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Abstract: The focus on the concept of upgrading in the study of global production networks has
expanded from economic upgrading to encompass social and environmental upgrading. However,
rare research pays attention to the complex interplay among these three aspects. This paper tries to
integrate the economic, social, and environmental upgrading into an analytical framework through
the lens of coupling coordination. Using the Granger causality test and panel regression model, it
provides empirical evidence and an explanation of the triad’s interaction based on the Chinese case
study. It is found that, over the past twenty-five years from 1996 to 2020, China has seen a significant
improvement in the coupling coordination of economic, social, and environmental upgrading with the
coordination degree rising from 0.35 to 0.51, though it remains at a low level of coordination. Regional
disparities in economic upgrading are more pronounced than those in social and environmental
upgrading, and the inter-group disparities between economic and environmental upgrading have
widened following the economic crisis. Panel regression analysis shows that economic globalization,
public governance, legal environment, and environmental regulation positively influence the coupling
coordination of the three types of upgrading, while economic privatization and corporate violations
of law tend to have a negative impact.

Keywords: economic upgrading; social upgrading; environmental upgrading; coupling coordination;
global production networks; sustainable development

1. Introduction

In the context of global production networks or global value chains, the concept of
“upgrading” typically refers to the process of economic upgrading. Economic upgrading
is defined as the process through which enterprises enhance their competitiveness and
innovation capabilities to increase value added and profits, thereby improving economic
efficiency [1]. At a macro level, it can be viewed as the process by which a country or region
achieves higher efficiency within the global production networks [2]. With increasing
research focusing on labor rights within global value chains [3,4], the concept of upgrading
has expanded to include social dimensions, thus giving rise to the concepts of social up-
grading. Unlike economic upgrading, social upgrading emphasizes the welfare of laborers,
entailing improvements in employment quality, higher income, better social security, and
greater social rights, thereby enhancing their social status and value [5]. The research on
economic and social upgrading has been relatively abundant. With the growing focus on
issues related to sustainable development of the ecological environment, the concept of
upgrading is gradually expanding towards the environmental domain [6]. This expansion
has led to the emergence of the concept of environmental upgrading. Environmental
upgrading, on the other hand, focuses more on the protection and improvement of the
ecological environment. Specifically, it can be seen as the process where businesses and
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other actors in the global value chains improve or minimize their environmental impact,
including production, processing, distribution, consumption, and disposal or recycling [7].

The extension of the concept of economic upgrading to encompass social and environ-
mental upgrading reflects a growing concern for sustainable development within global
value chains. In these chains, economic entities such as corporations, in pursuit of economic
upgrading, often engage in competitive behaviors for profit maximization. However, the
realization of more sustainable global production networks is contingent upon considering
the impacts on labor entities and the external environment [8,9]. The concepts of social
and environmental upgrading place greater emphasis on labor rights and environmental
protection, expanding the beneficiaries of value gains to include social and environmen-
tal domains and taking into account the externalities produced by economic upgrading.
Furthermore, the sustainability of social and environmental upgrading is also subject to
economic outcomes, including financial viability [6], implying that without a continuous
generation of profit surplus, it becomes challenging to provide corresponding safeguards
for labor rights and ecological well-being. Therefore, the interplay and negotiation among
social, economic, and environmental upgrading within the global production networks are
crucial for achieving sustainable development [6,10]. However, current research focuses
on the relationships either between economic and social upgrading or between economic
and environmental upgrading, with little attention paid to the interplay between these
three aspects. This paper aims to fill the gap by examining the coupling and coordination
of economic, social, and environmental upgrading in China from 1996 to 2020. Since
the reform and opening up in 1978, China’s rapid economic development has been ac-
companied by significant labor rights violations and environmental pollution, leading to
imbalanced development across economic, social, and environmental domains. However,
with China’s gradual shift towards high-quality development, certain progress has been
observed in environmental protection and the safeguarding of social welfare, offering some
advisory lessons for sustainable development models. The exploration of the development
process and the interrelationships among economic, social, and environmental upgrading
in China may contribute to the ongoing discussion about the sustainable development of
economic globalization.

In summary, the focus of research in global production networks has progressively
shifted from economic upgrading to social upgrading, and finally to environmental upgrad-
ing. To elucidate the interplay among economic, social, and environmental upgrading, this
study initially measures these three types of upgrading based on their respective theoreti-
cal underpinnings. Subsequently, it incorporates methods such as coupling coordination
degree and Granger causality tests to examine the causal relationships of these interactions
which are between the economic, social, and environmental upgrading in China from
1996 to 2020. This is followed by an analysis of their evolutionary trends. Additionally,
the study employs the inequality index to conduct a spatial pattern analysis of regional
disparities among these three aspects, providing temporal and spatial empirical insights
into their interactions. Finally, a panel regression model is utilized to reveal the influencing
factors of these relationships. This paper contributes empirical evidence from China on the
integrated interaction among the three types of upgrading, offering a theoretical foundation
for promoting coordinated development in economic, social, and environmental spheres.

2. Literature Review

In the context of global production networks, research pertaining to the trinity of
upgrading concepts often accentuates the developmental interrelations between economic
and social upgrading, or between economic and environmental upgrading [11]. The
discourse on economic and social upgrading predominantly emphasizes the influence and
impetus of the former on the latter. Early studies posited that social upgrading is a natural
concomitant of economic upgrading, presuming that the emergence of social upgrading is
an inevitability once a certain threshold of economic upgrading is reached. This suggested
a deterministic linkage where economic upgrading invariably leads to social upgrading.
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However, empirical research has progressively unveiled a more intricate relationship
between these two facets [12], indicating that their interplay is not a straightforward linear
causality [13,14]. For instance, in contrast to developed nations, economic upgrading in
developing countries less frequently translates into social upgrading [15]. This disparity
is particularly pronounced among specific demographic groups, such as women [16],
informal sector workers [17], or laborers positioned at the lower-value segments of the
value chain [12], where economic upgrading does not readily lead to social advancement.
Furthermore, the agency of laborers plays a pivotal role; workers, through means of protest
and strikes, can bolster their bargaining power to propel social upgrading [18], albeit
potentially at the cost of diminishing the global market competitiveness of enterprises,
thereby precipitating the economic downgrading [19]. Scholars therefore argued that
economic upgrading leading to social upgrading is not a natural process but relies on the
power relation between capital and labor and the way this relation is institutionalized [20].
In line with this argument, it is suggested that public governance plays a crucial role in
promoting the transformation process [1].

The scholarly investigation into the interplay between economic and social upgrading
is the most established, whereas the exploration of the relationship between economic
and environmental upgrading follows in maturity. The focus of research on economic
and environmental upgrading is on their intertwined and mutually influential processes.
Concurrent instances of environmental upgrading and downgrading exist within the ambit
of economic upgrading. For example, the digital transformation inherent in economic
upgrading can effectively enhance the clean production capacity of industries, thereby
reducing external pollution [21], and thus facilitating environmental upgrading through
economic advancement. Conversely, economic upgrading in developed regions could
potentially lead to the relocation of high-pollution industries to less developed areas,
creating “pollution havens” and resulting in a more severe environmental crisis, hence
contributing to an overall environmental downgrading [22]. The outcomes of economic
upgrading within the context of environmental upgrading are marked by uncertainty. The
costs required for green transformation in environmental upgrading are contingent upon
the profits generated by economic upgrading. For instance, supplier companies are often
burdened with costly environmental protection expenses imposed by leading enterprises
without a concomitant increase in profits, resulting in an economic downgrading even as
they achieve environmental upgrading, thus falling into a state of disequilibrium [7]. This
mutually constraining relationship between economic and environmental upgrading is
more prevalent in developing countries [6]. Additionally, the interplay between economic
and environmental upgrading can yield divergent outcomes across different economic
sectors. In the shipping industry, for example, strategies aimed at energy cost savings can
enhance product competitiveness, thereby promoting economic upgrading, while simulta-
neously contributing to environmental upgrading through reduced energy consumption
and carbon emissions, achieving a synergistic development of both [23]. However, in
the garment industry, situations arise where environmental upgrading occurs alongside
economic downgrading [24].

Research on the interrelation between social and environmental upgrading, though
less prolific, has revealed complex dynamics between these two aspects. The process of en-
vironmental upgrading can potentially lead regions to incur the costs of green growth [25],
thereby precipitating a decline in social welfare [26]. Conversely, it might foster social
upgrading through skill development for laborers, wage increases, and improvements
in working conditions. In this vein, laborers actively participate in greening production
processes, furthering environmental upgrading, and thereby achieving a synergistic devel-
opment of both social and environmental upgrading [27]. Instances of simultaneous decline
in both dimensions have also been documented [28]. Thus, the dyadic interactions among
social, economic, and environmental upgrading are intricately coupled and influenced by
a myriad of internal and external factors. Incorporating the interactive relationships and
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complex coupling mechanisms of these three types of upgrading into a unified framework
is essential [29], yet empirical evidence in this area remains scant [30].

Investigating the determinants influencing the achievement and interrelationships
of economic, social, and environmental upgrading represents another pivotal research
question [11,31]. Existing studies primarily focus on the impact of economic globalization
and local governance as key influencing factors. It has been observed that foreign direct
investment positively affects all three forms of upgrading [32–34]. Specifically, variations
in supply chain governance models can yield distinct outcomes in social, economic, and
environmental upgrading [35,36]. For instance, compared to market governance, cap-
tive and relational governance more robustly support the synchronized development of
these three types of upgrading [11]. Within the realm of local governance, the manage-
ment roles of national and government policies significantly influence these upgrading
processes [37,38]. Post-economic development, developing countries tend to emphasize the
coordinated advancement of economic, social, and environmental upgrading [39]. This is
achieved through intensified regulatory oversight and optimization of legal frameworks to
localize economic value, thereby facilitating the harmonized progression of the three types
of upgrading [40,41]. Smaller-scale local governments also strive for local benefits through
forms such as cooperatives [42].

In summary, current research tends to lean more towards examining the relationships
between economic and social upgrading as well as between economic and environmental
upgrading, with limited supplementary focus on the interplay between social and envi-
ronmental upgrading. There is a lack of integrated consideration of the complex coupling
of these three types of upgrading. Moreover, in terms of research scope, existing studies
predominantly concentrate on static, micro-level case studies, with an absence of macro-
level exploration of the dynamic interrelationships among the three types of upgrading.
There is potential for mutually beneficial, synergistic development among economic, social,
and environmental upgrading, as well as the possibility of relative disequilibrium or even
overall degeneration in all three areas. Important research topics include how to transform
the benefits of economic upgrading into social and environmental upgrading, how to
enhance the role of environmental upgrading in boosting regional economic benefits and
labor welfare, and how to motivate labor dynamism to foster an environment conducive to
technological innovation and ecological conservation, thereby enabling social upgrading to
positively influence economic and environmental upgrading.

3. Materials and Methods
3.1. Measurement of Economic, Social and Environmental Upgrading

Economic upgrading is the process through which enterprises enhance their innova-
tion and competitiveness, thereby achieving higher value-added gains. This comprehensive
concept includes four distinct types of upgrading: process upgrading, aimed at improving
production efficiency; product upgrading, involving the creation of advanced products;
functional upgrading, directed towards higher value-added production activities; and
chain upgrading, focusing on the adoption of new industrial technologies to create more
complex production chains. These enterprise-level activities have broader implications,
triggering economic growth, structural transformations, and improvements in quality at the
provincial or national level. These outcomes can be effectively gauged using corresponding
proxy variables [5]. In the context of this paper, provincial economic upgrading is assessed
across four dimensions: economic structure, economic efficiency, economic innovation, and
economic growth (Table 1). This measurement reflects the regional shift towards a higher
value-added economic structure, the enhancement of labor productivity and industrial
innovation capabilities, and the improvement of per capita output in economic growth.
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Table 1. Measurement of economic upgrading.

Primary Indicators Secondary
Indicators Proxy Variables Influence

Direction Weight

Economic structure

Change rate Lilien coefficient + 0.0970

Industrial upgrading
Industrial structure sophistication index
(Value added of tertiary industry/value

added of secondary industry)
+ 0.0833

Economic efficiency
Outcome conversion Profits from industrial enterprises above

designated size/main business income + 0.0462

Quality benefit Social labor productivity + 0.1170

Economic innovation

R&D investment R&D expenditure/GDP + 0.1063

R&D outputs Granted invention patent
applications/R&D expenditure + 0.0920

Innovation
environment

Per capita technology market
transaction value + 0.2895

Innovation efficiency
New product sales income from

industrial enterprises above designated
size/main business income

+ 0.1196

Economic growth Output growth Per capita GDP growth + 0.0490

The economic structure indicator aims to measure the speed of change and the depth
of transition in a region’s economic industry structure. To achieve this, the investigation
applied the Lilien coefficient [43] and an index that portrays the sophistication of the
industrial structure. The economic efficiency indicator determines the extent to which
economic upgrading is translated into tangible outcomes. It is measured through two proxy
variables: the ratio of profits from large-scale industrial enterprises to their main business
income, and the rate of social labor productivity. The economic innovation indicator
determines the degree of technological progress in economic production and its effect
on boosting production efficiency or raising product value. This is measured by four
proxy variables: the proportion of R&D expenditure in relation to GDP, the ratio of granted
invention patent applications to R&D expenditure, per capita technology market transaction
value, and the proportion of new product sales income from industrial enterprises above
a designated size to their main business income. The economic growth indicator reflects
the overall economic development of a region, applying per capita GDP growth as the
proxy variable.

Social upgrading involves the process of guaranteeing workers’ fundamental rights
and enhancing the standard of their employment. It depicts the degree and procedure
of enhancing workers’ welfare in global economic production. Social upgrading covers
different aspects such as employment, standards and rights at work, social protection, and
social dialogue [44]. It can be classified into four dimensions [5]: (1) Labor employment
should indicate sufficient job opportunities, appropriate compensation, and a secure and
healthy work environment. (2) Social security should guarantee job stability and support
workers’ immediate needs. (3) Basic rights should include prohibiting child labor, forced
labor, discriminatory practices, and poor working conditions while ensuring freedom of
association. (4) Social dialogue refers to a system where social and economic organiza-
tions collaborate with the government to resolve industrial relations conflicts, including
economic democracy, collective bargaining, and participation in labor policy formulation
and implementation. Therefore, regional social upgrading is the improvement of work-
ers’ employment quality, social security, basic work rights, and their rights to collective
bargaining. Based on these four dimensions, a comprehensive assessment framework
comprising four primary indicators and ten secondary indicators has been developed to
evaluate the level of the social upgrading of thirty provinces/municipalities/autonomous
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regions (hereinafter referred to as provinces, excluding Tibet, Hong Kong, Macao, and
Taiwan) in China (Table 2).

Table 2. Measurement of social upgrading.

Primary
Indicators Secondary Indicators Proxy Variables Influence

Direction Weight

Labor
employment

Job opportunities Current job openings registered by
businesses + 0.1491

Unemployment rate Unemployment rate − 0.0545

Remunerated
employment Average salary of urban employees + 0.1251

Social
security Social security Medical insurance coverage rate + 0.1333

Basic rights

Access to education Proportion of employed individuals with
a college degree or above + 0.0910

Gender equality Proportion of female workers + 0.0584

Union participation Ratio of union membership to total
employment + 0.0461

Social
dialogue

Negotiation and
consultation Success rate of labor dispute arbitrations + 0.0541

Union role Success rate of dispute mediation
involving unions + 0.1526

Economic democracy Number of implemented rational
suggestions + 0.1359

Table 2 illustrates that labor employment quantifies the improvement of job opportu-
nities and wage growth. This study measures job opportunities using two proxy variables:
the number of job openings registered by establishments during the current period and the
unemployment rate. Remunerated employment is proxied by the average salary of urban
employees. Social security signifies the degree of protection laborers receive in society,
which is measured by the medical insurance coverage rate. Basic rights underline the
assurance of essential rights that laborers should have, both as part of the labor force and
as social participants. This comprises three indicators: access to education, gender equality,
and union participation. Social dialogue encompasses the systems and channels through
which employees can correspond and negotiate with employers, governments, and other
stakeholders in a fair and democratic way. The measurement comprises three indicators:
negotiation and consultation, union roles, and economic democracy.

Environmental upgrading is the process through which actors, including firms, reduce
their environmental impacts via technological innovations, production process enhance-
ments, and management styles. This process entails reducing the harm inflicted on the
environment throughout the production system [7,30]. Environmental upgrading involves
both process and outcome components [45]. The process component of environmental
upgrading highlights the inputs of different actors into the environmental improvement
process, such as firms using greening technologies for production, local governments im-
plementing pollution control measures, and autonomous responses at the societal level [46].
The findings of environmental upgrading pertain mainly to the significant decrease in
local environmental impacts, encompassing the enhancement of energy efficiency, the mini-
mization of carbon dioxide emissions, and the mitigation of pollution in the environment.
Drawing on the aforementioned conceptual discernment and data validity at the provin-
cial level, this investigation delineates environmental enhancement at the regional level
across four dimensions: green innovation, green inputs, energy conservation and emis-
sion reduction, and pollution reduction achievements (Table 3). These dimensions gauge
green innovation prowess, local (provincial) environmental protection input, the efficacy of
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saved energy and reduced emissions, as well as results of environmental pollution control,
extending the single-dimensional quantification approach of previous studies [47,48] to
multiple dimensions.

Table 3. Measurement of environmental upgrading.

Primary Indicators Secondary Indicators Proxy Variables Influence
Direction Weight

Green innovation Green technology Percentage of green utility patents per capita + 0.3183

Green inputs
Government attention Investment completed for industrial pollution

control/industrial value added + 0.1349

Social participation Number of environmental proposals from
NPC deputies and CPPCC members + 0.1201

Energy conservation
and emission reduction

Energy efficiency Energy consumption/GDP − 0.0593

Carbon emission
efficiency Carbon dioxide emissions/GDP − 0.0462

Pollution reduction
achievements

Water pollution Wastewater treatment rate + 0.1433

Air pollution Industrial sulfur dioxide emissions/industrial
value added − 0.0481

Waste utilization Comprehensive utilization rate of industrial
solid waste + 0.1298

Green innovation reflects the level of green technology and related innovation and
development capacity, measured by the percentage of green utility patents per capita.
Green input refers to the local input to the process of greening the economy, including
both top-down (government attention) and bottom-up (social participation) inputs, and is
measured by investment completed for pollution control per unit of industrial value added
and the number of environmental proposals form NPC deputies and CPPCC members.
Energy conservation and emission reduction indicates the efficiency of energy conservation
and emission reduction in the process of economic development and is expressed in terms
of energy consumption per unit of GDP and carbon dioxide emissions per unit of GDP.
Pollution reduction achievements emphasize the treatment of environmental pollution
elements to reduce their negative impact on the environment, including three aspects:
water pollution, air pollution, and waste utilization, which are represented by three proxy
variables: wastewater treatment rate, sulfur dioxide emissions per unit of industrial value-
added and comprehensive utilization rate of industrial solid waste, respectively.

This paper uses a combination of the entropy weighting method and the CRITIC allo-
cation method to determine the weights of the above indicators to calculate the composite
index. The entropy weighting method determines the indicator weights by calculating
the entropy value of each indicator, and the CRITIC assignment method determines the
indicator weights by the comparison intensity of the indicators and the conflict between the
indicators, and the combination of the two takes into account both the correlation between
the indicators and the degree of dispersion between the indicators. The indicator weights
were determined with reference to existing research [49]. After nondimensionalizing the
original data using the range method, this study calculated the CRITIC weight (wj1) and the
entropy weight (wj2) for the indicator j. Assuming equal importance of the two weighting
methods, the combined weight (wj) can be computed as follows:

wj = 0.5wj1 + 0.5wj2 (1)

Finally, the aggregate of the weights provides the comprehensive index for each system:

Us =
n

∑
j=0

wjX′
ij (2)
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Here, X′
ij is the nondimensionalized variable, i represents a specific year and region, j

represents a specific indicator, Us stands for any one of economic, social, or environmental
upgrading, and n signifies the number of indicators.

3.2. Research Methods
3.2.1. Model of Coupling Coordination Degree

This paper uses the coupling coordination degree model to depict the relationships
among economic, social, and environmental upgrading. The model is widely used to
quantify the coupling conditions and coordinated developmental relationships between dif-
ferent systems, with applications in fields such as urbanization and ecological environment
studies [50]. The degree of coupling reflects the synchronicity among the three systems,
while the coupling coordination degree additionally considers the developmental levels of
the systems themselves, thereby representing a composite picture of their synchronicity
and individual developmental progress. In other words, the coupling coordination degree
not only portrays the synchronous relationship among economic, social, and environmental
upgrading but also takes into account their individual advancements. A high degree of
coupling coordination indicates not just parallel development among the three but also
their concurrent enhancement, thus illustrating the synergistic elevation of all three types of
upgrading. Similarly, this model can also represent the synchronized development between
any two of these upgrading types. The paper employs a revised formula for the coupling
coordination degree model [51]:

C =

√√√√√[1 −
∑n

s′>s,s=1

√
(Us′ − Us)

2

∑n−1
m=1 m

]× (
n

∏
s=1

Us

maxUs
)

1
n−1

(3)

T =
n

∑
s=1

αs × Us,
n

∑
s=1

αs = 1 (4)

D =
√

C × T (5)

Here, C represents the coupling degree, T stands for the degree of development, and
D is the coupling coordination degree; Us refers to any one of the economic, social, or
environmental upgrading, and Us′ refers the others excluding Us. αs is a specific weight.
Based on the fact that the three types of upgrading are equally important in the study [52],
the value of αs was set to 1/2 in the model of any two upgrading and 1/3 in the model
of all three types of upgrading together in this study. Based on the numerical levels of
coupling coordination degree and the three types of upgrading derived from the study,
and referring to the existing study [53], the equal interval division method [54] was used
to classify the coupling coordination degree stage into five categories (Table 4). A value
below 0.4 indicates imbalanced coupling coordination, where any two or all three types of
upgrading do not interact in a mutually supportive way, while a value above 0.4 indicates a
coordinated state of mutual supportiveness between any two or all three types of upgrading
in the region.

Table 4. Stage of coupling coordination degree.

Coupling Coordination Degree Division of Developmental Stages

(0, 0.2] Severe imbalance
(0.2, 0.4] Moderate imbalance
(0.4, 0.6] Low coordination
(0.6, 0.8] Low coordination
(0.8, 1] Advanced coordination
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3.2.2. Inequality Index

The inequality index is utilized to measure the degree of disparity among different
regions, thereby delineating the changing trends of regional disparities across different
years. This study employs the Theil index to depict the variations in economic upgrading,
social upgrading, and environmental upgrading across various regions. The formula is [55]:

Theil =
1
n

n

∑
i=1

yi
y

ln
(

yi
y

)
(6)

Here, n signifies the number of regions (30 provinces/municipalities directly under
the central government/autonomous regions), i corresponds to the region, yi represents the
relevant numerical series intended for measurement in region i (namely economic, social,
and environmental upgrading), and y denotes the average of yi. The Theil index can also be
decomposed to assess the level of imbalance among the four major regions: East, Central,
West, and Northeast China. The formula for this decomposition is [56]:

TInter =
K

∑
k=1

Yk × ln

(
Yk
nk
n

)
(7)

In this formula, TInter is the inter-regional (inter-group) disparities, Yk is the ratio of
social, economic, or environmental improvement in region k to the total composite index, nk
is the number of districts in region k. K is the total number of districts, which is 4 (including
East, Central, West, and Northeast China).

3.2.3. Granger Causality Test for Panel Data

In order to demonstrate the causality of the interactions behind the coupling coordi-
nation of economic, social, and environmental upgrading, this study utilizes the Granger
causality test. The Granger causality test analyses the causal relationship between the two
in terms of temporal sequencing and is modeled as follows [57]:

yi,t = αi +
K

∑
k=1

γ
(k)
i yi,t−k +

K

∑
k=1

β
(k)
i xi,t−k + εi,t (8)

Here, αi is the constant term, εi,t is the error term, γ and β are the regression coefficients,
and K is the maximum lag order of x and y. The null hypothesis is H0: β(k) = 0 for any k,
and the alternative hypothesis is H1: there exists k such that β(k) ̸= 0. If the null hypothesis
is rejected, then x is the granger cause of y, and similarly it can be tested if y is the granger
cause of x.

3.2.4. Panel Regression Model and Research Hypotheses

Panel regression models are used to reveal influencing factors of the coupling coordi-
nation relationship of three types of upgrading. The ordinary least squares (OLS) approach
provides a direct measure of the relationship of influence, while the fixed effects (FE) model
accounts for the impact of individual factors. However, these models inadvertently sidestep
issues related to heteroscedasticity and serial autocorrelation. To address these biases, the
feasible generalized least squares (FGLS) estimation method was used in this study [58].
The regression model is formulated as follows:

Dit = C + βiXit + ai + εit (9)

Here, i stands for the region, t represents the year, Dit denotes the coupling coor-
dination of the economic, social, and environmental upgrading in each region, and Xit
represents a set of explanatory variables. Further, βi is the regression coefficient, ai indicates
the FE associated with the region, C is the constant, and εit is the random error term.
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The relationship between economic, social, and environmental upgrading is influ-
enced by a combination of market, government, and institutional factors such as economic
privatization, economic globalization, public governance, legal environment, corporate
violations of law, and environmental regulation [11,31,59]. First, economic privatization
poses challenges to the coupling coordination of economic, social, and environmental up-
grading. A higher level of regional economic privatization, indicative of a larger proportion
of private enterprises, leads to intensified internal market competition. This often results
in myopic corporate behavior, which tends to overlook labor rights and environmental
protection, thereby shifting more negative externalities of production onto society and
the environment. Such a scenario hampers the ability of economic upgrading to drive
social and environmental upgrading, adversely affecting their coupled and coordinated
development. In contrast, state-owned capital focuses not only on the transformation and
upgrading capabilities of enterprises [60] but also on safeguarding labor rights [61] and
assuming responsibility for environmental protection [62], thus acting as a facilitator for
the coupling coordination of economic, social, and environmental upgrading. In this study,
the degree of economic privatization is measured by the proportion of non-state-owned
economy in industrial sales (NSTAT), an index representing the revenue of non-state-owned
industrial enterprises as a percentage of total industrial sales [63].

Second, economic globalization positively impacts the coupling coordination of eco-
nomic, social, and environmental upgrading [64–66]. The entry of global capital into local
markets spurs investment and technology transfer, catalyzing regional economic growth
and transformative upgrading. This process not only creates employment opportunities but
also introduces green technologies and sustainable management philosophies. Moreover,
leader firms, adhering to their corporate social responsibility (CSR) mandates, contribute to
societal and environmental advancements. These corporations often mandate local supplier
firms to improve labor conditions, provide social insurance, comply with clean production
standards, and reduce pollutant emissions. Economic globalization is quantified using the
per capita foreign direct investment (ln(pIFDI)).

Third, effective public governance contributes to the coupling coordination of these
three types of upgrading. Local governmental officials, incentivized by promotion assess-
ment mechanisms, actively drive regional economic development and industrial upgrad-
ing [67]. They also amplify their focus on ecological management and pollution control
investments, thereby facilitating both economic and environmental upgrading. Concur-
rently, as representatives of public welfare, governments have the onus to protect labor
rights and mitigate environmental pollution. This is typically achieved through enact-
ing labor policies, executing employment strategies, enhancing welfare systems [20], and
establishing and implementing ecological legal frameworks, alongside bolstering green
industry investments [68]. The metric for public governance ability is the per capita fiscal
expenditure (ln(pFE)).

Fourth, a robust legal environment is instrumental in harmonizing the coupling co-
ordination of economic, social, and environmental upgrading. A well-established legal
framework is crucial in attracting businesses [69], fostering a competitive market ecosystem,
and laying the groundwork for economic upgrading. Regions with a higher legal safeguard
standard exhibit elevated social transparency [70], effectively channeling and addressing
labor concerns regarding rights and environmental improvements. This ensures the protec-
tion of labor rights and the amelioration of working conditions, thereby facilitating green
industry upgrading and motivating workforce innovation and entrepreneurship, which
are vital for economic and environmental progress. The legal environment is assessed
through the index of development of market intermediaries and the legal system environ-
ment [71], representing the external environment’s support and protection for local market
development (LAW).

Fifth, corporate violations of law are detrimental to the coupling coordination of
the three. Certain enterprises, in pursuit of transformation and upgrading strategies like
automation, relocation, or mergers, often overlook labor rights and breach labor contract
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laws. Others transfer polluting processes to regions with underdeveloped regulatory
frameworks, leading to environmental downgrading. Thus, economic upgrading founded
on violations and illegality fails to concurrently elevate social and environmental upgrading.
The corporate violation is measured by the proportion of fines and forfeitures in the
GDP (FP_GDP).

Lastly, environmental regulation plays a crucial role in facilitating the coupling co-
ordination of economic, social, and environmental upgrading. Such regulation drives
technological innovation via the “innovation compensation effect” [72], compelling en-
terprises to revamp their production methods [40], adopt green and clean technologies,
and enhance international competitiveness, thereby fostering both economic and environ-
mental upgrading [73,74]. The transition to a low-carbon, green economy propelled by
environmental regulation generates new green job opportunities [41], elevates employment
standards, and thus promotes social upgrading. The extent of environmental regulation is
gauged by the count of environmental penalty cases (ln(ER)). The statistical outcomes of all
the elements in the panel regression models are delineated in Table 5. Based on the analysis
of the above model and related influencing factors, two research hypotheses are proposed:

Hypothesis 1: Economic globalization, public governance, legal environment, and environmental regu-
lation positively influence the coupling coordination of economic, social, and environmental upgrading.

Hypothesis 2: Economic privatization and corporate violations of law tend to have a negative
impact on the coupling coordination of economic, social, and environmental upgrading.

Table 5. Descriptive statistics for variables in regression model.

Regression
Variables Measurement Indicators Mean Median Maximum Minimum Variance Observation

D Degree of coupling
coordination 0.413 0.397 0.740 0.251 0.073 750

NSTAT
Index of non-state
economy’s share in

industrial sales
6.034 5.891 12.796 −1.092 3.426 750

ln(pIFDI) Logarithm of per capita
foreign direct investment 8.764 8.625 14.442 4.018 1.460 750

ln(pFE) Logarithm of per capita
fiscal expenditure 8.085 8.374 11.013 3.000 1.512 750

LAW

Index of development of
market intermediaries and

the legal system
environment

4.914 3.713 14.297 −0.736 3.329 750

FP_GDP Ratio of fines and forfeitures
in fiscal revenue to GDP 0.003 0.003 0.007 0.001 0.001 750

ln(ER) Logarithm of environmental
penalty cases 7.367 7.436 10.718 1.386 1.395 750

3.3. Data Sources

This study covers 30 provinces in China (excluding Tibet, Hong Kong, Macao, and
Taiwan) from 1996 to 2020, forming a research sample of 750. Data were obtained from
the China Statistical Yearbook, China Statistical Yearbook On Environment, China Envi-
ronmental Yearbook, China Energy Statistical Yearbook, China Labor Statistical Yearbook,
China Social Statistical Yearbook, China Urban Statistical Yearbook, provincial statistical
yearbooks, and the National Bureau of Statistics and the report of the Marketability In-
dex [63] for the corresponding years. Some missing data were supplemented by linear
interpolation.
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4. Evolution and Regional Disparities in the Coupling Coordination between Economic,
Social, and Environmental Upgrading
4.1. Evolution of Economic, Social and Environmental Upgrading

Figure 1 illustrates the changing characteristics of the mean values of the composite
indices for economic, social, and environmental upgrading in China. From 1996 to 2020, the
index for social upgrading in China rose from 0.22 to 0.36, overall exhibiting a trend of initial
decline followed by a rise. Prior to 2002, the level of social upgrading consistently declined,
while post-2002, it maintained an upward trajectory. In contrast to social upgrading,
economic upgrading demonstrated a continual upward trend, escalating from 0.11 in 1996
to 0.27 in 2020. Similarly, environmental upgrading showed a relatively stable growth trend,
rapidly increasing from 0.18 in 1996 to 0.46 in 2020, with a faster growth rate compared
to social and economic upgrading. The primary cause for the social downgrade prior
to 2002 was the mid-1990s reform of state-owned enterprises, which led to millions of
workers being laid off or compelled to enter a highly competitive labor market [75]. This
market-oriented reform dismantled the “iron rice bowl” of stable employment and income
provided by the state sector during the early socialist era [76], resulting in the loss of stable
jobs and a decline in social welfare coverage for housing, pensions, children’s education,
and healthcare [77].
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Figure 1. The flux in the indices for economic, social, and environmental upgrading.

4.2. Regional Disparities in Economic, Social and Environmental Upgrading

Figure 2a illustrates that the regional disparities in economic upgrading are substantial
and increasingly pronounced, indicating that developed regions have a stronger capacity
for economic upgrading compared to underdeveloped areas. The disparities in social up-
grading are relatively minor and stable, with an upward trend followed by a decrease after
the 2008 economic crisis, but overall, the differences among regions remain small. The range
of regional differences in environmental upgrading is notable, showing a decreasing trend
in the early stages of the economic crisis and subsequently a gentle increase. Overall, these
disparities are relatively minor and comparable to those in social upgrading. Integrating
the insights from Figures 1 and 2a reveals that despite the ongoing development in social
upgrading in China since 2002, there has been no intensification of regional disparities.
The issue of geographical imbalance in social upgrading is less significant compared to
economic upgrading. The spatial disparities in environmental upgrading, after the eco-
nomic crisis, are comparable to those in social upgrading but significantly lesser than in
economic upgrading (Figure 2b). From the perspective of inter-group disparities, the great-
est disparities in economic upgrading are observed among the eastern, central, western,
and northeastern regions, with the eastern region significantly outpacing the others in
terms of economic development. Among the remaining regions, the northeast exhibits
comparatively rapid progress and a higher degree of economic advancement, while the
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central region marginally surpasses the west, though the difference is minimal. In terms
of social upgrading, the eastern region also leads, with the northeast and central regions
displaying similar levels that are collectively higher than the western region. However,
the variation across all four regions is less pronounced in social upgrading compared to
economic upgrading. For environmental upgrading, the eastern region again ranks highest,
followed by the central region, which exceeds both the northeast and the west. Neverthe-
less, the regional disparities in environmental upgrading are still lower on average than
those in economic upgrading. Moreover, the extent of regional differences in economic
upgrading significantly increased after the economic crisis, and the regional disparities
in environmental upgrading also noticeably intensified in the years following the crisis,
whereas the inter-group disparities in social upgrading align with the overall trend of
differences (Figure 2b).
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(a) The evolutionary trend of regional disparities from 1996 to 2020 based on provincial-level unit;
(b) The evolutionary trend of regional disparities from 1996 to 2020 based on inter-group unit (East,
Central, West, and Northeast China).

Due to the significant influence of marketization factors, economic upgrading tends to
foster regional imbalances in development under the impact of agglomeration effects [71].
In contrast, social and environmental upgrading are more heavily regulated by govern-
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mental and institutional factors. For example, the Chinese government, by refining labor
contract laws and environmental protection regulations, has enhanced the protection of
labor rights and the strength of ecological preservation, thereby restraining the exploitation
of labor and pollution of the environment by capital [78]. These governmental interventions
contribute to the regional equilibrium in social and environmental upgrading. However,
compared to social upgrading, environmental upgrading is more closely tied to the process
of economic upgrading. After the economic crisis, the developed coastal regions in the east
underwent industrial upgrading, accompanied by the spatial relocation of labor-intensive
and high-pollution industries. The acceptance of low value-added and high-pollution
industries transferred from the eastern region by less developed areas outside the eastern
region has led to an exacerbation of disparities in both economic and environmental up-
grading compared to the eastern region. This shift consequently intensified the inter-group
disparities in both economic and environmental upgrading.

4.3. Granger Causality Test for Economic, Social and Environmental Upgrading

This study utilizes the Granger causality test model to examine the causal interactions
among economic, social, and environmental upgrading. The unit root test was conducted
for these three variables, and upon application of the Levin–Lin–Chu (LLC) and augmented
Dickey–Fuller (ADF) tests, it was determined that cointegration could only be achieved
at the first difference sequence. Subsequently, a cointegration test was conducted, and
the Engle–Granger two-step method confirmed a cointegration relationship among the
three variables, warranting a Granger causality analysis [79]. The results (Table 6) indicate
that social upgrading (SocU), economic upgrading (EcoU), and environmental upgrad-
ing (EnvU) can be considered mutual Granger causes within lag periods of two to four,
revealing the interactive relationships among them.

Table 6. Results of Granger causality test.

Null Hypothesis:
Lags: 2 Lags: 3 Lags: 4

F-Statistic Prob F-Statistic Prob F-Statistic Prob

SocU does not Granger Cause EcoU 6.66 0.00 4.31 0.01 3.87 0.00
EcoU does not Granger Cause SocU 19.12 0.00 10.71 0.00 7.71 0.00
SocU does not Granger Cause EnvU 3.76 0.02 3.53 0.01 3.00 0.02
EnvU does not Granger Cause SocU 50.72 0.00 32.02 0.00 23.34 0.00
EnvU does not Granger Cause EcoU 7.57 0.00 6.33 0.00 6.11 0.00
EcoU does not Granger Cause EnvU 5.86 0.00 4.93 0.00 3.16 0.01

4.4. The Degree of Coupling Coordination of Economic, Social and Environmental Upgrading

Figure 3 reveals a clear trend in the development of the coupling coordination de-
gree between economic, social, and environmental upgrading. The coupling coordination
degree of social–economic (Soc–Eco), social–environmental (Soc–Env), and economic–
environmental (Eco–Env) upgrading have, respectively, increased from 0.40 to 0.58, from
0.33 to 0.49, and from 0.33 to 0.48. However, the trajectory of Soc–Env shows a marked
difference compared to the other pairs. The overall trend of the Soc–Env coupling co-
ordination stage has been fluctuating, experiencing a dip to a moderate imbalance level
between 1996 and 2002, followed by a consistent rise to approach a moderate coordina-
tion stage by 2020. Before 2002, the development trends of social and environmental
upgrading, which Soc–Env represents, were inversely related. With China’s preliminary
establishment of an environmental regulatory framework in the 1990s and the imple-
mentation of initiatives like “One Order, Two Goals” policies (the “One Order, Two
Goals” policies are the environmental regulation adopted by the Chinese government
to reduce pollution. The term “One Order” implies the enforcement of total emission
control for pollutants, mandating that emissions from industrial sources comply with
either national or regional standards. “Two Goals” refers to the requirement that the
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environmental air and surface water quality in cities directly under the central govern-
ment, provincial capitals, cities in special economic zones, coastal open cities, and key
tourist cities, adhere to specific national standards designated for different functional
zones. https://www.gov.cn/guoqing/2012-04/10/content_2584066.htm (accessed on
10 November 2023)) after 1996, continuous environmental upgrading occurred. In con-
trast, the wave of marketization reforms and layoffs in state-owned enterprises led to a
short-term decline in Soc–Env coordination due to social downgrading. After 2002, with
the ongoing occurrence of social and environmental upgrading (as depicted in Figure 1),
the Soc–Env coordination steadily improved. Over twenty-five years, both the Soc–Eco and
Eco–Env coordination levels evolved from a moderate imbalance to a low coordination
stage, with their development trends largely converging. The stable increase in the coupling
coordination of economic upgrading with the other types reflects China’s transition from
an economy-centric to a high-quality development model.
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Figure 3. Trends of average coupling coordination degree among economic, social, and environmental
upgrading, both in pairs and as a whole.

The coupling coordination degree of economic, social, and environmental upgrading
(Soc–Eco–Env) increased from a moderate imbalance level of 0.35 to a low coordination
level of 0.51 over a span of 25 years (Figure 3). This evolution was marked by a declin-
ing trend prior to 2002 due to factors like social downgrading (as illustrated in Figure 1),
followed by a notable ascending trend thereafter. On one hand, economic upgrading has
been a critical driver for social and environmental upgrading. Persistent profits not only
stimulate vitality among various entities, leading to social and environmental upgrading in
the primary distribution phase but also provide the economic foundation for labor welfare
and environmental compensation in the secondary distribution phase. Alongside marketi-
zation reforms and China’s accession to the WTO, the continuous emergence of economic
upgrading has been ensured, while the establishment of labor contract laws and envi-
ronmental protection regulations has guaranteed the genesis of social and environmental
upgrading. On the other hand, social upgrading, by enhancing labor quality, has optimized
the innovation environment and improved production efficiency [80]. Meanwhile, envi-
ronmental upgrading, through green innovation, has not only increased efficiency and
reduced energy consumption in production but also expanded the blue ocean market (the
blue ocean market refers to a market that has little or no competition, and therefore offers
high potential for growth and profits. It is a market where the existing rules of the game
are irrelevant or can be changed by the actions and beliefs of the industry players. What Is
Blue Ocean? Definition in Markets and Characteristics (investopedia.com) (accessed on
10 November 2023)), thereby bolstering the overall international competitiveness of the

https://www.gov.cn/guoqing/2012-04/10/content_2584066.htm
investopedia.com
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industry and providing a significant impetus for economic upgrading. Moreover, social
upgrading has elevated labor rights, enabling workers to strive for a quality environment
and engage in green innovation. Concurrently, environmental upgrading, through tech-
nological training, job expansion, and improved working conditions, has enhanced labor
welfare and productivity [81,82], laying a foundation for the synergistic development of
these three types of upgrading.

5. Factors Influencing the Coupling Coordination among Economic, Social, and
Environmental Upgrading
5.1. Panel Regression Model Tests

The unit root problems in the data can lead to spurious regression results; hence, it
is essential to conduct unit root tests. The Levin–Lin–Chu (LLC) and augmented Dickey–
Fuller (ADF) tests (Table 7) reveal that the regression models achieve same-order integration
at first difference. Utilizing the KAO and Pedroni test methods (Table 8) for cointegration
testing confirms the existence of cointegration relationships within the regression models,
justifying the use of panel regression analysis. During the panel model selection process, the
F-test indicates the rejection of the mixed effects model, while the Hausman test suggests the
adoption of the fixed effects model. Considering the significant regional disparities among
provinces and the short panel nature of the data, individual fixed effects are employed for
regression analysis.

Table 7. Results of unit root test.

Variable
LLC ADF Stationarity

Statistic p-Value Statistic p-Value State

D −4.19 0.00 73.31 0.12 Non-stationary
∆D −19.94 0.00 407.59 0.00 Stationary

NSTAT 2.21 0.99 54.02 0.69 Non-stationary
∆NSTAT −15.07 0.00 299.77 0.00 Stationary
ln(pIFDI) 1.22 0.89 85.59 0.02 Non-stationary

∆ln(pIFDI) −13.24 0.00 366.03 0.00 Stationary
ln(pFE) −3.63 0.00 154.34 0.00 Stationary

∆ln(pFE) −5.25 0.00 292.16 0.00 Stationary
LAW −5.31 0.00 108.76 0.00 Stationary

∆LAW −16.44 0.00 362.22 0.00 Stationary
FP_GDP −4.07 0.00 115.49 0.00 Stationary

∆FP_GDP −17.18 0.00 339.96 0.00 Stationary
ln(ER) −5.20 0.00 110.55 0.00 Stationary

∆ln(ER) −25.00 0.00 529.61 0.00 Stationary

Table 8. Results of panel cointegration test.

Methodology
KAO Pedroni

ADF-Statistic Panel PP-Statistic Panel ADF-Statistic Group PP-Statistic Group ADF-Statistic

Statistic −5.79 −3.72 −4.65 −10.25 −6.58
p-value 0.00 0.00 0.00 0.00 0.00
Result Reject the null hypothesis

5.2. Regression Results

Based on the ordinary least squares (OLS), fixed effects (FE), and feasible generalized
least squares (FGLS) models, regression analysis was conducted, with the results presented
in Table 9. The coefficient of the economic privatization variable was negative across
all models at the 1% significance level, indicating that economic privatization adversely
affects the coupling coordination of economic, social, and environmental upgrading. Non-
state enterprises, often prioritizing economic benefits, tend to overlook labor welfare and
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environmental protection, making it more challenging for workers to advocate for their
rights, including a clean working environment [83].

Table 9. Results of panel regression.

Dependent Variable Model 1
OLS

Model 2
FE

Model 3
FGLS

NSTAT −0.005 *** −0.003 *** −0.002 ***
ln(pIFDI) 0.001 0.020 *** 0.019 ***
ln(pFE) 0.015 *** 0.013 *** 0.013 ***
LAW 0.003 *** 0.007 *** 0.007 ***

FP_GDP −5.339 *** −7.639 *** −5.760 ***
LNER 0.007 *** 0.005 *** 0.003 **

Constant 0.194 ** 0.098 ** 0.110 ***
N 750 750 750
R2 0.629 0.852 0.851

Adjusted-R2 0.626 0.845 0.844
F-test 209.59 *** 117.28 *** 116.67 ***

Note: ** denotes statistical significance at a level of p < 0.05, and *** denotes statistical significance at a level of
p < 0.01; the values within parentheses represent standard deviation.

The coefficient of the economic globalization variable was significantly positive at the
1% level in models 2 and 3, suggesting that higher levels of economic globalization in a
region are conducive to the coupling coordination of economic, social, and environmental
upgrading. The influx of foreign capital provides ample employment opportunities and
advanced environmental technologies and management styles. This also drives local
enterprises to develop and improve labor rights through competitive effects [84], further
promoting the development of green production modes [66], and aiding in the synergistic
development of economic, social, and environmental upgrading.

The coefficient of the public governance variable was significantly positive at the 1%
level, illustrating that strong governmental influence is beneficial for the coupling coordina-
tion of economic, social, and environmental upgrading. Adequate government finances not
only facilitate effective subsidization of labor and environmental pollution control but also
empower investment in regional industrial chain upgrading and integration, improving
production technology, and promoting green production. This assists in transforming the
benefits of economic upgrading into social and environmental upgrading, leading to their
collective enhancement.

The coefficient of the legal environment variable was positively significant at the 1%
level across all models, indicating that a sound legal environment is advantageous for the
coupling coordination of economic, social, and environmental upgrading. A stable legal
environment implies market stability, thus attracting capital and creating jobs while ensur-
ing healthy internal market competition, beneficial for the protection of labor rights. The
transparency and stability of the legal environment not only facilitate economic upgrading
by reducing transaction costs but also internalize external costs like pollution, effectively
driving corporate accountability and environmental upgrading.

The coefficient of the corporate violation variable was negatively significant at the 1%
level, signifying that corporate illegal activities have a negative impact on the coupling
coordination of economic, social, and environmental upgrading. Frequent corporate viola-
tions imply flaws in the local business environment, impeding industrial transformation
and upgrading. Non-compliance with labor and environmental laws hinders the protection
of labor rights and clean production process innovations, further obstructing the possibility
of workers driving benefit innovation and green innovation and hindering the emergence
of social and environmental upgrading.

The coefficient of the environmental regulation variable was positively significant at
the 1% level, meaning environmental regulation positively influences the coupling coordi-
nation of economic, social, and environmental upgrading. On one hand, environmental
regulation, by enhancing environmental protection legislation and enforcement, creates an
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economic and social system conducive to green production, such as corresponding green
financial and other productive service industries [85], fostering an innovative environment
and promoting economic upgrading. On the other hand, promoting green transformation
also creates employment opportunities, provides training and management opportunities,
enhances labor quality and rights, and improves the overall employment level [86,87],
facilitating the synergistic development of social and environmental upgrading.

6. Discussion and Conclusions
6.1. Discussion

The empirical results of the Granger causality analysis in the article further corroborate
the interactive relationships among economic upgrading, social upgrading, and environ-
mental upgrading, as previously established in studies [6,27,88]. This addresses the gap in
unified empirical research on economic, social, and environmental upgrading [30]. More-
over, it verifies that economic upgrading does not necessarily lead to social upgrading [12].
Social and environmental upgrading can be preemptively enhanced through top-down
forces such as government intervention, rather than being driven by economic upgrading.
The regional disparities in the results, especially after the economic crisis, reveal a signifi-
cant divergence between the coastal eastern regions and other areas. This is attributed to
the relocation of labor-intensive, highly polluting, and low-value-added industries from
the eastern coastal areas to the inland, thereby widening the gap in terms of economic,
social, and environmental upgrading. This phenomenon further confirms the “pollution
haven hypothesis” [22] and highlights the evolving trend of industrial relocation from
China’s eastern regions to other areas [89]. Contrary to previous studies [6,15], China, as the
largest developing country, has not fallen into a predicament where economic upgrading
is mutually constrained by social or environmental upgrading. Lastly, in the analysis of
influencing factors, panel regression results show that top-down government governance,
environmental regulation, and the strength of the state economy can effectively promote the
coordinated development of local economic, social, and environmental upgrading, partially
confirming existing research [27,88]. Additionally, the level of foreign investment also
effectively fosters the development of local economic, social, and environmental upgrading,
aligning with previous study conclusions [32–34].

6.2. Conclusions

In this study, the concepts of economic upgrading, social upgrading, and environmen-
tal upgrading are consolidated into an integrated analytical framework. This approach
facilitates an examination of their interrelationships and determinants through a lens of
coupling coordination, providing macro-level longitudinal empirical evidence of the triad’s
interaction. This not only substantiates but also extends prior empirical inquiries into the
dyadic relationships of the three types of upgrading, thus supplementing an empirical
groundwork for future theoretical explorations into the dynamics and influencers of these
interconnected upgrading. And the quantitative approach of this unified framework not
only serves as a reference for empirical studies based on administrative units in other
regions but also offers viable insights for a comparative and investigational platform con-
cerning the unified coupling relationship of the three aspects. This progressively broadens
the understanding and perception of the interactive effects of the three types of upgrading
within the global production network. Through long-term evolutionary analysis, this
method facilitates a more profound exploration of the mechanisms of interaction among
the three types of upgrading and also provides a referential viewpoint for further investiga-
tion into their influencing factors. In recognition of the significant provincial disparities
in China, this study enriches the diversity of research samples, thereby facilitating the
validation of the interrelationships among the three types of upgrading. This approach
yields more complex empirical results. Moreover, the Chinese case exemplifies the critical
role of government action. The study reflects the tangible impacts of government gov-
ernance, environmental regulation, and state economy in fostering social and economic
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upgrading, contributing insights to the sustainable development of global production
networks, and offering reference for local governance in these three types of upgrading.
The findings over the past quarter-century since 1996 underscore significant enhancements
in economic, social, and environmental upgrading in China, with the coupling coordination
degree rising from 0.35 to 0.51. This tangentially reflects the efficacy of China’s transition
towards a paradigm of high-quality development. Two primary insights emerge at the
level of regional disparities: first, the regional variances in economic upgrading surpass
those in social and environmental upgrading, attributable to the latter’s susceptibility to
national governance mechanisms. The coupling coordination of any two or all three of
these upgrading has seen consistent augmentation, yet they linger in the low stage of
coordination. Collectively, the interplay among these three types of upgrading in China is
inclined towards a benign, synergistic evolution, with the interrelations between social–
economic, economic–environmental, and economic–environmental upgrading exhibiting
predominantly positive facilitative effects. The regression analyses elucidate that factors
such as economic globalization, public governance, legal environments, and environmental
regulations positively sway their coupling coordination degree, whereas variables like
economic privatization and corporate violation have adverse effects. This suggests that
promoting participation in global production networks, strengthening the role of public
governance, and improving the quality of the institutional and regulatory environment
can enhance the coupling coordination of economic, social, and environmental upgrading,
thereby promoting socio-economic and ecologically sustainable development.

The research into the interrelations among these three types of upgrading is in essence
an investigation into whether the amplification of labor rights and ecological environ-
mental enhancements can reap the benefits of economic profit growth, aiming for more
sustainable global production networks. We found that government intervention is key
in balancing economic, social, and environmental development. Policymakers should
enhance environmental regulation, improve monitoring technologies, and invest in eco-
innovation. They should also create platforms for labor feedback and skill training to ensure
sustainable regional development in global production networks. Businesses need a holistic
approach, integrating economic efficiency with social and environmental responsibilities,
like upskilling employees and developing cleaner technologies for market competitiveness.
Moreover, our study offers a comprehensive framework for researchers to understand the
interplay between economic, social, and environmental upgrading in global production
networks, serving as a methodological and empirical reference for further research in this
field. Future scholarly endeavors might probe deeper into the interplay of these three
types of upgrading across diverse regional contexts and how this interplay unfolds at the
firm level. Through comparative research, efforts should be directed to uncover factors
conducive to the coupling coordination of economic, social, and environmental upgrading,
seeking policy frameworks and institutional arrangements at various scales—national,
regional, and corporate—that support their harmonious and coordinated progression.
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