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Green technology innovation is an important driving force for the upgrading of

themanufacturing value chain. The purpose of this study is to explore the effect

of green technology innovation on the upgrading of the manufacturing value

chain under institutional environments. To this aim, the panel data of

28 provinces in China from 2010 to 2019 and panel threshold regression

model are applied. Empirical results show that the effect of green

technology innovation on the upgrading of the manufacturing value chain is

nonlinear under institutional environments. The effect of formal and informal

institutional environments on the relationship between green technology

innovation and the upgrading of the manufacturing value chain is also

different. The positive effect of green technology innovation on the

upgrading of the manufacturing value chain is best when the level of formal

institutional environment is high and informal institutional environment is

moderate. In addition, when we divide the sample into three regions

(Eastern, Central, Western), the effect of green technology innovation on the

upgrading of the manufacturing value chain under institutional environments

shows regional heterogeneity. Hence, with this calculated optimal interval of

institutional environments, the government can adjust and improve institutional

environments so as to provide the most favorable institutional conditions for

green technology innovation to promote the upgrading of the manufacturing

value chain. This research is helpful for the government to make rational

decisions according to the situation.
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1 Introduction

Constructing a powerful manufacturing country, promoting green transformation

and upgrading themanufacturing industry are important development strategies of China

at present. Under economic globalization, the key to strengthening the manufacturing

industry is to promote the position of the manufacturing industry in the global value

chain. However, developed countries have firmly occupied the high end of the global value
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chain with their advanced technology, abundant market

resources and strong independent innovation ability, and

China is facing the dilemma of “low-end locking” in the

global value chain (Chen et al., 2019). Production and

manufacturing links at the low end of the global value chain

tend to consume a lot of energy and emit a lot of carbon dioxide

(Ren et al., 2014; Kan et al., 2019), China’s resource and

environmental carrying capacity is close to its limit, and it is

unsustainable to sacrifice the environment for the development

of manufacturing (Qu et al., 2020).

Green technology innovation can promote the industrial

green transformation (Kemp and Never, 2017) and achieve

“win-win” state between economic development and

ecological protection (Sun et al., 2008; Schiederig et al., 2012).

In this context, China has launched “Made in China 2025″
strategy and “Industrial Green Development Plan

(2016–2020)", and the report of the 19th National Congress of

the Communist Party of China also clearly proposed to “build a

market-oriented green technology innovation system and

strengthen the main position of green technology innovation

in enterprises”, which aimed at driving the upgrading of the

manufacturing value chain through green technology innovation

and realizing the coordinated development of society, economy

and ecology. However, green technology innovation has the

positive externality of knowledge and technology spillover and

the negative externality of production pollution. Society can

benefit from the reduction of environmental pollution while

enterprises bear the high risk and high investment of green

technology innovation, so it is difficult to drive enterprises to

carry out green technology innovation only by market

mechanism (Wu et al., 2021). Some studies showed that

policies can effectively promote green technology innovation,

especially environmental regulations (Yang and Yang, 2015);

social trust can reduce the occurrence of infringement or “free

riding” to a certain extent, and alleviate the externality of green

technology innovation (Yang et al., 2021); the media can guide

the public to understand and evaluate the green innovation

behavior of enterprises, which will exert public pressure on

enterprises, and then force enterprises to pay attention to

green innovation (Sun et al., 2021), all of which imply that we

can improve formal institutions such as environmental

regulation and informal institutions such as social trust and

media attention to promote enterprises to carry out green

innovation activities and then promote the upgrading of the

manufacturing value chain. However, most of the researches on

the relationship between green technology innovation,

institutional environments and the upgrading of the

manufacturing value chain focus on the exploration of the

relationship between the two rather than bring institutional

environments into the research framework of green

technology innovation and the upgrading of the

manufacturing value chain and explore the relationship

between the three. For example, Yuan and Chen (2019) used

GMM estimation to test the impact of environmental regulation

on technological innovation and the impact of green technology

innovation on the transformation and upgrading of

manufacturing, and concluded that strict environmental

regulation would promote pollution-intensive enterprises to

engage in green technology innovation, and that the

relationship between green technology innovation and the

transformation and upgrading of manufacturing was

U-shaped; Du et al. (2021) measured the heterogeneous effects

of environmental regulation on green technology innovation and

the industrial structure in 105 environmental monitoring cities in

China, and concluded that when the level of economic

development is low, environmental regulation will inhibit the

development of green technology innovation. In addition, the

advantage of the threshold model is that it can find the structural

break points through real data simulation and perform statistical

tests on it, which overcomes the subjectivity of selecting the

threshold through group regression and cross model (Yang and

Song, 2019).

Based on existing research results, this study attempts to fill

the gap in the existing literature by incorporating the institutional

environments into the research framework of green technology

innovation and the upgrading of the manufacturing value chain,

and further testing the effect of institutional environments on the

relationship between green technology innovation and the

upgrading of the manufacturing value chain. Specifically,

based on the panel data of 28 provinces in China from

2010 to 2019, this study empirically investigate the driving

effect of green technology innovation on the upgrading of the

manufacturing value chain, and the effect of institutional

environments on the relationship between green technology

innovation and the upgrading of the manufacturing value

chain. This study answers the following two questions: 1) Can

green technology innovation effectively promote the upgrading

of the manufacturing value chain? 2) How to adjust and improve

the institutional environments to make green technology

innovation better promote the upgrading of the

manufacturing value chain? Does formal and informal

institutional environments play different roles? Is there

regional heterogeneity? This study can make the following

contributions: firstly, because of the externalities of green

technology innovation, it is difficult to promote enterprise to

carry out green technology innovation only by the market

mechanism. This study believes that the institutional

environments plays an important role in the process of green

technology innovation promoting the upgrading of the

manufacturing value chain, and brings it into the research

framework. Secondly, this study brings formal and informal

institutional environments into the research framework at the

same time, and compares the differences of their roles. Thirdly, it

further divides the sample into three regions to explore the

regional heterogeneity of effcet of green technology innovation

on the upgrading of the manufacturing value chain under
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different institutional environments, aiming at providing the

government with a rational basis for making decisions on

regional green technology innovation policies and improving

institutional environments. The rest of the study is organized as

follows: Section 2 reviews relevant literature, Section 3 provides

theoretical background and research hypothesis, Section 4

provides model settings and variable descriptions, Section 5

provides results and discussion, Section 6 provides

conclusions and policy recommendations, and Section 7 is the

limitations and future research directions.

2 Literature review

With the development of green environmental protection

and low-carbon life concepts, the effect of green technology

innovation and institutional environments on the upgrading

of the manufacturing value chain has gradually attracted the

attention of scholars. Regarding the relationship between green

technology innovation, institutional environments and the

upgrading of the manufacturing value chain, scholars have

mostly explored the effect of green technology innovation on

the upgrading of the manufacturing value chain, the effect of

institutional environments on green technology innovation and

the effect of institutional environments on the upgrading of the

manufacturing value chain.

2.1 Green technology innovation and the
upgrading of the manufacturing value
chain

Regarding the relationship between green technology

innovation and the upgrading of the manufacturing value

chain, there are two more representative views at home and

abroad: one view is that green technology innovation can

effectively promote the upgrading of the manufacturing value

chain, stimulate changes in demand and play a decisive role in the

upgrading of the industrial structure (Kaplinsky and Morris,

2000). This positive effect is mainly reflected in two aspects: the

innovative compensation effect and the energy saving and

emission reduction effect. The innovative compensation effect

is mainly because green technology innovation can promote the

upgrading of enterprise processes, products and functions by

increasing production efficiency, improving or creating brand

new products, and promoting the fame of brands (Yuan and Dai,

2017). The energy saving and emission reduction effect is mainly

the improvement of enterprise’s green technology innovation

ability that can promote the development and the use of various

cleaner production processes, emission reduction technologies

and green products, which can reduce energy consumption and

pollution emissions, save environmental costs, thus improving

enterprise profitability and promoting the upgrading of the value

chain (Hua, 2011). Another view is that green technology

innovation has a certain inhibitory effect on the upgrading of

the manufacturing value chain, which is mainly embodied in the

lock-in effect and crowding-out effect. The lock-in effect is

mainly because in international competition, the developed

countries, with their advantages in mastering core technology

and resources and their position in the “high end” of the global

value chain, threaten OEM enterprises in developing countries at

the low end of the value chain with large transaction orders to

maintain the production position of low cost, high energy

consumption and high pollution. The lock-in effect has

seriously inhibited the enterprises’ enthusiasm for green

technology innovation in developing countries, making them

locked in the low-end of manufacturing sector with high

pollution and low technology for a long time (Yang and Lu,

1998; Zhong and Wang, 2000). The “crowding-out effect” is

mainly because in the process of transforming from high

pollution and low efficiency technology to low pollution and

high efficiency green and clean technology, enterprises need to

invest more money to transform existing equipment and

technology, which will inevitably crowd out other

development funds when they have limited funds. Therefore,

the crowding-out effect will cause a decline of an enterprise’s

production profits in a short period of time, which is not

conducive to the upgrading of the value chain (Yuan and

Shen, 2000).

In the above studies, most scholars have only investigated the

unidirectional promotion or inhibitory relationship between

green technology innovation and the upgrading of the

manufacturing value chain, and only a few scholars have

explored the bidirectional nonlinear relationship. For example,

Song et al. (2021) empirically analyzed the impact of green

technology innovation on the upgrading of the manufacturing

value chain, and believed that green technology innovation has a

U-shaped impact on the upgrading of the manufacturing value

chain.

2.2 Institutional environments and the
upgrading of the manufacturing value
chain

In the field of world economic research, in which the global

value chain specialization is a hot topic, the importance of

institutional factors has been repeatedly emphasized. Whether

the institutional environments are good will affect a country’s

role in the global value chain, and the institutional environments

have a positive effect on the upgrading of the global value chain

(Nunn, 2007; Feenstra et al., 2013). Good institutional

environments can reduce the uncertainty in enterprises’

Research and Development (R&D), drive the development

and application of high technology, and promote the

continuous upgrading of value chain’s status (Tebaldi and
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Elmsile, 2013). Conversely, a country’s participation in the

international division of the global value chain will also

promote the improvement of its institutional quality (Jin

et al., 2008). The definition of institutions in these studies

mainly involves legal rules and trade agreements in contract

execution and property rights protection (Hu and Zhang, 2015),

which do not include institutional reforms targeting the internals

of a country and tend to adopt a marketization index to measure

the institutional environment (Shen andWang, 2019; Zhao et al.,

2019). However, the differences in characteristics between the

index of marketization and technological innovation may lead to

incorrect conclusions (Xu, 2018).

In recent years, with the introduction of a series of national

environmental regulation policies, although some scholars have

explored the relationship between environmental regulation and

the upgrading of the value chain (Han and Yan, 2020), they have

ignored the role of informal institutional environment. The

effective implementation of formal institutions such as

environmental regulation cannot be separated from the

external supervision and governance mechanisms (Becker and

Murphy, 1993). Therefore, it is difficult to comprehensively and

deeply reflect the current institutional environments and its

relationship with the upgrading of manufacturing value chains

in China only from the perspective of formal environmental

regulation.

2.3 Institutional environments and green
technology innovation

Regarding the impact of the institutional environments on

green technology innovation, domestic and foreign scholars have

mostly explored it from the perspective of formal environmental

regulation, but they have not formed a unified understanding.

There are mainly the following viewpoints: firstly, moderate

environmental regulation is conducive to promoting green

technology innovation (Potter and Van der Linde, 1995; Lee

et al., 2010); secondly, environmental regulation is detrimental to

firms’ technological innovation (Gray and Shadbegian, 2003;

Blind, 2012); thirdly, the relationship between environmental

regulation and green technology innovation is nonlinear and

environmental regulation has a U-shaped or inverted U-shaped

impact on green technology innovation (Peng et al., 2017; Du

et al., 2019). The reason why the above conclusions are

inconsistent is that the research object and observation period

are different, and the mechanism of different types of

environmental regulation on green technology innovation is

also different (Wang and Qi, 2016). At present, China’s

formal institutions are not perfect enough to effectively

promote enterprises to carry out green technology innovation

(Yang et al., 2021), and informal institutions can complement

and support formal institutions, thus improving the performance

of formal institutions and promoting the realization of

environmental governance goals (Wheeler and Afsah, 2000;

Féres and Reynaud, 2012). Therefore, it is necessary to

explore this in more depth from the dual perspectives of

formal and informal institutional environments.

3 Theoretical background and
research hypothesis

3.1 Theoretical background

Institutional environments are composed of cognitive,

normative, regulatory structures and activities (Scott, 1995).

According to its nature, it can be divided into formal

institutional environment and informal institutional

environment. The formal institutional environment mainly

includes political environment, legal environment, etc. While

the informal institutional environment mainly includes culture,

language, social ideology and public psychology (North, 1990).

Formal environmental regulation is one of the institutional

pressures imposed by the government on environmental

behavior of enterprises, which can reflect the level of formal

institutional environment in the region to a certain extent. Social

trust and media attention are important elements of informal

institutions, which have an important influence on enterprises’

adoption of clean technology, attention to environmental

management and reduction of pollution emissions (Becker

and Murphy, 1993; da Motta and Moreira, 2006; Zhao and

Zhang, 2020).

Institutional theory argues that institutional environments in

which enterprises are located will have an important impact on

the behaviors of enterprises (Oliver, 1991), which implies that we

can promote enterprises to carry out green innovation activities

by adjusting and improving the institutional environments and

then promote the upgrading of the manufacturing value chain.

3.2 Research hypothesis

Due to the high input cost and a certain risk in the early stage

of green technology innovation, only a few enterprises with huge

capital and strong R&D capacity will choose to try, which cannot

drive the transformation and upgrading of industries. With a

further increase in the intensity of the formal institutional

environment, the deterrent effect of administrative

punishment may make enterprises perceive the increase of

illegal risks and costs, so enterprises will increase their

investment in green technology innovation, improve

production efficiency, cut production costs. The resulting

profits can compensate or even offset the costs brought by

environmental regulation, thereby generating innovative

compensation effect and promoting industrial transformation.

Therefore, the effect of green technology innovation on the
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upgrading of the manufacturing value chain changes with the

formal institutional environment. And the level of formal

institutional environment needs to reach a certain threshold

before green technology innovation can promote the

upgrading of the manufacturing value chain, that is, there is a

non-linear relationship.

As media pay more attention to environmental issues,

enterprises will increase investment in environmental

protection to avoid damage to their public image, develop

clean energy and green products, improve green innovation

ability. In addition, a high level of social trust is more

conducive to promoting enterprises to fulfil their social

contract and obey environmental laws and regulations, which

promotes the efficiency of the cooperation between enterprises

and reduces the costs. Therefore, as the informal institutional

environment improves, it will be good for green technology

innovation to promote the upgrading of the manufacturing

value chain. However, when the media pay too much

attention to environmental issues, excessive public pressure

may induce government’s administrative punishment, which

causes a strong burden of legitimacy to enterprises. Thus, the

green technology innovation activities of enterprises, and even

the survival and development of enterprises will be affected,

which is not conducive to promoting the upgrading of the

manufacturing value chain. It can be seen that the effect of

green technology innovation on the upgrading of the

manufacturing value chain will be different due to the

different levels of informal institutional environment.

Accordingly, this study proposes hypothesis:

Hypothesis. the effect of green technology innovation on the

upgrading of the manufacturing value chain has nonlinear

characteristics, and there is a threshold effect of formal and

informal institutional environments.

4 Model settings and variable
description

4.1 Model settings

It is necessary to study the direct relationship between green

technology innovation and the upgrading of the manufacturing

value chain. Therefore, we construct model (1). According to the

previous analysis, the relationship between green technology

innovation and the upgrading of the manufacturing value

chain may be non-linear, we refer to the practice of Zhao and

Xi (2022) by adding the quadratic term of green technology

innovation and constructing the following two-way fixed effects

panel model:

umvcit � β0 + β1gtiit + β2controlit + μi + ηt + εit (1)
umvcit � β0 + β1gtiit + β2gti

2
it + β3controlit + μi + ηt + εit (2)

In order to avoid generating errors by artificial grouping

and to effectively judge the significance of the threshold value,

this study use Hansen’s nonlinear panel threshold regression

model to construct a piecewise function with the formal

and informal institutional environments as threshold

variables to verify whether green technology innovation has

a nonlinear threshold effect on the upgrading of the

manufacturing value chain. The multiple threshold

panel model (taking a double threshold as an example) is

as follows:

umvcit � β0 + β1gtiit · I(ieit ≤ γ1) + β2gtiit · I(γ1 < ieit ≤ γ2)
+ β3gtiit · I(ieit > γ2) + β4controlit + εit + μi (3)

In the above models, i denotes the province, t denotes the

year, umvc (upgrading of the manufacturing value chain) is

the explanatory variable, gti (green technology innovation) is

the explanatory variable, gti2 is the quadratic term of green

technology innovation, ie (institutional environments) is the

threshold variable (divided into formal and informal

institutional environments), control denotes a set of

control variables affecting the upgrading of the

manufacturing value chain (human capital (hc), degree of

openness (open) and financial development (fd)), I (·) is an
indicative function, γ is threshold values, β0 denotes intercept

terms, β1, β2, β3, β4 are the coefficients of variables, μi is the

individual effect, ηt is the time effect and εit is the random

disturbance variables.

4.2 Variable description and data sources

4.2.1 Explained variable
Upgrading of the manufacturing value chain (umvc). At

present, most of the quantitative indicators of the upgrading

of the manufacturing value chain are measured by the

manufacturing profit margin, manufacturing profits and taxes,

the status index of the value chain, the export technological level

and the participation index. However, according to the “smiling

curve” theory, most developed countries are in high-end

segments of the global value chain with high-tech and high-

value-added while developing countries are mainly in low-end

segments of the global value chain with low-tech and low-value-

added, such as simple production, assembly, processing and

manufacturing. Therefore, according to the logic that the

trade structure reflects the production structure, under the

global production network system, the technical complexity of

a country or region’s production and exports of products can

reflect the position of a country or region in the global value

chain. Based on the practice of Qiu et al. (2012), this study uses

export complexity to measure the upgrading of the

manufacturing value chain. The specific calculation formulas

are as follows:
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PRODYk � ∑
i

xik/Xi

∑
i
xik/Xi

Yi (4)

MVCin � ∑
k

xink

xin
PRODYk (5)

In model (4), PRODY denotes the industry export complexity; i

denotes the province, k denotes the industry, Xik denotes the

export value of industry k in region i, Xi denotes the export value

of all industries in region i, and Yi denotes the per capita Gross

Domestic Product (GDP) of region i. In model (5), MVC denotes

the regional export complexity, Xin denotes the export value of

year n in region i, Xink denotes the export value of industry k in

region i and year n.

4.2.2 Explanatory variable
Green technology innovation (gti). Green total factor

productivity considers both socio-economic factors such as

capital, labor and desired output in an integrated manner, as

well as resource and environmental factors such as energy

consumption and undesired output, which has been widely

used (Qu et al., 2020). Given that the traditional Data

Envelopment Analysis (DEA) model does not consider

slack variables and cannot distinguish effective decision

units whose efficiency is all 1, Tone (2002) proposed the

super Slack Based Measure-Data Envelopment Analysis

(SBM-DEA) model based on the traditional DEA model.

Thus, this study refers to the practice of Lv et al. (2021) by

using the Global Malmquist-Luenberger (GML) index of

super SBM-DEA model to calculate green total factor

productivity and using green total factor productivity to

characterize the level of green technology innovation in

each province. In addition, this study measures green

total factor productivity from two aspects of input and

output. The specific input and output indicators are shown

in Table 1.

Since GML only reflects the rate of change of green

technology innovation, this study refer to the practice of Song

et al. (2018) by assuming that the level of green technology

innovation in the base period of 2009 is 1, and the level of green

technology innovation in 2010 is equal to the level of green

technology innovation in 2009 multiplied by the GML index, and

so on for other years to obtain the level of green technology

innovation in each province from 2010 to 2019.

4.2.3 Threshold variables
Formal institutional environment (fie). At this stage, in order

to restrict the environmental violations of enterprises, the

Chinese government often uses environmental administrative

penalties as the main means to impose sanctions on illegal

enterprises in the process of implementing environmental

regulations policies. In addition, sewage charge is the first

negative market incentive tool adopted in China, which has a

long implementation time, wide coverage and strong

representativeness. The total number of environmental

proposals of National People’s Congress (NPC) and Chinese

People’s Political Consultative Conference (CPPCC) is an

important form of public participation in environmental

protection supervision, which represents the public’s attention

to environmental issues to a certain extent.

Therefore, this study draws on the practices of Wang et al.

(2020), Yi et al. (2019) andWu et al. (2020) by taking the number

of environmental administrative penalties, sewage charges and

total environmental proposals of NPC and CPPCC in each

province to characterize the formal institutional environment.

In addition, the entropy method is used to combine the number

of environmental administrative penalties, sewage charges and

total environmental proposals of NPC and CPPCC in each

province to comprehensively measure the formal institutional

environment.

Informal institutional environment (iie). Most of study

use a single index to measure it, and this study uses the

entropy method to combine social trust and media

attention together, which is more reasonable. Referring to

the relevant research of Wang and Li (2017), Liu and Li

(2019), survey data from the China General Social Survey

(CGSS) are used to measure the level of provincial social trust.

The following question was included in all previous surveys:

“In general, do you agree that the vast majority of people in

this society can be trusted?” Respondents were asked to choose

the most appropriate answer from a list of five options ranging

from “completely disagree” to “completely agree”. The five

options are assigned values of 1, 2, 3, 4 and 5, respectively. The

simple average of the respondents’ answers in the area was

TABLE 1 Evaluation system of green total factor productivity in each province.

Type Primary indicators Secondary indicators

Input Capital elements Internal expenditures of R&D funds in each province

Labor elements Full-time equivalent of R&D personnel in each province

Energy elements Energy consumption in each province

Output Desired output GDP deflated to the constant price level based on 2009 in each province

Undesired output Industrial sulfur dioxide emissions in each province
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calculated as the level of regional social trust in the current

year. The higher the score is, the higher the level of provincial

social trust. Since survey data from 2014, 2016, 2018 and

2019 were unavailable during the sample period and social

trust remains relatively stable for a certain period of time, the

data from 2013 was used to measure the level of provincial

social trust in 2014, the data from 2015 was used to measure

the level of provincial social trust in 2016, and the data from

2017 were used to measure the level of provincial social trust

in 2018–2019. Based on the practice of Xu et al. (2011), we use

the number of environmental-related news reports in each

province from 2009 to 2018 to reflect the degree of media

attention in the area (considering the media lag, the 1-year

lagged data are processed simultaneously with the data from

2010 to 2019). The data were collected from two authoritative

official media outlets (News.com and People’s Daily Online)

and two market-oriented online media outlets (Sina.com and

Sohu.com). We conduct searches using keywords such as

“ecological environment, environmental pollution, closure

of polluting enterprises, environmental accountability,

green development, environmental governance,

environmental taxation and environmental insurance”,

clean the data of related environmental reports, merge the

reports with the same or similar contents, and finally obtain

the number of environmental-related news reports in

28 provinces via manual sorting.

4.2.4 Control variables
Regarding the selection of control variables, relevant studies

have confirmed that human capital (hc), degree of openness

(open), financial development (fd) have a certain impact on the

upgrading of industry. Therefore, this study introduces these

three variables as control variables to limit errors. As for the

selection of the measurement indicators of the variables, human

capital (hc) is measured by the average years of education in each

province and calculated by the formula: [(primary school

population *6 years)+ (junior middle school population

*9 years)+(senior high school population *12 years)+(junior

college population and above* 16 years)]/(population aged

6 years and above), degree of openness (open) is measured by

the ratio of total imports and exports volume to the GDP in each

province, financial development (fd) is measured by the ratio of

loan balance of financial institutions to the GDP in each

province.

4.2.5 Data sources
Considering data continuity and availability, this study

selects the panel data of 28 provinces from 2010 to 2019 for

empirical evaluation. To obtain the data, China’s statistical

yearbook, China’s science and technology statistical yearbook,

China’s energy statistical yearbook, China’s environment

yearbook, China’s tax yearbook, the China General Social

Survey, the international trade research and decision support

system of China’s research network, and the statistical yearbooks

of various regions were consulted.

5 Results and discussion

5.1 Descriptive statistics

In order to eliminate the influence of heteroscedasticity,

umvc and hc are processed with logarithm in this study. The

descriptive statistical results of variables are shown in Table 2.

5.2 Model stationary test

5.2.1 Panel data unit root test
In order to avoid the existence of false regression, this study

carries out unit root test on panel data before empirical analysis.

The test results are shown in Table 3. It can be seen from Table 3

that p-value of LLC and PP-Fisher tests of the seven sequences

are less than 0.05, so we can think all panel data are stable.

5.2.2 Multiple collinearity test
To avoid the interference of multiple multicollinearity, VIF

(Variance Inflation Factor) method is used to diagnose the

multicollinearity. The specific test results are shown in

Table 4. It can be seen from Table 4 that VIFs of all variables

are less than 5, indicating that there is nomulticollinearity among

the variables.

5.3 Regression results of basic model

First, the relationship between green technology innovation

and the upgrading of the manufacturing value chain is

estimated. The regression results are shown in Table 5. In

model 1, the coefficient of green technology innovation is

negative. In model 2, the coefficient of gti is significantly

negative, and the coefficient of gti2 is significantly positive.

The possible reasons are as follows: the knowledge path and

TABLE 2 Descriptive statistics of variables.

Variable N Mean Sd Min P50 Max

umvc 280 10.790 0.210 10.289 10.819 11.104

gti 280 1.225 0.427 0.553 1.084 2.963

fie 280 0.251 0.196 0.010 0.200 0.935

iie 280 0.292 0.187 0.025 0.258 0.936

fd 280 1.340 0.449 0.655 1.255 2.585

hc 280 2.204 0.101 1.912 2.199 2.540

open 280 0.281 0.323 0.013 0.135 1.548
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market dependence lead to the embedded dependence of

China’s manufacturing industry in the global value chain,

which means that manufacturing enterprises give priority to

the use of low-cost technology in the value chain and refuse to

implement high cost independent innovation (Hao and Zhang,

2016). Thus, enterprises may choose the scheme with the least

economic loss to avoid the risk of green technology innovation,

and cannot truly drive the industrial transformation and

upgrading. With the gradual promotion of green technology

innovation, the compensation effect produced by green

technology innovation will reduce pollution costs while

improving product quality and competitive advantage. When

enterprises realize value-creating ability of green technology

innovation, they will actively carry out green technology

innovation, form a virtuous circle, and truly promote the

upgrading and development of industry. Song et al. (2021)

believed that there is a U-shaped relationship between green

technology innovation and the upgrading of manufacturing

value chain, that is, green technology innovation must exceed a

certain threshold to promote the upgrading of the

manufacturing value chain. Our results are consistent with

Song et al. (2021).

5.4 Institutional environments threshold
effect test

5.4.1 Endogeneity tests results
The threshold model developed by Hansen assumes that the

threshold variable is not endogenous. We draw on the practices

of Yang et al. (2019) and Zhang et al. (2022) by using the Durbin

Wu Hausmann chi-square test to tset the endogeneity of

threshold variables, and it shows formal institutional

environment (fie) and informal institutional environment (iie)

are not endogenous (chi-sq value is 0.12 and 0.42, respectively;

p-values is 0.7337 and 0.5147, respectively).

5.4.2 Threshold effect significance test
Results of the threshold effect significance test

corresponding threshold estimations and the 95%

confidence intervals using formal and informal institutional

environments as the threshold variables are shown in Table 6.

It can be seen from Table 6 that both the

single threshold and the double threshold pass the

significance test.

TABLE 3 Unit root test results of panel data.

Variable LLC test PP-Fisher test Conclusion

Statistic p-value Statistic p-value

umvc −17.1650*** 0.0000 146.867*** 0.0000 Smooth

gti −2.1620** 0.0153 86.2109** 0.0059 Smooth

fie −11.7363*** 0.0000 107.491*** 0.0000 Smooth

iie −9.8713 ** 0.0000 95.8858** 0.0007 Smooth

fd −6.0622*** 0.0000 126.7680*** 0.0000 Smooth

hc −16.5666*** 0.0000 343.8660*** 0.0000 Smooth

open −8.2246*** 0.0000 88.1287*** 0.0040 Smooth

Notes: ***p < 0.01, **p < 0.05, and *p < 0.1. The same parameters are applied below.

TABLE 4 VIF multicollinearity test results.

Variable VIF 1/VIF Variable VIF 1/VIF

gti 1.56 0.6406 fd 1.64 0.6099

fie 1.33 0.7516 hc 2.17 0.4608

iie 1.37 0.7294 open 2.00 0.4999

Mean VIF 1.68

TABLE 5 Regression results of basic model.

Variables Model 1 Model 2

gti −0.0370** −0.109*

(−2.77) (−2.44)

gti2 0.0212*

(2.20)

fd 0.0284*** 0.0221***

(4.27) (4.58)

hc 0.243* 0.198*

(2.14) (2.17)

open 0.0849*** 0.0908***

(6.06) (6.38)

constant 9.894*** 10.05***

(41.63) (58.82)

N 280 280

Note: t statistics in parentheses; *p < 0.05, **p < 0.01, ***p < 0.001.
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5.4.3 Threshold effect authenticity test
After completing the threshold effect significance test, we

need to test the authenticity of the threshold estimation. When

the upgrading of the manufacturing value chain is used as an

dependent variable, the two thresholds estimated from the

double threshold model of the formal institutional

TABLE 6 Significance test and confidence intervals of institutional environments thresholds.

Threshold variable Model Threshold estimates F-value p-value 95% confidence
interval

fie Single 0.152 15.907** 0.033 [0.139, 0.186]

Double 0.370 41.444*** 0.000 [0.336, 0.440]

iie Single 0.218 49.063** 0.013 [0.218, 0.234]

Double 0.516 19.510*** 0.010 [0.457, 0.766]

Notes: (1) The p value is the result of 400 rounds of bootstrap repeated sampling.

FIGURE 1
The LR map corresponding to the first threshold estimate of
the threshold variable fie.

FIGURE 2
The LR map corresponding to the second threshold estimate
of the threshold variable fie.

FIGURE 3
The LR map corresponding to the first threshold estimate of
the threshold variable iie.

FIGURE 4
The LR map corresponding to the second threshold estimate
of the threshold variable iie.
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environment are 0.152 and 0.370, respectively. The

corresponding likelihood ratio function graph is shown in

Figure 1 and Figure 2. The figures show that the two

threshold estimates of the formal institutional environment

fall within the acceptable domain of the original hypothesis,

indicating that the two threshold estimates are equal to the true

value and pass the threshold authenticity test. The two thresholds

estimated from the double threshold model of the informal

institutional environment are 0.218 and 0.516, respectively.

The corresponding likelihood ratio function graph is shown in

Figure 3 and Figure 4. Similarly, we can know that the two

threshold estimates of the informal institutional environment are

equal to the true value and pass the threshold authenticity test.

5.4.4 Threshold regression model estimation
results

The threshold regression model estimation results for green

technology innovation and the upgrading of the manufacturing

value chain obtained by using formal and informal institutional

environments as the threshold variables are shown in Table 7.

Thus, hypothesis is proved.

The results show that the relationship between green

technology innovation and the upgrading of the

manufacturing value chain is U-shaped under formal

institutional environment. When the level of formal

institutional environment is lower than 0.152, green

technology innovation has a negative effect on the upgrading

of the manufacturing value chain, but the effect is not significant.

When the level of formal institutional environment ranges from

0.152 to 0.370, the effect of green technology innovation on the

upgrading of the manufacturing value chain shift from negative

to positive. This result shows that with the increase of the level of

formal institutional environment, green technology innovation

begins to promote the upgrading of the manufacturing value

chain. When the level of formal institutional environment is

greater than 0.370, the positive effect is enhanced. The possible

reasons are as follows:

As green technology innovation is still in the preliminary

stage of development, with strong economic externalities, as well

as the characteristics of high investment and high risk,

enterprises lack sufficient motivation to carry out it. As the

level of formal institutional environment increases, in order to

avoid the adverse impact of administrative penalties on

production and operation, enterprises will improve the

production process, develop new green products and increase

the added value of products through green technology

innovation, thus improving the competitiveness of enterprises

and promoting the upgrading of the manufacturing value chain.

According to the threshold model estimation results in

Table 7, there is a complex nonlinear relationship between

green technology innovation and the upgrading of the

manufacturing value chain under informal institutional

environment. When the level of informal institutional

environment is less than 0.218, green technology innovation

has a positive effect on the upgrading of the manufacturing value

chain, with a coefficient of 0.0880 significant at the 1% level.

When the level of informal institutional environment ranges

from 0.218 to 0.516, green technology innovation still

significantly and positively promotes the upgrading of the

manufacturing value chain. However, when the level of

informal institutional environment is greater than 0.516, the

positive effect diminishes to some extent. The possible reasons

are as follows: after the events of environmental pollution are

reported by the media, it will generate public opinion pressure on

enterprises and force them to take corresponding improvement

measures, so as to promote enterprises to implement green

technology innovation. This is not only conducive to solving

the public’s demands for environmental protection, but also

helps enterprises achieve certain economic benefits through

energy conservation and emission reduction. In addition, a

high level of social trust is more conducive to promoting

enterprises to fulfill their social contract and obey

environmental laws and regulations, which promotes the

efficiency of the cooperation between enterprises and reduces

TABLE 7 Threshold model estimation results.

Variable (1) Variable (2)

fd 0.395***(12.89) fd 0.281***(10.95)

hc 1.698***(12.75) hc 1.772***(13.01)

open −0.471***(−12.20) open −0.410***(−12.53)

gti (fie≤0.152) −0.0150 (−0.58) gti (iie≤0.218) 0.0880***(3.99)

gti (0.152 < fie≤0.370) 0.0565**(2.46) gti (0.218 < iie≤0.516) 0.157***(7.19)

gti (fie>0.370) 0.145***(6.41) gti (iie>0.516) 0.0766***(2.72)

Constant 6.586***(23.71) Constant 6.470***(22.63)

F-value 328.69 F-value 371.06

R-squared 0.8693 R-squared 0.8825

Observations 280 Observations 280
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the transaction cost. However, when media pay too much

attention to environmental issues, it will have a negative effect

on the enterprise’s green technology innovation. This is mainly

because the public will have a higher degree of acceptance of the

negative information with the massive exposure of the negative

news, which will seriously damage the social reputation and

image of enterprises, and is not conductive to promoting green

technology innovation and strategy of development.

In terms of control variables, the regression coefficient of

financial development (fd) is significantly positive, indicating

that financial development is conducive to promoting the

upgrading of the manufacturing value chain, probably because

a developed financial system can provide financial support for

green innovation and relieve financial pressure. The regression

coefficient of human capital (hc) is positive at 1% significance

level, indicating that the cultivation of human capital has a

positive effect on the upgrading of the manufacturing value

chain, probably because high-quality human capital can

provide solid intellectual support for the upgrading of the

manufacturing value chain. The regression coefficient of

degree of openness (open) is significantly negative, indicating

that degree of openness has a negative effect on the upgrading of

China’s manufacturing value chain at this stage, which may be

related to the low technology content of China’s foreign trade

products for a long time.

5.5 Model robustness test

In order to further enhance the reliability of the research

results, we used alternative measures of institutional

environments to test the robustness. Considering the number

of environmental petitions and the total number of

environmental proposals of the NPC and CPPCC are both an

important form of public participation in environmental

protection supervision, which represent the public’s attention

to environmental issues to a certain extent, we use the number of

environmental petitions replace the total number of

environmental proposals of the NPC and CPPCC to calculate

the level of formal institutional environment. As for informal

institutional environment, we have changed the calculation

method of social trust. The original calculation method was to

assign values of 1, 2, 3, 4 and 5 to the five options from

“completely disagree” to “completely agree”, and the simple

average of the respondents’ answers in the area was calculated

as the level of regional social trust in the current year. Now, we

draws on the practices of Liu and Li (2019) by using the

proportion of “completely agree” and “relatively agree” in the

total number of respondents in the area as the level of regional

social trust. Robustness test results are shown in Table 8. The

double threshold effect still exists and the coefficient symbol of

each variable does not change significantly. Therefore, our

empirical analysis is reliable and stable.

5.6 Regional institutional environments
threshold effect test

5.6.1 Regional threshold effect significance test
In order to further reveal the regional heterogeneity of the

relationship between green technology innovation and the

upgrading of the manufacturing value chain, and get more

targeted research conclusions, this study divides the samples

into three groups (including Eastern region, Central region,

Western region). Based on the regional significance test and

confidence intervals of institutional environments thresholds in

Table 9, it is found that the single threshold of Eastern region and

Western region, double threshold of Central region pass the

significance test when taking formal institutional environment as

the threshold variable. Similarly, the double threshold of Eastern

region and Central region, the single threshold of Western region

pass the significance test when taking informal institutional

environment as the threshold variable.

5.6.2 Regional threshold regression estimation
results

The regional threshold regression results for green

technology innovation and the upgrading of the

manufacturing value chain obtained by using the formal

institutional environment as the threshold variable are shown

in Table 10. The results show that there is significant regional

heterogeneity in the relationship between green technology

innovation and the upgrading of the manufacturing value

chain in Eastern region, Central regional and Western region.

The details are presented as follows:

1) In Eastern region, green technology innovation has a positive

effect on promoting the upgrading of themanufacturing value chain.

When the level of formal institutional environment is greater than

the first threshold value of 0.384, the promotion effect is further

enhanced. 2) In Central region, green technology innovation has a

U-shaped effcet on the upgrading of the manufacturing value chain.

When the level of formal institutional environment is less than

0.103, green technology innovation will inhibit the upgrading of the

manufacturing value chain. When the level of formal institutional

environment is greater than 0.103, the effect of green technology

innovation on the upgrading of the manufacturing value chain will

shift from negative to positive.When the level of formal institutional

environment is greater than the second threshold value of 0.226, the

promotion effect is further enhanced. 3) In Western region, green

technology innovation also has a U-shaped effect on the upgrading

of the manufacturing value chain. When the level of formal

institutional environment is less than 0.114, green technology

innovation will inhibit the upgrading of the manufacturing value

chain. When the level of formal institutional environment exceeds

0.114, the effect of green technology innovation on the upgrading of

manufacturing value chain shift from negative to positive. The

possible reasons are as follows: Eastern region has a more perfect

environmental protection institutions and stronger enforcement of
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environmental regulation policies, so the formal institutional

environment show a better effect. However, economic

development in Central and Western region is relatively dropped

behind. Considering the maintenance of enterprises’ competitive

advantage, the protection of employment and the development of

economy in this area, local governments may have a “weak

enforcement” of environmental regulations. Therefore, the level

of formal institutional environment in Central and Western

region must exceed a certain threshold to promote green

technology innovation and then realize the upgrading of the

manufacturing value chain.

The regional threshold regression results for green

technology innovation and the upgrading of the

manufacturing value chain obtained by using the informal

institutional environment as the threshold variable are

presented as follows:

1) In Eastern region, the relationship between green technology

innovation and the upgrading of the manufacturing value chain is

nonlinear. When the level of informal institutional environment is

less than 0.224, green technology innovation will promote the

upgrading of the manufacturing value chain. When the level of

informal institutional environment is between 0.224 and 0.494, the

promotion effect will be enhanced. However, when the level of

informal institutional environment is greater than 0.494, the

promotion effect will be diminished. 2) In Central region, the

relationship between green technology innovation and the

upgrading of the manufacturing value chain is also nonlinear.

When the level of informal institutional environment is less than

0.260, green technology innovation will promote the upgrading of

the manufacturing value chain. When the level of informal

institutional environment ranges from 0.260 to 0.407, the

promotion effect will be enhanced. When the level of informal

institutional environment is greater than 0.407, the promotion effect

will be further enhanced. 3) In Western region, green technology

innovation has a U-shaped effect on the upgrading of the

manufacturing value chain. When the level of informal

institutional environment is less than 0.153, green technology

innovation will inhibit the upgrading of the manufacturing value

chain. When the level of informal institutional environment exceeds

0.153, the effect of green technology innovation on the upgrading of

the manufacturing value chain will shift from negative to positive.

The possible reasons are as follows: Eastern region has a higher level

TABLE 8 Robustness test results.

Variable (1) Variable (2)

fd 0.402***(13.22) fd 0.290***(11.17)

hc 1.658***(12.67) hc 1.801***(12.92)

open −0.449***(−11.78) open −0.431***(−12.94)

gti (fie≤0.167) −0.0137 (−0.55) gti (iie≤0.246) 0.101***(4.50)

gti (0.167 < fie≤0.370) 0.0609**(2.58) gti (0.246 < iie≤0.591) 0.154***(6.82)

gti (fie>0.370) 0.145***(6.63) gti (iie>0.591) 0.0531*(1.67)

Constant 6.657***(24.39) Constant 6.404***(21.90)

F-value 340.11 F-value 352.70

R-squared 0.8732 R-squared 0.8771

Observations 280 Observations 280

TABLE 9 Regional significance test and confidence intervals of institutional environments thresholds.

Threshold variable Region Model Threshold estimates F-value p-value 95% confidence
interval

fie Eastern region Single 0.384 14.775** 0.028 [0.363, 0.660]

Central region Double 0.103 28.007* 0.056 [0.072, 0.328]

0.226 21.656*** 0.000 [0.128, 0.322]

Western region Single 0.114 11.303** 0.052 [0.102, 0.152]

iie Eastern region Double 0.224 16.396** 0.024 [0.181, 0.358]

0.494 19.975* 0.056 [0.462, 0.651]

Central region Double 0.260 21.115* 0.080 [0.233, 0.407]

0.407 25.860*** 0.000 [0.077, 0.515]

Western region Single 0.153 35.648* 0.092 [0.151, 0.199]

Notes: (1) The p value is the result of 250 rounds of bootstrap repeated sampling.
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of development, more access to resources, higher information

transparency, and people are more sensitive to environmental

issues. However, the ability to obtain resources is relatively weak

in Central and Western regions, and the degree of information

asymmetry is higher. In Eastern region, moderate media attention is

conducive to promoting the implementation of policies and

supervising the innovation behavior of enterprises, while

excessive media attention may bring negative effect; in Central

and Western regions, media attention can greatly alleviate

information asymmetry, improve information transparency,

alleviate “weak enforcement”, further promote enterprises’

innovation and then realize the upgrading of the manufacturing

value chain.

6 Conclusions and policy
recommendations

With the development of globalization, China has increasingly

participated in the international division of labor, and the scale of

foreign trade is also expanding. However, China’s manufacturing

industry has fell into the dilemma of “low-end locking” when the

industry was integrated into the system of the division of labor in

the global value chain. It has been indicated by some research that

green technology innovation is an important driving force to

promote the upgrading of manufacturing value chain. Due to

the externalities of green technology innovation, it is difficult to

promote enterprises to carry out green technology innovation

activities only by the market mechanism. According to the

institutional theory, the institutional environments in which an

enterprise is located will have an important impact on its behavior.

Therefore, what impact do institutional environments have on the

relationship between green technology innovation and the

upgrading of the manufacturing value chain? To this aim, the

panel data of 28 provinces in China from 2010 to 2019 and panel

threshold regressionmodel are applied. The empirical results show

that green technology innovation can promote the upgrading of

themanufacturing value chain in the long run. There is a nonlinear

relationship between green technology innovation and the

upgrading of the manufacturing value chain under institutional

environments, and the role of formal and informal institutional

environments are different. In addition, whenwe divide the sample

into three regions (Eastern, Central, Western), the effect of green

technology innovation on the upgrading of the manufacturing

value chain under institutional environments shows regional

heterogeneity. These findings can help us to clarify the internal

logic between the three variables and provide reference for the

government to implement policies accurately. According to the

above results, some policies can be implemented to promote

enterprises to carry out green technology innovation and realize

the upgrading of manufacturing value chain:

1) Restrict harmful non-green innovation activities. It can be

seen from the above empirical results that green technology

innovation can promote the upgrading of the manufacturing

value chain in the long run. Therefore, while guiding

TABLE 10 Regional threshold model estimation results.

Variable Formal institutional environment Informal institutional environment

Eastern region Central region Western region Eastern region Central region Western region

fd 0.138** 0.593*** 0.458*** 0.122*** 0.390*** 0.336***

(2.58) (9.07) (12.62) (3.50) (6.20) (10.72)

hc 1.554*** 2.388*** 1.735*** 1.253*** 1.950*** 2.426***

(6.02) (11.88) (9.03) (7.08) (8.09) (12.81)

open −0.285*** −0.985*** −0.786*** −0.456*** −0.661* −0.821***

(−6.19) (−2.89) (−3.87) (−9.71) (−1.69) (−3.64)

gti1 0.129*** −0.0374 −0.106** 0.136*** 0.0913** −0.0268

(3.97) (−0.95) (−2.05) (5.14) (2.24) (−0.51)

gti2 0.222*** 0.0315 0.0742* 0.208*** 0.169*** 0.0968**

(7.60) (0.73) (1.72) (7.96) (3.70) (2.49)

gti3 0.0833** 0.136*** 0.253***

(2.09) (4.77) (4.72)

Constant 7.002*** 4.966*** 6.495*** 7.817*** 5.992*** 3.843***

(12.79) (11.91) (16.74) (21.54) (11.65) (6.38)

F-value 122.71 190.02 113.06 124.68 177.03 141.51

R-squared 0.8783 0.9341 0.8693 0.8800 0.9296 0.8927

Observations 100 80 100 100 80 100
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enterprises to carry out green technology innovation, the

government should make good use of the dual effect of

institutional environments to supervise and restrict the

non-green innovation activities that may cause negative

externalities to the ecological environment.

2) Measure the performance of green technology innovation

from a comprehensive perspective. Enterprises should not use

simple income and expenditure to measure the benefits of

green technology innovation. They should realize that the

mode of high energy consumption and high pollution will not

only have a negative impact on the environment, but also go

against the sustainable development of itself. Therefore, they

should actively carry out green innovation activities, which

are not only beneficial to enterprises to gain market

competitive advantage, but also can promote the

transformation and upgrading of manufacturing industry.

3) Take effective actions to reduce the risk of uncertainty. Rising

uncertainty is one of the prominent phenomenon of today’s

modern economic systems, it not only affects some

macroeconomic parameters (Işık et al., 2020), but also

affects green innovation decision-making behavior of

enterprises. Therefore, we should actively take the

following measures: 1) the government should aim at the

forefront of green technology innovation, focus on key areas,

and publish a green technology demand directory to point out

the direction for enterprises; 2) we should create an

environment with high social trust, alleviate information

asymmetry, reduce transaction costs, and strengthen the

supervision of green technology innovation of enterprises;

3) the government should try to maintain consistency and

continuity in formulating and implementing policies. At the

same time, we must suit our measures to different conditions

in terms of locality and time rather than “one size fits all”

when adjust the regional institutional environment.

7 Limitations and future research

Due to various factors, this study still has the following

limitations and the follow-up research can be improved from

the following aspects: 1) Research object: This study mainly

takes China as the research object without considering other

countries. Future research can take other countries as the object

to verify whether our conclusions are universal. 2) Sample size:

This study mainly uses the data of 28 provinces in China from

2010 to 2019. Although it is enough to carry out the research in

this study, future research can expand the time scope to make

the research results more comprehensive. 3) Research

perspective: Most of the previous studies are based on the

perspective of formal environmental regulation to explore

the relationship between the institutional environments,

green technology innovation and the upgrading of the

manufacturing value chain while ignore the possible impact

of the informal institutional environment, thus making the

research results not comprehensive. Although this study

considers the perspective of informal institutional

environment, it does not consider the synergy of the formal

institutional environment and informal institutional

environment. Future research can consider the synergy of

the two to further enrich the Porter hypothesis and global

value chain theory.
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