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While embedding in the global value chain (GVC), avoiding becoming a

“pollution shelter” is an urgent issue that needs to be solved for the low-

carbon economic development of countries along the Belt and Road. This study

empirically analyzes the impact of manufacturing GVC embedding on carbon

emissions and its mechanism from the perspectives of the embedding position

and degree of the GVC. It then carries out group regressions by different

industries, value chain embedding modes, and so on. Finally, this study

constructs static and dynamic panel models to verify the nonlinear

relationship between manufacturing GVC embedding and carbon emissions.

The results show that the improvement of the embedding position of GVC in the

manufacturing industry promotes an increase in carbon emissions; the deeper

the embedding degree of GVC, the more conducive it is to carbon emissions

reduction. Compared with the service industry, the impact of manufacturing

GVC embedding on carbon emissions is more significant; regardless of the

value chain embedding model, the deeper the embedding degree, the more

conducive it is to carbon emissions reduction. Technological progress can

weaken the impact of GVC embedding on carbon emissions. There is a

U-shaped relationship between the GVC embedding position and carbon

emissions in the manufacturing industry and an inverted U-shaped

relationship between the GVC embedding degree and carbon emissions.

This study provides beneficial insights for countries along the Belt and Road

to embed into the GVC to avoid falling into the dilemma of “pollution growth”.
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1 Introduction

The accelerated process of globalization and the rapid

development of the economy and society have brought

unprecedented material wealth but have also produced

irreparable ecological trauma. Countries around the world are

facing severe ecological challenges such as environmental

pollution, climate change, and biodiversity reduction, and the

quality of life and health of residents are also seriously

threatened. Sustainable development has gradually become an

important common topic for the development of all countries in

the world. As a region with concentrated production and

consumption of energy resources in the world, the economic

development of the Belt and Road countries is characterized by

high carbon (Kowalski et al., 2015; Zhang et al., 2018a). In 2019,

the total carbon emissions of the 146 Belt and Road countries

accounted for approximately 31% of the total global carbon

emissions, which was significantly higher than the 22.1% of

the global GDP of the Belt and Road countries. With the

continuous advancement of industrialization and urbanization

in the Belt and Road countries, the total carbon emissions will

rise further (CICC Research Institute, 2021). According to the

Organization for Economic Co-operation and Development

(OECD) and International Monetary Fund (IMF), the carbon

emissions of the Belt and Road countries are likely to increase to

35%–40% by 2030. This region is likely to become a more

sensitive area to climate issues in the future. In the process of

global value chain (GVC) embedding, the Belt and Road

countries mainly rely on the advantages of resources and

factor costs to undertake industries with “high pollution, high

energy consumption, and low efficiency” from developed

countries, and most of them are currently located in the low-

value-added processing andmanufacturing links of the GVC (Shi

et al., 2022) and receive fewer benefits, which creates a serious

imbalance between the distribution of benefits and proportion of

carbon costs in the GVC division of production (Li et al., 2021),

and these countries are likely to have fallen into the situation of

“pollution growth” and become “pollution refuges” for developed

countries (Wang et al., 2020; Wang et al., 2022a). Therefore,

under the background of the continuous refinement of

international production division, exploring how the Belt and

Road countries can improve the utilization rate of energy

resources and reduce carbon emissions while deeply

embedding into the GVC. It will not only help these countries

to avoid falling into the vicious circle of “treatment after

pollution” and get out of the dilemma of “pollution growth”

but also contribute to the achievement of global temperature

control goals and jointly promote the sustainable development of

the global economy.

With further development of the GVC division of labor and

increasingly severe climate problems, studies on the relationship

between the embedding of the GVC and carbon emissions have

become the focus of researchers (Zhang et al., 2018b; Wang et al.,

2019; Assamoi et al., 2020; Cai et al., 2020; Duan et al., 2021; Liu

and Zhao, 2021;Wang et al., 2021). This studymainly reviews the

recent literature on the environmental effects of GVC embedding

from three aspects: research content, methods, and action

mechanism. 1) Research content. The current research mainly

examines the impact of GVC embedding position (Liu et al.,

2018; Sun et al., 2019) or GVC embedding degree (Jin et al., 2022;

Liu and Zhao, 2021) on the environment and discusses the

heterogeneous impact of GVC embedding on the environment

from the perspectives of different GVC embedding models (Sun

and Du, 2020) and different factor-intensive industries (Lv and

Lv, 2019). 2) Research methods. Most of the current studies build

a GVC embedding index based on the “KPWW” method

proposed by Koopman et al. (2010) and discuss the

environmental effects of GVC embedding (Kordalska and

Olczyk, 2021; Bai and Yu, 2022). A few refer to the practice

of Antras et al. (2012) to construct the GVC embedding position

index (Dai et al., 2020). In addition, Wang et al. (2022b) also

included environmental costs in the GVC embedding index and

analyzed the impact of green GVC embedding on employment.

3) Influence mechanism. At present, the mechanism of the

impact of GVC embedding on carbon emissions mainly

includes the technology spillover effect, structural upgrading

effect, environmental regulation effect, scale effect, and low-

end lock-in effect (Xu et al., 2019; Qian et al., 2022; Yu and

Duan, 2022). Other researchers have investigated the mediating

effect of GVC embedding on energy conservation and emission

reduction from the perspectives of energy consumption intensity

and structure (Bai and Yu, 2022). Finally, few studies,

represented by China, have discussed the nonlinear

relationship between GVC embedding and carbon emissions

(Xie and Huang, 2018; Tian and Zhhuang, 2019).

Generally speaking, there are still some shortcomings in the

current research: 1) Most of the recent literature discuss the

impact of the GVC embedding position or degree on the

environment. Only analyzing the environmental effects of

GVC embedding from a certain angle may lead to a one-sided

analysis of the results. 2) Most of the current literature constructs

the GVC embedding index based on the “KPWW” method

proposed by Koopman et al. (2010). Compared with the

“KPWW” method, the GVC embedding position and the

GVC embedding degree index constructed according to the

“WWYZ” method proposed by Wang et al. (2017a), Wang

et al. (2017b) can reflect a country’s embedding position and

degree in GVC more accurately. Since this GVC embedding

position index addresses the consistency of production location

indicators used in the current literature, the GVC embedding

degree index provides a complete picture of a country’s

participation in GVC based on whether production factors

cross national borders. 3) As a potential climate-sensitive

region in the future, study on the environmental effects of

GVC embedding of the Belt and Road countries is of great

practical significance to the sustainable development of these
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countries and even the whole world. Moreover, at present, there

is little literature to carry out relevant analysis and further explore

whether there is a nonlinear relationship between GVC

embedding and the environment in the Belt and Road countries.

Compared with the existing research, the marginal

contribution of this study may be as follows: 1) The

embedding position and degree of GVC are inseparable.

Combining them to discuss the environmental effects of GVC

embedding will be more comprehensive, and it is helpful to

clarify the low-carbon emission reduction paths of countries

along the Belt and Road in the process of GVC embedding from

different perspectives. 2) Based on the “WWYZ” method, this

study constructs the index of the GVC embedding position and

degree to explore the impact of GVC embedding on carbon

emissions by using this more accurate GVC embedding index

and analyzes the mechanism of the impact of GVC embedding

on the environment so that it can find out the main impact

mechanism that will help the Belt and Road countries to achieve

carbon emission reduction in the process of GVC embedding. 3)

This study takes the countries along the Belt and Road as the

research object and analyzes the impact of GVC embedding on

the environment. In addition, we conduct a grouping regression

according to different technology-intensive manufacturing

industries, industries, and embedding modes and discuss the

environmental benefits of GVC embedding in different

groupings. Then, considering that carbon emissions have the

characteristics of time continuation and lag, this study

empirically verifies the nonlinear relationship between GVC

embedding and carbon emissions by constructing a static and

dynamic panel model in order to provide a specific path reference

for developing countries along the Belt and Road to get out of the

dilemma of “pollution growth” and promote the realization of

global temperature control goals.

2 Research hypotheses

Countries around the world obtain corresponding economic

benefits by embedding into the division of production in GVC

with their own endowment advantages. The differences in GVC

embedding position and degree also bring about differences in

environmental effects among countries. Referring to the existing

literature, this study mainly discusses the mechanism of GVC

embedding on carbon emissions from the three mechanisms of

technology spillovers, structural upgrading, and low-end lock-in

effect (Liu et al., 2020), and from the two aspects of GVC

embedding position and degree.

The promotion of the embedding position of GVC mainly

refers to the gradual transfer from the downstream to the

upstream and from the low value-added to the high value-

added link of the industry. In the short-term, with the

improvement of the GVC embedding position, in the

beginning, a country gradually approaches the middle and

upper reaches of the industry. At this time, the improvement

in production efficiency improves the energy utilization rate and

reduces carbon emissions to a certain extent. However, in the

long run, the improvement of the GVC embedding position does

not mean that the country has crossed over to the clean industry.

The country is likely to still be in the pollution-intensive

processing and manufacturing industry, the GVC embedding

position is still low, and the environmental pollution problems

continue to exist (Pan, 2017). It may even lead to an increase in

domestic production links in this industry because of the

improvement of production efficiency, increase in total energy

consumption, and more serious environmental pollution.

From the perspective of the GVC embedding degree, Cohen

and Levinthal (1989) mentioned that advanced technology from

developed countries is absorbed only when a country’s

absorption capacity reaches a certain level. In the initial stage

of GVC embedding, due to the low degree of embedding,

unskilled production technology, Insufficient contact and low

absorption capacity for advanced technology and management

experience in developed countries, the host country’s resource

utilization rate is low. However, the energy demand and

consumption of GVC embedding are increasing, and the

environmental problems caused by GVC embedding are

worsening. With a deeper degree of GVC embedding, the host

country becomes more proficient in the division of labor in the

GVC and the ability to absorb and make use of the advanced

technology of developed countries to develop their own cleaner

production technology is gradually enhanced. Moreover, in order

to improve their own economic interests, developed countries

will also provide some technical support to the host countries.

Finally, the utilization rate of energy resources in the host

country is improved, and the carbon emissions are reduced.

H1: There is a U-shaped and inverted U-shaped relationship

between the GVC embedding position and carbon

emissions and GVC embedding degree and carbon

emissions, respectively.

2.1 Technology spillover effects

On the one hand, the Belt and Road countries can obtain

technology directly from developed countries through patent

transfer and technology authorization to improve the efficiency

of cleaner production in the industry. On the other hand, these

countries can promote their own technological progress by

attracting foreign direct investment; taking advantage of the

technological spillovers brought by the demonstration,

competition, training, and industrial linkage effects of foreign

direct investment; or improving their technological level via the

import and export trade of intermediate products through

imitation, learning, and secondary innovation (Gereffi and

Lee, 2012). However, when technological progress is a
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high-carbon technology, the faster the technological progress, the

more it leads to an increase in carbon emissions. Conversely, if it

is a low-carbon or clean technology, the faster the technological

progress, the higher the energy efficiency and carbon emission

reduction (Ghisetti and Quatraro, 2017).

2.2 Structural upgrading effect

With the development of the division of production in the

GVC, the upgrading of the industrial structure is no longer only

transferred from the primary to the secondary and tertiary

industries, or from labor-intensive to capital and technology-

intensive industries, but can be upgraded through process,

product, functional, and chain upgrading (Humphrey and

Schmitz, 2001) and carbon emissions reduction (Ghisetti and

Quatraro, 2017). On the one hand, the structural upgrading effect

brought about by the embedding of the GVC drives the

upgrading of the energy consumption structure, thereby

reducing the carbon emissions of the host country. On the

other hand, the high pollution and low-value-added

production links transferred from developed to developing

countries may seriously lag behind the industrial development

level of developing countries. The path dependence formed by

long-term participation in low-value-added processing

production and the technical upgrading barrier formed by the

specialized division of production make it difficult for these

developing countries’ industries to transform into high-value-

added links, or industrial structure upgrading is not

synchronized with their economic and technological

development level, resulting in the aggravation of pollution.

2.3 Low-end lock-in effect

Most Belt and Road countries are developing countries,

which are mainly embedded in the division of production in

the GVC with high energy consumption and low added value by

their advantages of natural resources and labor costs. There is a

gap between the technological frontier and innovation systems of

developed countries, and the Belt and Road countries are highly

dependent on the import of high-tech parts from developed

countries. Moreover, to maintain their “dominant” position in

the GVC, developed countries adopt measures such as technical

blockade and intellectual property protection against developing

countries, which forces them to be locked in the low-end value

chain production with low added value and high pollution for a

long time, and the environmental pressure gradually increases.

However, the specialized division of production in the short-term

low-end links also makes a country more skilled in the

technology of the division of production and gradually

embeds it into the division of production with higher added

value in the industry. Compared to the low value-added division

of production, production efficiency is improved, and energy

consumption per unit of production and carbon emissions are

reduced. Given the abovestated analysis, we propose the

following hypothesis.

H2: Technology spillover, structural upgrading, and low-end

lock-in effects have significant moderating effects on the

impact of GVC embedding on carbon emissions. However,

whether there is a positive regulation effect on carbon

emission reduction in the Belt and Road countries, the

conclusion remains to be verified empirically.

3 Model construction and description

3.1 Model construction

3.1.1 Benchmark model
Owing to the high degree of “fragmentation” and

“globalization” of the manufacturing industry, the degree of

GVC embedding is deeper. Therefore, this study empirically

analyzes the environmental effects of GVC embedding in

manufacturing in the Belt and Road countries by combining

GVC embedding position and degree to provide a path reference

for such countries to reduce carbon emissions and contribute

toward temperature control. Accordingly, the model constructed

in this study is as follows:

CO2it � αit + λ1gvc posit +∑ λitXit + εit, (1)
CO2it � αit + λ1gvc patit +∑ λitXit + εit, (2)

where CO2it is the explanatory variable; the carbon emissions of

country i in period t; and GVC_POSit and GVC_PATit are the

core explanatory variables of this study, which represent the

industry GVC embedding position index and degree index in

period t of country i, respectively. Xit includes mechanism and

control variables. The mechanism variables include technology

spillover effects (lntecit), structural upgrade effects (Indit), and

low-end lock-in effects (lockit). The control variables include

trade openness (fdiit), industry structure (struit), natural resource

endowment (nait), urbanization level (urit), and energy

consumption structure (energyit). εit represents the random

interference term, αit represents the constant term, and λit
represents the estimated coefficient.

3.1.2 Dynamic panel model
Considering the time continuity and lag of carbon emissions

and the possible nonlinear relationship between GVC embedding

and carbon emissions, this study introduces the primary and

quadratic terms of the core explanatory variables and builds static

and dynamic panel models to verify the nonlinear relationship

between manufacturing GVC embedding and carbon emissions.

The specific model is as follows.
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CO2it � αit + β1gvc posit + β2gvc pos2it +∑ βitXit + εit, (3)
CO2it � αit + β0CO2i,t−1 + β1gvc posit + β2gvc pos2it +∑ βitXit

+ εit,

(4)
CO2it � αit + β1gvc patit + β2gvc pat2it +∑ βitXit + εit, (5)

CO2it � αit + β0CO2i,t−1 + β1gvc patit + β2gvc pat2it +∑ βitXit

+ εit,

(6)
where CO2i,t-1 refers to the carbon emissions of one lag period;

GVC_POS2it and GVC_PAT2
it are the square terms of the GVC

embedding position index and degree index, respectively; and βit
represents the estimated coefficient. Eqs 3–6 represent the

constructed static and dynamic panel models, respectively.

3.2 Variables and data description

3.2.1 Core variables
Carbon emissions are the explained variables. This study

selects carbon emissions as a proxy variable for environmental

benefits and specifically selects the per capita metric tons of

carbon emissions to represent carbon emissions.

The GVC embedding position and degree are the core

explanatory variables of this study. These two indicators are

constructed based on the above “WWYZ” method. The GVC

embedding position index refers to the ratio of forward to

backward production length. The GVC embedding degree

index is the sum of forward and backward engagement. The

GVC embedding position is mainly used to calculate the relative

distance between a certain industry in a country and the two ends

of the value chain and to examine the relative position of a certain

industry in a country under the value chain division system. The

larger the index value, the higher the division position, and

conversely, the lower the division of production. The greater

the GVC embedding degree index value, the deeper the

embedding degree of the GVC, and conversely, the lower the

embedding degree. The formula is as follows:

GVC POSit � PLv GVCit

PLy GVCit
, (7)

GVC PATit � GVC PAT Fit + GVC PAT Bit, (8)
where PLv_GVCit indicates the forward production length of the

industry in country i in period t. The longer the forward

production length, the more downstream production stages in

a certain industry in a country, the higher the production

complexity, and it is in the upstream link of the value chain.

PLy_GVCit represents the backward production length of the

industry in country i in period t, and the longer the backward

production length, the more upstream production stages in a

certain industry in a country, which is in the downstream link of

the value chain. GVC_PAT_Fit indicates the forward

participation of the industry in country i in period t; the

higher the forward participation, the more it is in the

production stage upstream of the GVC. GVC_PAT_Bit
represents the backward participation of the industry in

country i in period t, and the higher the backward

participation, the more it is in the production stage

downstream of the GVC.

3.2.2 Mechanism variables
The technical spillover, structure upgrade, and low-end

lock-in effects are the mechanism variables. Because the lack

of R&D investment indicators in some sample countries is more

serious, this study selects energy consumption per unit of GDP

as the reverse index of technological progress. That is, lower

energy consumption per unit of GDP indicates technological

progress. Industrial structure upgrade is expressed as the

proportion of the domestic added value of exports of

intermediate products in the industry. The higher the

domestic added value of the export of intermediate goods in

the industry, the more a country has gradually changed from

importing intermediate products from other countries to

providing intermediate products for other countries and

achieving industrial structure upgrading. The low-end lock-in

effect is expressed as the proportion of the domestic added value

of the industry’s export products, which is a reverse indicator:

the larger the proportion of the domestic added value of the

industry’s export products, the weaker the lock-in effect.

3.2.3 Control variables
Trade openness, industry structure, natural resource

endowments, urbanization level, and energy consumption

structure are the control variables. Trade liberalization selects

the proportion of foreign direct investment in GDP as a proxy

variable. Industry structure is expressed in terms of the

proportion of industry added value. Natural resource

endowments select natural resource rents as a percentage of

GDP as a proxy variable. The level of urbanization is expressed as

the proportion of the urban population. The energy consumption

structure selects the proportion of fossil fuel energy consumption

as the proxy variable. The specific data sources are listed in

Table 1.

To ensure the availability and integrity of the data, this study

combines the ADBMRIO2021 database of UIBE GVC INDEX

and the Trade in Value-Added (TiVA) database jointly released

by the Organization for Economic Co-operation and

Development (OECD) and World Trade Organization (WTO)

and selects the industry panel data of 35 Belt and Road countries

from 2007 to 2019 for analysis. Referring to Lv and Lv (2019), this

study further subdivides the manufacturing industry into

technology-intensive and non-technology-intensive

manufacturing. Table 2 lists the specific countries, industry

choices, and classifications.
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4 Empirical results and analysis

4.1 Benchmark regression results

In this study, the ordinary least squares method (OLS),

random effects model (RE), and fixed effects model (FE) were

used for regression. It was found that the FE model should be

selected for regression. The specific results are shown in Table 3:

Columns (1) and (4) are the regression results with no control

variables and only control individual fixed effects; columns (2)

and (5) are the regression results of adding control variables;

columns (3) and (6) are the two-way fixed effect regression

results with control variables. The signs and significance of

the estimated coefficients for each variable are roughly the

same. The regression results of columns (3) and (6) are

selected for the analysis.

Manufacturing the GVC embedding position and carbon

emissions change in the same direction, and the GVC embedding

degree changes in the opposite direction with carbon emissions.

The estimated coefficient of manufacturing GVC embedding

position is significantly positive, which indicates that the

higher position of the manufacturing division of the Belt and

Road countries leads to environmental pollution. This may be

because these countries mainly rely on natural resources such as

energy and low labor costs to participate in the manufacturing

industry and mainly engage in low value-added processing and

assembly with high energy consumption and high pollution.

Although the embedding position of GVC has improved, it may

only be in the relatively upstream division of production in the

industry and has not shifted from the polluting industry to the

cleaning industry. The manufacturing GVC embedding position

is still low for the manufacturing industry itself, which leads to

the carbon emissions reduction effect of the GVC embedding

position rising behind the energy consumption caused by GVC

embedding, thus failing to achieve carbon emissions reductions.

The estimated coefficient of the manufacturing GVC

embedding degree is significantly negative, which shows that

the deeper the manufacturing GVC embedding degree, the more

carbon emissions will be reduced. This may be because the deeper

the GVC embedding degree, the stronger the ability to absorb

and digest advanced technology and management experience in

developed countries, which helps to reduce the energy

consumption per unit of production in the manufacturing

industry and reduce carbon emissions. This is consistent with

the analysis of whether a country is embedding in GVC from the

perspective of GVC governance (Gereffei, 2010). In terms of the

control variables, the estimated coefficients of natural resource

endowment, urbanization level, and energy structure are

TABLE 1 Variable description and source.

Variable Indicator Data source

CO2 Carbon emissions metric tons per capita WDI

Gvc_pos Forward production length/backward production length UIBE GVC INDEX

Gvc_pat Forward participation + backward participation UIBE GVC INDEX

Lntec Energy consumption per $1,000 GDP WDI

Ind Proportion of the export value of intermediate goods in the industry to the domestic added value TIVA

Lock Proportion of the domestic added value of the industry’s export products TIVA

FDI Proportion of FDI (%) WDI

Stru Proportion of industry value-added (%) TIVA

Na Natural resource rents/GDP (%) WDI

Ur Proportion of urban population (%) WDI

Energy Proportion of fossil fuel energy consumption (%) WDI

TABLE 2 Selection of sample countries and industries.

Classification Specific countries and
industries

Country Bulgaria, Romania, China, Kazakhstan, Malaysia, Maldives, Thailand, Brunei, Croatia, Cyprus, Czech Republic,
Estonia, Greece, Hungary, Latvia, Lithuania, Poland, Singapore, Slovakia, Slovenia, Turkey, Russia, Nepal, Sri Lanka,
Bangladesh, Bhutan, Cambodia, India, Indonesia, Kyrgyzstan, Laos, Mongolia, Pakistan, Philippines, and Vietnam

Manufacturing industry Technology-intensive manufacturing C8, C9, C10, C11, C12, C13, C14, and C15

Non-technology-intensive manufacturing C3, C4, C5, C6, C7, and C16

Service industry C19, C20, C21, C22, C23, C24, C25, C26, C27, C28, C29, C30, C31, C32, C33, C34, and C35
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significantly positive, indicating that the higher the proportion of

natural resource rent, the higher the urbanization level, and the

greater the proportion of fossil energy consumption, the more

environmental pollution will be caused. Among them, the higher

the proportion of natural resource rents, the more likely is the

country to be a resource-based exporter, with a strong

dependence on natural resources, mainly relying on the

advantages of natural resources to participate in the division

of production in the value chain. Most of them are in

manufacturing industries with high energy consumption and

high pollution, which is not conducive to carbon emissions

reduction.

4.2 Group regression results

4.2.1 Manufacturing and services
The impact of manufacturing GVC embedding on the

environment is more significant than that of service GVC

embedding. Considering that the level of GVC embedding

position and the depth of GVC embedding degree in different

industries also have different impacts on the environment, this

study compares and analyzes the environmental effects of GVC

embedding in the manufacturing and service industries. The

results in Table 4 show that the signs of the estimated coefficients

of the GVC embedding position and degree index of the service

industry are the same as those of the manufacturing industry, but

they are not significant. This may be because the embedding

degree of GVC is deeper in the manufacturing industry in the

Belt and Road countries, and its impact on carbon emissions is

more significant. According to the calculation of the UIBE GVC

INDEX database, the average annual GVC embedding degree

index value of the 35 Belt and Road countries is 0.63, and the

annual average GVC embedding degree index value of the service

industry is 0.35. Furthermore, the average annual GVC

embedding position index value of the manufacturing industry

is 0.96, which is at the lower end of the GVC. Compared with the

service industry, such as various transportation services, financial

intermediaries, and other industries, the consumption intensity

of energy resources is greater, and the utilization rate is low,

which has a greater impact on carbon emissions.

4.2.2 Technology-intensive and non-
technology-intensive manufacturing

Both technology-intensive and non-technology-intensive

manufacturing GVC embedding in Belt and Road countries

significantly affect carbon emissions. As shown in Table 4, the

signs of the estimated coefficients of GVC embedding in

technology-intensive and non-technology-intensive

manufacturing industries in the Belt and Road countries are

consistent with the benchmark regression. Moreover, the

improvement in the GVC embedding position is not

conducive to carbon emission reduction. This may be because

both technology-intensive and non-technology-intensive

manufacturing industries are mostly pollution-intensive

industries, and even if the GVC embedding position is

improved, it is still in pollution-intensive industries, and its

embedding position is still low.

The average annual GVC embedding position index of

manufacturing industries in the Belt and Road countries is

TABLE 3 Regression results of environmental effects embedding in manufacturing GVC.

(1) FE (2) FE (3) FE (4) FE (5) FE (6) FE

Gvc_pos 5.554*** (5.44) 5.416*** (5.23) 3.892*** (3.33)

Gvc_pat −0.731*** (−2.65) −0.782*** (−3.05) −0.603** (−2.47)

lntec 1.280** (2.49) 1.095** (2.28) 0.659 (1.26) 1.332** (2.51) 1.015** (2.05) 0.646 (1.23)

Ind −0.058*** (−3.25) −0.058*** (−3.40) −0.067*** (−3.95) −0.054*** (−2.93) −0.052*** (−2.97) −0.060*** (−3.52)

Lock 0.028* (1.74) 0.032** (2.06) 0.049*** (3.14) 0.020 (1.21) 0.029* (1.82) 0.044*** (2.79)

Fdi −0.001 (−0.78) −0.000 (−0.14) 0.001 (0.45) 0.001 (0.63)

Stru 0.008 (0.32) −0.010 (−0.39) −0.006 (−0.24) −0.014 (−0.57)

Na 0.075*** (4.02) 0.046** (2.39) 0.104*** (5.56) 0.060*** (3.14)

Ur 0.110*** (4.86) 0.165*** (6.45) 0.095*** (4.09) 0.175*** (6.82)

Energy 0.039*** (5.08) 0.028*** (3.63) 0.041*** (5.21) 0.028*** (3.58)

_Cons −4.700* (−1.77) −14.042*** (−4.50) −12.890*** (−3.98) −7.076** (−2.36) −9.158*** (−2.95)

Individual effects Yes Yes Yes Yes Yes Yes

Time effect No No Yes No No Yes

N 338 338 338 338 338 338

R2 0.135 0.270 0.374 0.073 0.227 0.363

Note: Standard errors are reported in parentheses; ***, **, and * indicate significant levels of 1, 5, and 10%, respectively.
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0.88. There is still a large gap between developed countries with

higher GVC embedding positions, such as the United States and

Japan (Jiang and Liu, 2018; Feng et al., 2022), so the improvement

of the GVC embedding position does not have a positive impact

on carbon emission reduction. The deeper the GVC embedding,

the greater the contribution toward carbon reduction. However,

for non-technology-intensive manufacturing, the GVC

embedding position of technology-intensive manufacturing

has a stronger positive impact on carbon emissions, which

may be because the GVC embedding degree of technology-

intensive manufacturing industries is greater than that of non-

technology-intensive manufacturing industries. According to the

calculation of the UIBE GVC INDEX database, the GVC

embedding degree index value of the technology-intensive

manufacturing industry is 0.90, and that of the non-

technology-intensive manufacturing industry is 0.67.

4.2.3 Different value chain embedding modes
Whether it is forward or backward participation in the GVC,

the deeper the embedding degree of the manufacturing GVC, the

more it will promote carbon emission reduction. This study

divides the GVC participation into forward and backward

participation to study the impact of different value chain

embedding modes on carbon emissions. The results in

Table 5 show that the signs of the estimated coefficients of

the forward and backward participation index are both

negative. It shows that whether a country is in the higher

value-added link and upstream production stage, or the lower

value-added link and downstream production stage of the GVC,

the deeper the level of embedding degree, the more conducive it is

to carbon emissions reduction. This may be because regardless of

the division of production in the GVC, the more deeply

embedded it is in the division of production in the GVC, the

better the understanding and mastery of advanced technology

and management experience in the division of production, which

helps improve the utilization rate of domestic resources and

reduce carbon emissions.

4.3 Robustness testing

The results of this study are tested for robustness using

sub-sample regression, supplementary variable method

(adding control variables), and other methods. These tests

TABLE 4 Industry grouping regression results.

Manufacturing industry Service industry Non-technology-intensive
manufacturing

Technology-intensive
manufacturing

Gvc_pos 3.892*** (3.33) 1.639 (1.50) 2.644*** (2.86) 3.297*** (2.91)

Gvc_pat −0.603**
(−2.47)

−1.665
(−1.50)

−1.542***
(−2.65)

−0.305**
(−2.08)

Control Yes Yes Yes Yes Yes Yes Yes Yes

_Cons −12.890***
(−3.98)

−9.158***
(−2.95)

−10.649***
(−2.99)

−6.717*
(−1.85)

−12.060***
(−3.75)

−8.139***
(−2.60)

−12.072***
(−3.76)

−9.420***
(−3.03)

Individual
effects

Yes Yes Yes Yes Yes Yes Yes Yes

Time effect Yes Yes Yes Yes Yes Yes Yes Yes

R2 0.374 0.363 0.349 0.349 0.367 0.365 0.368 0.359

Note: Standard errors are reported in parentheses; ***, **, and * indicate significant levels of 1, 5, and 10%, respectively.

TABLE 5 Regression of different value chain embedding modes.

Manufacturing industry Technology-intensive
manufacturing

Non-technology-intensive
manufacturing

Gvc_pat_f −0.467* (−1.83) −0.251* (−1.66) −1.316 (−1.52)

Gvc_pat_b −2.732*** (−2.71) −1.926** (−2.25) −2.374** (−2.36)

Control Yes Yes Yes Yes Yes Yes

_Cons −9.570*** (−3.08) −7.377** (−2.32) −9.679*** (−3.10) −7.721** (−2.41) −9.016*** (−2.88) −7.895** (−2.49)

Individual effects Yes Yes Yes Yes Yes Yes

Time effect Yes yes Yes Yes Yes Yes

R2 0.357 0.366 0.355 0.360 0.354 0.361

Note: Standard errors are reported in parentheses; ***, **, and * indicate significant levels of 1, 5, and 10%, respectively.
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in Table 6 show that the results of this study are robust.

Considering that the explanatory variable GVC embedding

and the explained variable carbon emissions may be mutually

causal, the GVC division of production and the degree of

embedding in a country (region) will affect carbon emissions.

Conversely, carbon emissions also affect whether to embed the

GVC division of production and the type of industry

undertaken by a country. Therefore, this study selects the

lag term of the GVC embedding position index and degree

index as the instrumental variables and uses the instrumental

variable generalized estimation of moments (IV-GMM) for

regression. As shown in Table 6, the results pass the sequence

correlation and instrumental variable selection validity tests,

and the regression results are roughly consistent with the

benchmark regression.

5 Analysis of the mechanism of the
impact of global value chain
embedding on carbon emissions

To investigate themechanism of the impact of GVC embedding

on carbon emissions in the Belt and Road countries, this study

introduces the interaction terms of GVC embedding position and

GVC embedding degree index with technology spillover, structural

upgrading, and low-end lock-in effects and incorporates them into

the model for regression analysis.

As shown in Table 7, the estimated coefficient of the interaction

term between the GVC embedding position index and technological

progress index is positive, indicating that the positive impact of the

GVC embedding position on carbon emissions increases with the

increase in energy consumption per unit of GDP, while

technological progress weakens the positive impact of the GVC

embedding position on carbon emissions. The positive estimation

coefficient of the interaction term between the GVC embedding

position index and the structural upgrade index indicates that the

positive impact of GVC embedding position on carbon emissions is

not always positive by the adjustment effect of industrial upgrading,

which may be because although the manufacturing industry

structure of the Belt and Road countries has been upgraded,

most of them have only achieved process and product

upgrading, and the essence of their participation in the low-end

links of the GVC has not changed.

The interaction coefficient between the GVC embedding

position index and the low-end lock-in effect is positive. The

lock-in effect index is a reverse index, which shows that the

locking effect does not always enhance the positive impact of the

GVC embedding position on carbon emissions. It may be that the

TABLE 6 Endogenous testing.

(1) IV-GMM (2) IV-GMM

Gvc_pos 9.645* (1.71)

Gvc_pat −1.355 (−1.50)

Control Yes Yes

_Cons −29.966*** (−4.24) −23.703*** (−5.10)

Individual effects Yes Yes

Time effect Yes Yes

N 338 338

AR(1) 0.010 0.021

AR(2) 0.191 0.159

Note: Standard errors are reported in parentheses; ***, **, and * indicate significant levels

of 1, 5, and 10%, respectively.

TABLE 7 Influence mechanism regression results.

(1) (2) (3) (4) (5) (6)

Gvc_pos 3.902*** (3.37) 4.225*** (3.70) 3.241*** (2.77)

Gvc_pos*lntec 7.408** (2.49)

Gvc_pos*ind 0.256*** (3.90)

Gvc_pos*lock 0.222*** (3.02)

Gvc_pat −0.402 (−1.53) −0.568** (−2.25) −0.452* (−1.71)

Gvc_pat*lntec 2.096** (1.99)

Gvc_pat*ind −0.014 (−0.55)

Gvc_pat*lock −0.034 (−1.49)

lntec 0.793 (1.53) 0.822 (1.61) 0.859* (1.66) 0.416 (0.78) 0.659 (1.25) 0.623 (1.19)

Ind −0.074*** (−4.36) −0.117*** (−5.59) −0.077*** (−4.51) −0.060*** (−3.54) −0.060*** (−3.53) −0.057*** (−3.36)

Lock 0.054*** (3.46) 0.080*** (4.64) 0.059*** (3.74) 0.049*** (3.09) 0.044*** (2.79) 0.045*** (2.85)

_Cons −12.866*** (−4.01) −13.444*** (−4.25) −13.801*** (−4.30) −8.631*** (−2.79) −9.325*** (−2.99) −9.384*** (−3.03)

Control Yes Yes Yes Yes Yes Yes

Individual effects Yes Yes Yes Yes Yes Yes

Time effect Yes Yes Yes Yes Yes Yes

R2 0.387 0.405 0.393 0.372 0.364 0.368

Note: Standard errors are reported in parentheses; ***, **, and * indicate significant levels of 1, 5, and 10%, respectively.
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production technology of proficiency and specialization

accompanied by short-term low-end lock-in is becoming

increasingly skilled, and the energy utilization rate of industrial

production has improved, thus, showing that low-end lock-in still

contributes to carbon emission reduction.

With regard to the degree of GVC embedding, the moderating

effect of technological progress is the most significant, and the

estimated coefficient of the interaction term between the degree of

GVC embedding and technological progress is significantly positive,

indicating that the negative influence of the degree of GVC

embedding on carbon emissions weakens with technological

progress. This may be because the deeper the embedding degree

of GVC, with the continuous advancement of technology, the

technological absorption, digestion capacity, and carbon

emissions reduction effect of the embedding degree of the GVC

gradually reaches a critical value. In conclusion, technological

progress, structural upgrade, and the low-end lock-in effect have

significant regulatory effects, but the specific regulatory effects of the

three mechanisms of action are different. Therefore, the presence of

H2 is confirmed.

6 Dynamic panel regression

To verify whether there is a nonlinear relationship between

GVC embedding and carbon emissions, this study constructs static

and dynamic panel regression models. Considering that the static

panel model does not incorporate the lag term of carbon emissions

into themodel, theremay be an estimation bias; therefore, this study

selects the regression results of the systematic GMM model.

The results in Table 8 show that the estimated coefficient of the

carbon emissions lag term is significantly positive, indicating that

carbon emissions have time persistence and lag, there is a U-shaped

relationship between GVC embedding position and carbon

emissions, and there is an inverted U-shaped relationship between

GVC embedding degree and carbon emissions. H1 is proved, which

shows that carbon emissions first decrease and then increase with the

improvement in the GVC embedding position.

With improvements in the embedding position, the Belt and

Road countries are affected by technological progress and the

improvement of short-term low-end specialized production

efficiency, which promote their own countries to climb to higher

value-added links in the industry and reduce environmental

pollution compared to lower value-added links. However,

affected by the low-end lock-in for a long time, it has been in a

pollution-intensive industry and is unable to break through the

technical barriers of industrial structure upgrades and achieve

industrial chain upgrades. Even if the embedding position of the

GVC is improved, it still leads to more severe environmental

pollution. This also confirms that the low-end lock-in effect

mentioned above does not always enhance the positive impact of

the GVC embedding position on carbon emissions. However, in the

long run, it is still necessary to break through the low-end lock-in

dilemma and promote the upgrading of the industrial chain to help

alleviate long-term environmental pollution.

With a deeper degree of GVC embedding, carbon emissions

show a trend of first increasing and then decreasing; that is, at the

beginning of embedding in the GVC division of production, it

may be more likely to undertake industrial transfer from

developed countries with the advantages of natural resources

TABLE 8 Dynamic panel regression results.

(1) CO2 FE (3) CO2 SYS-GMM (2) CO2 FE (5) CO2 SYS-GMM

l.co2 0.674*** (38.08) 0.658*** (38.70)

Gvc_pos −47.812*** (−5.04) −21.508*** (−2.59)

Gvc_pos2 25.381*** (5.49) 11.795*** (3.02)

Gvc_pat −2.642*** (−2.86) 1.994** (2.39)

Gvc_pat2 0.863** (2.29) −0.845** (−2.23)

lntec 1.126** (2.23) 1.452*** (7.86) 0.627 (1.20) 1.573*** (10.87)

Ind −0.068*** (−4.18) 0.005 (0.96) −0.058*** (−3.40) 0.002 (0.45)

Lock 0.056*** (3.75) −0.012* (−1.80) 0.036** (2.21) 0.000 (0.04)

Control Yes Yes Yes Yes

_Cons 11.660** (2.15) 2.583 (0.58) −7.364** (−2.32) −9.415*** (−9.34)

Individual effects Yes Yes Yes Yes

Time effect Yes Yes Yes Yes

R2 0.433 0.374

AR(1) 0.047 0.055

AR(2) 0.301 0.100

Hansen P 0.543 0.599

N 338 312 338 312

Note: Standard errors are reported in parentheses; ***, **, and * indicate significant levels of 1, 5, and 10%, respectively.
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and low labor costs. The ability to absorb and utilize technology

and management experience is not strong. Most of these

industries are “high-energy-consuming, high pollution, and

low-value-added” industries, and carbon emissions will

increase. However, deepening the embedding degree of Belt

and Road countries will help to fully absorb advanced

technology and management experience, promote the

improvement of domestic cleaner production technology,

reduce energy consumption, and transform into a clean

industry, which will ultimately reduce environmental pollution.

7 Research conclusion and
recommendations

This study selects panel data from 35 Belt and Road countries

from 2007 to 2019 to verify the influence of GVC embedding

position and GVC embedding degree on carbon emissions in

manufacturing and carries out grouping regression according to

industry type and different value chain embedding patterns.

Furthermore, to clarify the mechanism of the impact of GVC

embedding position and degree on carbon emissions, this study

includes the interaction terms of the technology spillover effect,

structural upgrading effect, low-end lock-in effect, and core

explanatory variables for regression analysis. Finally, this study

empirically verifies the nonlinear relationship between GVC

embedding and carbon emissions in the manufacturing industry.

The results are as follows. (1) The improvement in the

embedding position of the GVC in the manufacturing industry is

not conducive to carbon emission reduction. Regardless of whether

it is forward or backward embedding in the GVC, the deeper the

GVC embedding degree in the manufacturing industry, the more

conducive it is to carbon emission reduction. (2) Compared with the

service industry, GVC embedding in manufacturing has a stronger

impact on carbon emissions. Among them, the GVC embedding

position in the technology-intensive manufacturing industry has a

stronger positive impact on carbon emissions. (3) There is a

U-shaped relationship between the GVC embedding position and

carbon emissions and an inverted U-shaped relationship between

the GVC embedding degree and carbon emissions. Although the

technology spillover effect weakens the positive impact of the GVC

embedding position on carbon emissions, it also weakens the carbon

emission reduction effect of the GVC embedding degree, which

shows that it is necessary to rationally use technology spillover to

alleviate the environmental pollution problems of Belt and Road

countries. Furthermore, the regulatory effect of structural upgrading

is not always conducive to carbon emission reduction, and the

adjustment effect of the low-end lock-in effect is not always

unfavorable to carbon emission reduction.

Based on this, this study proposes the following suggestions.

First, the Belt and Road countries should take advantage of the

opportunities of the Belt and Road initiative, “BRICS+,” and so

on to build a new two-way “nested” GVC division of production

system with China as the core, strengthen the GVC association

among the Belt and Road countries, gradually move toward

higher value-added and low-carbon links while improving the

depth of the GVC embedding in the Belt and Road countries, give

full play to the technological spillover effect of the GVC

embedding, and improve their clean production capacity.

Second, the Belt and Road countries should transform from

structural upgrades, such as process and product upgrading, to high-

end industrial structure upgrades, such as chain upgrading. They

should also pay attention to the environmental pollution problems

caused by technology-intensive manufacturing and strengthen their

cooperation with emerging economies. Cultivating a competitive

advantage in the process of embedding in the GVC breaks through

the barriers to industrial upgrading, strides forward to the cleaning

industry, and, finally, realizes carbon emission reduction.

Third, when development reaches a certain stage, independent

research and development are more important than the technology

spillover effect obtained by embedding in the GVC. While

accelerating independent research and development efforts, we

should actively participate in the division of production in the

GVC and effectively use technology spillovers to accelerate the

pace of independent innovation, improve the competitiveness of

the country’s GVC, and help the Belt and Road countries to break

the high-profit monopoly of developed countries and get out of

“pollution refuge” dilemma.
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