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Abstract 

Green finance serves as a critical enabling instrument and resource-allocation mechanism, 

while the green transformation of the manufacturing industry constitutes both the core 

implementation domain and the ultimate objective of industrial upgrading. The effective 

coupling and coordinated development between these two dimensions represent a key pathway 

for achieving sustainable competitiveness. This study investigates how green finance develops 

in conjunction with the green transformation of manufacturing and examines whether the 

interaction between these two processes contributes to sustainable competitiveness. Using 

provincial-level data for 30 Chinese provinces over the 2011-2023 period, separate 

multidimensional indicator systems are developed to quantify green finance development and 

the green transformation of manufacturing. The empirical framework combines several 

complementary techniques: entropy-weighted TOPSIS for green finance assessment, a super-

efficiency SBM model for manufacturing transformation, an improved coupling-coordination 

model for evaluating their interaction, Dagum Gini decomposition for regional disparities, and 

kernel density estimation for distributional dynamics. Sustainable competitiveness is 

represented by the degree of coordination between the two systems, reflecting the extent to 

which financial development and manufacturing transformation progress in a mutually 

compatible manner while supporting economic and environmental objectives. The empirical 

results reveal a general upward trajectory in coordination between green finance and 

manufacturing transformation, suggesting that their development has become increasingly 

synchronized across Chinese provinces. Despite this overall improvement, substantial spatial 

heterogeneity remains: provinces in the eastern region generally exhibit stronger coordination 

than those in the other regional groups. The study proposes policy recommendations to enhance 

alignment between green finance and industrial transformation, including developing 

innovation-driven financial instruments, strengthening policy coordination, and improving 

green financial market mechanisms. 

Keywords: green finance, green transformation, sustainable competitiveness, coupling 

JEL Classification: Q3, Q5, Q56 

 

Article history: Received: July 2025; Accepted: September 2026; Published: September 2026 

 

1 INTRODUCTION 

Growing climate pressures and increasingly binding resource and environmental constraints 

have placed the transition to environmentally sustainable development at the centre of 

economic and industrial policy agendas. Within this transition, sustainable competitiveness 

provides a useful perspective for assessing whether economies can maintain their productive 

and competitive capacity without undermining environmental quality or relying on inefficient 
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patterns of resource use (Chen et al., 2024). Manufacturing occupies an important position in 

this process because it simultaneously influences productivity, employment, technological 

upgrading, resource consumption, and environmental pressures. At the same time, 

manufacturing models based on intensive resource and energy use are becoming increasingly 

difficult to sustain as environmental regulation strengthens and international production 

standards place greater emphasis on decarbonisation and resource efficiency (Han et al., 2022; 

Zhang & Bai, 2024). 

Greening manufacturing requires simultaneous changes in production technologies, industrial 

processes, resource allocation, and the broader structure of industrial activity, many of which 

involve substantial and long-term investment. Such adjustments can be difficult to finance 

because environmental and technological projects frequently require large initial expenditures, 

generate returns only over extended horizons, and involve considerable technological and 

market uncertainty. In this context, green finance has emerged as a key enabling mechanism, 

facilitating the efficient allocation of financial resources towards environmentally sustainable 

activities. Through instruments such as green credit, green bonds, and carbon finance, green 

finance supports energy efficiency improvements, pollution reduction, and technological 

innovation, thereby contributing to both environmental performance and economic 

development (Chen et al., 2023; Khan et al., 2022).  

Despite the growing body of literature on green finance and industrial transformation, existing 

studies predominantly focus on their direct effects on environmental outcomes, technological 

innovation, or economic growth. However, the systemic interaction between green finance and 

the green transformation of the manufacturing industry, particularly in the context of 

sustainable competitiveness, remains insufficiently explored. More importantly, prior research 

tends to treat competitiveness as a conceptual outcome rather than an empirically 

operationalised construct, leaving a gap in understanding how the alignment between financial 

mechanisms and industrial transformation translates into sustainable competitive capacity. 

This gap limits the ability to empirically explain how sustainability-oriented financial and 

industrial policies contribute to sustainable competitiveness. To address this research gap, this 

study investigates how green finance develops in conjunction with the green transformation of 

manufacturing and examines whether the interaction between these two processes contributes 

to sustainable competitiveness. Specifically, the study investigates how the alignment between 

financial support systems and industrial transformation processes contributes to the formation 

of a more efficient, environmentally sustainable, and structurally balanced development 

trajectory. 

Methodologically, the analysis covers 30 Chinese provinces from 2011 to 2023. Green finance 

is measured through an entropy-weighted TOPSIS index, while manufacturing transformation 

is evaluated using a super-efficiency SBM framework. Their interaction is then assessed 

through an improved coupling-coordination model, after which Dagum Gini decomposition and 

kernel density estimation are used to investigate regional inequality and distributional evolution. 

This study differs from closely related research in three important respects. The first 

contribution is to move beyond the predominantly one-way treatment of the finance–industry 

relationship by considering green finance and manufacturing transformation as interacting 

systems (Chen et al., 2023; Gao & Ma, 2024), whereas this study conceptualises green finance 

and manufacturing transformation as mutually interacting subsystems and evaluates the degree 

of their coordinated development. Second, while recent studies have applied coupling 

coordination approaches to green finance–environmental systems or technology–
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manufacturing transformation systems (Liu et al., 2025; Yang & Yongkang, 2026), this study 

specifically examines the financial–industrial nexus and interprets its coordination as an 

empirical proxy for sustainable competitiveness. This shifts the analytical focus from the 

coordination score itself to its economic meaning in terms of the alignment of financial resource 

allocation, manufacturing efficiency, and environmental performance. Third, building on the 

coupling assessment, the study employs Dagum Gini decomposition and kernel density 

estimation to examine the sources and dynamic evolution of regional disparities in the 

coordination between the financial and industrial subsystems underlying sustainable 

competitiveness. This analytical extension enables distinguishing whether observed disparities 

originate primarily within or between regions and tracing how the distribution of coordination 

levels changes over time. Taken together, these elements provide a distinct framework that links 

green finance and manufacturing transformation to sustainable competitiveness and reveals 

how both their coordination and regional imbalance evolve over time. 

The empirical results indicate that the level of coupling and coordinated development between 

green finance and manufacturing transformation has steadily increased across China, reflecting 

a gradual strengthening of sustainable competitiveness driven by improved alignment between 

financial mechanisms and industrial transformation processes. Despite the overall progress, the 

results reveal pronounced spatial heterogeneity: coordination and competitive capacity are 

more developed in the eastern provinces, while the central, western, and northeastern regions 

remain at comparatively lower levels. The findings also reveal that interregional differences 

remain the primary source of overall inequality, highlighting the uneven distribution of 

financial and technological resources. 

The paper proceeds with a review of the theoretical foundations and the proposed conceptual 

framework, followed by the description of the data and empirical strategy. The subsequent 

sections report and discuss the results, and the final section summarizes the main conclusions, 

policy implications, and study limitations 

 

2 THEORETICAL BACKGROUND 

2.1. Green finance 

The transition towards a low-carbon economy increasingly depends on financial and policy 

arrangements that can reconcile economic development with constraints related to resources, 

pollution and ecological degradation. This represents an inherent requirement for establishing 

harmonious coexistence between humans and nature. To accelerate the comprehensive green 

transformation of economic and social development, various national guidelines and policies 

have been formulated to promote green development and transformation. 

As environmental pollution has intensified, academic research has increasingly focused on the 

fields of green transformation and development, the natural environment, and green finance. 

One of the early attempts to connect financial activity with environmental objectives was 

provided by Salazar (1998), who discussed the integration of banking practices and 

environmental protection under the concept of “environmental finance.” Subsequently, the 

2000 American Traditional Dictionary defined the specific concept of “green finance” and 

discussed in depth how financial instruments can contribute to environmental protection (Wang 

& Wang, 2021; Zhao et al., 2023). Labatt and White (2002) analysed green finance as a risk 

mitigation tool, emphasising its role in addressing worsening environmental risks. 
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Further studies have examined green finance from the perspective of sustainable social 

development. For instance, Scholtens (2006) conceptualised green credit as both a financial 

innovation and an environmental protection innovation, suggesting that these dimensions 

complement each other in reducing the ecological and environmental pollution caused by 

economic activities. Yang et al. (2024) argued that for the green economy to progress rapidly, 

it is necessary to establish green financial centres, green credit, and green bonds, noting that 

China’s green credit sector remains underdeveloped relative to that of other countries, and that 

banks should actively support green financing to increase the social value of enterprises. 

Chin et al. (2024) identified the potential of green finance to improve banks’ risk management, 

channel green funds into the economic system, and promote social progress alongside the green 

development of the financial system. Liu and Tang (2022) examined the moderating effect of 

green finance on carbon emissions, considering factors such as environmental technology 

innovation, environmental regulation intensity, cross-border trade activities, and economic 

growth in OECD member countries, and confirmed the synergistic relationship between green 

finance and ecological innovation in promoting sustainable development. Yue et al. (2024) 

further elaborated on the multiple functions of green finance, highlighting its role in providing 

capital support for ecological construction, improving environmental quality, and advancing 

green urbanisation. Financial engineering instruments within green finance systems play an 

important role in supporting environmental innovation management and improving the 

effectiveness of sustainability-oriented investment allocation mechanisms (Khalatur & 

Dubovych, 2022). 

Existing scholarship has focused predominantly on the interrelations between green finance, 

economic growth, and green technological innovation, reflecting its significance as a strategic 

instrument for achieving sustainability objectives. Recent bibliometric evidence further 

confirms the rapidly growing global importance of green energy investment and green finance 

as key drivers of sustainability-oriented structural transformation and competitiveness across 

both developed and emerging economies (Kwilinski, 2024). Despite the extensive body of 

literature, most contributions examine green finance in isolation, focusing on its effects on 

environmental outcomes, innovation, or economic growth. However, limited attention has been 

paid to how green finance contributes to sustainable competitiveness, particularly through its 

interaction with industrial transformation processes. This highlights the need for a more 

integrated, system-level perspective on the role of green finance in shaping sustainable 

competitiveness. 

2.2. Green transformation of the manufacturing industry 

Research on manufacturing transformation has developed along several related streams, with 

particular attention to digitalisation, environmental innovation and changes in production 

systems associated with sustainable development. Gereffi (1999) introduced the concept of 

manufacturing transformation, which he described as the transition from labour-intensive, low-

value-added production to high-technology, high-value-added activities. Green transformation 

was further linked to the broader concept of the green economy through policy reforms aimed 

at reducing environmentally harmful subsidies and supporting sustainable development (OECD, 

2005). 

Subsequent studies have emphasised the role of technological innovation in enhancing the 

environmental performance of manufacturing while generating economic co-benefits (Liao & 

Drakeford, 2019). Empirical evidence further confirms that green innovation activities 

significantly improve firm-level performance through both market-driven and managerial 
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mechanisms, reinforcing the role of innovation as a key driver of sustainability-oriented 

industrial transformation (Wagan et al., 2025). The green transformation of manufacturing has 

been conceptualised as an integrated model combining economic efficiency and environmental 

sustainability throughout the production process (Shan & Lili, 2023). In addition to 

technological upgrading, the success of sustainability-oriented industrial transformation is 

increasingly associated with the development of sustainability-related entrepreneurial attitudes 

and competencies, particularly among future economic actors in European transition economies 

(Titko et al., 2023b). From a measurement perspective, Chung et al. (1997) introduced the 

concept of green total factor productivity, which has been widely applied to assess 

transformation performance by incorporating undesirable outputs (Man et al., 2024). Other 

approaches include multidimensional index systems capturing environmental performance, 

production efficiency, and structural upgrading (Meng & Chi, 2018; Li & Bai, 2024; Si et al., 

2024). However, much of the current literature has concentrated on productivity improvements 

and environmental outcomes, without explicitly linking green transformation processes to 

sustainable competitiveness. As a result, the role of manufacturing transformation as a driver 

of long-term competitive capacity remains insufficiently explored, particularly from a system-

level perspective. 

2.3. Green finance and the green transformation of the manufacturing industry 

The relationship between finance and manufacturing transformation is particularly important 

because industrial greening depends on access to capital for technology renewal, cleaner 

production and environmental innovation. Evidence from E.U. countries further demonstrates 

that digital transformation processes, including the development of e-commerce ecosystems, 

support the achievement of sustainability-related development goals and strengthen the 

interaction between economic modernisation and environmental transition mechanisms 

(Kwilinski, 2023). The effective utilisation of financial instruments to address resource and 

environmental challenges is essential for the advancement of the renewable energy sector. He 

et al. (2019) demonstrated that financial system development positively affects industrial scale, 

structure, and technological progress, thereby influencing investment decisions and supporting 

green transformation. In contrast, traditional financial systems often prioritise short-term 

profitability, neglecting environmental considerations and constraining sustainable industrial 

development (Tamazian & Rao, 2010). Empirical studies further confirm that green finance 

promotes cleaner production and accelerates the transition of high-polluting enterprises towards 

more sustainable practices (Li et al., 2022). In addition, green finance has been shown to 

enhance technological innovation under environmental regulation, reinforcing the 

transformation process (Jiakui et al., 2023). Despite these findings, existing research 

predominantly focuses on the unidirectional impact of green finance on industrial 

transformation. The bidirectional and systemic interaction between green finance and 

manufacturing transformation, particularly in the context of sustainable competitiveness, 

remains insufficiently explored. This highlights the need for an integrated empirical framework 

capable of capturing their dynamic co-evolution and its implications for sustainable 

competitiveness. 

2.4. Mechanism of coupling between green finance and the green transformation and 

development of the manufacturing industry 

Within the context of pursuing sustainable development, system coupling serves as a theoretical 

mechanism for analysing the relationships between subsystems. In addition to financial and 

technological interactions, cross-country evidence suggests that institutional and cultural 
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development factors significantly influence the achievement of sustainable development goals 

and shape the effectiveness of sustainability-oriented transformation processes, thereby 

strengthening the systemic foundations of sustainable competitiveness (Titko et al., 2023a). It 

reveals the internal dynamics of different subsystems through their interactions, mutual 

influences, and integration processes, ultimately leading to coevolution. The efficient coupling 

and coordinated development of these subsystems constitute a core pathway for achieving 

sustainable competitiveness, as they reflect the systemic alignment between financial resource 

allocation and industrial transformation processes, as illustrated in figure 1. 

 

Fig. 1 – Coupling mechanism of green finance and the green transformation of 

manufacturing. Source: authors’ conceptualisation based on the literature reviewed. 

 

2.4.1. Mechanism of the effects of green finance on the green transformation and development 

of the manufacturing industry 

Green finance encompasses financial arrangements that channel capital towards activities 

associated with environmental improvement, climate objectives and more efficient resource use 

(Tang et al., 2022). Its core is comprised of three primary elements: capital allocation, 

technological empowerment, and product innovation. Green finance enhances production 

efficiency through the provision of financial and technological support (Zhao et al., 2022; 

Zheng et al., 2022), unlocks the benefits of scale financing to foster industrial agglomeration, 

and improves resource allocation efficiency and industrial structure optimisation. Through their 

combined effects, these mechanisms support the transition of manufacturing towards greener 

development pathways and reinforce the competitive position of manufacturing enterprises. 

Green finance provides financial and technological support to increase production efficiency. 

Through diversified capital formation and operational mechanisms, it directs the flow of social 
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capital and technology towards the green transformation and development of the manufacturing 

industry. First, financial instruments such as green bonds, green funds, green credit, green 

insurance, and green equity investment provide low-cost financial support to manufacturing 

enterprises (Sartzetakis, 2021). This reduces financing thresholds, ensures operational 

efficiency and stability, enhances economic performance and market responsiveness, and 

thereby strengthens the competitiveness of enterprises within the economic dimension. Second, 

the collaborative system integrating green finance with supportive preferential policies 

effectively reduces innovation costs and risks, promoting extensive research, development, and 

the application of green production and recycling technologies. This enables high levels of 

efficiency, intelligence, and environmental performance throughout the production life cycle 

(Hao et al., 2025). Green finance also releases economies of scale and expands industrial 

agglomeration. By increasing the scale and density of manufacturing agglomeration, green 

finance and its derivative products and services guide governments, enterprises, and social 

organisations to create synergies in green, low-carbon, environmentally friendly, and efficient 

production sectors (Fu et al., 2023), thereby expanding agglomeration scales. 

Furthermore, by optimising capital allocation structures, green finance facilitates in-depth 

cooperation among multiple entities focused on product innovation, technological research and 

development, and capacity enhancement, achieving synergistic linkages across upstream, 

midstream, and downstream segments to strengthen agglomeration density. Additionally, the 

external financial benefits generated by green finance-related products and services, including 

digital finance and inclusive finance (Hossain et al., 2024), support the establishment of a 

comprehensive, multilevel industrial agglomeration ecosystem. This ensures the structural 

stability and effective mechanisms for the green transformation and development of the 

manufacturing industry, maximising the diffusion and spillover of economic benefits derived 

from green finance. Green finance also improves resource allocation efficiency and optimises 

the industrial structure. It drives the transformation of traditional manufacturing from extensive 

to precision production, thereby advancing industrial transformation and optimisation (Ge et 

al., 2022). On the one hand, green finance enhances the cross-sector integration capabilities of 

manufacturing; promotes capital, technology, product, and talent flows into green production; 

effectively mitigates resource misallocation risk; and improves resource allocation efficiency 

(Zhou et al., 2024). On the other hand, green finance facilitates a more refined division of labour 

within the manufacturing industry, fostering new forms and attributes of industrial 

transformation and development. This promotes internal coordination and the orderly 

functioning of green transformation processes, enabling industrial structure upgrading, the 

rationalisation of industrial models, and the construction of a comprehensive industrial chain 

for the green transformation of the manufacturing industry. 

2.4.2. Mechanism of the effects of the green transformation and development of the 

manufacturing industry on green finance 

As manufacturing moves away from resource-intensive production towards cleaner and more 

technologically advanced processes, the structure and scale of its financing needs also change 

(Peng et al., 2022). These changes stimulate demand for specialised financial products and 

encourage financial institutions to refine risk assessment, environmental standards and 

financing mechanisms for green industrial projects. The expansion of green finance business 

operations promotes product and service innovation. Within the context of the green 

transformation and development of the manufacturing industry, updates to industrial 

development models and the surge in development demand have broadened the application 

fields of green finance in terms of capital, technology, and products (Xu et al., 2025). The green 
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and intelligent transformation of manufacturing has generated substantial demand for green 

projects, creating a large-scale market for derivative financial products and services and 

extending the scenarios in which green finance operates throughout the entire manufacturing 

transformation chain. Furthermore, the diversified demand for advanced technologies, products, 

and services arising from the green transformation of manufacturing (Yin et al., 2022) compels 

financial institutions to innovate more diverse and adaptable green financial products and 

services, establishing a dynamic matching mechanism between financial supply and industrial 

demand. Improving the standard system of green finance contributes to coordinated reductions 

in market risk. During the green transformation process, manufacturing enterprises reduce 

noncompliance risks, enhance environmental compliance, and improve information 

transparency by adopting green production standards. This provides financial institutions with 

reliable evaluation bases, thereby improving the accuracy and effectiveness of the green finance 

standard system. Additionally, the transformation and upgrading of the manufacturing industry 

enhances green financial infrastructure, facilitating two-way resource matching and 

information symmetry between green finance and manufacturing transformation. 

Improvements in the green transformation of manufacturing and related institutional 

mechanisms strengthen the stability and coherence of the coupling mechanisms between green 

finance and manufacturing development. This reduces policy, technological, and market risks 

during transformation and development processes (Sun et al., 2020) and enhances the stability 

of the coupling and coordination system between green finance and the green transformation 

of the manufacturing industry. 

2.4.3. The coupling mechanism between green finance and the green transformation and 

development of the manufacturing industry 

The two systems can therefore be viewed as mutually reinforcing: financial development 

supports industrial greening, while the expansion of green manufacturing creates additional 

demand and investment opportunities for green financial services. On the financial side, capital 

allocation and financing incentives can accelerate investment in cleaner technologies and more 

resource-efficient production processes (Gao & Ma, 2024). Conversely, the green 

transformation of manufacturing generates diverse application scenarios and value-creation 

opportunities for green financial instruments, such as green bonds, transition financing, and 

green insurance, reinforcing the resilience and development of the financial system. Both green 

finance and manufacturing transformation share green development as their common core. 

Their objectives are highly aligned, aiming to achieve sustainable economic growth alongside 

environmental improvement. From a technological perspective, the integration of green 

innovation enhances the effectiveness of this interaction and strengthens the foundations of 

sustainable competitiveness. From a resource allocation perspective, the efficient mobilisation 

and coordination of capital, technology, and production factors improve transformation 

outcomes and reinforce long-term competitive capacity. From an industrial perspective, the 

expansion of green financial instruments and the upgrading of manufacturing towards high-

value, green, and integrated structures further deepen this interaction. The interaction between 

green finance and manufacturing transformation can be understood as a dynamic and mutually 

reinforcing system that shapes sustainable competitiveness. At the same time, the effectiveness 

of sustainability-oriented transformation processes also depends on the level of sustainability 

awareness among economic actors, which has been shown to influence behavioural readiness 

for implementing environmental innovation and green development strategies in transition 

economies (Veckalne et al., 2022). However, existing studies lack an integrated empirical 

framework capable of capturing this interaction and its implications for competitiveness. This 



 

 

https://doi.org/10.7441/joc.2026.03.07 

 

 187 

 

study addresses this limitation by applying a coupling coordination approach, which enables 

the empirical operationalisation of sustainable competitiveness as an outcome of system-level 

alignment between financial and industrial subsystems. 

 

3 RESEARCH OBJECTIVE, METHODOLOGY AND DATA 

3.1. Data sources 

The empirical sample is a balanced panel covering 30 provincial-level regions of China from 

2011 through 2023. Tibet is not included in the sample because the required indicators are not 

available with sufficient continuity for the study period. The data used to construct the green 

finance index and to measure manufacturing green transformation were compiled from official 

statistical publications of the National Bureau of Statistics of China (2024),  the Ministry of 

Ecology and Environment of the People’s Republic of China (2024), and the China Stock 

Market & Accounting Research database (CSMAR, 2026). Missing data for individual years 

were supplemented via interpolation. The selected dataset ensures sufficient temporal and 

spatial coverage to capture both the evolution and regional heterogeneity of the interaction 

between green finance and manufacturing transformation. 

3.2. Construction of the indicator system 

The measurement framework was constructed to capture the principal financial mechanisms 

through which capital is mobilised, allocated, and redirected towards environmentally 

sustainable economic activities. Rather than representing green finance by a single financial 

indicator, the proposed framework distinguishes seven dimensions reflecting different 

functions of the green financial system (Table 1). Green credit captures the allocation of bank 

lending towards environmentally oriented projects, while green bonds represent the 

mobilisation of debt capital through capital markets. Green investment measures the scale of 

financial resources directed towards environmental pollution control, whereas green funds 

reflect the participation of institutional investment in financing green assets. Green insurance 

captures the financial management and transfer of environmental risks. Fiscal green support 

represents the role of public finance in directing resources towards environmental objectives, 

thereby complementing market-based sources of green capital. Finally, green rights capture the 

development of market-based mechanisms that assign economic value to environmental 

resources and externalities through transactions involving carbon-emission, energy-use, and 

pollution-emission rights. Taken together, these dimensions capture complementary credit-, 

investment-, insurance-, securities-, fiscal-, fund-, and market-based channels of green finance 

and therefore provide a broader representation of provincial green financial development than 

any individual financial indicator. The selection and operationalisation of the indicators are 

grounded in previous empirical approaches to green finance measurement (Wang et al., 2021; 

Zhang & Wang, 2021; He & Liu, 2023; Zhou et al., 2022). In this study, these indicators are 

aggregated using the entropy-weighted TOPSIS procedure to obtain a comparable provincial 

green finance score for 2011–2023. 
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Tab. 1 – Indicator system for measuring green finance development. Source: authors’ 

elaboration based on Wang et al. (2021), Zhang and Wang (2021), He and Liu (2023), and 

Zhou et al. (2022). 
Green finance 

dimension 
Direction Data source 

Green credit + CSMAR (2026) 

Green investment + 

National Bureau of Statistics of China (2026); Ministry of 

Ecology and Environment of the People’s Republic of 

China (2026) 

Green insurance + CSMAR (2026) 

Green bonds + CSMAR (2026) 

Green fiscal support + National Bureau of Statistics of China (2026) 

Green funds + CSMAR (2026) 

Green rights + CSMAR (2026) 

 

Manufacturing transformation is evaluated through an efficiency framework that relates 

desirable economic output to the production inputs employed and the environmental burdens 

generated in the production process. On this basis, the assessment framework is organised 

around three interrelated components: production resources, economic performance, and 

environmental burden. Production resources comprise capital, energy, and labour, thereby 

capturing the principal factor inputs required for industrial production. Economic performance 

is represented by secondary-industry value added and reflects the desirable economic return 

generated from these resources. Environmental burden captures the adverse consequences of 

industrial production and is represented by carbon dioxide emissions, industrial wastewater 

discharge, industrial sulphur dioxide emissions, industrial solid waste generation, and industrial 

smoke (dust) emissions. Within the Super-SBM model, production resources are specified as 

inputs, economic performance as the desirable output, and the measures of environmental 

burden as undesirable outputs. This structure enables the evaluation of manufacturing green 

transformation through the interrelationships among resource utilisation, economic value 

creation, and multiple dimensions of environmental pressure. The selection of the input and 

output variables follows established efficiency-based approaches to industrial green 

development (Zhai & An, 2020; Yin et al., 2022), while their operational definitions, 

measurement units, and statistical sources are reported in table 2. 

 

Table 2 – Indicator framework for measuring green transformation in manufacturing. Source: 

authors’ elaboration based on Zhai & An (2020) and Yin et al. (2022) 
Model 

component 
Variable Measurement Data source 

Production 

resources 

Capital Fixed capital stock, 100 

million yuan 

National Bureau of Statistics of 

China (2026) 

Energy Total industrial energy 

consumption, 10,000 tons 

Labour Manufacturing employment, 

persons 

Economic 

performance 

Economic value 

creation 

Value added of the secondary 

industry, 100 million yuan 

Environmental 

burden 

Carbon emissions CO₂ emissions, tons 

Wastewater Industrial wastewater 

discharge, 10,000 tons 
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Sulphur dioxide Industrial SO₂ emissions, 

10,000 tons 

Ministry of Ecology and 

Environment of the People’s 

Republic of China (2026) Solid waste General industrial solid waste, 

10,000 tons 

Smoke and dust Industrial smoke (dust) 

emissions, 10,000 tons 

 

The selected indicators ensure a comprehensive assessment of both financial development and 

industrial transformation, forming the empirical basis for evaluating their interaction and its 

implications for sustainable competitiveness. 

3.3. Operationalisation of sustainable competitiveness 

In this study, sustainable competitiveness is operationalised as a system-level outcome 

reflecting the joint performance of financial and industrial subsystems. Given the 

multidimensional nature of competitiveness, it is not measured directly through a single 

indicator but is instead captured through the coupling coordination degree between green 

finance and manufacturing transformation. Specifically, the proposed framework integrates 

three key dimensions: (i) economic efficiency, measured by the super-efficiency SBM model; 

(ii) environmental performance, captured through undesirable outputs; and (iii) systemic 

alignment between financial and industrial processes, measured by the coupling coordination 

degree. Therefore, the coupling coordination degree (D) is interpreted as a proxy for sustainable 

competitiveness, reflecting the extent to which financial resource allocation and industrial 

transformation are effectively aligned to support long-term, environmentally sustainable 

economic performance. 

3.4. Model setting 

The empirical procedure begins with the construction of the provincial green finance index. 

Indicator weights are obtained objectively from the entropy method and are subsequently 

incorporated into the TOPSIS procedure to determine each province’s relative position. 

Manufacturing green transformation is then measured through a super-efficiency SBM 

approach that accounts for both desired economic outcomes and environmental burdens. The 

resulting measures of the two subsystems provide the basis for estimating their degree of 

coordinated development, which is used in this study to represent sustainable competitiveness. 

The analysis is subsequently extended to the spatial dimension: the Dagum Gini decomposition 

identifies the sources of regional inequality, while kernel density estimation traces changes in 

the distribution of coordination levels over time. 

3.4.1. Entropy-weighted TOPSIS method 

Following established applications of the entropy-weighted TOPSIS approach (Sun et al., 2017; 

Wang et al., 2021; Xueshan et al., 2025), the green finance index is constructed by combining 

entropy-based objective weighting with the TOPSIS ranking procedure. The method was 

selected because it enables the construction of a composite index while reducing subjectivity in 

indicator weighting. Unlike expert-based weighting schemes, entropy weights are derived from 

the degree of variation in the data, which is particularly appropriate for a multidimensional 

provincial panel dataset with heterogeneous indicators. Compared with PCA-based approaches, 

entropy-weighted TOPSIS preserves the interpretability of the original indicators and is better 

suited to ranking provincial performance when the objective is to evaluate relative development 

levels rather than to extract latent factors. The computational procedure follows the standard 
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entropy-weighted TOPSIS framework, adapted here to the provincial green finance indicator 

system presented in table 1.  The calculation procedure is as follows: 

Step 1. Standardisation of data: 

For forward indicators: 

𝑌𝑖𝑗 =
𝑥𝑖𝑗−𝑚𝑖𝑛𝑥𝑖𝑗

𝑚𝑎𝑥𝑥𝑖𝑗−𝑚𝑖𝑛𝑥𝑖𝑗
          (1) 

For negative indicators: 

𝑌𝑖𝑗 =
𝑚𝑎𝑥𝑥𝑖𝑗−𝑥𝑖𝑗

𝑚𝑎𝑥𝑥𝑖𝑗−𝑚𝑖𝑛𝑥𝑖𝑗
          (2) 

where Yij is the standardised evaluation matrix and where maxxij and minxij denote the upper 

and lower values observed for the 𝑗-th indicator in year 𝑖, respectively. 

Step 2. Weight calculation via the entropy method: 

(1) Proportion of each indicator: 

𝑝𝑖𝑗 = 𝑥𝑖𝑗/∑ 𝑥𝑖𝑗
𝑛
𝑖=1            (3) 

(2) Information entropy of each component: 

𝑒𝑗 = −
1

𝑙𝑛 𝑛
∑ 𝑝𝑖𝑗 𝑙𝑛(𝑝𝑖𝑗)

𝑚
𝑖=1           (4) 

(3) Coefficient of variation: 

𝑑𝑗 = 1 − 𝑒𝑗            (5) 

(4) Weight of each index: 

𝑤𝑗 = 𝑑𝑗/∑ 𝑑𝑗
𝑛
𝑖=1           (6) 

Step 3. Construction of the weighted standardised decision matrix 

The standardised matrix Y = (yij)m×n is multiplied by the weight vector 𝑊 = (𝑤1, 𝑤2, . . . , 𝑤𝑛) 

to obtain the weighted standardised matrix Rm×n = (rij)m×n: 

𝑟𝑖𝑗 =
Yij

√∑ 𝑦𝑖𝑗
2m

i=1

           (7) 

𝑅𝑖𝑗 = wj × rij           (8) 

Step 4. Determination of the optimal and worst solutions 

Optimal solution vector: 

𝐹+ = (𝑓1
+, 𝑓2

+, . . . . . . , 𝑓𝑛
+)         (9) 

Worst solution vector: 

𝐹− = (𝑓1
−, 𝑓2

−, . . . . . . , 𝑓𝑛
−)         (10) 

𝑓𝑗
+ = 𝑚𝑎𝑥(𝑓𝑖𝑗)，𝑓𝑗

− = 𝑚𝑖𝑛(𝑓𝑖𝑗)，i=1，2，3......m，j=1，2，3......n. 
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Step 5. Calculation of Euclidean distances to the ideal and negative-ideal solutions: 

𝑑𝑗
+ = √∑ (𝑓𝑗

+ − 𝑓𝑖𝑗)2
𝑚
𝑖=1          (11) 

𝑑𝑗
− = √∑ (𝑓𝑗

− − 𝑓𝑖𝑗)2
𝑚
𝑖=1           (12) 

Step 6. Determination of the ideal-solution proximity score. 

𝐶 =
𝑑𝑖
−

𝑑𝑖
++𝑑𝑖

−           (13) 

 

3.4.2. Super-efficiency SBM model 

Manufacturing green-transformation efficiency is estimated using a super-efficiency SBM 

specification, with each province-year observation treated as a decision-making unit. This 

method extends the traditional SBM model (Banker et al., 1984), which assigns an efficiency 

score of 1 to efficient DMUs but does not distinguish among them when the efficiency exceeds 

this value. For DMUs the efficiencies of which are less than 1, standard data envelopment 

analysis (DEA) deems them inefficient, whereas efficient DMUs remain incomparable. Tone 

(2002) extended the conventional SBM framework by introducing a super-efficiency 

specification that distinguishes efficient units located on the production frontier. Efficiency 

scores above unity provide the basis for ranking these units. The analytical setting comprises 

𝑛DMUs, each described by 𝑚 inputs 𝑥𝑖 (𝑖 = 1,2, … ,𝑚) and 𝑞 outputs 𝑦𝑟(𝑟 = 1,2, … , 𝑞). For 

the unit indexed by 𝑘 , efficiency estimation follows the variable-returns-to-scale (VRS) 

assumption. The optimisation model is specified as follows: 

𝜌 = 𝑚𝑖𝑛
(1+

1

𝑚
∑

𝑠𝑖
−

𝑥𝑖𝑘
)𝑚

𝑖=1

(1−
1

𝑠
∑

𝑠𝑖
+

𝑦𝑟𝑘
)𝑚

𝑟=1

          (14) 

subject to: 

{

∑ 𝑥𝑖𝑗𝜆𝑗 − 𝑠𝑖
− ≤ 𝑥𝑖𝑘

𝑛
𝑗=1,𝑗≠𝑘

∑ 𝑦𝑟𝑗𝜆𝑗 ≥ 𝑦𝑟𝑘
𝑛
𝑗=1,𝑗≠𝑘

𝜆, 𝑠−, 𝑠+ ≥ 0, 𝑖 = 1,2. . . 𝑚;  𝑟 = 1,2, . . . 𝑞;  𝑗 = 1,2, . . . 𝑛;  (𝑗 ≠ 𝑘)

    (15) 

 

where 𝜌 denotes the comprehensive efficiency of green transformation. Higher values of 𝜌 

indicate greater efficiency, whereas ρ<1 indicates that the DMU is not DEA efficient. The 

variables s-  refers to input slack and s+   to output slack, whereas 𝑚  and 𝑞  specify the 

dimensions of the input and output sets. 

The SBM results serve as the empirical representation of the green transformation subsystem 

in the subsequent coupling coordination analysis. This integration is conceptually coherent 

because the SBM model captures the efficiency of transforming production inputs into desirable 

economic outputs while accounting for undesirable environmental outputs. Therefore, it 

provides an appropriate efficiency-based measure of manufacturing green transformation for 

evaluating its alignment with the green finance subsystem. 

 



 

 

https://doi.org/10.7441/joc.2026.03.07 

 

 192 

 

3.4.3. Improved coupling coordination model 

After obtaining separate measures for the two subsystems, their degree of interaction is 

quantified using an improved coupling-coordination specification (Dong et al., 2023; Shen et 

al., 2018; Li et al., 2025). The model captures both the strength of interaction between the two 

systems and the extent to which their respective development levels remain balanced. This 

model reflects both the interdependence and the mutual constraints between systems. The 

degree of coordination characterises the extent of benign coupling within the interaction, 

thereby indicating the quality of the coordination. In this framework, the two subsystems are 

defined as the development level of green finance (𝑈1) and the level of green transformation of 

the manufacturing industry (𝑈2 ). The coupling degree C between the two subsystems is 

expressed as 

𝐶 = √[1 − √(𝑈1 − 𝑈2)2]
𝑚𝑖𝑛(𝑈1,𝑈2)

𝑚𝑎𝑥(𝑈1,𝑈2)
        (16) 

The coupling coefficient 𝐶 ranges from 0 to 1, with higher values reflecting a stronger 

interaction between the two subsystems. However, this coefficient describes the intensity of 

their interdependence without accounting for the balance of their development. The coupling 

coordination degree 𝐷 therefore complements this measure by incorporating the coordination 

dimension and is expressed as follows: 

𝐷 = √𝐶 × 𝑇           (17) 

where T is a composite index of the two subsystems, defined as: 

𝑇 = 𝛼𝑈1 + 𝛽𝑈2 , 𝛼 + 𝛽 = 1         (18) 

Both subsystems receive identical weights (𝛼 = 𝛽 = 0.5), reflecting the analytical assumption 

that neither green finance nor manufacturing transformation is given ex ante priority in 

determining overall coordination. Since the purpose of the model is to evaluate the balance and 

interaction between the two subsystems rather than to privilege one dimension over the other, 

equal weighting provides a neutral benchmark and is consistent with prior coupling 

coordination studies. This specification also avoids introducing additional subjectivity into the 

aggregation process.  

Defined on the [0, 1] scale, 𝐷 reflects the extent of coordinated development between the two 

subsystems, increasing with greater coordination and decreasing as their developmental 

imbalance widens. The classification of the levels of coupling and coordination (Table 3) 

follows the criteria of Han et al. (2023). 

 

Tab. 3 – Coordination level classification standards. Source: Adapted from Han et al. (2023). 

Coordination type 
Coupling 

coordination degree 

Coupling Coordination 

Level 

The dissonance 

phase 

[0.0，0.1) Extremely dysregulated 

[0.1，0.2) Severe disorder 

[0.2，0.3) Moderate dissonance 

[0.3，0.4) Mild disorder 

Transitional phase 
[0.4，0.5) On the verge of disorder 

[0.5，0.6) Slight coordination 

Coordination 

phase 

[0.6，0.7) Moderate coordination 

[0.7，0.8) Relatively high 
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coordination 

[0.8，0.9) High coordination 

[0.9，1.0] Very high coordination 

 

In this study, the coupling coordination degree (D) is interpreted as an empirical representation 

of sustainable competitiveness, as it reflects the degree of alignment between financial support 

mechanisms and industrial transformation processes. 

3.5. Dagum Gini coefficient decomposition method 

Spatial inequality in coordination levels is examined with the Dagum Gini approach (Dagum, 

1997), which allows overall inequality to be decomposed according to its regional sources. This 

method enables not only the measurement of overall inequality but also the decomposition of 

this inequality into meaningful components that reflect specific sources of disparity. Compared 

with alternative approaches, such as the Theil index, the coefficient of variation, or the standard 

Gini coefficient, the Dagum method provides a more detailed analysis by distinguishing 

differences within regions, between regions, and accounting for the overlap (or supervariable 

density) among distributions. This facilitates interpretation of both the magnitude of inequality 

and the contribution of each region to the total disparity. The Dagum approach separates total 

inequality into within-region variation (𝐺1), between-region variation (𝐺2), and transvariation 

intensity (𝐺3), yielding 𝐺 = 𝐺1 + 𝐺2 + 𝐺3. For the regional analysis, the 30 Chinese provinces 

are classified into four geographical groups: eastern, central, western, and northeastern China. 

Based on this regional structure, the aggregate Gini measure takes the following form: 

𝐺 =
∑ ∑ ∑ ∑ |𝑌𝑗𝑖−𝑌ℎ𝑟|

𝑛ℎ
𝑟=1

𝑛𝑗
𝑖=1

𝑘
ℎ=1

𝑘
𝑗=1

2𝑛2𝑌̅
        (19) 

𝐺𝑗𝑗 =

1

2𝑌𝑗 ̅  
∑ ∑ |𝑌𝑗𝑖−𝑌𝑗𝑟|

𝑛𝑗
𝑟=1

𝑛𝑗
𝑖=1

𝑛𝑗
2          (20) 

𝐺𝑗𝑗 =
∑ ∑ |𝑌𝑗𝑖−𝑌ℎ𝑟|

𝑛ℎ
𝑟=1

𝑛𝑗
𝑖=1

𝑛𝑗𝑛ℎ(𝑌𝑗̅+𝑌ℎ ̅  )
         (21) 

 

For the regional decomposition, the sample is partitioned into 𝑘 regions comprising 𝑛 provinces 

in total. Region 𝑗  contains 𝑛𝑗  provinces, and 𝑦𝑗𝑖  denotes the coupling coordination degree 

observed for province 𝑖 within that region. The corresponding regional mean is denoted by 𝑦̅𝑗, 

while 𝑦̅  refers to the mean coupling coordination degree for the full provincial sample. 

Equations (20) and (21) quantify inequality within region 𝑗, 𝐺𝑗𝑗, and between regions 𝑗 and ℎ, 

𝐺𝑗ℎ, respectively. Thus, the former captures dispersion among provinces belonging to the same 

region, whereas the latter measures the extent of distributional differences between provinces 

located in two different regions (Dagum, 1997). The following variables are defined: 

𝑃𝑗 =
𝑛𝑗

𝑛
            (22) 

𝑆𝑗 =
𝑛𝑗𝑌𝑗̅

𝑛𝑌̅
           (23) 

𝑀𝑗ℎ = ∫ 𝑑𝐹𝑗(𝑌) ∫ (𝑌 − 𝑥)𝑑𝐹ℎ(𝑥)
𝑌

0

∞

0
        (24) 
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𝑁𝑗ℎ = ∫ 𝑑𝐹ℎ(𝑌) ∫ (𝑌 − 𝑥)𝑑𝐹𝑗(𝑥)
𝑌

0

∞

0
         (25) 

𝐷𝑗ℎ =
𝑀𝑗ℎ−𝑁𝑗ℎ

𝑀𝑗ℎ+𝑁𝑗ℎ
           (26) 

 

For each pair of regions 𝑗 and ℎ, 𝐷𝑗ℎcharacterises the relative contribution of their distributional 

differences to regional inequality. The terms 𝑀𝑗ℎ and 𝑁𝑗ℎ are obtained from pairwise 

comparisons of provincial coupling coordination levels across the two regions. Specifically, 

𝑀𝑗ℎ is the expected positive difference associated with observations satisfying 𝑌𝑖𝑗 − 𝑌ℎ𝑟 > 0, 

whereas 𝑁𝑗ℎ  captures the expected difference in the reverse ordering, 𝑌ℎ𝑟 − 𝑌𝑗𝑖 > 0 . The 

cumulative distributions of coupling coordination levels for regions 𝑗and ℎare represented by 

𝐹𝑗and 𝐹ℎ . The Dagum decomposition then distinguishes three sources of spatial inequality 

within-region variation (𝐺𝑤), net between-region disparity (𝐺𝑛𝑏), and transvariation intensity 

(𝐺𝑡). Their mathematical expressions follow Dagum (1997): 

𝐺𝑤 = ∑ 𝐺𝑗𝑗𝑃𝑗𝑆𝑗
𝑘
𝑗=1           (27) 

𝐺𝑛𝑏 = ∑ ∑ 𝐺𝑗ℎ𝐷𝑗ℎ(𝑃𝑗𝑆ℎ + 𝑃ℎ𝑆𝑗)
𝑗−1
ℎ=1

𝑘
𝑗=2        (28) 

𝐺𝑡 = ∑ ∑ 𝐺𝑗ℎ(𝑃𝑗𝑆ℎ + 𝑃ℎ𝑆𝑗)
𝑗−1
ℎ=1

𝑘
𝑗=2 (1 − 𝐷𝑗ℎ)      (29) 

where Gw represents the regional difference contribution; Gnb represents the contribution to the 

differences between regions; and Gt  represents the transvariation component. 

3.6. Kernel density estimation method 

Changes in the distribution of provincial coordination scores over time are additionally 

explored using non-parametric kernel density estimation. This nonparametric technique 

estimates an unknown probability density function without imposing parametric assumptions, 

producing a smooth distribution that highlights multimodality, polarisation, and distributional 

dynamics (Wang et al., 2013). Compared with parametric approaches and histograms, kernel 

density estimation provides a more precise and detailed description of the distribution’s location 

and shape and changes over time. Originally proposed by Rosenblatt (1956) and Parzen (1962), 

the method considers independent and identically distributed random variables 

X1, X2, X3, . . . . . . . Xn with an unknown density function f(x). The kernel density estimator of  

f(x) is defined as follows: 

𝑓(𝑥) =
1

𝑁ℎ
∑ 𝐾(

𝑋𝑖−𝑥

ℎ

𝑁
𝑖=1 )         (30) 

where N denotes the sample size, h is the bandwidth controlling the smoothness of the estimate, 

and K(⋅) is the kernel function. The kernel function satisfies K(x)≥0 and ∫ K（X）dx
+∞

−∞
= 1. 

The Gaussian kernel is defined as follows: 

𝐾(𝑥) =
1

√2𝜋
𝑒𝑥𝑝 (−

𝑥2

2
)         (31) 
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4 RESULTS AND DISCUSSION 

4.1. Coupling coordination between green finance and manufacturing transformation 

Figure 2 illustrates how the coordination between green finance and manufacturing green 

transformation evolved across the 30 Chinese provinces during 2011–2023, based on the 

improved coupling coordination framework. 

 
Fig. 2 – Coupling and coordination results of green finance and manufacturing transformation 

development in various provinces from 2011-2023. Source: own research. 

Figure 2 shows that provincial coordination scores are generally concentrated between 

approximately 0.5 and 0.8 during the observation period. This indicates that the level of coupled 

and coordinated development between green finance and the green transformation of 

manufacturing has generally progressed from a state of barely coordinated development to 

moderately coordinated development over the observed period. However, certain provinces 

remain below the 0.5 threshold, such as Yunnan Province in 2011, Liaoning Province in 2016, 

and Shaanxi Province, which recorded a value of 0.48. These results suggest that these 

provinces remain in a state of barely coordinated development. 

A broad improvement in coordination is observed after 2021, with rising values recorded for 

most provinces. This pattern reflects an increasingly close alignment between green finance 

development and manufacturing green transformation, although the magnitude of improvement 

differs across provinces. To explore this spatial heterogeneity, the provincial results are 

aggregated into four geographical regions (eastern, central, western, and northeastern). Figure 

3 presents the resulting regional trajectories of coupling coordination.  
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Fig. 3 – Coupling and coordination development trends of the four regions from 2011–2023. 

Source: own research. 

 

There are clear regional differences in the coupling coordination levels across the four regions 

(Figure 3), with all values exceeding 0.5. This indicates that the coupling coordination 

relationship has generally progressed from a stage of barely coordinated development to 

primary coordination. However, development remains highly uneven across regions. 

Specifically, the eastern region presents significantly higher coupling coordination levels than 

the other three regions do, with an increasing trend observed from 2011–2023. This can be 

attributed to the region’s strong economic foundation, advanced financial market development, 

and high levels of industrial technological innovation, particularly in the eastern coastal areas, 

which collectively foster a favourable environment for coupling coordination and form a pattern 

of positive interaction. 

In contrast, the central region experienced an initial increase in coupling coordination, followed 

by a gradual decline after 2020. This pattern may be explained by the central region’s active 

undertaking of industrial transfers from the east, supported by its strategic location connecting 

eastern and western China, as well as by policies promoting the rise of the central region. Local 

governments have also strengthened support for green finance and industrial transformation 

and upgrading, thereby enhancing coupling coordination. However, after 2020, particularly 

owing to the impacts of the COVID-19 pandemic and accelerated adjustments in global supply 

chains, many industries in the central region faced transformation pressures and risks of 

relocation, contributing to the observed decline. 

The western region has demonstrated slow growth in coupling coordination, primarily 

benefiting from national strategies such as western development and rural revitalisation, which 

have provided policy preferences for green finance and infrastructure development. 
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Nevertheless, the region’s relatively weak economic foundation and resource-based industrial 

structure limit the endogenous driving forces for green transformation, resulting in only modest 

increases in coupling coordination levels. 

In the northeastern region, coupling coordination initially declined but has shown signs of 

recovery in recent years. The initial decline can be attributed to the high concentration of 

traditional heavy industries and a relatively narrow industrial structure, which hindered 

coupling coordination. However, with the implementation of national policies promoting 

comprehensive revitalisation in Northeast China, there has been increased emphasis on 

industrial structure adjustment and the exploration of green financial models suited to old 

industrial bases, including support for equipment renewal and energy-saving transformations. 

Additionally, progress in the development of emerging industries in some cities has contributed 

to the gradual rebound in coupling coordination between green finance and the green 

transformation of manufacturing. 

4.2. Interval difference and decomposition 

Regional heterogeneity is examined by dividing the provincial sample into four geographical 

groups: eastern, central, western, and northeastern China. The analysis covers 30 provinces, 

with Tibet, Hong Kong, Macao, and Taiwan outside the sample. The Dagum Gini coefficient 

method, which uses formulas (19) to (25), was applied to examine regional disparities and 

decompose the sources of these differences. The results are presented below. 

 
 

Fig. 4 – Coupling and coordination of the trend of Gini coefficient changes in green finance 

and green transformation of the manufacturing industry across the country and regions. 

Source: own research. 
 

The Dagum Gini estimates in Figure 4 indicate a non-linear evolution of spatial inequality: 

dispersion in provincial coordination levels rises during the earlier part of the period and 

subsequently declines. The decline in the later years therefore points to a gradual convergence 

in coordination levels across provinces, although differences remain evident. 

 

Specifically, the average Gini coefficients for coupling and coordinated development across the 

four major regions from 2011–2023 follow the pattern west (0.067) > central (0.062) > east 
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(0.054) > northeast (0.033). This suggests that the western region experiences relatively severe 

unevenness in coupling development. The eastern and central regions broadly follow the 

national pattern of inequality. Northeastern China exhibits a distinct trajectory, with its Gini 

coefficient declining markedly after 2016 and remaining below the levels recorded for the other 

regions. The observed decline points to a gradual convergence in coupling coordination levels 

among northeastern province 

 

 
Fig. 5 –Trend of changes in the interregional Gini coefficients for the coupling coordination 

between green finance and the green transformation of manufacturing. Source: own research. 

Note: 1-East; 2-Central; 3-West; 4-Northeast 

 

Figure 5 reveals substantial heterogeneity in the evolution of interregional disparities. The East–

Central (1–2), East–West (1–3), and West–Northeast (3–4) pairs generally remain at 

comparatively low levels, although their trajectories fluctuate over time. In contrast, disparities 

increase markedly for the East–Northeast (1–4) and Central–West (2–3) pairs after 2015, with 

both reaching their highest levels around 2018. These differences subsequently narrow, 

particularly for the Central–West pair, whereas the East–Northeast disparity remains relatively 

pronounced toward the end of the study period. 

 

In contrast, the difference between the central and western regions has reached its largest value, 

indicating an expanding disparity. This widening difference may be attributed to the central 

region being in a critical period of industrial transformation and upgrading, with its economic 

vitality enhanced through the undertaking of industries transferred from the eastern region. In 

comparison, the western region continues to have a relatively narrow industrial structure 

characterised by a dependence on resource-based industries, limited marketisation, and 

insufficient endogenous growth momentum. These factors have resulted in differentiated 

economic development speeds and varying levels of coupling coordination between the central 

and western regions. 
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Fig. 6 – Composition of the source of the difference between the Gini coefficients of green 

and green transformation and the development of manufacturing industries in various regions. 

Source: own research. 

 

Figure 6 shows a pronounced shift in the composition of spatial inequality over the study period. 

The share attributable to between-region disparities rises from 13.77% in 2011 to 53.02% in 

2023, becoming the dominant component of inequality in coupling coordination across the four 

regions. The within-region component occupies an intermediate position and varies less 

markedly than the other two components. By contrast, transvariation intensity follows a 

downward trajectory, with its contribution falling from 57.35% to 24.98% over the same period. 

 

4.3. Nuclear density estimation analysis 

Figure 7(a) illustrates the distribution dynamics of the coupled and coordinated development 

between green finance and the green transformation of manufacturing at the national level. The 

movement of the curve’s centre reveals that the centre of the distribution curve has continuously 

shifted to the right, indicating an overall increase in the coupling coordination level between 

green finance and manufacturing transformation. The height of the main peak initially tends to 

increase, whereas its width gradually decreases. Towards the end of the observation period, a 

tail phenomenon emerges, with an increase in the tail width, suggesting that although the 

coupling coordination development is generally improving nationwide, disparities at the lower 

end of the distribution remain. 
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Fig. 7 –Dynamic evolution trends of the level of coupled and coordinated development in the 

country and four regions from 2011–2023. Source: own research. 

Note: a-National; b-East; c-central; d-western; e-Northeast 

 

Figures 7(b), 7(c), 7(d), and 7(e) illustrate the distribution dynamics of the coupled and 

coordinated development between green finance and the green transformation of manufacturing 
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in the four regions. In the eastern region, the centre of the distribution curve shifts to the right, 

accompanied by a right-tail phenomenon, indicating an overall improvement in the level of 

coupled and coordinated development. From 2011–2023, the main peak exhibited a “rise–

decline–rise” pattern, with the peak width gradually narrowing. This suggests that intraregional 

disparities are continuously diminishing. Although a tailing phenomenon is present, its extent 

is decreasing, indicating a narrowing of absolute differences within the region. In the central 

region, the distribution curve also shifts to the right. The main peak initially rises and then 

declines, with regional disparities showing a “narrowing–widening–narrowing” pattern, 

suggesting fluctuating intraregional differences in coupling coordination levels over time. For 

the western region, the centre of the distribution curve shifts to the right, and the main peak 

demonstrates a consistent upwards trend, maintaining a single peak without evidence of 

polarisation. This indicates that the level of coupled and coordinated development between 

green finance and the green transformation of manufacturing is gradually improving in this 

region. In the northeastern region, the distribution curve also shifts to the right, with the main 

peak showing an increasing trend. However, the persistent presence of side peaks indicates 

regional polarisation, suggesting that the gap between high-level and low-level areas in terms 

of coupling coordination is widening. 

 

5 DISCUSSION 

 

The empirical results of thе study provide important evidence on the systemic interaction 

between green finance and the green transformation of the manufacturing industry and their 

joint role in shaping sustainable competitiveness. Unlike previous studies that primarily 

examine the direct environmental or technological effects of green finance, the present analysis 

interprets the coupling coordination degree between financial and industrial subsystems as an 

operational proxy for sustainable competitiveness. This approach enables a more integrated 

understanding of how financial resource allocation mechanisms and industrial transformation 

processes jointly contribute to long-term development capacity within a sustainability-oriented 

economic framework. 

 

The results indicate that the coupling coordination level between green finance and the green 

transformation of the manufacturing industry increased steadily across Chinese provinces 

between 2011 and 2023. This trend reflects a gradual strengthening of the alignment between 

financial support systems and industrial transformation processes, suggesting that green finance 

is increasingly functioning as a structural driver of sustainability-oriented industrial upgrading 

rather than merely as a complementary policy instrument. 

 

These findings are consistent with prior empirical research demonstrating that green finance 

supports technological innovation, improves environmental performance, and promotes 

structural upgrading in manufacturing systems (Chen et al., 2023; Jiakui et al., 2023; Gao & 

Ma, 2024). However, the present study extends this literature by demonstrating that these 

effects operate through a coordinated interaction mechanism between financial and industrial 

subsystems. In this context, sustainable competitiveness emerges not as a direct outcome of 

individual policy tools but as the result of systemic alignment between capital allocation 

efficiency, environmental performance improvement, and industrial restructuring processes. 

By interpreting the coupling coordination degree as an empirical representation of sustainable 

competitiveness, this study contributes to the competitiveness literature, where sustainability-
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oriented competitiveness has often remained conceptually defined but insufficiently 

operationalised. The results therefore provide empirical support for the argument that 

sustainable competitiveness should be understood as a dynamic system-level outcome 

reflecting coordinated development between economic and environmental transformation 

mechanisms rather than isolated sectoral progress. 

A key finding of the analysis concerns the presence of substantial regional disparities in the 

coupling coordination levels across China. The eastern region consistently demonstrates higher 

levels of coordinated development than the central, western, and northeastern regions, 

reflecting differences in financial market maturity, industrial structure upgrading capacity, and 

technological innovation intensity. 

 

These results confirm earlier research indicating that regions with stronger financial 

infrastructure and innovation ecosystems exhibit higher levels of green transformation 

efficiency and environmental performance improvement (Zhang & Wang, 2021; Yue et al., 

2024). However, the present study further demonstrates that interregional differences represent 

the dominant source of inequality in coupling coordination levels, as revealed by the Dagum 

Gini coefficient decomposition. This finding suggests that structural disparities between regions, 

rather than variations within regions, constitute the primary constraint on the balanced 

development of sustainable competitiveness across the national economic system. 

The persistence of these spatial differences highlights the importance of institutional 

coordination capacity and differentiated regional policy frameworks in shaping transformation 

outcomes. In particular, the results indicate that provinces with stronger integration between 

financial innovation mechanisms and industrial upgrading strategies are more capable of 

achieving coordinated sustainability transitions. Conversely, regions characterised by resource-

dependent industrial structures and relatively underdeveloped financial systems face greater 

challenges in achieving effective alignment between financial and industrial subsystems. 

Although the empirical analysis focuses on provincial-level data from China, the observed 

interaction between green finance and manufacturing transformation reflects patterns consistent 

with international evidence on sustainability-oriented industrial development. Studies 

conducted in OECD countries demonstrate that green finance instruments, including green 

bonds and environmental credit mechanisms, play a critical role in facilitating industrial 

decarbonisation and technological upgrading processes (Sartzetakis, 2021; Liu & Tang, 2022). 

Similarly, research on European economies shows that financial system development 

contributes significantly to improving resource allocation efficiency and supporting green 

innovation diffusion within manufacturing sectors. Sustainability-oriented innovation 

dynamics have also been observed in Central European economies, where the implementation 

of environmental principles supports sectoral transformation processes and strengthens the 

competitiveness of regional economic systems under green transition conditions (Vargova & 

Matusikova, 2025). 

 

In particular, recent empirical evidence from E.U. countries confirms that digital transformation 

processes, including the development of e-commerce ecosystems, contribute to achieving 

sustainability-related development goals and strengthening competitiveness within 

sustainability transition frameworks (Kwilinski, 2023). 

 

At the same time, the transformation trajectory identified in the Chinese context differs from 

those observed in many advanced economies due to the stronger role of policy-guided financial 

coordination mechanisms. Whereas sustainability transitions in the European Union are largely 
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driven by market-based financial instruments combined with regulatory frameworks such as 

the E.U. taxonomy and green investment strategies, China’s transformation process reflects a 

hybrid model integrating state-led financial coordination with market-oriented instruments. 

This institutional configuration helps explain both the rapid improvement in coupling 

coordination levels and the persistence of regional disparities identified in the empirical 

analysis. 

Despite these institutional differences, the results confirm that the coordinated interaction 

between green finance and manufacturing transformation represents a universal mechanism 

supporting sustainability-oriented competitiveness across both developed and emerging 

economies. The Chinese experience therefore provides important empirical evidence for 

understanding how large transition economies can strengthen sustainable competitiveness 

through integrated financial–industrial policy frameworks. 

 

This study contributes to the emerging literature on sustainable competitiveness by providing 

an empirical framework capable of capturing the interaction between financial development 

and industrial transformation processes. Previous research has frequently conceptualised 

sustainable competitiveness as a multidimensional construct integrating economic performance, 

environmental sustainability, and institutional quality. However, empirical measurement 

approaches have remained limited. 

 

By operationalising sustainable competitiveness through the coupling coordination degree 

between green finance and manufacturing transformation subsystems, this study demonstrates 

that competitiveness can be interpreted as the outcome of coordinated system-level interactions 

rather than as a static indicator of economic performance. This interpretation supports the view 

that sustainability transitions should be analysed as dynamic processes shaped by the interaction 

between financial systems, technological change, and industrial restructuring mechanisms. 

Furthermore, the results highlight that improving the efficiency of green financial resource 

allocation alone is insufficient to ensure sustainable competitiveness unless it is accompanied 

by parallel progress in industrial transformation capacity. The formation of sustainability-

oriented competitive advantages therefore depends on the synchronisation of financial and 

industrial development trajectories. 

From a policy perspective, the results suggest that strengthening the coordination between green 

finance systems and manufacturing transformation strategies represents a critical pathway for 

enhancing sustainable competitiveness. In particular, the findings indicate that improving 

financial infrastructure in less-developed regions, promoting innovation-oriented financial 

instruments, and strengthening institutional coordination mechanisms between financial 

regulators and industrial policy authorities can accelerate transformation processes. 

The study demonstrates that the effectiveness of green finance depends not only on the scale of 

financial resources allocated to environmental objectives but also on the degree of alignment 

between financial systems and industrial transformation priorities. This insight is particularly 

relevant for emerging economies seeking to accelerate sustainability transitions while 

maintaining industrial competitiveness, as well as for advanced economies aiming to strengthen 

the resilience of their manufacturing sectors under increasingly stringent environmental 

constraints. The results confirm that coordinated development between green finance and 

manufacturing transformation constitutes a key mechanism supporting sustainable 

competitiveness within the global transition towards environmentally sustainable economic 

systems. 
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6 CONCLUSION 

On the basis of panel data from 30 provinces in China from 2011–2023, an evaluation index 

system for green finance and green transformation of the manufacturing industry was 

constructed. The entropy-weighted TOPSIS method, superefficiency SBM model, improved 

coupling coordination model, Dagum Gini coefficient decomposition method, and kernel 

density estimation method were used to explore the level of green finance and green 

transformation of the manufacturing industry, further calculate the level of coupled and 

coordinated development between the two, and analyse the differentiation of their development 

via the Dagum Gini coefficient. Then, the evolution trend of the coupling coordination 

development level in different regions was analysed, and a three-dimensional kernel density 

map was produced. The conclusions obtained from the research are as follows: 

• The level of green finance and green transformation of the manufacturing industry in 

the 30 provinces of China gradually increased from 2011 to 2023. 

• The level of coupled and coordinated development between green finance and 

manufacturing green transformation also showed a growth trend, with the coupling 

coordination levels in the eastern, central, western  and northeast regions increasing 

annually. 

• The Gini coefficient for the coupled and coordinated development of green finance and 

green transformation of the manufacturing industry initially increased but then 

decreased, with average values across the four regions showing the following trend: 

west (0.067) > central (0.062) > east (0.054) > northeast (0.033). 

• The proportions of intraregional, interregional, and transvariation intensity differences 

fluctuated over time, with interregional differences being the main source of coupling 

coordination disparities between green finance and green transformation of the 

manufacturing industry in China’s four major economic regions. 

• The coupled and coordinated development levels of green finance and manufacturing 

green transformation showed an upwards trend both nationally and in the four major 

regions, although with some fluctuations. Among these, no polarisation trends were 

observed in the eastern, central, or western regions, whereas the northeast region 

showed a clear polarisation trend. 

To improve the level of coupled and coordinated development between green finance and the 

green transformation of manufacturing, the following countermeasures and suggestions are 

further proposed: 

1. In addition to innovation-driven development, green financial products and green 

financial service methods should be actively innovated, a multilevel green financial service 

system should be built, and targeted support for the green and low-carbon transformation and 

development of manufacturing should be provided. First, with innovation as the core driving 

force, methods for innovating green financial products and services should be actively explored, 

diversified green financial derivatives should be developed, and a comprehensive green 

financial service system that includes green credit, green funds, green bonds, and green 

insurance should be built. Second, they should adhere to the integration of education, science 

and technology, and talent; strengthen talent cultivation and social cooperation; deepen 

multiparty collaboration; and enhance core innovation and competitiveness. In-depth 

cooperation between financial institutions and governments, universities, and social 

organisations should be strengthened to improve the green technology innovation capabilities 

of the manufacturing industry; resource allocation efficiency through policy guidance, market 

cultivation, technological innovation, talent introduction, and results transformation should be 



 

 

https://doi.org/10.7441/joc.2026.03.07 

 

 205 

 

optimised; precise support throughout the entire process of green transformation and 

development in the manufacturing industry should be provided; and the vitality of green 

transformation and development should be continuously injected. 

2. A comprehensive policy support system should be built, policy orientation should be 

optimised, consistency, differentiation, and effectiveness of policy measures should be ensured, 

and policy coordination should be strengthened to enhance the coupling between green finance 

and the green transformation of the manufacturing industry. First, it is essential to fully 

understand the inherent integration of green finance with the green transformation of the 

manufacturing industry. In line with the core objectives of simultaneously promoting pollution 

reduction, green expansion, and efficiency improvement, support for green finance within 

manufacturing transformation and development should be increased. Financial institutions 

should be guided to focus on green and efficient production sectors within manufacturing while 

strengthening the coordination and alignment between green finance policies and 

manufacturing transformation and development policies to ensure a coherent direction. Second, 

attention should be given to regional differences in policy demands, with policies and 

regulations formulated according to local economic conditions, industrial structures, and 

development statuses, targeting key areas and improving the overall policy system accordingly. 

Finally, policy incentives and constraint mechanisms for green finance and the green 

transformation of the manufacturing industry should be established and enhanced. This includes 

comprehensively employing fiscal measures, taxes, subsidies, and rewards to create an 

intelligent and efficient dynamic evaluation and risk control mechanism, thereby ensuring the 

effectiveness of policy formulation and implementation. 

3. The system and mechanisms of the green finance market should be improved, and a 

favourable market environment should be created. On the one hand, it is necessary to fully 

leverage the decisive role of the market in resource allocation, optimise the flow of factors, and 

guide resources towards green, intelligent, and high-end production sectors. Efforts should 

focus on establishing markets for carbon emission rights and green bonds, building a multilevel 

and broad green financial product market system, and ensuring smooth capital flow channels. 

On the other hand, market-oriented incentive and constraint mechanisms should be established 

and improved to guide financial institutions, government departments, and social organisations 

to actively participate in the entire green production process, achieving mutually beneficial 

outcomes for both the economy and the environment. In addition, market supervision and 

management should be strengthened to build a scientific and effective green financial market 

system. This includes enhancing the oversight of both the financial and manufacturing markets; 

establishing a shared information platform for green finance and manufacturing transformation 

and development; ensuring the openness and transparency of market information; and creating 

a fair, open, competitive, and orderly market environment. These measures enhance the 

confidence of market entities and promote the sustainable development of both the green 

finance market and the manufacturing green transformation market. 

Despite the contributions of this study, several limitations should be acknowledged. First, the 

analysis is conducted at the provincial level, which provides a comprehensive macro-level 

perspective but may not fully capture micro-level dynamics of firms and industries. Second, the 

study focuses on the Chinese context, which may limit the generalisability of the findings to 

other institutional and economic environments. Future research could extend this study in 

several directions. First, incorporating firm-level or industry-level data could provide deeper 

insights into the micro-foundations of sustainable competitiveness. Second, comparative cross-

country analyses may help to validate the applicability of the findings in different institutional 
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settings. Third, future studies may explore dynamic and spatial modelling approaches to better 

capture the evolving, interconnected nature of green finance and industrial transformation. 

 

Acknowledgments  

This article was supported by the Henan Provincial Soft Science Project [262500412158] and 

the Henan Province College Students’ Innovation and Entrepreneurship Training Program 

[202610477057]. 

 

References 

1. Banker, R. D., Charnes, A., & Cooper, W. W. (1984). Some models for estimating 

technical and scale inefficiencies in data envelopment analysis. Management Science, 

30(9), 1078–1092. https://doi.org/10.1287/mnsc.30.9.1078 

2. Chen, M., et al. (2023). Does green finance promote the green transformation of 

China’s manufacturing industry? Sustainability, 15(8), 6614. 

https://doi.org/10.3390/su15086614 

3. Chen, Y., et al. (2024). Management of companies’ green competitiveness: 

Coordination degree between core determinants. Journal of Competitiveness, 16(1), 

96-114. https://doi.org/10.7441/joc.2024.01.06  

4. Chin, M. Y., Ong, S. L., Ooi, D. B. Y., & Puah, C. H. (2024). The impact of green 

finance on environmental degradation in BRI region. Environment, Development and 

Sustainability, 26(1), 303-318. https://doi.org/10.1007/s10668-022-02709-5 

5. Chung, Y. H., Färe, R., & Grosskopf, S. (1997). Productivity and undesirable outputs: 

A directional distance function approach. Journal of Environmental 

Management, 51(3), 229–240. https://doi.org/10.1006/jema.1997.0146 

6. CSMAR. (2026). China stock market & accounting research database. 

https://www.csmar.com/ 

7. Dagum, C. (1997). Decomposition and interpretation of Gini and the generalised 

entropy inequality measures. Statistica, 57(3), 295–308. 

https://doi.org/10.6092/issn.1973-2201/1060 

8. Dong, G., et al. (2023). Evaluation of coupling relationship between urbanisation and 

air quality based on improved coupling coordination degree model in Shandong 

Province, China. Ecological Indicators, 154, 110578. 

https://doi.org/10.1016/j.ecolind.2023.110578 

9. Fu, C., Lu, L., & Pirabi, M. (2023). Advancing green finance: A review of sustainable 

development. Digital Economy and Sustainable Development, 1(1), 20. 

https://doi.org/10.1007/s44265-023-00020-3 

10. Gao, D., & Ma, M. (2024). The impact of green credit on the green transformation of 

the manufacturing industry. Environmental Research Communications, 6(11), 115005. 

https://doi.org/10.1088/2515-7620/ad8b9a 

11. Ge, T., Cai, X., & Song, X. (2022). How does renewable energy technology innovation 

affect the upgrading of industrial structure? The moderating effect of green finance. 

Renewable Energy, 197, 1106–1114. https://doi.org/10.1016/j.renene.2022.08.046 

12. Gereffi, G. (1999). A commodity chains framework for analysing global 

industries. Institute of Development Studies, 8(12), 1–9. 

13. Han, S., et al. (2023). The coupling and coordination degree of urban resilience system: 

A case study of the Chengdu–Chongqing urban agglomeration. Environmental Impact 

Assessment Review, 101, 107145. https://doi.org/10.1016/j.eiar.2023.107145 



 

 

https://doi.org/10.7441/joc.2026.03.07 

 

 207 

 

14. Han, Z. Y., Liu, Y., Guo, X. G., & Xu, J. Q. (2022). Regional differences of high-

quality development level for manufacturing industry in China. Mathematical 

Biosciences and Engineering, 19, 4368–4395. https://doi.org/10.3934/mbe.2022202 

15. Hao, X., et al. (2025). Eco-intelligent production: intelligent manufacturing and 

industrial green transition. Environment, Development and Sustainability, 1–31. 

https://doi.org/10.1007/s10668-024-05935-1 

16. He, L., et al. (2019). Green credit, renewable energy investment and green economy 

development: Empirical analysis based on 150 listed companies of China. Journal of 

Cleaner Production, 208, 363–372. https://doi.org/10.1016/j.jclepro.2018.10.119 

17. He, Y., & Liu, R. (2023). The impact of the level of green finance development on 

corporate debt financing capacity. Finance Research Letters, 52, 103552. 

https://doi.org/10.1016/j.frl.2022.103552 

18. Hossain, M. R., et al. (2024). Empowering energy transition: Green innovation, digital 

finance, and the path to sustainable prosperity through green finance initiatives. 

Energy Economics, 136, 107736. https://doi.org/10.1016/j.eneco.2024.107736 

19. Jiakui, C., et al. (2023). Green technological innovation, green finance, and financial 

development and their role in green total factor productivity: Empirical insights from 

China. Journal of Cleaner Production, 382, 135131. 

https://doi.org/10.1016/j.jclepro.2022.135131 

20. Khalatur, S., & Dubovych, O. (2022). Financial engineering of green finance as an 

element of environmental innovation management. Marketing and Management of 

Innovations, 1, 232-246. https://doi.org/10.21272/mmi.2022.1-17  

21. Khan, T., et al. (2022). Industrial innovation on the green transformation of 

manufacturing commerce. Journal of Marketing Strategies, 4(2), 283–304. 

https://doi.org/10.52633/jms.v4i2.219 

22. Kwilinski, A. (2023). E-commerce and sustainable development in the European 

Union: A comprehensive analysis of SDG2, SDG12, and SDG13. Forum Scientiae 

Oeconomia, 11(3), 87–107. https://doi.org/10.23762/FSO_VOL11_NO3_5 

23.  Kwilinski, A. (2024). Mapping global research on green energy and green investment: 

A comprehensive bibliometric study. Energies, 17(5), 1119. 

https://doi.org/10.3390/en17051119  

24. Labatt, S., & White, R. R. (2002). Environmental finance: A guide to environmental 

risk assessment and financial products. John Wiley & Sons.  

25. Li, J., Zhou, K., & Cheng, Z. (2022). Does China’s “Belt and Road” initiative promote 

green total factor productivity growth in countries along the route? Journal of Cleaner 

Production, 367, 133004. https://doi.org/10.1016/j.jclepro.2022.133004 

26. Li, P., Xue, Y., Liang, J., & Tan, S. (2025). Research on the coupling and coordination 

of urbanisation and flood disasters based on an improved coupling coordination model: 

A case study from the Pearl River delta in China. Sustainable Cities and Society, 130, 

106564. https://doi.org/10.1016/j.scs.2025.106564  

27. Li, S., & Bai, T. (2024). The impact of tax reform on corporate green transformation 

– Evidence based on the value-added tax retained rebate. Finance Research Letters, 60, 

104881. https://doi.org/10.1016/j.frl.2023.104881 

28. Liao, G., & Drakeford, B. (2019). An analysis of financial support, technological 

progress and energy efficiency: Evidence from China. Green Finance, 1(2), 174–187. 

https://doi.org/10.3934/GF.2019.2.174 



 

 

https://doi.org/10.7441/joc.2026.03.07 

 

 208 

 

29. Liu, Q., & Tang, L. (2022). Research on the accelerating effect of green finance on the 

transformation of energy consumption in China. Research in International Business 

and Finance, 63, Article 101771. https://doi.org/10.1016/j.ribaf.2022.101771 

30. Liu, Z., et al. (2025). Spatiotemporal patterns and regional disparities in the coupling 

and coordination between green finance and ecological environment in 

China. Frontiers in Environmental Science, 13, 1508830. 

https://doi.org/10.3389/fenvs.2025.1508830. 

31. Man, H., et al. (2024). Effect of government environmental attention on green 

transformation: Empirical analysis from a spatiotemporal perspective in 

China. Journal of Cleaner Production, 473, 143595. 

https://doi.org/10.1016/j.jclepro.2024.143595 

32. Meng, B., & Chi, G. (2018). Evaluation index system of green industry based on 

maximum information content. Singapore Economic Review, 63(02), 229–248. 

https://doi.org/10.1142/S0217590817400094 

33. National Bureau of Statistics of China, & Ministry of Ecology and Environment of the 

People’s Republic of China. (2026). China statistical yearbook on environment 2023. 

China Statistics Press. 

34. National Bureau of Statistics of China. (2026). China statistical yearbook 2024. China 

Statistics Press. 

35. OECD. (2005). Environmentally harmful subsidies: Challenges for reform. OECD 

Publishing. https://doi.org/10.1787/9789264012059-en 

36. Parzen, E. (1962). On estimation of a probability density function and mode. The 

Annals of Mathematical Statistics, 33(3), 1065–1076. 

https://doi.org/10.1214/aoms/1177704472 

37. Peng, C., Guo, X., & Long, H. (2022). Carbon intensity and green transition in the 

Chinese manufacturing industry. Energies, 15(16), 6012. 

https://doi.org/10.3390/en15166012 

38. Rosenblatt, M. (1956). A central limit theorem and a strong mixing 

condition. Proceedings of the national Academy of Sciences, 42(1), 43–47. 

https://doi.org/10.1073/pnas.42.1.43 

39. Salazar, J. (1998). Mitigation banking: Theory and practice. Biodiversity & 

Conservation, 7, 695–696. https://doi.org/10.1023/A:1008816820913 

40. Sartzetakis, E. S. (2021). Green bonds as an instrument to finance low carbon 

transition. Economic Change and Restructuring, 54(3), 755–779. 

https://doi.org/10.1007/s10644-020-09266-9 

41. Scholtens, B. (2006). Finance as a driver of corporate social responsibility. Journal of 

Business Ethics, 68(1), 19–33. https://doi.org/10.1007/s10551-006-9037-1 

42. Shan, L., & Lili, M. (2023). Impact of green finance on the green transformation of 

manufacturing enterprises. Resources Science, 45(10), 1992–2008. 

https://doi.org/10.18402/resci.2023.10.06 

43. Shen, L., et al. (2018). Improved coupling analysis on the coordination between 

socioeconomy and carbon emission. Ecological Indicators, 94, 357–366. 

https://doi.org/10.1016/j.ecolind.2018.06.068 

44. Si, H., Tian, Z., Guo, C., & Zhang, J. (2024). The driving effect of digital economy on 

green transformation of manufacturing. Energy & Environment, 35(5), 2636–2656. 

https://doi.org/10.1177/0958305X231155494 



 

 

https://doi.org/10.7441/joc.2026.03.07 

 

 209 

 

45. Sun, L. Y., Miao, C. L., & Yang, L. (2017). Ecological-economic efficiency evaluation 

of green technology innovation in strategic emerging industries based on entropy 

weighted TOPSIS method. Ecological indicators, 73, 554–558. 

46. Sun, Y., Bi, K., & Yin, S. (2020). Measuring and integrating risk management into 

green innovation practices for green manufacturing under the global value chain. 

Sustainability, 12(2), 545. https://doi.org/10.3390/su12020545 

47. Tamazian, A., & Rao, B. B. (2010). Do economic, financial and institutional 

developments matter for environmental degradation? Evidence from transitional 

economies. Energy Economics, 32(1), 137–145. 

https://doi.org/10.1016/j.eneco.2009.04.004 

48. Tang, D., et al. (2022). The effect of green finance on the ecological and environmental 

quality of the Yangtze River Economic Belt. International Journal of Environmental 

Research and Public Health, 19(19), 12492. https://doi.org/10.3390/ijerph191912492 

49. Titko, J., et al. (2023a). Impact of country-level cultural development on the 

achievement of sustainable development goals. Business, Management and Economics 

Engineering, 21(2), 269–278. https://doi.org/10.3846/bmee.2023.19423  

50. Titko, J., et al. (2023b). Attitude towards sustainable entrepreneurship among students: 

Pilot study in Latvia and Lithuania. TalTech Journal of European Studies, 13(1/37), 

107–132. https://doi.org/10.2478/bjes-2023-0006   

51. Tone, K.  (2002). A slacks-based measure of superefficiency in data envelopment 

analysis. European Journal of Operational Research, 130(3), 32–41. 

https://doi.org/10.1016/S0377-2217(01)00324-1 

52. Vargova, T. D., & Matusikova, D. (2025). Application of environmental principles 

and innovations in tourism in V4 countries. Marketing and Management of 

Innovations, 16(3), 54–65. https://doi.org/10.21272/mmi.2025.3-05  

53. Veckalne, R., Us, Y., & Gerulaitiene, N (2022). Evaluation of sustainability awareness 

in Uzbekistan. Marketing and Management of Innovations, 3, 88–102. 

https://doi.org/10.21272/mmi.2022.3-08  

54. Wagan, S. M., Zhang, X., & Sidra, S. (2025). Green innovation and firm performance: 

Market and managerial drivers. Marketing and Management of Innovations, 16(3), 1–

14. https://doi.org/10.21272/mmi.2025.3-01  

55. Wang, S., Wang, J., & Chung, F. L. (2013). Kernel density estimation, kernel methods, 

and fast learning in large data sets. IEEE Transactions on Cybernetics, 44(1), 1–20. 

https://doi.org/10.1109/TSMCB.2012.2236828 

56. Wang, X., & Wang, Q. (2021). Research on the impact of green finance on the 

upgrading of China’s regional industrial structure from the perspective of sustainable 

development. Resources Policy, 74, 102436. 

https://doi.org/10.1016/j.resourpol.2021.102436 

57. Wang, X., Zhao, H., & Bi, K. (2021). The measurement of green finance index and 

the development forecast of green finance in China. Environmental and Ecological 

Statistics, 28, 263–285. https://doi.org/10.1007/s10651-021-00483-7 

58. Xu, Q., Li, X., Dong, Y., & Guo, F. (2025). Digitisation and green innovation: How 

does digitisation affect enterprises’ green technology innovation? Journal of 

Environmental Planning and Management, 68(6), 1282–1311. 

https://doi.org/10.1080/09640568.2023.2285729 

59. Xueshan, A., et al. (2025). Multilayer entropy-weighted TOPSIS method and its 

decision-making in ecological operation during the subsidence period of the Three 



 

 

https://doi.org/10.7441/joc.2026.03.07 

 

 210 

 

Gorges Reservoir. Scientific Reports, 15(1), 2954. https://doi.org/10.1038/s41598-

025-87106-4 

60. Yang, C., & Yongkang, Y. (2026). Artificial intelligence and green transformation in 

coordination development: Evidence from Chinese manufacturing for achieving 

SDGs. Environment, Development and Sustainability, 1–35. 

https://doi.org/10.1007/s10668-026-08050-5 

61. Yang, X., et al. (2024). Unveiling the energy transition process of Xinjiang: A hybrid 

approach integrating energy allocation analysis and a system dynamics 

model. Sustainability, 16(11), 4704. https://doi.org/10.3390/su16114704 

62. Yin, S., Zhang, N., Ullah, K., & Gao, S. (2022). Enhancing digital innovation for the 

sustainable transformation of manufacturing industry: A pressure-state-response 

system framework to perceptions of digital green innovation and its performance for 

green and intelligent manufacturing. Systems, 10(3), 72. 

https://doi.org/10.3390/systems10030072 

63. Yue, H., Zhou, Z., & Liu, H. (2024). How does green finance influence industrial green 

total factor productivity? Empirical research from China. Energy Reports, 11, 914–

924. https://doi.org/10.1016/j.egyr.2023.12.056 

64. Zhai, X., & An, Y. (2020). Analysing influencing factors of green transformation in 

China’s manufacturing industry under environmental regulation: A structural equation 

model. Journal of Cleaner Production, 251, 119760. 

https://doi.org/10.1016/j.jclepro.2019.119760 

65. Zhang, B., & Wang, Y. (2021). The effect of green finance on energy sustainable 

development: A case study in China. Emerging Markets Finance and Trade, 57(12), 

3435–3454. https://doi.org/10.1080/1540496X.2019.1695595 

66. Zhang, Z., & Bai, Y. (2024). Research on whether quality policies can promote the 

high-quality development of China’s manufacturing industry and its configuration 

paths in the context of sustainable development. Sustainability, 16(21), 9539. 

https://doi.org/10.3390/su16219539 

67. Zhao, J., Wang, J., & Dong, K. (2023). The role of green finance in eradicating energy 

poverty: Ways to realise green economic recovery in the post-COVID-19 

era. Economic Change and Restructuring, 56(6), 3757–3785. 

https://doi.org/10.1007/s10644-022-09411-6 

68. Zhao, L., et al. (2022). Enhancing green economic recovery through green bonds 

financing and energy efficiency investments. Economic Analysis and Policy, 76, 488–

501. https://doi.org/10.1016/j.eap.2022.08.019 

69. Zheng, C., Deng, F., Zhuo, C., & Sun, W. (2022). Green credit policy, institution 

supply and enterprise green innovation. Journal of Economic Analysis, 1(1), 20–34. 

https://doi.org/10.58567/jea01010002 

70. Zhou, Y., et al. (2022). Spatial differentiation and influencing factors of green finance 

development level in China. Frontiers in Environmental Science, 10, 1023690. 

https://doi.org/10.3389/fenvs.2022.1023690 

71. Zhou, Z., et al. (2024). The role of green finance, environmental benefits, fintech 

development, and natural resource management in advancing sustainability. Resources 

Policy, 92, 105013. https://doi.org/10.1016/j.resourpol.2024.105013 

 

 

 

 



 

 

https://doi.org/10.7441/joc.2026.03.07 

 

 211 

 

Contact information 

Yang Chen, Ph.D.  

Xinyang Normal University 

Business School, China 

https://orcid.org/0000-0002-4801-4036  

Corresponding Author, E-mail: cheny3598@gmail.com 

 

Yongkang Yi 

Xinyang Normal University 

Business School, China 

https://orcid.org/0009-0009-1196-6023  

E-mail: linyi060618@gmail.com 

 

Oleksii Lyulyov, Dr. Sc. 

EKA University of Applied Science  

Riga, Latvia 

https://orcid.org/0000-0002-4865-7306  

E-mail: alex_lyulev@econ.sumdu.edu.ua 

 

Tetyana Pimonenko, Dr. Sc. 

EKA University of Applied Science  

Riga, Latvia 

https://orcid.org/0000-0001-6442-3684  

 


	1 Introduction


    Y  i j =     x  i j −   m i n x  i j  m a x   x  i j − m i n   x  i j


    Y  i j =     m a x x  i j −   x  i j  m a x   x  i j − m i n   x  i j


   Y  ij


  max  x  ij


    minx  ij


  j


  i


    p  i j =   x  i j /   ∑  i = 1  n    x  i j  


    e  j = −  1    l n ⁡  n   ∑  i = 1  m    p  i j   l n ⁡   (   p  i j )  


    d  j = 1 −   e  j


    w  j =   d  j /   ∑  i = 1  n    d  j


  Y =   (  y ij )  m × n


  W = (   w 1 ,   w 2 , . . . ,     w  n )


   R  m × n =   (  r ij )  m × n


    r  i j =    Y ij     ∑  i = 1 m    y  i j 2


    R  i j =  w j ×  r ij


    F + = (   f 1 + ,   f 2 + , . . . . . . ,   f  n + )


    F − = (   f 1 − ,   f 2 − , . . . . . . ,   f  n − )


    f  j + = m a x (   f  i j )


    f  j − = m i n (   f  i j )


    d  j + =    ∑  i = 1  m    (   f  j + −   f  i j ) 2


    d  j − =    ∑  i = 1  m    (   f  j − −   f  i j ) 2  


  C =     d  i −    d  i + +   d  i −


  n


  m


    x  i


  i = 1 , 2 , … , m


  q


    y  r


  r = 1 , 2 , … , q


  k


  𝜌 = m i n   ( 1 +  1  m   ∑  i = 1  m      s  i −    x  i k )  ( 1 −  1  s   ∑  r = 1  m      s  i +    y  r k )


   {      ∑  j = 1 ,   j ≠ k  n    x  i j   𝜆  j −   s  i − ≤   x  i k     ∑  j = 1 ,   j ≠ k  n    y  r j   𝜆  j ≥   y  r k   𝜆 ,   s − ,     s + ≥ 0 ,   i = 1 , 2 . . . m ;   r = 1 , 2 , . . . q ;   j = 1 , 2 ,   . . . n ;   ( j ≠ k )


  𝜌


  𝜌


   s -


   s +


  m


  q


    U 1


    U 2


  C =   [ 1 −    (   U 1 −   U 2 ) 2 ]   m i n (   U 1 ,   U 2 )  m a x (   U 1 ,   U 2 )


  C


  D


  D =  C × T


  T = 𝛼   U 1 + 𝛽   U  2  


    𝛼 + 𝛽 = 1


  𝛼 = 𝛽 = 0 . 5


   [ 0 , 1 ]


  D


    G 1


    G 2


    G 3


  G =   G 1 +   G 2 +   G 3


  G =     ∑  j = 1  k    ∑  h = 1  k    ∑  i = 1    n  j    ∑  r = 1    n h   |   Y  j i −   Y  h r |  2   n 2   Y -


    G  j j =    1  2     Y  j -   ∑  i = 1    n  j    ∑  r = 1    n  j   |   Y  j i −   Y  j r |    n  j 2


    G  j j =     ∑  i = 1    n  j    ∑  r = 1    n h   |   Y  j i −   Y  h r |    n  j   n h  (     Y  j - +     Y h - )


  k  


  n  


  j


    n  j


    y  j i


  i


      y -  j


    y -


  j


    G  j j


  j


  h


    G  j h


    P  j =     n  j  n


    S  j =     n  j     Y  j -  n   Y -


    M  j h =   ∫ 0 ∞  d   F  j  （ Y ）   ∫ 0  Y   （ Y − x ） d   F h  ( x )


    N  j h =   ∫ 0 ∞  d   F h  （ Y ）   ∫ 0  Y   （ Y − x ） d   F  j  ( x )


    D  j h =     M  j h −   N  j h    M  j h +   N  j h


  j


  h


    D  j h


    M  j h


    N  j h


    M  j h


    Y  i j −   Y  h r > 0


    N  j h


    Y  h r −   Y  j i > 0


  j


  h


    F  j


    F h


    G  w


    G  n b


    G  t


    G  w =   ∑  j = 1  k    G  j j   P  j   S  j


    G  n b =   ∑  j = 2  k    ∑  h = 1  j − 1    G  j h   D  j h  (   P  j   S h +   P h   S  j )


    G  t =   ∑  j = 2  k    ∑  h = 1  j − 1    G  j h  (   P  j   S h +   P h   S  j ) ( 1 −   D  j h )


   G w


   G nb


   G t  


   X 1 ,  X 2 ,  X 3 , . . . . . . .  X n


  f  ( x ) =  1  N h   ∑  i = 1  N  K (     X  i − x h )


    ∫  − ∞  + ∞  K （ X ） dx = 1


  K  ( x ) =  1   2 𝜋   e x p ⁡   ( −     x 2 2 )

