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Global value chains (GVCs) involve production and distribution cooperation as
well as pollution redistribution. With the increasing frequency of global trade
activities and the growing problem of environmental pollution, the impact of GVC
participation on environmental pollution has attracted considerable academic
attention. In this study, a dynamic panel Gaussian mixture model was constructed
using data from several databases, including Chinese industrial enterprise
pollution emission and customs data from 2005 to 2013. We found that the
degree of GVC participation of enterprises and pollution emission show a non-
linear invertedU-shaped relationship. This indicates that the pollution emissions of
enterprises increased and then decreased as the degree of GVC participation
increased. We constructed separate models for the effects of output
upstreamness and input downstreamness on pollution emissions and found
that upstreamness is negatively related to pollution emissions, with the
upstream economic components of GVC (such as technology research and
development, international marketing, and key component manufacturing)
producing emission reduction effects. Downstreamness, on the other hand, is
positively correlatedwith emissions, whichmeans that the downstream economic
components of the GVC (e.g., processing, assembly, and production of non-
critical components) will increase emissions. Based on the second finding, we
proposed that the inverted U-shaped relationship is the result of the combined
influence of upstream and downstream participation and confirmed this
hypothesis by constructing a multiple mediating effects model. This study will
help enterprises consciously implement environmental protection measures and
broaden the scope of research on the environmental impact of GVCs, providing a
broader segmented research perspective on the degree of participation in GVCs
and the environmental performance of exporting enterprises, and guiding
governments to formulate more effective industrial policies for foreign trade
and promote better environmental performance of enterprises.
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1 Introduction

From the creation of the United Nations Framework
Convention on Climate Change to the implementation of the
Kyoto Protocol, and finally to the entry into force of the Paris
Agreement, the world’s determination to combat climate change is
evident. With the development of communication and
transportation technologies, the division of labor patterns in
global value chains (GVCs) has brought opportunities and
challenges for international emission reduction. Developed
countries participate in the division of labor in GVCs through
high-end segments, such as R&D and design, while allocating
manufacturing segments, such as processing and assembly, to
developing countries. Simultaneously, developing countries can
learn from the advanced technology and management experience
of developed countries to improve their energy efficiency and
reduce pollution emissions. The relationship between GVC
integration and a country’s pollution emissions has been
debated, and the Chinese experience provides a wealth of
evidence for answering this question. First, China is the largest
developing country in terms of global trade, and has become
increasingly embedded in GVCs. China’s GVC participation
increased from 29.55% in 1990 to 44.49% in 2018 (Shao,
2021a). Second, the role of Chinese companies in GVCs is
gradually changing from being downstream production
manufacturers to being upstream suppliers, with an increasing
international division of labor (Sudani, 2020), which has an
important impact on the environmental effects of China’s
participation in GVCs. Finally, as environmental issues, such as
PM2.5, become more acute, Chinese residents are becoming more
concerned about environmental pollution. The Chinese
government attaches great importance to pollution prevention
and control and has pledged to achieve carbon peaking by
2030 and carbon neutrality by 2060. Research into the impact
of Chinese companies’ involvement in GVCs on pollution
emissions is important for environmental governance and the
double carbon goal and is globally representative.

Since its reform and especially its accession to the World Trade
Organization in late 2001, China’s aggressive integration into the
GVC production system has been accompanied by an increasing
deterioration of the domestic ecological environment, while creating
export and growth miracles. Studies have shown that 17%–36% of
China’s emissions of the four major air pollutants are brought about
by China’s embedding in GVC downstream production and
manufacturing with low-end elements. However, along with the
deepening of GVC embedding, the production links undertaken by
China in the GVC and the division of the labor position it occupies
have changed significantly, which has important implications for the
environmental effects of China’s participation in the GVC.
Therefore, against the background of the evolving international
labor divisions and the increasingly severe domestic
environmental situation in China, this article examines how the
global division of the labor system affects polluting behavior from
the perspective of different ways of participation in the global
division of labor. This has important theoretical and practical
value for China to improve its domestic environment by
adjusting its GVC embedding strategy in the new international
division of labor.

After constructing a dynamic panel Gaussian mixture model
(GMM), this study finds that the degree of enterprises’ GVC
participation and pollution emissions show a non-linear inverted
U-shaped relationship. This indicates that the pollution emissions of
enterprises increased and then decreased with an increase in GVC
participation. Second, we constructed separate models for the effects
of output upstreamness and input downstreamness on pollution
emissions and found that upstreamness is negatively related to
pollution emissions, with the upstream economic components of
GVC (such as technology research and development, international
marketing, and key component manufacturing) producing emission
reduction effects. The downstream degree is positively correlated
with pollution emissions, which means that the downstream
economic components of the GVC (assembly and noncritical
component production) increase pollution emissions. Third,
based on the second finding, we hypothesized that the cause of
the inverted U-shaped relationship is the result of the joint influence
of enterprises’ upstream and downstream participation, and
constructed a multiple mediating effect model. This model
showed that output upstreamness and input downstreamness
have multiple parallel mediating effects on GVC participation.
This finding suggests that the inverted U-shaped relationship
generated by GVC participation is the sum of the environmental
impacts of a firm’s output upstreamness and input downstreamness.
These findings will help governments formulate more precise
industrial and environmental policies that meet their own
development needs and achieve a balance between trade
development and environmental protection. In summary, this
study provides a reference for developing economies worldwide
to choose their mode and path of participation in GVC, which has
important implications for the governance of global pollution.

2 Literature reviews

The “pollution paradise hypothesis” was developed by
academics as early as 1994. This hypothesis is primarily used to
describe the fact that energy-intensive, heavily polluting industries
involved in the GVC process move to developing economies
embedded at the lower end of the spectrum. Participation in
GVCs implies that international production fragmentation
enables the transfer of environmental pollution between
countries. By transferring highly polluting downstream
production and manufacturing to developing countries through a
“keep the core, outsource the rest” strategy, developed countries can
improve their own environmental quality, but may exacerbate
environmental pollution in developing countries. Upstream
economies in GVCs mainly engage in technology development
and international marketing or hold key high value-added
component production, with capital and humans being the main
factors of production consumed. Downstream economies, on the
other hand, are involved in assembly production and manufacturing
of low-value-added components that are easily substitutable,
consuming more traditional energy sources, thereby increasing
their pollution emissions (Shao and Sudanese, 2019). found that
the increased level of trade openness of economies with lower GVC
positions worsened their polluting terms of trade instead of
expanding the scale of trade. Whereas GVC location and
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participation positively affect pollution emissions (Pan et al., 2020),
Pan (2017) found that GVC participation caused higher levels of
implied carbon emissions based on the MRIOmodel combined with
Koopman value-added decomposition (Pan, 2017).

In contrast to the “pollution paradise hypothesis,” some scholars
have proposed the “environmental gain hypothesis” (pollution halo
hypothesis), which states that GVC is embedded in developing
economies to absorb advanced foreign technology through a
push-back mechanism, and that pollution emissions are curbed
in the production chain. The GVC embeds a pushback mechanism
that allows developing economies to absorb advanced foreign
technologies and curb pollutant emissions at the production
level. As trade barriers, such as pollution tariffs, restrict the entry
of highly polluting and emitting products (Wang et al., 2021),
developing economies need to move up the value chain to ensure
that they can export while improving their trade structure and
environmental performance. In addition, this move meets
internationally prevailing environmental standards in the short
term, allowing developing countries to set more stringent
pollution emission targets, thus creating a virtuous cycle for
controlling pollution emissions. Thus, in the process of moving
up in the GVC position, the structure of production, level of
technology, scale of the situation, laws, and regulations have an
important influence on pollution emissions.

In addition to the positive “pollution paradise hypothesis” and
the negative “pollution halo hypothesis,” many scholars have found
a non-linear effect of the GVC status on pollution emissions (Shi and
Li, 2020; Yan et al., 2020; Liu et al., 2018) introduced corporate value
chain participation based on the Copland and Taylor model and
found that GVC embedding, especially forward embedding,
significantly reduced the overall trade-implied carbon emissions
of secondary industries. The process of GVC embedding may result
in fluctuating growth in industrial pollution emissions and changing
conditions in pollution emissions and trade. Li et al. (2022) found a
U-shaped relationship between pollution emissions and forward-
linked GVC embedding in Chinese industry. (Ju and Yu, 2015) used
non-linear regression to find an inverted U-shaped relationship
between GVC location and carbon emissions and proposed a
mechanism for GVC location upgrading to reduce pollution
emissions. However, there is a threshold effect of GVC location
enhancement on the export reduction of pollution emissions (Yan
et al., 2020). The same threshold effect of GVC participation on
pollution trading conditions exists, showing a U-shaped structure
with technological change (Lv and Lv, 2019; Lv and Zhang, 2021).

However, there are some unresolved issues in the current
studies: on the one hand, the findings of the pollution paradise
hypothesis, the pollution halo hypothesis, the U-shaped
relationship and the inverted U-shaped relationship are
contradictory, and the reason for this disagreement is the lack of
convincing micro data studies. In addition, pollution emissions are
highly correlated with energy consumption, and it is very difficult to
obtain micro energy data of Chinese enterprises, which makes the
control variables in the model inadequate. On the other hand, most
studies only stay at the level of conclusion, without exploring the
formation mechanism of the correlation between GVC and
pollution emissions, failing to explain the structure and
interrelationship within the system, and can only roughly
understand the relationship between the degree of GVC

participation and the environmental performance of enterprises,
which is insufficient to guide policy formulation. The
environmental regulatory policy framework designed on this
basis undoubtedly has room for optimization in terms of
relevance and effectiveness. Therefore, this study uses more
convincing micro data and refines key control variables, such as
energy consumption, using a variety of methods to construct a more
robust dynamic panel GMM to further investigate the causes of the
non-linear relationship and refine and extend the existing
mechanism analysis of the issue.

3 Materials and methods

3.1 Sample selection and data sources

First, the data for measuring enterprise GVC participation,
output upstreamness, input downstreamness, and pollution
emission indices include the China Industrial Enterprise
Pollution Emission Database, China Industrial Enterprise Census
Database, and China Customs Database from 2005 to 2013. The
corresponding industry data were obtained from the World Input-
Output Database (WIOD), the China Regional Input-Output Tables
2012, and the China Input-Output Tables 2012. In this study, we
referred to mainstream processing models and matched the Chinese
industrial enterprise database, Chinese customs database, and
Chinese industrial enterprise pollution emission database to
obtain basic operation, import and export, and pollution
emission data of each enterprise, which were used to calculate
the upstream and downstream link participation and pollution
emission index of each enterprise (Sudani and Yang, 2021). The
second panel, which measures energy intensity data for prefecture-
level cities, used data from the China DMSP/OLS (Defense
Meteorological Satellite Program/Operational Linescan System)
stable night lighting data from 2005 to 2013, the National
Statistical Yearbook, China Energy Statistical Yearbook, China
City Statistical Yearbook, statistical bulletins, and geographic
information data for selected cities (WU et al., 2014).

3.2 Variable definitions

3.2.1 Explained variable: Synthetic pollution index
Pollution emission data for enterprises were obtained from the

pollution emission database of Chinese industrial enterprises from
2005 to 2013 from the National Bureau of Statistics. In this study, we
follow the processing methods of Shao (Shao, 2021b; Sudani and
Yang, 2021) and selected industrial wastewater, chemical oxygen
demand emissions, ammonia nitrogen, sulfur dioxide, nitrogen
oxides, soot, and industrial dust emissions with relatively high
data quality to construct a comprehensive index system. First,
pollution emission indicators were standardized to eliminate the
differences in the magnitudes of different pollutants. The specific
formula is as follows:

Pxij � x max − xij/x max − x min, (3.1)

where xmax is the maximum value of a pollutant emitted by
enterprise i, x min is the corresponding minimum value, and xij is
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the scale of pollutants emitted by enterprise i at time j. The indicators
were normalized as follows:

TPij � Pxij∑m
x�1∑n

i�1Pxij
. (3.2)

Further, the entropy value was calculated using the following
equation:

Ej� −k1∑m

x�1∑n

i�1TPij · ln TPij, k1 � 1
ln m × n( ). (3.3)

Finally, the corresponding index weights were obtained from
the hierarchical analysis method and summed with weights to
obtain the Synthetic pollution index (SPI). The larger the value of
this index, the higher is the pollution intensity of the enterprise. In
practice, the logarithm of the value of this index after adding one is
used as the explanatory variable in this study and is expressed as
LnSPIit.

3.2.2 Explanatory variable: Participation in GVCs
In the benchmark regression of the non-linear relationship, the

explanatory variable is the participation inGVCs (GVC) of firms. This
study constructs the most comprehensive method for calculating
GVC participation by referring to the method proposed by Ge and
Chen (2022) and assuming a 5% overseas import component in
intermediate goods purchased domestically by firms.

GVC �
IIPA

p + EXP g · IIPAM
g

YD+EXP g
( )+0.05 × MT − IIPA

p − IIPAM
g

YD+EXP g
( )[ ]

EXP
(3.4)

Where IIP, EXP, and YD denote the import, export, and domestic
sales scales of the enterprise, respectively, and subscripts p and g
refer to processing and general trade, respectively. The enterprises’

import and export data can be obtained from sources such as
industrial enterprises and customs data, as described in the
previous section. For enterprises with sales below the declared
export delivery value in the raw data, it was assumed that there
was no domestic purchase of components. Where the foreign value
added is greater than the total exports, the domestic value added is
set to zero and the foreign value added rate is set to one; that is, GVC
participation is set to one, where MT is the total intermediate input
of the enterprise. The above equation contains a hidden assumption
that there is a 5% overseas import component in the enterprise’s
domestic purchases of intermediate goods. Figure 1 is a scatter plot
with GVC as the horizontal axis and LnSPIit as the vertical axis. It
can be assumed that there is an inverted U-shaped relationship
between GVC and pollution emissions after the energy constraint is
applied. Therefore, a non-linear relationship model was constructed
in this study.

3.2.3 Multiple mediating variables
In the multiple mediating effects model, the mediating

variables are output upstreamness (OU) and input
downstreamness (ID). Based on the formulae proposed by
Sudanese et al. (2020); Yuan et al. (2021); Yuan et al. (2021),
this study optimizes the original treatment of national industry
data as an approximation of the indirect value added export data
of enterprises to the industry-average data of the provinces in
which the enterprises are located to reflect inter-provincial
differences. Consequently, the OU and ID calculation
formulae are as follows:

OUijtp� ⎡⎣1− IIPijtp +Dijtp + θ1j − θ2j( ) · EXP ijtp

EXP ijtp
×⎤⎦ IEXPijtp · θ3j

EXP ijtp

(3.5)

FIGURE 1
Convergence plot of LnSPIit and GVC from 2005 to 2013.
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OUijtg� ⎡⎣1− IIPijtg/Yijt( ) · EXP ijtg +Dijtg + θ1j − θ2j( ) · EXP ijtg

EXP ijtg

⎤⎦
×
IEXPijtg · θ3j
EXP ijtg

(3.6)

OUijtm �γp ·
IEXPijtp · 1 − IIPijtp+Dijtp+ θ1j−θ2j( )·EXP ijtp

EXP ijtp
[ ] · θ3j

EXP ijtp
+ γg

×

IEXPijtg · 1 − | IIPijtg/ Yijt−EXP ijtg( )[ ]·EXP ijtg+Dijtg+ θ1j−θ2j( )·EXP ijtg

EXP ijtg
{ } · θ3j

EXP ijtg

(3.7)

IDijtp � IIPijtp +Dijtp + θ1j − θ2j( ) · EXP ijtp

EXP ijtp
(3.8)

IDijtg � IIPijtg/Yijt( ) · EXP ijtg +Dijtg + θ1j − θ2j( ) · EXP ijtg

EXP ijtg

(3.9)

IDijtm � γp ×
IIPijtp +Dijtp + θ1j − θ2j( ) × EXP ijtp

EXP ijtp
+ γg

×
IIPijtg/ Yijt − EXP ijtp( )[ ] × EXP ijtg +Dijtg + θ1j − θ2j( ) × EXP ijtg

EXP ijtg

(3.10)

FIGURE 2
Heat distribution of output upstreamness and input downstreamness by sector.
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where i, j, and t represent the company code, industry code, and year,
respectively; p, g, and m represent processing, general, and mixed
trade, respectively. In this study, the intermediate products imported
by the processing trade are regarded as all used for processing trade
exports. Among intermediate products imported through general
trade, the export ratio was the same as that of domestic and general
trade exports. Therefore, IEXPijtn(n � p, g) is the export value of
the intermediate products of the enterprise after deducting from
middleman trade. EXP ijtn(n � p, g) is the total export value of the
exporting enterprise minus the indirect exports from the
middleman. IIPijtp refers to the import value of intermediate
products indirectly obtained from intermediate trade agents and
used for exports by enterprises engaged in the processing trade. For
general trading enterprises, the indicator is (IIPijtg/Yijt) × EXP ijtg.
Yijt refers to the total sales of the enterprise, whileDjitn(n � p, g) is
the accumulated amount of business depreciation. γp is the ratio of
processing trade to exports in mixed-trade enterprises, and γg is the
ratio of general trade to exports. IEXPijtn(n � p, g) refers to the
export value of the intermediate products of the enterprise after
deducting the intermediate products exported in middleman trade.
θ1j is the proportion of indirect imports in the same industry in the
province where the enterprise is located; θ2j is the proportion of
added value returned by the same industry in the province where the
enterprise is located; and θ3j is the indirect export proportion of
intermediate products in the same industry in the province where
the enterprise is located.

This study first describes industrial OU and ID heat
distributions. As shown in Figure 2, 30 of the 36 industries
achieved an increase in OU, while industries such as coal mining
and washing, non-ferrous metal smelting and rolling processing,
and electricity and heat production and supply declined upstream.
Most of the declining industries are high-energy-consuming and
high-polluting industries, and the technology level is generally low;
thus, the OU space is more limited. At the same time, 28 industries
reduced their ID, while industries such as petroleum processing,
coking and nuclear fuel processing, waste resources, and waste
material recycling processing failed to significantly reduce their
ID, indicating that the above industries have low-end lock-ins,
key technologies, and raw materials are restricted, and there is
high pollution, high energy consumption, and low value-added
features.

3.2.4 Control variables
The production phase of an industrial enterprise occurs when

pollutant emissions are concentrated, primarily through the use of
fossil energy sources. Improving energy efficiency and using more
efficient carbon-based energy sources such as natural gas can
significantly reduce pollutant emissions at the end of production.
Therefore, this article uses the Chinese DMSP/OLS steady night
lighting data from 2005 to 2013 to derive an energy intensity
indicator for each administrative unit at each prefecture level as
the average local energy consumption level, which is then matched
with data from enterprises with micro-energy consumption data to
obtain the average energy consumption share of all local enterprises.
Figure 3 shows the trend in energy consumption intensity for over
280 prefecture-level administrative areas between 2005 and 2013.
Based on the amount of coal, oil, and natural gas used by industrial
enterprises, converted into standard coal, and processed with the

average energy consumption share of prefecture-level municipalities
and the single-value moving time-series smoothing method for
enterprises with missing or non-existent data, more complete
energy intensity data for industrial enterprises from 2005 to
2013 were obtained. The share of clean energy (SCE) was
obtained by dividing the energy data by the share of natural gas
(in standard coal). The variable takes values in the range of 0–1, with
data closer to 1 indicating that the enterprise has a higher share of
clean energy and should, in theory, produce lower pollutant
emissions.

In addition to SCE, the control variables include total enterprise
assets (CAPI), total profits (PROFIT), total enterprise exports and
imports (total export–import volume, TEIV), and the number of
workers (LABOR). Additionally, the dummy variable for ownership
structure (OWERSHIP) was set according to the economic
attributes of the enterprises, where public enterprises (including
state-owned and collective enterprises) were set as 1, private
enterprises as 2 and foreign enterprises as 3. Descriptive statistics
are shown in Table 1.

3.3 Research model construction

The dynamic panel generalized method of moments regression
(DPGMR) is an econometric method for estimating models of panel
data that address the problem of endogeneity in panel data. In the
dynamic panel GMM regressions, lagged variables were used as
instrumental variables to control for endogeneity. This approach is
based on assumptions about the plausibility and validity of the
instrumental variables. The advantage of DPGMR is that it can
control for both individual fixed effects and endogeneity, and can
better deal with the dynamic characteristics present in the panel
data. First, a multicollinearity test was conducted and the results
showed that the correlation coefficients among the variables were all
less than 0.7, the variance inflation factors were all less than 2, and
the mean value was 1.28, indicating that there was no serious
multicollinearity problem for all variables within the constructed
model. To investigate the impact of GVC participation on the
environmental performance of enterprises, this study follows the
model framework constructed by benchmark regression and
introduces the primary and secondary terms of GVC
participation in the model. In systematic GMM, the endogenous
explanatory variable lagged in the original model is used as its own
instrumental variable, which significantly improves the estimation
efficiency and robustness of the results obtained. The baseline model
is established using the following set of equations:

LnSPIit � α0 + μLnSPIit−1 + α1GVCit + α2 GVCit( )2 + γi + δt + εit

(3.11)
LnSPIit � α0 + μLnSPIit−1 + α1GVCit

+ α2 GVCit( )2+∑CONTROLit + γi + δt + εit
(3.12)

∑CONTROLit � λ1CAPIit + λ2PROFITit + λ3TEIVit

+ λ4LABORit + λ5OWNERSHIPit + λ6SCEit,

where i and t denote the corresponding market micro-entity and
time, respectively; j denotes the prefecture-level administrative area
where the sample is located; k denotes the industry to which it
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belongs; εit and α are the error and intercept terms, respectively; and
γi and δt denote the individual firm fixed effects and time fixed
effects, respectively.

4 Results

4.1 Non-linear relationships

The results of fixed-effects and systematic GMM regression
conducted on the original model are shown in Table 2. From this
result, it can be concluded that after systematic GMM estimation,
the characteristics and significance of the coefficients of the GVC
and GVC quadratic terms are consistent with the fixed-effects
model. In addition, the systematic GMM regression was
subjected to AR(1), AR(2), and Sargan tests. First, the p-value
of the AR(1) test was 0.004 and that of AR(2) was 0.197. This
result indicates that there is autocorrelation in the first-order
residuals, while there is no autocorrelation in the second-order

residuals, indicating that the results of the systematic generalized
moment estimation are reliable. Second, to ensure the validity of
the instrumental variables, the Sargan test was conducted, which
showed a test p-value of 0.21. This result indicates acceptance of
the original hypothesis: the instrumental variables are reasonable
and valid, and there is no over-identification problem. Drawing
an inverted U-shaped conclusion from the coefficient
characteristics alone is not sufficient. This study further uses
the testing scheme proposed by Lind and Mehlum (2010) to
perform a U-test on the baseline regression findings. Based on the
test results, the GVC extreme value point of 0.644095 is within
the range of values that can be taken and can reject the original
hypothesis at the 1% statistical level. Meanwhile, the slope takes
the value [0.2675233, −0.1478243], and there are negative values
in this interval; thus, an inverted U-shaped relationship can be
identified.

The regression results show that the estimated coefficient of
the primary term of the GVC is significantly positive, whereas the
estimated coefficient of its squared term is significantly negative,

FIGURE 3
Distribution of the energy consumption of prefecture-level cities.

TABLE 1 Descriptive statistical analysis of key variables.

Variable Obs Mean Std. dev. Min Max

LnSPIit 422,388 0.020047 .0353033 0 .2657203

GVCit 422,388 0.125139 .2995609 0 1

SCEit 422,388 0.6974175 .4592135 0 1

CAPIit 422,388 160161.9 1695722 0 2.76e+08

PROFITit 422,388 11349.6 320844.3 −7350217 1.01e+08

TEIVit 422,388 3962672 8.86e+07 0 2.18e+10

LABORit 422,388 333.6253 1621.679 0 146254

OWNERSHIPit 422,388 2.351904 0.58257 1 3
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indicating that the impact of the GVC on the pollution emissions
of enterprises shows a clear inverted U-shaped trend. In other
words, at the beginning of a firm’s participation in a GVC, as the
level of participation deepens, the characteristics of the firm’s
pollution emissions generally tend to expand. However, as the
level of GVC participation continues to rise, when it breaks
through the extreme value, the increase in the level of GVC
participation will have a dampening effect on the enterprise’s
pollution emissions, and further deepening of international
production capacity cooperation will give positive local
environmental improvement effects. This shows that at a time
when globalization is advancing with difficulty, it is important to
continue to maintain an open, cooperative, and inclusive stance,
to accumulate momentum in industrial development, and to
participate in the process of integrating and improving GVC,
to ultimately achieve a win-win situation in terms of economic
benefits and environmental emission reduction. This aligns with
the Chinese government’s approach of dual domestic and
international recycling. In addition, after increasing the energy
consumption constraint on the proportion of clean energy, the
coefficient of SCEit is negative and remains highly significant,
indicating that while continuously promoting an increase in GVC
participation, increasing the proportion of cleaner energy, such
as electricity and natural gas, will significantly curb the scale of
corporate pollution emissions. Thus, the adjustment of the
energy structure is urgent.

4.2 Moderating effects

Amoderating effect is the change in the degree or direction of a
variable’s influence on the relationship between two other
variables. In statistics and social science research, the

moderation effect is used to explain how a variable changes or
modulates the relationship between independent and dependent
variables. In this study, we argue that differential financing
constraints are prevalent among firms’ participation in GVC,
which affects a number of areas, such as technology purchase
and production equipment replacement, causing fluctuations in
the environmental performance impact exhibited by firms when
participating in GVC. For this reason, this study introduces the
financing constraint (SAit) variable to measure the financing
situation faced by different firms; since this variable is negative,
its absolute value is taken for the regression, following the
treatment in other literature. Larger SA variable values indicate
stronger financing constraints faced by corresponding firms when
raising funds in the market.

LnSPIit � α0 + α1GVCit + α2 GVCit( )2 + α3SAit + α4GVCit × SAit

+ α5 GVCit( )2 × SAit+∑CONTROLit + γi + δt + εit

(4.1a)
Table 3 presents the regression results of the moderating effects.

The signs of the coefficients of the GVC and GVC quadratic terms
are opposite to the signs of the coefficients of the interaction terms
GVCit × SAit and (GVCit)2 × SAit, indicating that an increase in
financing constraints will significantly weaken the effect of GVC
participation on the level of corporate emissions, and all coefficients
of this finding are significant at 0.01 significance level. All
coefficients are significant at the 0.01 level. In addition, in

TABLE 3 Regression results for moderating effects.

(1)

VARIABLES LnSPIit

GVCit 0.298***

(0.0138)

(GVCit)2 −0.224***

(0.0139)

SAit 0.0195***

(9.64e-05)

GVCit × SAit −0.0817***

(0.00490)

(GVCit)2 × SAit 0.0600***

(0.00486)

Controls Yes

Constant 0.00528***

(0.000625)

Observations 422,388

R-squared 35,199

Number of id 0.844

Robust standard errors in parentheses.

***p < 0.01, ** p < 0.05, * p < 0.1.

TABLE 2 Regression results of the fixed effects model and the systematic GMM.

(1) (2) (3) (4)

VARIABLES FE FE GMM GMM

LnSPIit−1 0.253*** 0.249*** 0.0194*** 0.00417**

(0.00215) (0.00215) (0.00219) (0.00212)

GVCit 0.228*** 0.226*** 0.537*** 0.426***

(0.00118) (0.00121) (0.00856) (0.0208)

(GVCit)2 −0.175*** −0.174*** −0.490*** −0.387***

(0.00116) (0.00116) (0.00900) (0.0212)

Controls Yes Yes

Constant 0.0219*** 0.0193*** 0.0140*** 0.0242***

(0.000331) (0.00119) (0.000463) (0.00246)

Observations 387,189 387,189 387,189 387,189

R-squared 0.606 0.611

Number of id 35,199 35,199 35,199 35,199

Robust standard errors in parentheses.

***p < 0.01, ** p < 0.05, * p < 0.1.
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Figure 4, the solid line shows the trend of the inverted U-shaped
effect of the original GVC on pollution emissions, and the dashed
line shows the trend of the relationship between GVC and pollution
emissions under the influence of SA. After the financing constraint,
the change of LnSPIit under each ΔGVCit is reduced in both the
rising and falling stages of pollution emission. In the rising period
when GVCit affects LnSPIit, the financing constraint may have a
positive effect on environmental pollution, based on the fact that it

restricts enterprises from expanding their production scale at this
stage, thus reducing the environmental scale effect of GVC
participation at this time. On the other hand, as the GVCit of
enterprises crosses the threshold, their participation in GVCs
reflects more inertia and technology effects, and has a positive
interaction with pollution emissions to achieve a positive
interaction. Currently, the financing constraint hinders the
absorption of high technology and the purchase of efficient

FIGURE 4
Diagram of the regulation effect of the financing constraint.

TABLE 4 Estimation results after replacing the explanatory variables.

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

VARIABLES IWit CODit ANit SDit FDit

GVCit 0.00445*** 0.0132*** 0.160*** 0.0677*** 0.0329***

(2.78e-05) (6.64e-05) (0.000816) (0.000410) (0.000199)

(GVCit)2 −0.00339*** −0.0101*** −0.125*** −0.0521*** −0.0254***

(2.40e-05) (7.20e-05) (0.000813) (0.000402) (0.000194)

Controls Yes Yes Yes Yes Yes

Constant 0.000283*** 0.000931*** 0.00789*** 0.00808*** 0.00334***

(2.36e-05) (6.68e-05) (0.000741) (0.000355) (0.000173)

Observations 422,388 422,388 422,388 422,388 422,388

R-squared 0.369 0.481 0.520 0.520 0.502

Number of id 35,199 35,199 35,199 35,199 35,199

Robust standard errors in parentheses.

***p < 0.01, ** p < 0.05, * p < 0.1.
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production equipment; thus, the emission reduction effect is
negatively affected.

4.3 Robustness test

To verify the robustness of the model estimation results, industrial
wastewater (IWit), chemical oxygen demand (CODit), ammonia nitrogen
(ANit), sulfur dioxide (SDit), and soot (FDit) emissions were estimated as
separate explanatory variables. The estimation results are shown in
Table 4. The separate regressions with pollutants were consistent with

the findings of the baseline regression model. This result once again
validates the statement that “corporate GVC participation has an
inverted U-shaped effect on corporate pollution emissions,” which is
also applicable to a specific pollutant of importance.

4.4 Heterogeneity analysis

4.4.1 Location grouping
The highly uneven level of economic development in China

necessitates a location-based heterogeneity analysis. We grouped

TABLE 5 Regression results for different regional subgroups.

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

VARIABLES LnSPIit LnSPIit LnSPIit LnSPIit LnSPIit

GVCit × East 0.262***

(0.00138)

(GVCit)2 × East −0.204***

(0.00135)

GVCit × Central 0.248***

(0.00414)

(GVCit)2 × Central −0.201***

(0.00413)

GVCit × West 0.262***

(0.00524)

(GVCit)2 × West −0.206***

(0.00520)

GVCit × North 0.261***

(0.00236)

(GVCit)2 × North −0.204***

(0.00232)

GVCit × South 0.261***

(0.00151)

(GVCit)2 × South −0.204***

(0.00148)

SCEit −0.0318*** −0.0500*** −0.0554*** −0.0481*** −0.0296***

(0.000502) (0.000535) (0.000519) (0.000521) (0.000511)

Controls Yes Yes Yes Yes Yes

Constant 0.0208*** 0.0155*** 0.0201*** 0.0410*** 0.0375***

(0.00154) (0.00213) (0.00371) (0.00478) (0.00414)

Observations 319,560 66,180 36,648 36,648 36,648

R-squared 0.585 0.543 0.569 0.247 0.431

Number of id 26,630 5,515 3,054 3,054 3,054

Robust standard errors in parentheses.

***p < 0.01, ** p < 0.05, * p < 0.1.
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enterprises by region into East, Central, West and North, South. In
order to eliminate the problem of sample decline, we construct
regional dummy variables Regionit, which denote east, central, west,
south, and north, respectively, and take 1 if the enterprise is within
the region, otherwise take 0. The division of east, central, and west
adopted in this paper is based on the three major zones of the China
Bureau of Statistics, while the division of north and south lacks an
official divisionmethod, so the division method proposed by Lv et al.
(2021). The northern region includes 13 provincial administrative
units, including Heilongjiang, Jilin, Liaoning, Inner Mongolia,
Hebei, Beijing, Tianjin, Shanxi, Shaanxi, Ningxia, Gansu,
Xinjiang, and Qinghai, while the rest is the southern region.

LnSPIit � α0 + α1GVCit × Regionit

+ α2 GVCit( )2 × Regionit+α3SCEit+∑CONTROLit

+ γi + δt + εit

(4.2a)
The model we designed to study regional heterogeneity is shown

in Table 5. The coefficient of the primary term of GVC participation
is significantly positive with the cross product of each regional
dummy variable, while the cross product of the secondary term with

the regional dummy variable is significantly negative. This indicates
that there is a significant inverted U-shaped effect of the level of
GVC participation on the emission intensity of enterprises, and this
finding is still very robust after differentiating regions. Further
observation of the distribution characteristics of the inflection
points reveals that the extreme points of the three curves in the
east, central and west are 0.642156863, 0.616915423 and
0.63592233, respectively, which indicates that the threshold for
reversing the trend of GVC participation level on enterprises’
pollution emissions is the highest in the eastern region, which
requires local enterprises to reach the GVC participation level
criterion of 0.642156863. This may be due to the fact that the
eastern region was the first part of the Chinese mainland to
participate in GVCs, and thus has accumulated more low-end
industrial sectors over time, and the aggregate effect is more
clearly characterized. The higher GVC reversal threshold in the
west compared to the central part is mostly attributed to the weakest
economic base of the western region, which makes it differ from the
central and eastern parts in terms of introducing mid- and high-end
GVC participation firms. And the attractiveness of low-end
participation degree enterprises is limited by geographical
transportation and other factors, also weaker than the central
region. Thus, there is a more obvious behavior of local
administration to relax the constraints of environmental

TABLE 6 Regression results for the grouping of enterprise size.

(1) (2) (3)

VARIABLES LnSPIsmall
it LnSPImedium

it LnSPIlargeit

GVCit 0.252*** 0.287*** 0.270***

(0.00268) (0.00644) (0.00156)

(GVCit)2 −0.200*** −0.227*** −0.203***

(0.00266) (0.00623) (0.00150)

SCEit −0.0442*** −0.0169*** −0.00423***

(0.000894) (0.00400) (0.00117)

CAPIit 2.56e-09*** 5.71e-08** 1.99e-09***

(5.82e-10) (2.66e-08) (3.70e-10)

PROFITit 5.90e-09*** 2.13e-07* 6.13e-11

(2.04e-09) (1.19e-07) (1.57e-09)

TEIVit 0*** 4.14e-10*** 0**

(0) (1.47e-10) (0)

LABORit 5.79e-06** 0.000147*** 2.15e-07

(2.70e-06) (1.75e-05) (1.67e-07)

i.OWNERSHIPit Yes Yes Yes

Constant 0.0307*** 0.0223*** 0.0174***

(0.00370) (0.00724) (0.00131)

Observations 265,645 16,084 140,659

R-squared 0.458 0.594 0.622

Number of id 25,589 5,958 20,993

Robust standard errors in parentheses.

***p < 0.01, ** p < 0.05, * p < 0.1.

TABLE 7 Regression results for business ownership grouping.

(1) (2) (3)

VARIABLES LnSPIpublicit LnSPIprivateit LnSPIforeignit

GVCit 0.305*** 0.257*** 0.270***

(0.00522) (0.00189) (0.00166)

(GVCit)2 −0.235*** −0.202*** −0.208***

(0.00518) (0.00187) (0.00167)

SCEit −0.00941*** −0.0192*** −0.0179***

(0.00154) (0.000615) (0.000747)

CAPIit 2.29e-09*** 1.95e-09*** 2.95e-09***

(3.50e-10) (3.95e-10) (3.11e-10)

PROFITit 3.81e-09 3.03e-09*** 2.33e-09

(2.92e-09) (7.75e-10) (1.74e-09)

TEIVit 0 0* 0***

(0) (0) (0)

LABORit 1.58e-07 2.06e-07 1.88e-08

(1.38e-07) (5.30e-07) (1.05e-07)

Constant 0.0106*** 0.0223*** 0.0204***

(0.00100) (0.000505) (0.000531)

Observations 23,510 226,728 172,150

R-squared 0.747 0.510 0.634

Number of id 2,350 19,720 14,691

Robust standard errors in parentheses.

***p < 0.01, ** p < 0.05, * p < 0.1.
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protection to attract investment in the west in the past. In addition,
the coefficient values under the North-South distinction happen to
be the same (but the remaining variables and standard deviations,
etc. are significantly different), making the extreme value points of
GVC under the South-North distinction the same, and there is no
more significant difference between the South and North in terms of
GVC influencing pollution emissions of exporting enterprises.

4.4.2 Enterprise size grouping
Different enterprise sizes will affect the level of technology and

the potential for various environmental investments, and thus
should also be grouped according to differences in enterprise size
to verify the reliability of the conclusions of the trend relationship in
this paper. To this end, this paper classifies enterprises into three
categories according to their asset size: small, medium and large
enterprises. The regression results are shown in Table 6, and the
variable superscripts small, medium, and large denote the
corresponding small, medium, and large firms, respectively. After
grouping the samples, the primary and secondary terms of GVC
participation for small, medium, and large enterprises still maintain
the correlation relationship with the composite indicator of
pollution emission intensity, and the significance and coefficient
sign are as expected. Even when distinguished into small, medium
and large enterprises, there is still a nonlinear inverted U-shaped
relationship between emissions and GVC participation at different
scales. In addition, examining the distribution of inflection points
for enterprises of different sizes shows that the extreme value points
for small, medium and large enterprises are 0.6300, 0.6322 and
0.6650, respectively, and the threshold for large enterprises to enter
the downward range of pollution emissions is the highest, while the
threshold levels for small andmedium enterprises are approximately
the same. Large enterprises with larger initial investment in fixed
assets may have more obvious obstacles in introducing and
absorbing new equipment. Blindly promoting SME consolidation
may not produce more desirable environmental performance
results.

4.4.3 Ownership grouping
Different ownership structures also have some impact on the

model estimation findings. Therefore, this paper further classifies
the sample according to public (state-owned + collective), private
and foreign enterprises, and the obtained estimation results are
presented in Table 7. After distinguishing different economic sectors
and ownership structures, the primary and secondary terms of
corporate GVC participation still maintain the expected
correlations, and the signs of the estimated coefficients are all
consistent with the regression results of the nonlinear
relationship, which indicates that the trend findings of this paper
are still robust after distinguishing different corporate ownership
structures. Further examining the performance of the extremes
under different economic structures, it can be seen that the
curves for the public, private, and foreign economies achieve
inflection points of 0.64893617, 0.636138614, and 0.649038462,
respectively, in terms of GVC participation. The relatively rigid
and less market-oriented public economy and the foreign economy
have a more backward GVC inflection point. The public economy
has a larger legacy of backward production capacity, while the
foreign economy sees China as a low-cost production base in the

early stages of investment, and the industrial investment made has a
greater intention of low-end lock-in. The private economy, on the
other hand, pays more attention to the level of GVC participation
based on its disadvantaged position in market competition, and
faces greater pressure from environmental regulations and a lower
threshold for the inflection point of pollution decline.

5 Discussion

5.1 Environmental impact of OU and ID

By constructing a non-linear regression model, it is clear that the
relationship between China’s participation in GVC and firms’
pollution emissions has an inverted U-shape. We speculate that
the possible reason for the inverted U-shape is the different patterns
of enterprise embedding in the GVC–the different emissions
impacts produced by upstream and downstream embedding. In
the early stage, the effect of low-end locking, path dependence and
factor input expansion is more obvious, and enterprises are in the
downstream position among GVCs; in the later stage, with a certain
extent of technology accumulation and industrial upgrading, the
original GVC division of labor position has changed, and enterprises
are more involved in the upstream high value-added aspects of
GVCs, and the key to achieving improved environmental
performance and lower emissions is whether they can achieve
progress in the GVC division of labor. Therefore, we constructed
a fixed effects model that combines OU and ID to influence firms’
pollution emissions. To strengthen the energy constraint, this
chapter constructs the variable Enegryit for the share of non-
clean energy in the enterprise, which is the share of coal and

TABLE 8 Regression results of the effect of OU and ID on corporate pollution.

(1) (2) (3) (4)

VARIABLES LnSPIit LnSPIit LnSPIit LnSPIit

OUit −0.653*** −0.655***

(0.00312) (0.00302)

OU × Enegryit 3.64e-07***

(1.41e-07)

IDit 0.321*** 0.299***

(0.00136) (0.00178)

IDit × Enegryit 0.0445***

(0.00212)

Controls Yes Yes Yes Yes

Constant 0.0663*** 0.0639*** −0.192*** −0.178***

(0.00145) (0.00146) (0.00157) (0.00175)

Observations 422,388 422,388 422,388 422,388

R-squared 0.370 0.371 0.475 0.477

Number of id 35,199 35,199 35,199 35,199

Robust standard errors in parentheses.

***p < 0.01, ** p < 0.05, * p < 0.1.
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petroleum standard coal among the total standard coal of all energy
consumption of the enterprise.

The model is set up as with the following set of equations:

LnSPIit � α0 + α1OUit + α2Enegryit+∑CONTROLit + γi + δt + εit

(4.1b)
LnSPIit � α0 + α1OUit

+ α2Enegryit + α3OU × Enegryit+∑CONTROLit + γi

+ δt + εit

(4.2b)
LnSPIit � α0 + α1IDit + α2Enegryit+∑CONTROLit + γi + δt + εit

(4.3)
LnSPIit � α0 + α1IDit

+ α2Enegryit + α3IDit × Enegryit+∑CONTROLit + γi

+ δt + εit

(4.4)

∑CONTROLit � λ1CAPIit + λ2PROFITit + λ3TEIVit

+ λ4LABORit + λ5OWNERSHIPit

In Table 8, the results obtained in column (1) show that in this
scenario, the participation of the upstream link of the enterprise
remains significantly negatively correlated with its integrated
pollution emission level, and each unit increase in the
participation level of the upstream link of the enterprise
decreases its pollution emission intensity by 0.653 basis points. In
contrast, the share of newly added nonclean energy sources was
positively correlated with pollution emissions, which is consistent
with theoretical expectations. In addition, we constructed the cross-
product term OU × Enegryit to examine the moderating effect of
the non-clean energy share on the emission reduction effect of
upstream link participation in the GVC. From the results of Eq. 4.2a,
it can be seen that the cross-product term is significantly positive,
which is opposite to the sign of the main variable, indicating that at
the same level of GVC upstream link participation, the higher the
percentage of non-clean energy use, the weaker the emission
reduction effect brought about by the participation of enterprises
in the upstream link. Results indicated in Column (3) of Table 8
show that the participation of enterprises in the downstream link
continues to be significantly negatively correlated with the level of
integrated pollution emissions, and for the upstream link of
enterprises for every 1 unit increase in the participation level, its
pollution emission intensity will increase by 0.321 basis points. The
share of newly added nonclean energy sources was positively
correlated with pollution emissions, which is consistent with
theoretical expectations. In addition, we constructed the cross-
product term ID × Enegryit to examine the moderating effect of
the nonclean energy share on the reduction effect of GVC
downstream link participation. The results of (4) show that the
cross-product term is significantly positive, indicating that the
higher the share of nonclean energy use, the stronger the
pollution effect brought about by participation in the
downstream segment of the GVC at the same level of participation.

From the regression results, it can be seen that OU has a
significant negative correlation effect on the pollution emission

intensity of enterprises, and ID has a significant positive
correlation effect on the pollution emission intensity of
enterprises, regardless of whether factors such as the local energy
consumption intensity of enterprises and other control variables are
introduced. For developing economies, the higher the economic
share of upstream industries, the higher the level of OU, and the
overall environmental performance will significantly improve.
Enterprises with higher participation in the upstream part of the
global value chain have a more concentrated accumulation of
knowledge, technology, capital, and market information, which
are all advanced factors of production in the market operation,
thus creating strong conditions for them to undertake the high
value-added parts of the entire industry chain (such as R&D, after-
sales service, brand marketing, and core parts supply), enabling
them to take the lead in the distribution of benefits in the global
industry chain. The company has also begun to focus on social
perception and corporate responsibility to create a good market
reputation and social recognition, which in turn will jointly
contribute to a gradual reduction in the company’s pollution
emission level. The higher the level of ID, the greater the
proportion of the downstream economy of the enterprise and the
increase in pollutant emissions after the enterprise participates in
the GVC.

5.2 Multiple intermediary effects

Thus, OU has a negative effect on corporate pollution, whereas
ID has a positive effect on corporate pollution. If both are the
mediating variables of the GVC, an inverted U-shaped relationship
is formed by combining these two effects. As there are twomediating
variables, there may be multiple mediating effects. Figure 5 shows a
schematic of a parallel multiple mediating model with i mediating
variables (where i is greater than 1), where X is the independent
variable, Y is the dependent variable, and M is the corresponding
multiple mediating variable. The figure shows that there is no
correlation between the multiple parallel mediating variables.

According to the relevant settings of the parallel multiple
mediated effects model, the designed model is shown below, and
the corresponding regression results are presented in Table 9.

OUit � α0 + α1GVCit + α2 GVCit( )2 + γi + δt + εit (5.1)
IDit � α0 + α1GVCit + α2 GVCit( )2 + γi + δt + εit (5.2)

LnSPIit � α0 + α1GVCit+α2 GVCit( )2 + α3OUit + α4IDit + α5SCEit

+∑CONTROLit + γi + δt + εit (5.3)

First, we examine the significance levels of the primary and
squared terms of the independent variable GVCit on and the
dependent variable LnSPIit in the baseline regression. In Section
3.1, it has been demonstrated that there is an inverted U-shaped
effect of the primary and squared terms of GVCit on the dependent
variable; secondly, we examine whether there is a significant effect of
the primary and squared terms of the independent variable GVCit

on the mediating variables OUit and IDit in the multiple mediator
effect. The regression results of (1) and (2) show that the
independent variable has a significant effect on the mediating
variable, and that the effect of the mediating variable on the
dependent variable LnSPIit is significant after the inclusion of the
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mediating variable. Therefore, both the upstream and downstream
link participation in the GVC have a partial mediating effect on the
pollution emissions of enterprises, and the effect is a parallel
multiple mediating effect. As shown in Figure 6, according to the
formula of the multiple mediating effect strength analysis, under the
parallel multiple mediating effect, the mediating effect strengths of
OUit, and IDit are −0.0139092 and 0.0825708, accounting
for −5.19% (opposite to the direction of the total effect) and
30.81% of the total effect, respectively.

The empirical results indicate that the upstream and
downstream participation paths produce opposite directions of
corporate environmental performance, and that the upstream and
downstream participation levels change dynamically during the
GVC participation process. Eventually, the trade-off between the
two opposite roles creates an inverted U-shaped trend, as shown in
Figure 7. Therefore, the partially mediated transmissions in the two
directions jointly formed an inverted U-shaped curve. When
GVCit ∈ (0, 0.6459), the baseline regression is to the left of the
extreme value point, and the overall effect shows that the GVC
participation level increases, and the pollution emission intensity of
enterprises increases. At this stage, the emission reduction effect
produced by the upstream link participation path of enterprises is
weaker than the emission effect produced by the downstream link
participation path. With the continuous increase in GVC
participation, the embedded position of the upstream link of
enterprises is continuously improved until GVCit ∈ (0.6459, 1),
which makes its emission reduction effect produced by this path
continuously strengthened. Finally, the total effect becomes an
increase in participation level and a decrease in pollution
emission decreases.

6 Conclusions and policy implications

The findings of previous researches have mostly focused on the
environmental impact of GVC participation in general, lacking a
more convincing data base. This is mainly due to the difficulty of
obtaining data on micro enterprises. In addition, the calculation of
GVC-related indicators is complicated, and the required data are
scattered in databases such as industrial enterprise surveys and
customs data, which makes it more difficult to study the issue
from a micro perspective. In addition, at the mechanism level,
the discussion of existing studies is very weak, and the
conclusions obtained from studies conducted only from the
perspective of GVC participation undoubtedly lack precise policy
implementation. Unlike the existing “pollution halo” and “pollution
paradise” hypotheses, we started with the trend between pollution

FIGURE 5
Schematic diagram of parallel multiple intermediary effect transmission.

TABLE 9 Parallel multiple mediated effects model regression results.

(1) (2) (3)

VARIABLES OUit IDit LnSPIit

GVCit 0.00453*** 0.244*** −82.44***

(0.00121) (1.47e-06) (0.471)

(GVCit)2 −0.101*** −0.0245*** 7.760***

(0.000394) (1.54e-06) (0.0448)

OUit −3.072***

(0.0301)

IDit 0.3385***

(1.926)

Controls Yes

Constant 0.0991*** 0.609*** −206.0***

(6.93e-06) (1.16e-07) (1.171)

Observations 246,393 246,393 246,393

R-squared 0.992 1.000 0.582

Number of id 35,199 35,199 35,199

Standard errors in parentheses.

***p < 0.01, ** p < 0.05, * p < 0.1.
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emissions and GVC participation, and suggested a non-linear
inverted U-shaped relationship between the two. In order to test
this hypothesis, we increased the size of the micro-sample (most of
the previous studies used less accurate macro data) and used a more
accurate model to construct a dynamic panel GMM with a non-
linear relationship, and obtained the “inverted U-shaped”
conclusion. Based on this, we further analyzed the models and
found that the OU of a firm represented by upstream link
embedding and the ID of a firm represented by downstream link
embedding have opposite environmental effects. Enterprise OU is
negatively correlated with pollution, whereas enterprise ID is

positively correlated with pollution, and the two form a parallel
multiple mediation effect with GVC participation; the inverted
U-shaped relationship of GVC is the result of the joint influence
of OU and ID environmental effects.

In terms of policy recommendations, the government should
first fully respect international rules and raise implementation
standards at the level of environmental regulation and
administration. For the heterogeneous characteristics of
environmental performance exhibited by enterprises of different
scales and industries, the government should avoid the same level of
policy intervention; second, the government should increase the

FIGURE 6
Impact share of the output upstreamness and input downstreamness multiple mediation effects.

FIGURE 7
Trend of multiple mediating effects.
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financial governance budget, innovate diversified market-
incentivized environmental regulation policies, increase efficient
publicity and delivery, and improve public participation in the
implementation of environmental regulations; third, the
government and the business community should try to break the
barriers between research institutions and market players, and
actively promote the extension of the latest research results to the
foreign trade sector. Fourth, the government and the business sector
should be adept at developing new technological innovations and
R&D in the export sector, focusing on developing new technology,
participating in the process of formulating market frontiers and
emerging patent rules, and improving the level of enterprise OU;
Fifth, enterprises should compensate for their shortcomings in the
existing mature technology areas; sixth, the government should fully
mobilize the financial system to help capacity and deepen financial
support in the field of science and technology. Through various ways
to alleviate the external financing difficulties of export enterprises
and enhance their domestic industrial value added. Seventh, the
government and enterprises should make joint efforts to optimize
and adjust the export structure, focusing on stabilizing the supply
chain, optimizing the export market structure, and continuously
expanding new business models in the field of foreign trade; eighth,
the government should pay attention to the use of various
multilateral platforms and trade agreement tools, comply with
various international trade standards and rules. Finally, the
government and the business community should optimize and
upgrade the factor input areas, change the “demographic
dividend” into a “talent dividend” and continuously improve the
domestic business environment.

This research can also be better optimized in terms of data,
which is the prospective direction for future research: on the one
hand, the underlying data are relatively old and the research findings
have a certain lag. Although the data used in this paper are the
mainstream micro data in today’s academia, and representative
research results such as Economic Research and China’s
Industrial Economy were conducted on this basis after 2020.
However, in the post-epidemic era, there has been a more
obvious adjustment in the representation of globalization, leading
to a more drastic trend of change in the division of labor system of
global value chains, which will bring more research possibilities
from both theoretical model construction and empirical verification.
However, due to the difficulty of data acquisition and other objective
factors, there is still much room for improvement in the research
content of this article. In particular, at a time when the external
environment is changing drastically and the internal economic
structure is constantly transforming, the differences in enterprise
heterogeneity factors will be more obvious, which will lead to new
changes and trends in the participation of micro market players in
the GVC division of labor system. The screening and examination of
these new factors need to be supported by more timely and reliable

micro data, which is the direction to be improved in the next stage of
this issue. Whether it is the key explanatory variables or general
control variables, this paper has deepened on the basis of the
previous arithmetic logic. However, due to the influence of
different data bases and domestic and international statistical
standards, some industry indicators are replaced by approximate
values, and the corresponding data of regional energy sources stop at
the level of prefecture-level administrative districts. Industry data
are more desirable, but extremely difficult to obtain. In the
subsequent research, this paper will further optimize the
calculation field of indicators, and use more complex
approximations based on the existing data resources to overcome
the existing data shortcomings and better explain the realistic
economic operation state.
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