cities (Xu, 2025). The second
theory is the pollution haven hypothesis (Lee and Lim, 1983),
which suggests that trade openness brings in foreign direct
investment. As different countries maintain varying
environmental standards, polluting industries might opt to
operate in nations with lower standards, thereby creating
“pollution havens.”

In validating the first theory, foreign direct investment (FDI) is
seen as a significant measure of openness. The FDI has a negative
impact on carbon emissions and a positive impact on carbon
emission efficiency, which reduces carbon emissions in host
countries (Wang and Zhang, 2022). Higher levels of trade
openness correspond to reduced CO2 emission intensity and total
emissions (Fan et al., 2019). The emission reduction effect brought
by trade openness in producer services is more significant (Shu et al.,
2025). Some scholars have also found that FDI does not directly
influence carbon emissions, but the accompanying technological
advancements from foreign direct investment could rapidly enhance
energy efficiency, leading to a decrease in carbon dioxide emissions
(Lee, 2013). Some scholars focused on the decoupling of foreign
trade and carbon emissions. It was found that there were two
breakpoints in the impact of trade openness on carbon emissions
through the Tapio decoupling model and the structural threshold
model. Once the structural breakpoint is exceeded, trade openness
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will restrain carbon emissions and help achieve global carbon
neutrality (Wang et al., 2023). Research on the decoupling
relationship between trade and carbon emissions among multiple
economies shows that China has undergone rapid and continuous
increases in both intermediate and final indirect CO2 emissions
compared to the United States and the European Union from
1995 to 2015 (He and Hertwich, 2019). The relationship between
the export of the United States to China and the change of carbon
emissions embodied in the trade was positive through the study of
the decoupling of carbon emissions in Sino-US trade. US exports to
China and their implied carbon emissions are rising (Wang and
Han, 2021).

Regarding the validation of the pollution haven hypothesis,
research has indicated that a higher political level of policy
openness is negatively associated with carbon reduction efforts.
In other words, higher policy openness levels tend to hinder
carbon reduction (Zhang and Zhuang, 2023). Taking the example
of the Belt and Road Initiative countries, it has significantly
increased the carbon emission intensity of cities along the route
in China (Chen et al., 2024a), while it has led to the transference of
pollution across nations (Cai et al., 2018). Additionally, scholars
have employed panel regression and a generalized method of
moments to validate the pollution haven hypothesis between
globalization, foreign direct investment, and carbon emissions
(Ke et al., 2022).

In addition, domestic and foreign scholars have focused on the
impact of other policies, such as carbon reduction policies, on
carbon emissions. High-quality carbon reduction policies are
crucial in addressing global climate change and reducing carbon
dioxide emissions (Meng and Xu, 2023). Carbon emission policies
reduce carbon emissions by incentivizing energy-intensive
enterprises to engage in green innovation (Liu et al., 2023a). A
carbon surtax can effectively reduce carbon emissions from
building construction (Stefan et al., 2019). Flash policies in
China, Japan, South Korea, and Mongolia in the 2010s were
generally beneficial in terms of slowing down FFCO2 growth
rates (Lev et al., 2019).

2.2 Research on export product quality

The definition of product quality is multi-standard and multi-
dimensional. It is often understood as the product characteristics
that enhance the utility level of consumers under the same amount
of consumption. These characteristics include physical
characteristics such as product ingredients, functions, and
methods of use, along with customer perceptions of product
quality brought about by the enterprise’s brand and specific
marketing activities. Therefore, enterprise product quality is not
only affected by research and development innovation but also
depends on quality perception, such as advertising and brand
investment, and effectiveness in image and other aspects (Kugler
and Verhoogen, 2012). Hallak and Schott (2011) used this feature to
define product quality as an intangible attribute that can change
consumers’ subjective evaluation of products. In terms of the study
on the relationship between the quality of exported products and
carbon emissions, scholars have identified a negative correlation
between the quality of exported products and carbon emissions

through autoregressive distributed lag (ARDL) estimation (Gozgor
and Can, 2017).

Some scholars have found that trade policy openness is
positively correlated with carbon emissions, which is mainly
reflected in the quality of exported products (Fang et al., 2019).
A 1% increase in PM2.5 was found to be associated with a 0.25%
decrease in export product quality (Chen et al., 2024a). A 1%
increase in export quality increases carbon emissions by 0.139%
in non-OECD countries and reduces carbon emissions by 1.327% in
OECD countries (Malik, 2024). In the manufacturing industry,
digital transformation enhances export carbon emission efficiency
through the improvement in export product quality (Zhao and
Zhang, 2025).

Scholars have also reached an opposite conclusion. Dogan and
others examined the impact of export product quality on carbon
dioxide emissions from 1971 to 2020. Their empirical results
indicate that urbanization and export quality exacerbate
environmental degradation (Dogan et al., 2020b). In terms of
firm heterogeneity, the quality of exported products of high-
energy-consuming firms is more sensitive to changes in trade
development policies (Ma, 2022).

2.3 Research on technology import

Technology import is an important part of technological
progress (Fisher-Vanden et al., 2006). Technological progress
refers to the process of continuous development and
improvement of old technologies and continuous iteration and
updating of new technologies. Some scholars have found that
technology import mainly relies on direct technology purchase or
indirect foreign direct investment to achieve technological progress
(Sagar and van der Zwaan, 2006). For developing countries,
technology import are one of the more effective ways to achieve
technological progress.

Meanwhile, the impact of technology import on carbon
emissions is also worth considering. Some scholars believe that
technology import can reduce the low level of domestic industrial
technology innovation (Li et al., 2023), optimize the industrial
structure (Wen and Li, 2014), improve the efficiency of energy
utilization (Neelis et al., 2007), and reduce the unit pollution
treatment cost (Zhang et al., 2014) and other aspects to reduce
the overall carbon emission level. Low-carbon technologies (LCT)
import boosts domestic green innovation (Cobbold et al., 2024), and
LCT product trade significantly stimulates green entrepreneurship
(Susantiningrum and Rapih, 2025). The low-carbon pilot city policy
does help to improve ecological efficiency, which results from the
mechanism of green technology innovation (Du et al., 2021).

In contrast, some scholars have found that technology transfer is
not conducive to carbon reduction. Danish et al., using the ARDL
model, discovered that technology transfer is the primary cause of
domestic carbon emission growth (Danish et al., 2018). Teng
compared the impact of domestic and foreign technology transfer
on energy consumption intensity and found that foreign technology
transfer has a significant negative impact on the energy
consumption intensity of the industrial sector in our country,
while the impact of domestic technology transfer is minimal
(Teng, 2012). Song et al. pointed out that the spillover effect of
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foreign technology import could affect environmental quality (Song
et al., 2015).

2.4 Literature summary

As shown above, research on the impact of the level of opening
up on carbon emissions has mostly focused on improving
technological efficiency and reducing carbon emissions through
technology introduction, and has achieved rich results. However,
among the existing literature, there are few studies that consider the
impact of export product quality on carbon emissions. After the
implementation of export restriction policies for products such as
CBAM, improving the level of opening up to the outside world and
actively aligning with international standards and rules are
important means to enhance export products and strengthen
international competitiveness. Therefore, this article has explored
the impact of increasing the level of openness to the outside world on
product quality and further explores its impact on carbon emissions,
which is cutting-edge and forward-looking.

In addition, current studies are more focused on exploring the
impact of foreign trade on export product quality. Compared to
foreign trade, the level of opening up to the outside world has more
policy attributes and will affect export product quality from more
perspectives. Therefore, in order to more scientifically characterize
the level of openness to the outside world, this article has
constructed an evaluation index system to reflect the level of
openness to the outside world, which can better highlight its
impact on various aspects.

3 Mechanism analysis

3.1 Benchmark impact

Opening up to the outside world has broken down trade barriers
of various countries and formed a global trade network. The
reduction or elimination of tariffs has eliminated trade barriers
caused by geographical transportation distances, making trade more
convenient (Feng et al., 2022). Enterprises in network member
countries can break through the limitations of geographic
distances and form closer trade exchanges, promoting the
extension of global value chains and industrial division of labor
(Bloom et al., 2016). Simpler, more efficient, and cost-effective trade
policies, and simpler access to negative list policies, have led to a
significant increase in the scale of foreign trade and investment,
thereby affecting the quality of the regional environment (Guo and
Wang, 2023).

With the deepening of industrial structure upgrades, enterprises
with high energy consumption, high pollution, and low value-added
are gradually eliminated, and factors of production gradually flow to
low-carbon emission industries (Su et al., 2020). In addition, with
the concept of sustainable development taking root in people’s
minds, cities are also paying more attention to the use of green
and clean energy, improving the efficiency of energy utilization,
accelerating the transformation of the energy structure, and realizing
the goal of carbon emission reduction (Chen et al., 2019). Regionally,
with the signing of the Regional Comprehensive Economic

Partnership, the increase in openness to the outside world has
forced Chinese enterprises to integrate into international
production standards and requirements. Scholars have found that
the impact of openness on environmental quality depends on a
country’s level of development, with high-income countries
practicing openness to the outside world contributing to carbon
emission reductions, while the opposite is true for low-income
countries (Le et al., 2016). For example, the implementation of
CBAM policies will force Chinese enterprises to use cleaner energy
and reduce carbon emissions throughout the entire lifecycle of
product production. Regions with high levels of openness to the
outside world will invest more fiscal expenditure to create a
favorable investment and ecological environment to attract
foreign investment (Zhuo et al., 2021).

Hypothesis 1: Improving the level of opening up can reduce
overall carbon emissions.

3.2 Impact path

The impact of opening up to the outside world on China’s
carbon emissions in terms of technology import and export
product quality.

3.2.1 Technology import
From the import side, with the implementation of the level of

opening up, the efficiency of international technology import is also
improving. Although there are still trade barriers among countries to
a certain extent, the technology integration brought by the open
economic environment cannot be avoided. This paper argues that
technology import can achieve carbon emission reduction through
the following paths.

First, the introduction of technology can bring advanced low-
carbon energy technologies from abroad (Danish et al., 2018). As a
developing country, China’s direct introduction of low-carbon
technologies is often more effective than independent research
and development. The first is the cost because the majority of the
technology belongs to intangible assets, such as advanced equipment
manufacturing drawings, material formulae, product design ideas,
etc., often in the form of a CD, USB drive, or other tools as the
carrier, so in the introduction process without investing too much
manpower and material resources. The second is efficiency. The
technological level of developing countries is weaker than that of
developed countries, and it is difficult to achieve breakthrough
progress only by relying on internal innovation. The introduction
of technology can make up for this defect so that the introducing
country can master low-carbon technology faster and form a
late advantage.

Second, the introduction of technology can promote the
upgrading of industrial structures (Bouattour et al., 2023). The
industrial upgrading brought about by the introduction of
technology is mostly manifested as the improvement in industrial
production efficiency and the reduction of dependence on
traditional energy. Importing technology can improve product
quality and add value, promoting the upgrading of the entire
industrial chain and optimizing the production process of the
whole industry. Technology import can also help enterprises
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learn and master advanced technology, develop management
experience, and improve the technical level and competitiveness
of enterprises to better adapt to the market demand.

Third, the introduction of technology can optimize the energy
consumption structure (Hassan et al., 2023). The introduction of
technology deepens the sharing of resources among countries and
promotes the international flow of advanced technology. In the early
years, the main driving force for the rapid improvement of China’s
industrialization level was the excessive use of three traditional
energy sources: coal, oil, and natural gas. However, the
environmental problems caused by excessive consumption of coal
and other energy sources have become increasingly serious. For
example, in North China, Northeast China, the Yangtze River Delta,
and the Pearl River Delta regions, cities with high industrialization
levels all have air pollution problems. The introduction of reasonable
technology can help the introducing country find traditional energy
substitutes faster, tap natural energy production technologies, and
gradually promote the transformation of domestic energy
consumption mode from high-carbon energy to low-carbon and
zero-carbon energy.

Hypothesis 2: The level of opening up can reduce overall carbon
emissions by increasing the level of technology import.

3.2.2 Quality of exported products
From the analysis of the export side, the evaluation standard of

export product quality is multi-dimensional. The majority of
China’s enterprises are still highly dependent on extensive
production modes. This development mode provides vitality for
economic development in the early stage of China’s development,
but this extensive production causes our products to have a high
pollution-added value, making the competitiveness of our products
in the international market low.

With the continuous deepening and expansion of the level of
opening up to the outside world, the standards of Chinese products
will be in line with international standards, and the government’s
environmental regulation efforts will be strengthened. According to
Porter’s hypothesis, appropriate environmental regulations will
force companies to innovate, thereby improving product quality

and giving domestic companies a competitive advantage in the
international market. An important measure to improve the
quality of exported products is low pollution and the production
of green and sustainable products (Dong et al., 2023). This can not
only actively respond to the call for domestic dual carbon targets, but
also enhance the competitiveness of one’s own products in the
international market, thereby reducing carbon emissions for
enterprises from a product perspective (Wang et al., 2021).

Hypothesis 3: The level of opening up can reduce overall carbon
emissions by improving the quality of exported products.

The influence mechanism of the level of opening up on overall
carbon emissions is shown in Figure 1.

4 Index selection and model
construction

4.1 Index selection and data source

Data for this study were collected from China Statistical
Yearbook, China Science and Technology Statistical Yearbook,
China Environmental Statistical Yearbook, China Industrial
Statistical Yearbook, China Energy Statistical Yearbook, etc., from
2012 to 2021.

4.1.1 Explained variable
The statistics and calculations in this article are based on the

total carbon emissions (Ce) and energy consumption data reported
in the China Energy Statistical Yearbook for China’s key industries.
The specific calculation methods are as follows: According to
existing studies, direct carbon emissions and indirect carbon
emissions are used to calculate total carbon emissions. Among
them, the carbon emissions from direct energy consumption
(such as coal and oil) and the carbon emissions from electric
energy consumption in each province are calculated using the
relevant conversion factors provided by IPCC 2006. The energy
carbon emissions from transportation consumption in each
province are assumed to be proportional to the energy

FIGURE 1
Influence mechanism diagram of the level of opening up.

Frontiers in Environmental Science frontiersin.org05

Yang et al. 10.3389/fenvs.2025.1550493

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2025.1550493


consumption intensity and carbon emission intensity among
various modes of transportation, and calculated using the energy
consumption of passenger and freight traffic as the standard. The
heat energy carbon emission of each province is calculated by using
the amount of heat supply, thermal efficiency, and the amount of
raw coal converted into standard coal. These direct and indirect
carbon emissions are added together to obtain the total carbon
emissions among the provinces.

4.1.2 Core explanatory variable
Level of opening up (Open): With reference to the Central

Economic Work Conference at the end of 2018 and Premier Li
Keqiang’s statement in the Government Work Report in 2019, this
paper believes that the “level of opening up” means that, compared
with the previous commodity and factorial-oriented opening model,
world competitiveness is built by referring to relevant domestic and
international rules and with higher quality and more applicable

institutional planning. Thus, it can introduce advanced production
factors and attract foreign funds.

This article drew on the research methods of Zhou et al. (2009)
and Nie and Xue (2022). Guided by the results of opening up to the
outside world, the scale of foreign investment, foreign exchange, and
enterprise environment was selected as the corresponding
subordinate indicators. The index system was constructed, and
after standardization, a comprehensive index was constructed by
the entropy weight method (Table 1).

In order to more intuitively understand the evolution trend of
the level of opening up, this paper has calculated the mean value,
standard deviation, and minimax value of the level of opening up by
year, and the final results are shown in Table 2.

From the average point of view, the institutional type shows an
overall upward trend from 2012 to 2020, increasing from 0.22 in
2012 to 0.63 in 2020, which indicates that China’s level of opening
up is steadily increasing year by year. In order to more intuitively
observe the implementation degree and evolution trend of the level
of opening up in domestic provinces, this paper has selected and
visualized the level of opening up data of Chinese provinces in 2012,
2015, 2018, and 2020 with the help of ArcGIS software and draws
Figures 2a–d.

From Figures 2a–d, it can be observed that from 2012 to 2020,
China’s total institutional opening has shown a continuous upward
trend, and the coverage of institutional opening has been gradually
expanding. In terms of growth rate, the years from 2018 to 2020 can
be seen as a period of a significant surge in institutional opening.

Looking at the specific distribution, provinces with substantial
levels of technology import are predominantly concentrated in the
eastern coastal cities such as Jiangsu, Zhejiang, and Guangzhou. In
terms of the actual values, the indicators of institutional opening
have experienced remarkable development in three distinct time
periods, with all provinces demonstrating an improvement in
institutional opening compared to the previous time period. This
suggests that the policy of promoting institutional opening up is
steadily progressing.

TABLE 1 Level of opening up index evaluation system.

Primary index Secondary index Data source Weight

Scale of foreign investment (SC) (Hallak &
Schott)

Number of foreign-funded enterprises China Statistical Yearbook 0.0497

Registered capital China Statistical Yearbook 0.0467

Total foreign investment China Statistical Yearbook 0.0461

External communication (COM) Number of persons engaged in labor service cooperation abroad at
the end of the year

China Trade and Foreign Economic
Statistical Yearbook

0.0800

Number of foreign contracts China Trade and Foreign Economic
Statistical Yearbook

0.0763

International tourism revenue China Trade and Foreign Economic
Statistical Yearbook

0.0310

Business environment (ENV) Foreign trade dependence China Statistical Yearbook 0.0380

Government investment in science and technology China Statistical Yearbook 0.0640

Whether to set up a free trade zone China Statistical Yearbook 0.5681

Note: Decision to establish a free trade zone will greatly affect the level of regional openness to the outside world. Provinces that establish free trade zones often have higher levels of openness to

the outside world. Therefore, the weight of the indicator of whether to establish a free trade zone is as high as 0.5681.

TABLE 2 Annual index values of the level of opening up.

Year Average Standard Min Max

2012 0.22 0.08 0.05 0.36

2013 0.24 0.15 0.05 0.91

2014 0.25 0.15 0.05 0.91

2015 0.31 0.25 0.06 0.96

2016 0.31 0.25 0.05 0.97

2017 0.45 0.33 0.04 0.98

2018 0.47 0.33 0.05 0.98

2019 0.57 0.34 0.03 0.98

2020 0.63 0.34 0.03 0.98

Total 0.38 0.25 0.05 0.89
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4.1.3 Intermediate variables
Quality of exported product (Quality): in terms of the

measurement of export product quality, this paper has chosen the
demand information inverse inference method as the measurement
basis, based on the constant elasticity of substitution (CES) utility
function. Under the premise of limiting the influence of price factors,
the relationship between product quality and sales quantity is
obtained. At the same time, considering the endogenous problem
caused by the mutual influence of product price and quality, the error
of product quality measurement appears. Replacing elasticity with
price to reflect product quality avoids measurement errors caused by
endogeneity between price and quality, which makes the calculation
result of the final product quality more scientific. The specific
calculation steps are as follows:

Based on the CES utility function, the quantity of product h
exported from region f in year t is obtained:

Xfth � qσ−1fth

p−σ
fth

P1−σ
t

Et. (1)

Among them, xfth, qfth, and pfth indicate the quantity, quality,
and price of the harmonized system (HS) code product h exported

by region f in year t, respectively; Pt indicates the total price index of
the population sample in year t; Et represents the total consumption
expenditure of the total sample in year t; σ is the elasticity of
substitution between products, and σ > 1. Taking the natural
logarithm of both sides of Formula 1, we get:

lnxfth + σlnpfth � ∅h+∅ft + vfth. (2)

Among them, ∅h represents product fixation effect; ∅ft

represents region-year fixed effect; vfth = (σ − 1)lnpfth means
residual error. Through ordinary least squares (OLS) estimation
of Equation 2, the residual estimate vfth can be obtained, and then
the export product quality at the region-product-year level can be
obtained in Equation 3:

qualityfth � ln qfth( ) � vfth
σ − 1

, (3)

where σ is used by Broda (2006) to give the σ value in the HS code as
the price elasticity.

In order to obtain the export product quality of different
products in different provinces and make them comparable at
both the product level and the regional level, this paper has
standardized the product quality according to the HS code, that

FIGURE 2
(a–d) A view of the level of opening up in 2012, 2015, 2018, and 2020.
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is, defined the Qualityh,max and the Qualityh,min y for an HS code
product h every year in Equation 4:

Qualityfh,standard �
Qualityfh − Qualityh,min

Qualityh,max −Qualityh,min

. (4)

Finally, it is weighted according to the trade volume of the
product in the province and aggregated to the province level to
obtain the quality of the export product of province f in the
corresponding year in Equation 5:

Qualityf � ∑
h

xfhQualityfh,standard. (5)

Among them, xfh represents the proportion of h export
products in the total exports of the region, so that the quality of
exported products can be compared horizontally at the
enterprise level.

Technology import: the majority of academic circles use the
amount of technology import contracts and the expenditure on
technology import as the measurement standards of technology
import. In order to prevent the index from being affected by price
fluctuations, this paper has selected the actual value of the stock of
foreign technology import expenditure of large and medium-sized
industrial enterprises in each province to represent the technology
import index, which was recorded as tech. The specific calculation
method is as follows:

First, using the price index data of each province in the
corresponding year, the nominal value of foreign technology
import expenditure of large and medium-sized industrial
enterprises in each province and the provincial fixed asset
investment price index are converted into the actual value. For
the technology import stock in the base period, this paper has set the
base period as 2010, Technology import stock can be obtained in
Equation 6:

Ktech
1 � Etech

1 1 + g( )/ 1 + δ( ). (6)

Among them, Ktech represents the stock of foreign technology
import; Etech represents the expenditure of foreign technology
import; g is the average growth rate of technology import
expenditure, which is set at 5% by reference to the existing
literature. δ is the depreciation rate, which is set at 15%; i and t
stand for province and year, respectively.

Finally, the technology import stock of each province can be
obtained by using the method of perpetual inventory. The
calculation formula is shown in Equation 7:

Ktech � Etech
it + 1 − δ( )Ktech.

i,t−1 (7)

4.1.4 Control variables
a. Regional production capacity (Rpc): Regional production

capacity is indicated by the amount of electricity consumed in
the region. In terms of regional electricity consumption,
industrial electricity usage accounts for the vast majority.
Therefore, when a region consumes more electricity, it typically
signifies a more vibrant industrial production activity within that
region. As the level of production in the region reaches a certain
point, it becomes more likely to attract supporting businesses and
similar enterprises to enter the area, leading to industrial clustering

and, in turn, promoting an increase in the region’s
production capacity.

b. Regional economic level (Gdp): The per capita GDP level of
the region is used to represent this. When the economic vitality of a
region is stronger, various commercial activities become more
frequent. Businesses find it easier to access government subsidies,
conduct product sales, and manage financial transactions. This is
more conducive to their own production and manufacturing.
Additionally, in economically developed regions, the number and
quality of local businesses are typically superior to those in less
developed areas. In regions with well-developed industries and
intense competition, businesses are more motivated to enhance
their product capabilities to gain a competitive edge in the market.

c. Energy intensity (Ei). The ratio of energy consumption to
GDP within a region is used as an indicator of energy intensity.

d. Financial strength (Fin). The proportion of local budget
expenditure to GDP is used as an indicator to measure the
degree of regional government intervention.

e. Industrial structure (Ind). The proportion of regional tertiary
industry in GDP is used to measure the industrial structure.

The data for this study were sourced from various publications,
including the China Statistical Yearbook, China Science and
Technology Statistical Yearbook, China Environmental Statistical
Yearbook, China Industrial Statistical Yearbook, China Energy
Statistical Yearbook, and others from 2012 to 2020. To prevent
extreme values from affecting the regression results in this study, we
conducted a winsorization process on the variable data by capping
the values to the 1st and 99th percentiles. The specific descriptive
statistics are presented in Table 3.

4.2 Model construction

4.2.1 Benchmark model
Based on the relevant literature, this paper has established a

benchmark model of the level of opening up and total carbon
emissions and explores the correlation between them. In order to
select the appropriate measurement model, this paper has used the
Hausmann test method, drawing the conclusion that the fixed-effect

TABLE 3 Main variable definitions and descriptive statistics of the data.

Variables (1) (2) (3) (4) (5)

N Mean SD Min Max

Ce 270 25,824 17,649 1,699 74,482

Open 270 0.384 0.296 0.0443 0.977

Quality 270 0.646 0.148 0.260 0.930

Tech 270 72.86 121.4 0 564.6

Rpc 270 7.404 0.676 5.568 8.845

Gdp 270 5.565 2.701 1.980 15.51

Ei 270 0.104 0.0715 0.0351 0.393

Fin 270 0.299 0.231 0.104 1.282

Ind 270 0.479 0.0941 0.322 0.808
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model is better than the random-effect model. The formula for the
benchmark model is as follows:

Ceit � α0 + β0Openit + θi ∑Controlit + δi + γt + εit. (8)

Among them, i represents the region, t represents the time, α0
represents the constant term, Ceit represents the overall carbon
emissions, Openit represents the level of opening up, Controlit
represents the various control variables mentioned earlier, δi
represents the individual fixed effect, and γt represents the time-
fixed effect. εit represents the error term in the model, and represents
other factors that affect carbon emissions and are not taken into
account in the model.

4.2.2 Testing the mediating mechanism
In the mechanism analysis, this paper has used the intermediary

effect model to discuss the impact of the level of opening up on
overall carbon emissions. According to Hypotheses 2, 3, opening up
to the outside world reduces carbon emissions by introducing
technology and improving product quality. The corresponding
mediating effect model is constructed, which is shown in
Equations 9-13:

Techit � α0 + β1Openit + θi ∑Controlit + e1 (9)
Ceit � α0 + λ1Techit + θi ∑Controlit + e2 (10)

Qualityit � α0 + β2Openit + θi ∑Controlitl + e3 (11)
Ceit � α0 + λ2Qualityit + θi ∑Controlitl + e4 (12)
Qualityit � α0 + β3Techit + θi ∑Controlitl + e5 (13)

Among them, Techit represents technology import, Qualityit

represents the quality of export products, and ei represents the
random disturbance term. This paper has considered the impact of
the level of opening up on total carbon emissions from both the
export and import sides.

Formula 8 reflects the total effect of the level of opening up on
total carbon emissions, while Formulas 9, 10 reflect the intermediary
effect of the level of opening up on total carbon emissions through
the transmission path of technology import at the import side.
Formulas 11, 12 reflect the intermediary effect of the level of opening
up on total carbon emissions through the transmission path of
export product quality at the export end. As the strength of the Sobel
test is controversial, the bootstrap test method has been used in this
paper to test the role of the intermediary effect.

5 Model demonstration and
robustness test

5.1 Benchmark regression results

The stationarity tests for data are conducted to prevent spurious
regression. In this paper, three different tests, namely, LLC, Fisher-pp,
and Fisher-ADF, were used to examine the stationarity of the main
variables. Before conducting these tests, a Hausman test was performed
on the panel data, and the results strongly rejected the random effects
model at the 1% significance level. Therefore, this article has employed
the fixed effects model for the stationarity tests, as shown in Table 4.

In Table 4, Ce represents the total CO2 emission of the explained
variable, and Open represents the level of opening up of the
explained variable. The results show that both the explained
variable and the core explanatory variable strongly reject the null
hypothesis of the existence of a unit root, and the data are robust and
can be subjected to further regression analysis. The regression results
of the benchmark model are shown in Table 5.

In the regression tests of the baseline model, this paper has
adopted a step-by-step inclusion of control variables to verify the
explanatory power of the model.

From the model results, it can be observed that the level of
opening up(Open) can effectively reduce China’s overall carbon
emissions(Ce). Furthermore, although the coefficient of the effect of
the level of opening up on carbon emissions decreases, it remains
statistically significant with the inclusion of control variables.

Rpc has a significant positive impact on carbon emissions,
indicating that China’s regional production capacity is still
significantly related to carbon emissions. Clean production needs
more attention.

Fin and Ind are negative and significant, showing that high
financial strength and a favorable industrial structure can effectively
reduce carbon emissions in a region. This aligns with the real-world
situation, as strong financial resources allow the government to
allocate more funds for pollution control, while an efficient
industrial structure can reduce carbon emissions during the
production process.

Ei and Gdp are negative and non-significant, indicating that
China’s economic development is undergoing a positive
transformation that is no longer highly dependent on an increase
in carbon emissions.

5.2 Robustness test

5.2.1 Shrinkage test
Considering that the COVID-19 outbreak, which started in May

2019, had a great impact on international trade, this paper
conducted a robustness test by shortening the sample size from
2012 to 2018. The robustness test results are shown in Table 6.

The robustness regression results show that the coefficient is still
significantly negative, indicating that the result is still significant
without considering the impact of exogenous variables. The
robustness test indicates that the empirical results are credible.

5.2.2 Granger causality test
Considering that it is still unclear whether the change in China’s

total carbon emissions is caused by the promotion of the level of
opening up, and whether the changes between the two are mutually
causal, this paper has adopted the Granger causality test to verify the
causal relationship between the two, and the test results are shown
in Table 7.

It can be found from the test results that the variables reject the
null hypothesis at the 1% confidence level. That is, the level of
opening up is the Granger cause of the overall carbon emission
change, and the two are mutually causal. It shows that the change in
China’s total carbon emission is caused by the implementation of the
level of opening up, which further validates the validity of the
empirical results above.
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5.2.3 Bootstrap test
Although the traditional stepwise regression test method can

deal with the multicollinearity problem of large-scale variables, it
ignores the complex relationship between variables. The
bootstrap method can simulate the entire overall data set by
combining different sample data sets to avoid the sample bias
problem caused by insufficient sample data. Thus, the effect size
and significance level of mediation can be more accurately
evaluated. Its principle is as follows: random sampling is
carried out from the sample data to generate a large number
of sample data sets that obey the central limit theorem, and the
confidence interval is estimated more accurately by calculating

the random error of the intermediary effect obtained from
different sample data sets. The results of the bootstrap test are
shown in Table 8.

As can be seen from the results of the bootstrap test, except that
the test result of the path of technology import as an intermediary
variable is not significant, the other two paths pass the bootstrap test
highly significantly, indicating that the results of the intermediary
effect model are robust.

5.2.4 Instrumental variable method
To avoid potential endogeneity effects, this paper has adopted

the Gaussian mixture model (GMM) to analyze, taking the lagged

TABLE 4 Unit root tests for major variables.

Test model LLC Fisher-PP Fisher-ADF

Variables T value p-value chi-square p-value chi-square p-value

Ce −5.927 0 146.1922 0 3.199 0.001

Open −6.8251 0 114.2671 0 170.293 0

Smoothness Yes Yes Yes

Note: The value of the LLC test report is the value of the T-test, and the value of the Fisher-pp test and the Fisher-ADF test report is the value of the chi-square test.

TABLE 5 Regression results of the benchmark model.

Model (1) (2) (3) (4) (5)

Variables Ce Ce Ce Ce Ce

Open −4,937.897** −4,578.674** −4,425.266** −4,136.325** −3,641.121*

(−2.43) (−2.48) (−2.41) (−2.14) (−1.82)

Rpc 12,502.278*** 12,862.790*** 13,700.884*** 14,928.723*** 18,179.833***

(2.88) (3.06) (3.33) (3.75) (4.34)

Ei 30,082.499 26,642.149 22,054.919 9,532.168

(1.32) (1.17) (0.90) (0.33)

Fin −1,311.652** −1,286.014** −1,171.796**

(−2.44) (−2.40) (−2.38)

Gdp −248.541 −175.711

(−0.70) (−0.48)

Ind −16,474.851*

(−1.78)

Constant −64,848.367** −70,787.002** −76,300.318** −83,649.353*** −99,147.792***

(−2.06) (−2.24) (−2.45) (−2.81) (−3.31)

Observations 270 270 270 270 270

R-squared 0.199 0.218 0.223 0.225 0.245

Number of ids 30 30 30 30 30

Notes: Standard errors in parentheses. *, **, and *** represent significance at the 10%, 5%, and 1% levels, respectively.
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term of carbon emissions (L1. Ce) as an instrumental variable. The
results are shown in Table 9.

The results indicate that, after further alleviating the endogeneity
problem, the level of opening up still significantly reduces overall
carbon emissions.

5.3 Heterogeneity analysis

5.3.1 Non-coastal areas and coastal areas
Considering that the majority of non-coastal areas are resource-

based cities, while coastal areas are mostly economically developed,
the impact of the level of opening up to the outside world on carbon
emissions may vary. According to the classification of coastal and

TABLE 6 Regression results of the robustness test.

Model (6) (17) (8) (9) (10)

Variables Ce Ce Ce Ce Ce

Open −5,469.484*** −5,105.962*** −4,521.847*** −4,291.418** −4,015.466**

(−3.82) (−3.72) (−3.12) (−2.61) (−2.35)

Rpc 10,157.866*** 10,394.651*** 11,962.815*** 13,095.680*** 15,234.294***

(3.18) (3.51) (3.98) (4.01) (4.45)

Ei 24,990.036 20,360.601 16,260.022 8,093.528

(1.52) (1.40) (0.99) (0.39)

Fin −1,861.666* −1,862.067 −1,806.470

(−1.71) (−1.69) (-1.67)

Gdp −218.534 −124.117

(−0.57) (-0.31)

Ind −11,551.903

(-1.38)

Constant −47,466.937** −51,988.265** −62,715.454*** −69,555.943*** −79,651.409***

(−2.05) (−2.40) (−2.86) (−3.06) (−3.48)

Observations 210 210 210 210 210

R-squared 0.146 0.159 0.173 0.175 0.187

Number of ids 30 30 30 30 30

Notes: Standard errors in parentheses. *, **, and *** represent significance at the 10%, 5%, and 1% levels,respectively.

TABLE 7 Granger non-causality test results.

Lag order 1

W-bar 5.0576 (p-value = 0.0000)

Z-bar 15.4509 (p-value = 0.0001)

Z-bar tilde 3.8737

H0: Open does not Granger-cause Ce

H1: Open does Granger-cause Ce for at least one panel var (id)

TABLE 8 Results of the bootstrap test.

Results bs_1 bs_2 Confidence degree

(1) 0.79 0.432 1.67 0.094

(2) 8.23 0.000 −3.83 0.000 99%

(3) 7.44 0.000 −3.42 0.001 99%

TABLE 9 Results of the GMM model.

Variables Ce

L1.Ce 0.937*** (34.16)

Open −4,534.617**

(−2.23)

Constant −56,374.937***

(14)

Observations 240

R-squared 0.146

Number of ids 30

Note: L1.Ce represents the lag term of CE.
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non-coastal provinces in China, the results of heterogeneity analysis
are shown in Table 10.

The results of heterogeneity regression reveal that the impact
coefficient of the level of opening up (Open) in non-coastal areas
on the overall carbon emissions (Ce) is significantly negative, and
the coefficient is larger than the regression result of the national
area. Non-coastal areas have achieved remarkable results because
of the implementation of the level of opening up and significantly
reduced carbon emissions by strengthening trade contact with the
international community. In contrast, coastal areas opened up to
the outside world earlier than non-coastal areas and remained at a
relatively high level during the research period. After years of
foreign trade, coastal areas have become more sensitive to changes
in the international environment and standards, and have
undergone a low-carbon transformation earlier. Thus,
improving the opening up of non-coastal cities can effectively
reduce carbon emissions and contribute to the achievement of
China’s carbon peak.

5.3.2 Belt and Road and Non-Belt and
Road provinces

The Belt and Road Initiative means a higher level of opening up
and deeper cooperation. Exploring the difference in the impact of
the Belt and Road provinces and non-Belt and Road provinces can
better illustrate the impact of openness on carbon emissions. The
results are shown in Table 11.

The influence coefficient of the level of opening up (Open) on
overall carbon emissions (Ce) in the provinces along the Belt and
Road is significantly negative, indicating that even though the
provinces along the Belt and Road are mostly inland and less
likely to participate in international trade than the coastal
provinces, the Belt and Road policy effectively improves the
economic exchanges between inland and international countries
and significantly inhibits the increase of carbon emissions.

In addition, the carbon emission reduction effect of opening up
is more significant in the Belt and Road provinces. China should
continue to adhere to the Belt and Road policy to reduce the carbon
emissions of the provinces covered and actively advocate for more
provinces to join the Belt and Road.

5.4 Intermediary analysis

In order to explore the impact mechanism of the level of opening
up (Open) on the overall carbon emissions (Ce), this paper has
adopted the intermediary effect model to verify the effect of the level
of opening up on overall carbon emissions from both import and
export aspects.

5.4.1 Technology import
According to Hypothesis 2, opening up to the outside world

reduces emissions by introducing advanced low-carbon

TABLE 10 Non-coastal areas and coastal areas.

Model (11) (12)

Variables
Non-coastal Coastal

Ce Ce

Open −5,923.709* −1,761.318

(−2.08) (−0.74)

Rpc 21,748.537*** 16,825.786***

(4.15) (3.54)

Ei 76.233 3,718.089

(0.00) (0.07)

Fin −969.800* −215.044

(−1.75) (−0.28)

Gdp −924.327* 128.205

(−2.10) (0.28)

Ind −16,641.571 −19,332.748

(−1.51) (−1.71)

Constant −122,245.472*** −85,697.434**

(−3.44) (−2.54)

Observations 171 99

R-squared 0.375 0.156

Number of ids 19 11

Notes: Standard errors in parentheses. *, **, and ***represent significance at the 10%, 5%, and 1% levels, respectively.
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technologies from abroad. The results of the intermediary effect
model are shown in Table 12.

Column (15) represents the total effect, indicating that the level
of opening up (Open) significantly reduces overall carbon
emissions (Ce). The results in Columns (16) and (17) suggest
that while technology import can significantly reduce carbon
emissions, the coefficient for the level of opening up in
lowering carbon emissions through increased technology import
is not significant.

This implies that Hypothesis 2 is not supported, suggesting
that China’s current level of opening up does not significantly
increase the level of technology import. This might be due to the
current international situation, characterized by tense
international relations and a trend towards deglobalization.
China’s technological bottlenecks in high-tech areas cannot
be effectively addressed by simply increasing openness. China
needs to accelerate the research and development of core
technologies.

5.4.2 Quality of exported products
According to Hypothesis 3, opening up to the outside world

reduces emissions by improving the quality of exported products.
The results of the intermediary effect model are shown
in Table 13.

The results in Columns (18) and (19) indicate that export product
quality (Quality) plays a mediating role in the impact of the level of

opening up (Open) on overall carbon emissions (Ce). The coefficient is
significantly negative at the 5% confidence level, supporting
Hypothesis 3. This suggests that a level of opening up can reduce
overall carbon emissions by enhancing the quality of exported
products. Mechanistically, this may be due to the alignment of
domestic regulations and standards with international ones as the
level of opening up progresses. These higher standards no longer allow
enterprises to produce and export highly polluting products,
prompting companies to lower carbon emissions during
production in order to meet the standards.

5.4.3 Further analysis
The level of opening up to the outside world has promoted the

introduction of advanced new technologies to the international
market, which will inevitably lead to technological upgrades in
enterprises, thereby using advanced new technologies in product
production to improve the quality of China’s exported products
(Liu et al., 2023b). Therefore, as an important component of
technological progress, technology import can improve the
quality of exported products and reduce carbon emissions (Dou
et al., 2021). To illustrate this impact, this article has used a three-
step mediation regression method, and the results are shown
in Table 14.

The results in Columns (21) and (22) indicate that the
introduction of technology will improve the quality of export
products, thereby reducing carbon emissions.

TABLE 11 Belt and Road and non-Belt and Road.

Variables (13) (14)

Model Belt and Road Non-Belt and Road

Ce Ce

Open −6,861.507* −1,036.946

(−2.13) (-0.70)

Rpc 25,247.514*** 9,748.256***

(3.75) (3.39)

Ei −9,009.985 49,945.126

(-0.46) (1.73)

Fin −57.136 −1,651.830**

(−0.06) (−2.75)

Gdp 114.384 −35.776

(0.21) (−0.05)

Ind −27,390.099* −10,938.365

(−2.06) (−1.60)

Constant −145,756.488*** −40,555.515*

(−3.15) (−2.06)

Observations 135 135

R-squared 0.373 0.152

Number of ids 15 15

Notes: Standard errors in parentheses. *, **, and *** represent significance at the 10%, 5%, and 1% levels, respectively.
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6 Conclusion and policy
recommendations

6.1 Conclusion

This study is based on panel data from 30 provinces in China
from 2012 to 2020, and aimed to explore the relationship between
openness level and overall and key industry carbon emissions. Using
a panel fixed-effects model, this study found a significant negative
linear correlation between openness level and carbon emissions,
confirming that openness level can promote carbon reduction. After
robustness testing, the empirical results are still significant,
indicating the reliability of the empirical results in this study.

The mechanism analysis showed that increasing the level of
openness to the outside world can effectively improve the quality of
exported products and reduce overall carbon emissions. Although
technology import themselves do not have a direct impact on
reducing carbon emissions at the open path level, they can help
reduce carbon emissions by improving the quality of
exported products.

The heterogeneity analysis showed that increasing the level of
openness to the outside world can significantly reduce carbon
emissions in non-coastal areas but has no significant impact on

carbon emissions in coastal areas. Continuing to expand the level of
openness of the Belt and Road provinces can effectively reduce
carbon emissions.

From the perspective of “technology introduction” and
“products going global,” this paper demonstrated that China
adheres to the policy of opening up and the Belt and Road,
which provides theoretical support for the integration of China’s
opening up and low-carbon transformation. The further research
direction of this article lies in the heterogeneity analysis of the
impact of opening up to the outside world on technology
introduction.

6.2 Policy recommendations

From the above analysis, it is evident that the level of opening up
can impact the changes in China’s overall carbon emissions from
both the export and import perspectives. The level of opening up has
become an inevitable trend in the new phase of economic
globalization. To align with this trend, we must firmly pursue the
level of opening up and simultaneously advance our efforts in both
economic development and energy conservation to reduce carbon
emissions. We can achieve breakthroughs in the following aspects.

TABLE 12 Technology import intermediary inspection.

Model (15) (16) (17)

Variables Ce Tech Ce

Open −4,912.93** 16.38 −4,787.24**

(−2.04) (0.59) (−1.99)

Tech −7.67**

(−2.42)

Rpc 23,730.39*** 27.96*** 23,944.96***

(27.99) (2.89) (27.86)

Ei −1,812.32 −179.20** −3,187.47

(-0.23) (−1.98) (-0.40)

Fin −4,353.16* −59.98** −4,813.39**

(−1.89) (−2.28) (-2.07)

Gdp −637.05* 21.79*** −469.87

(-1.85) (5.53) (-1.29)

Ind −14,841.91* 73.76 −14,275.92

(−1.66) (0.72) (−1.60)

Constant −135,838.61*** −260.44*** −137,837.19***

(-17.61) (-2.95) (-17.62)

Observations 270 270 270

R-squared 0.791 0.424 0.793

Number of ids 30 30 30

Notes: Standard errors in parentheses. *, **, and ***represent significance at the 10%, 5%, and 1% levels, respectively.
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6.2.1 Deepen opening up to the outside world
Restrictions on access to foreign investment in the

manufacturing sector should be fully lifted. The negative
list management system should be aligned with international
high-standard economic and trade rules to attract foreign
investment in high-value-added industries such as high-end
equipment and biomedicine. Green manufacturing standards
and carbon footprint certification should be promoted,
and the export of green products, such as new energy
vehicles and photovoltaics, should be expanded. The
implementation of the Regional Comprehensive Economic
Partnership (RCEP) agreement to expand the mutual
recognition mechanism of technical standards with the Belt
and Road countries should be accelerated. A comprehensive
legal support platform for cross-border trade and investment
should be established as soon as possible to reduce the risk of
trade frictions.

6.2.2 Strengthen the introduction, absorption, and
utilization of low-carbon technologies

For China, emphasizing the development of green and low-
carbon technologies is crucial. This requires coordinating
China’s energy pattern, which mainly relies on coal, with the

need to increase the capacity to accommodate new energy and
promote its organic integration. Simply introducing
technologies not only fails to effectively promote carbon
reduction but may also lead to energy rebound effects. When
choosing low-carbon technologies, it is crucial to consider
industry and regional differences and choose technologies
that are more suitable for imports. Accelerating the
integration of domestic technical standards with international
standards can reduce the adaptation cost after technology
introduction. At present, we should deepen regional green
technology cooperation as soon as possible and establish a
low-carbon technology demonstration project library in
conjunction with the Belt and Road countries.

6.2.3 Promote the introduction of technology from
non-coastal areas

Around the advantageous industries in non-coastal areas of
China, core component technologies from overseas can be
introduced, joint construction of industrial alliances between
local enterprises and foreign technology providers can be
promoted, and a closed loop of “technology introduction,
localization improvement, scale production” can be formed. The
tax reduction ratio can be for reduced enterprises that introduce key

TABLE 13 Intermediary inspection to improve the quality of exported products.

Variables (15) (18) (19)

s1 s4 s5

Ce Quality Ce

Open −4,912.93** 0.04** −5,618.78**

(−2.04) (2.10) (−2.33)

Quality 17,105.47**

(2.28)

Rpc 23,730.39*** 0.11*** 21,842.42***

(27.99) (15.93) (18.52)

Ei −1,812.32 −0.79*** 11,660.14

(−0.23) (−12.19) (1.19)

Fin −4,353.16* −0.07*** −3,187.38

(−1.89) (−3.62) (−1.36)

Gdp −637.05* 0.02*** −991.23***

(−1.85) (7.35) (−2.64)

Ind −14,841.91* −0.19** −11,653.23

(−1.66) (−2.56) (−1.30)

Constant −135,838.61*** −0.11* −133,945.85***

(−17.61) (−1.76) (−17.40)

Observations 270 270 270

R-squared 0.791 0.802 0.795

Number of ids 30 30 30

Notes: Standard errors in parentheses. *, **, and *** represent significance at the 10%, 5%, and 1% levels, respectively.

Frontiers in Environmental Science frontiersin.org15

Yang et al. 10.3389/fenvs.2025.1550493

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2025.1550493


technologies from inland areas, a special fund for technology
introduction can be established, low-interest loans and exchange
rate risk hedging tools can be provided, and the cost of enterprise
introduction can be reduced. “Technology free trade pilot zones” can
be set up in non-coastal areas, joint laboratories or technology
incubation bases with countries can be jointly built along the
Belt and Road, and the implementation of technical cooperation
projects in the semiconductor, new energy, and other fields can
be promoted.

6.2.4 Improve the quality of export products
The improvement of export product quality can significantly

reduce carbon emissions. Domestic and international standard
benchmarking research can align export standards with
international green certification. Enterprises can be supported
in benchmarking international standards to improve their
industrial chain level, encourage research and development,
design innovation, promote green manufacturing and
sustainable development, and meet the requirements of
importing countries on carbon emissions and resource

recycling. Enterprises should actively comply with policy
requirements and implement strict quality control measures
for products to meet international standards. This both
enhances the competitiveness of exported products and helps
China achieve its dual carbon goals by further promoting
product globalization.
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Rpc 23,625.12*** 0.10*** 21,628.25***

(25.39) (15.78) (18.34)
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