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Concern has been raised about how to effectively encourage industrial

structure upgrading using green finance as a tool in the framework of

sustainable development. This paper is based on the data from 2010 to

2019, the social network had been constructed using the gravitational

model. Also, the spatial correlation of green finance development on

industrial structure upgrading was studied through using the social network

analysis method, as well as the detection analysis of the impact factor of green

finance on industrial structure upgrading was conducted by using the

geographic detector. The empirical results showed that: green finance and

industrial optimization had entered a differentiated development stage in each

province; green finance development would have an effect on upgrading

industrial structure; and the overall network had established and maintained

a benign development trend. This paper suggests that the government must

improve the green finance management system as soon as possible, effectively

use green finance to promote industrial optimization and introduce policies as

per the characteristics of each province in order to promote the coordinated

development of green finance in each province.
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1 Introduction

General Secretary Xi Jinping stated that China’s announcement to aim for carbon

peaking by 2030 and carbon neutrality by 2060 is a significant strategic decision based on

promoting the building of a community of human destiny and obtaining sustainable

development, and the national carbon emissions trading system was officially launched on

16 July 2021. Within the context of the carbon peaking and carbon neutrality objectives,

industrial upgrading and the shift in economic development from traditional resource-

consuming growth to environment-friendly growth driven by technological innovation

should be accelerated (Bei, Tie and Zhou, 2011b; Zhang et al., 2020; Zhao et al., 2022).

Green finance could help transform traditional industrial structures into green industries,

promote the transformation and upgrading of economic, energy, and industrial
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structures, find new economic growth areas, as well as acquire a

green and low-carbon development path (Lam and Hills, 2011;

Zhang and Wang, 2019a; Zhang et al., 2021; Zhou, 2022).

Through the role of capital finance, the traditional financial

industry may encourage the flow of social capital to developing

industries while driving out less developed ones from the market

and promoting the modernization of industrial structures (Rin

and Hellmann, 2002; Li and Xue, 2009; Binh et al., 2005). On the

other hand, green projects have long investment cycles and poor

return rates, which makes it difficult to completely resolve their

financing issues by relying solely on traditional financial

institutions (Andersen, 2017; He and Liu, 2018). Green

finance could grasp the flow of financial capital based on the

development of green financial instruments for ecological and

environmental management, as well as give green enterprises

preferential policies, so in order to help environmental protection

industry financing, forcing high pollution, high energy

consumption industries out of the market, and then acquire

industrial structure upgrading, whilst green finance development

may help with industrial structure optimization (Simon et al.,

2012; Wang andWang, 2021). Compared to traditional finance’s,

green financing emphasizes environmental interests, so is more

closely linked to the environment and has more complex

geographical effects on the modernization of industrial

structure (Zhou et al., 2020). Analysing spatial spill over

effects and spatial correlation characteristics among regions

could greatly serve each province in developing green finance

as well as industrial optimization policies, which are tailored to

local conditions, promoting the development of regional green

finance, enhancing the efficiency of using green financial

resources, and boosting the most efficient resource allocation

(Wang et al., 2021; (Zhou et al., 2022). China also faces three

problems that need urgent solution: Firstly, how to incorporate

spatial factors into relevant studies so as to improve the efficiency

of green finance in promoting industrial structure upgrading.

Secondly, how to increase the role of green finance in upgrading

industrial structure. Accordingly, scholars at home and abroad

have focused on the impact of green finance on the upgrading of

industrial structures.

Within this context, this paper is based on the data from

2009-to 2018, the social network had been constructed using the

gravitational model. Also, the spatial correlation of green finance

development on industrial structure upgrading was studied

through using the social network analysis method, as well as

the detection analysis of the impact factor of green finance on

industrial structure upgrading was conducted by using the

geographic detector. This paper offers three main

contributions to the existing literatures. First of all, combining

the current economic background and the current situation of

green finance development, this paper incorporates carbon

finance into the evaluation system of green finance

development level, which makes the data more comprehensive

and accurate. Secondly, this paper adopts a social network

analysis method from the spatial characteristics of the impact

of green finance on industrial structure upgrading in order to

depict its overall network characteristics, individual network

characteristics, and evolutionary trends, which is a useful

supplement to existing studies. The findings provide new

research perspectives for other researchers and help to

improve the efficiency of green finance in promoting

industrial structure upgrading and have practical significance

for the current development in China.

2 Literature review

2.1 Financial impact on industrial structure
upgrading

As the economy and society evolve, so will the industrial

structure. As the economy and society develop, upgrading is the

process of shifting the focus of the country’s economy from primary

to secondary and eventually tertiary industries (Kuznets, 1949; Allen

and Clark, 1951). Finance performs activities such as resource

allocation, risk assessment, and information transmission, all of

which could enhance the efficiency of production components

flowing between industries (Chen et al., 2013; Yuan and Zhou,

2020), and the impact of finance on industrial structure

upgrading has gotten a great quantity of attention from

academics. Patrick suggested a “demand-induced” and “supply-

led” relationship between economic growth and financial

development, arguing that in the less developed stage of the

economy, there is a need for a supply-led approach to stimulate

financial development and drive industrial progress, while industrial

progress would in turn stimulate financial development (Patrick,

1966d). Meanwhile, financial development may assist in improving

the industrial structure by increasing productivity and bolstering the

financial environment (Aghion et al., 2005; Chen, 2011; Wang and

Johansson, 2013; Pradhan et al., 2015; Sasidharan et al., 2015). On the

other hand, the impact of financial development on the upgrading of

industrial structure is complicated. The “financial suppression”

policy, which suppresses the service sector while protecting and

promoting the industrial sector’s development, leads to a low service

sector share, stymies structural reform, and causes an imbalance in

the domestic industrial structure (Wu and Zhang, 2016; Xu and Tan,

2020). Meanwhile, the differences in the impact of finance on the

upgrading of industrial structures are not only reflected between

industries, but also between regions with different levels of economic

development (FQ Jin and Zhong, 2013; Wang et al., 2019).

2.2 Green finance impact on industrial
structure upgrading

There is currently no authoritative definition of green finance in

academic circles, and there are various terms such as financial
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innovation, financial instruments, and the intersection of green

economy and finance, but its core essence is to strive to preserve

the environment by bridging the gap between finance and

environmental industries, and to benefit the environment in the

broader context of environmental sustainability (Gregoriou, 2015a;

Wang et al., 2019). Compared with traditional finance, green finance

does not pursue profits excessively, but conducts financial operations

based on the principles of environmental protection and sustainable

development to achieve harmonious development of resources,

environment, economy and society (Ma, 2015). Green finance

could hence improve the financing constraints of green sectors,

while at the same time restricting “Two-high and one over-

capacity” industries and energy-intensive industries (Bing et al.,

2011; Liu et al., 2017). Green finance incorporates environmental

protection into business operations by using green financial products

to guide the development of alternative energy sources, control the

promotion of environmentally polluting projects, as well as promote

mergers and acquisitions and restructuring of polluting industries,

which result into the dual optimization of industries and technologies

as well as the long-term development of the economy (Salazar, 1998;

Labatt and White, 2002; Gu, Chen and Zhang, 2021). Nevertheless,

although being very effective overall in promoting industrial

transformation and upgrading in China, the green financial

system’s discriminatory growth, information asymmetry, and lack

of enterprise supervision are all contributing to its decline (Chen and

Dang, 2011; Wang and Wang, 2021). Some academics have

undertaken further in-depth studies on the influence of green

financing development on industrial structure upgrading based on

this foundation. In each Chinese province, the effects of green credit’s

effects on industrial structure upgrading as well as regional and

industrial variations are examined. The influence of green credit on

China’s industrial structure varies extremely by location, according to

the study, as well as the “push-back” mechanism incorporated in

green financial policies supports structural upgrading of secondary

sectors thus preventing tertiary business development (Taghizadeh-

Hesary and Yoshino, 2019; Hu, Jiang and Zhong, 2020; Li et al., 2020;

Qi and Qi, 2020). Some scholars have taken into account spatial

factors in their relevant studies, which have found that green finance

can promote regional industrial rationality while having clearly

negative spatial spill over effects on adjoining regions’ industrial

rationality processes (Li and Gan, 2020; Cheng et al., 2021; Wang

et al., 2021; Gao et al., 2022).

2.3 Review of existing research

They are various issues with the existing research on how

green finance affects modernizing industrial structures,

including: firstly, current research focuses on differences in

the contribution of green finance to industrial structure

upgrading between regions, instead of its spatial correlation

characteristics, also, the revealed provincial spatial spill over

effects are mostly restricted to neighbouring regions, failing to

depict the national geographical structure and the spatial

correlation characteristics of Chinese provinces as well as the

spatial structure on a national scale. Second, results of current

studies are typically dependent on the economic structure of the

economy. Second, existing study results are commonly explained

as major elements based on current economic development and

geopolitical considerations, instead of conducting a more in-depth

examination of each province’s distinctive variations. This paper

addresses the aforementioned flaws by Carrying out the following

innovations: First of all, this paper addresses the traditional spatial

econometric approach of limiting spatial linkages to adjacent and

nearby areas, and takes the perspective of a region-wide study in order

to depict the overall characteristics and evolutionary trends of spatially

linked networks; illustrate each province’s location in the larger

network and the variations in its spatial effect. Secondly, while the

existing literature focuses on the ‘quantitative’ effects of green finance

impacts based on the consideration of spatial factors, this study reveals

the internal structure of the network, its transmissionmechanism, and

its evolutionary process. Thirdly, considering the interaction between

the influencing factors, the detection analysis of the impact factor of

green finance on industrial structure upgrading is conducted by using

the geographic detector.

3 Analysis of social network
construction and its effects

3.1 Construction of social network

3.1.1 Construction of gravity model
Accurately measuring the spatial network relationships

between regions is critical to the construction of social

networks. The gravity model can take into account the

economic and geographical distance factors, and thus can

describe the dynamic evolution of the spatial association

network with panel data. Therefore, this paper is based on

the gravity model to construct a social association network

for the influence of green finance on industrial structure

upgrading. Nevertheless, the gravity model must be

amended by assigning weights according to the level of

green financial development in order to account for the

directionality of the inter-provincial spatial connection as

well as the different contributions of the two provinces to the

spatial connection (Liu et al., 2015).

The following is the modified gravity model.

Rij � Kij

��������
GCiPiICi

3
√ ��������

GCjPjICj
3
√

D2
ij

, Kij � GCi

GCi+GCj
(1)

3.1.2 Description of gravity model indicators
Rij is the strength of green finance to economic support

linkage between province i and province j.
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Kij is the gravitational parameter, indicating the degree of

contribution of province i to Rij.

GCi is the green finance level of the ith province.

Pi represents the total resident population of the ith province.

The total population influences the local ecological environment

as well as industrial structure, so this paper chooses to use the

total population as one of the indicators.

ICi denotes the level of industrial structure upgrading in

province i.

Dij denotes the distance between province i and province j. In

this paper, Dij is denoted by the distance between any two

provincial capitals.

3.1.3 Gravity matrix data processing
Based on the gravity model, a gravity matrix was built in

this study. The mean value of the elements in the matrix’s

rows served as the threshold, and if an element was greater

than the threshold, it was given a value of 1, and if it was lower

than the threshold, a value of 0. The elements of the

gravity matrix were binarized, and then the social

network of the influence of green financial development

on industrial structure upgrading was built (Zhao et al.,

2015).

3.2 Measurement of the level of industrial
structure upgrading and the level of green
finance

3.2.1 Measurement of industrial structure
upgrading level

The entropy technique to assess the level of industrial

structure upgrading from the viewpoint of advanced industrial

structure and industrial structure rationalisation, by using a

formula based on Xu Deyun (2008) to assess advanced

industrial structure (Xu, 2008).

N � ∑3

i�1yipi (2)

The industrial structure is more advanced the higher the

value of N, where N is the industrial structure upgrading index.

The percentages of primary, secondary, and tertiary industries’

value added to the GDP are indicated by the letters y1, y2, and y3
respectively.

Drawing on Gan, Chunhui et al. (2011) utilised the Thiel

index to measure the rationalization of industrial structure, the

formula is as follows (Xu, 2008).

TL � ∑n
i�1
wiplog (wi

ei
) (3)

Where TL is the Thiel index, wi is the ratio of output value to

GDP for industry i, and ei is the ratio of employees to total

employment for industry i.

3.2.2 Green finance level measurement
This study used the entropy method to assess the

development of green finance from five dimensions: green

credit, green securities, green insurance, green investment, and

carbon finance. Since data on green finance at the provincial level

are not yet available to the general public, this study was

necessary. Table 1 shows the system of indicators for the level

of development of green finance in China.

3.3 Network feature portrayal index

3.3.1 Overall network characteristics analysis
Through network density, theoretical relationship number,

and actual relationship number, the network scale analysis

revealed the geographical association sparsity and its evolution

trend inside the network. In order to describe the overall network

accessibility, rank, stability, and connection efficiency, network

correlation analysis includes correlation degree, rank degree,

efficiency, as well as average path.

3.3.2 Individual network characteristics analysis
The three ways used in this study to analyse individual

network properties were centrality analysis, small-world

analysis, and structural hole analysis. The Out-degree

centrality and In-degree centrality had been used in the

centrality analysis to characterize the impact size of each

province on the overall network as well as the overall

network’s influence size. In the small-world study, the

clustering coefficient and the mean value of route length were

used to describe the efficiency of each province’s spatial link.

Effective Size, efficiency, limit system, and rank degree were used

in structural hole analysis in order to define the dimension of

each province’s advantage in competing for resources in the

overall network.

3.3.3 Network structure characteristics analysis
The internal social hierarchy and the transmission

mechanism of the spatial spillover effect between the core and

periphery areas were divided in this study using the core-

periphery analysis, and based on this, the K-core analysis has

been used for dividing the internal factions of the network as per

the cohesion size within the subgroups (Liu, 2009).

3.4 Analysis of the influencemechanism of
green financial development on industrial
structure upgrading

This paper selected green financial development, financial

development, economic development, technological progress,

and energy consumption indicators of each province and

utilised a Geodetector to study its influence mechanism on
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industrial structure upgrading, since the influence mechanism of

green financial development on industrial structure upgrading

was complex. The unique advantage of the Geodetector was that

it could detect two-factor interactions with dependent variables

and avoid the issue of multicollinearity (Wang and Xu, 2012).

This included financial development assessed using the total

market value of A-shares and year-end deposit balances of

financial institutions in each province, economic development

assessed using the provincial GDP, technological development

assessed using the number of patents at the end of the year, and

energy consumption assessed using by electricity consumption.

3.5 Description of data

The research project for this paper was 31 provinces and

regions in China (excluding Hong Kong, Macao, and Taiwan)

and the study period was 2010–2019. Green credit data were

taken from the China Industrial Statistical Yearbook, green

securities data, green insurance data, year-end patent number

and electricity consumption were taken from wind database,

green investment data were taken from China Statistical

Yearbook On Environment, carbon financial data from the

official website of China Clean Development Mechanism

Fund, industrial output value, GDP, year-end deposit balance

of financial institutions from the China Statistical Yearbook, the

total employment and the number of employees by industry as

taken from the provincial statistics yearbooks.

4 Social network analysis of the
impact of green financial
development on industrial structure
upgrading

4.1 Analysis of the overall network
characteristics

In this study, Ucinet software (version 6.186) had been used

for carving the overall characteristics of the social network, as

illustrated in Table 2, Arcgis software was use to visualize it, see

Figure 1. The rise of the spatial association of green finance on the

industrial structure upgrading in the years 2010, 2013, 2016, and

2019 is examined in this article due to space constraints. Figure 1

shows the spatial links between the above 4 years of the impact of

green finance on industrial structure upgrading across Chinese

provinces. Table 2 shows the overall network characteristics of

the impact of green finance on industrial structure upgrading in

China.

According to Figure 1, the spatial association of green finance

development on industrial structure upgrading in each Chinese

province forms a social network, with direct and indirect linkage

channels coexisting between provinces, and no province is

isolated; nevertheless, the overall network is unstable, and the

spatial linkage between provinces tends to be closer. The green

finance provinces that are growing more quickly in the east and

south make up the core circle of the network, while those that are

growing more slowly in the west and border make up the

peripheral circle. Provinces in the core circle are not only

closely connected internally, but their spatial spillover effects

could radiate to the peripheral circle provinces, while provinces

in the peripheral circle are not only closely linked internally, but

their spatial spillover effects could radiate to the peripheral circle

provinces. The local proximity is the only area where there is a

spatial spillover effect. As illustrated in Table 2, in regards to the

number of actual relationships, the overall network density of the

impact of green financial development on industrial structure

upgrading between 2010 and 2019 illustrate an upward trend

from 2010-to 2013, with an inverted U-shaped change in

2013–2016, as well as a rapid increase in 2016–2019, which

maintains a rapid upward trend. The Green Credit Guidelines

and other papers were published between 2010 and 2013, which

hastened the development of green finance, and had a greater

influence on modernizing China’s industrial structure. The green

finance policy framework was largely built between 2010 and

2013, with the publishing of the Green Credit Guidelines and

other papers, and the development of green finance accelerated,

following an enhanced influence on China’s industrial structure.

The development of green finance saw a setback from 2013 to

2016, and between 2016 and 2019, the idea of green and recycling

TABLE 1 Green finance indicator evaluation system.

Primary
indicators

Secondary indicators Indicator description Unit Relevance

Green Credit Percentage of interest expenses in energy-intensive
industries

Interest expenses of the six high-energy-consuming industries/total
industrial interest expenses

% Negative

Green Stock Percentage of market value of environmental
protection enterprises

Total market value of environmental protection enterprises/total
market value of A-shares

% Positive

Green Insurance Share of agricultural insurance scale Agricultural insurance income/total agricultural output % Positive

Green Investment Investment in environmental pollution control Investment in environmental pollution control/GDP % Positive

Carbon Finance Percentage of CDM projects Number of CDM projects/Total number of projects % Positive
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development was advanced, the scale of green financial product

issuance rose dramatically, and market players got more diverse.

Nevertheless, the number of theoretical linkages was 930, while

the actual number of relationships was 245, and network density

was only 0.263, which indicates that the spatial association

between provinces is still insufficient. As seen in Figure 1,

when several contact channels interact to produce the overall

network, and no province is isolated, the Connectedness value

has always been 1, indicating that the network is extremely well

linked. The overall network efficiency is diminishing, and the

increasing number of redundant linking channels in the overall

network intensifies the interaction impact across provinces,

which led to an increased network stability. The Graph

Efficiency is always zero, which indicates that the overall

network has no hierarchical spatial structure and that spatial

spillover effects between provinces are almost unconstrained by

administrative barriers. The average path length of the network is

fluctuating downward, its geographical links are getting shorter,

and its inter-provincial green finance development cooperation

efficiency in advancing the industrial structure is continually

increasing.

4.2 Individual network characteristics
analysis

Table 3 demonstrates the individual network

characteristics of the influence of green finance

development on industrial structure upgrading in each

province with 2019 data. Figure 2 shows the centrality of

the provinces and their spatial linkages in the cluster of nodes

of the social network on the impact of green finance on

industrial structure upgrading in China.

As illustrated in Figure 2, in 2019, the spatial association of

the impact of green financial development on industrial structure

upgrading in each Chinese province has built a social network

with “loose inside and tight outside,” with provinces including

Zhejiang and Beijing at the core level of the overall network, and

with their green financial development having a significant

influence on the overall network, specifically Zhejiang as the

social network’s hub. Provinces at the network’s periphery, such

as Jilin and Heilongjiang, primarily receive spatial influence from

the core provinces, and their external spatial connection channels

only exist in neighbouring provinces, resulting in a smaller

spatial influence on the overall network. In contrast, Zhejiang,

the social network’s centre, has a spatial spillover effect that

spreads throughout the entire nation.

Zhejiang (26.000), Beijing (17.000) and Xinjiang (12.000),

and Xinjiang are the three provinces with the highest out-degree

centrality rankings, as indicated in Table 3. In recent years,

Beijing has ranked first in the number and issuance scale of

green credit and green bonds, and the pilot of green insurance has

been continuously promoted. Moreover, Xinjiang and Zhejiang

turned into the first pilot zones of green financial innovation and

reform in 2017, as well as the sustainable and eco - friendly

financial policy environment has promoted the growth of the

scale. Among all provinces, Beijing (12.000), Henan (11.000), and

Anhui (11.000) have the highest In-degree centrality scores

(11.000). These three provinces may more easily “take

advantage” of the external spatial spillover effect because they

have more economic development potential, are densely

populated, and are close to financially successful provinces.

The variance of Out-degree centrality and In-degree centrality

are 19.378 and 8.578 respectively, and the Out-degree centrality

and In-degree centrality of neighbouring provinces have a closer

proximity, which is a sign that the influence of green finance on

TABLE 2 Overall network characteristics of the impact of green finance development on industrial structure upgrading.

Network scale analysis Connectedness analysis

Network
density

Number of
theoretical
correlation

Number of
actual
correlation

Connectedness Graph
efficiency

Graph
hierarchy

Average
path

2010 0.251 930 233 1.000 0.701 0.000 2.353

2011 0.255 930 237 1.000 0.697 0.000 2.358

2012 0.255 930 237 1.000 0.697 0.000 2.258

2013 0.254 930 236 1.000 0.697 0.000 2.275

2014 0.250 930 232 1.000 0.694 0.000 2.288

2015 0.250 930 232 1.000 0.708 0.000 2.235

2016 0.253 930 236 1.000 0.701 0.000 2.194

2017 0.256 930 239 1.000 0.699 0.000 2.198

2018 0.260 930 242 1.000 0.710 0.000 2.159

2019 0.263 930 245 1.000 0.710 0.000 2.156

Frontiers in Environmental Science frontiersin.org06

Nian and Dong 10.3389/fenvs.2022.1017159

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1017159


industrial structure in China has altered from individual

development to regional synergistic development. Also, the

variance value is larger and there is an obvious difference

between them, which indicates that the level of development

of their own green finance and the difference of industrial

structure not only determine the size of external radiation

effect, but also affect their “The development advantages of

each province significantly impact the former, and the

development of green finance in China tends to be more

“common wealth” than the “Matthew Effect".

When viewed holistically, the mean characteristic path length

is 2.183, which indicates that more nodes must be connected to

the network, there are more geographical limitation, network

accessibility is poor, and operation efficiency is low. Zhejiang has

the shortest characteristic path length (0.968), which is a sign that

it is spatially connected to most of the provinces and serves as an

“intermediary bridge” in order to promote cross-regional

cooperation as well as enhance the efficiency of the impact of

green financial development on industrial structure upgrading.

3.355, indicating that Jilin has fewer direct “channels” with other

provinces and more nodes through which it must connect to the

overall network. Following an overall perspective, the clustering

coefficient’s mean value is 0.546, which indicates that the

network’s nodes are connected both internally and externally

and that the clustering coefficients of the network’s core

provinces are generally low and their network connections are

decentralized. In contrast, the clustering coefficients of the

network’s peripheral provinces are significant. Also, their

network connections are characterized by local convergence.

Zhejiang (0.230), whose connections with other network

nodes have not been restricted to neighbouring provinces,

whose spatially connected connections are characterized by

global and decentralized nature, and whose spatial spillover

effect radiates the entire network, has the smallest clustering

FIGURE 1
Network evolution of the impact of green finance development on industrial structure upgrading.
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coefficient, while Jilin (0.900), whose connections with other

networks are limited to neighbouring provinces, and whose

spatially connected connections are characterized by global

and decentralized nature, has the largest clustering coefficient.

Zhejiang has the highest Effective Size (23.611) and Efficiency

(0.787), which are significantly higher than other provinces, and the

lowest Constraint (0.130), which indicates that Zhejiang retains the

highest degree of individual network openness, has opened most of

the “channels” to connect with other provinces, has the advantage of

structural holes, and has achieved the status of the most competitive

network for green finance to influence industrial structure

upgrading. Whereas, network periphery provinces, such as Jilin,

TABLE 3 Individual network characteristics of the impact of green financial development on industrial structure upgrading.

Centrality analysis Small world analysis Structural holes

Out-
degree
centrality

In-
degree
centrality

The
characteristic
path
length

Clustering
coefficient

Effective
size

Efficiency Constraint Hierarchy

Beijing 17.000 12.000 2.935 0.700 2.200 0.314 0.519 0.063

Tianjin 6.000 11.000 2.548 0.429 6.333 0.528 0.309 0.058

Hebei 5.000 10.000 2.613 0.536 4.781 0.435 0.343 0.063

Shanxi 9.000 9.000 2.097 0.500 6.263 0.522 0.308 0.049

Inner Mongolia 8.000 5.000 2.194 0.600 3.692 0.369 0.375 0.052

Liaoning 6.000 5.000 2.774 0.548 3.818 0.477 0.431 0.048

Jilin 3.000 3.000 3.355 0.900 1.333 0.375 0.780 0.075

Heilongjiang 4.000 3.000 2.839 0.600 2.143 0.429 0.652 0.068

Shanghai 4.000 5.000 1.806 0.667 1.500 0.267 0.661 0.027

Jiangsu 6.000 8.000 1.742 0.567 3.500 0.437 0.437 0.050

Zhejiang 26.000 6.000 0.968 0.230 23.611 0.787 0.130 0.047

Anhui 7.000 11.000 1.710 0.556 5.861 0.533 0.332 0.058

Fujian 8.000 4.000 1.677 0.653 3.042 0.380 0.446 0.040

Jiangxi 7.000 9.000 1.710 0.611 4.281 0.476 0.393 0.041

Shandong 7.000 11.000 2.194 0.410 6.556 0.596 0.320 0.043

Henan 8.000 11.000 2.000 0.500 7.342 0.565 0.285 0.044

Hubei 7.000 10.000 1.710 0.518 5.324 0.532 0.356 0.047

Hunan 8.000 11.000 2.000 0.467 7.816 0.601 0.280 0.036

Guangdong 8.000 5.000 2.097 0.597 4.500 0.500 0.395 0.042

Guangxi 7.000 8.000 2.452 0.714 3.900 0.433 0.393 0.050

Hainan 6.000 5.000 2.226 0.679 3.273 0.468 0.491 0.044

Chongqing 7.000 8.000 2.032 0.478 5.667 0.567 0.358 0.045

Sichuan 5.000 8.000 2.387 0.518 4.538 0.504 0.394 0.049

Guizhou 6.000 9.000 2.484 0.491 3.833 0.426 0.394 0.051

Yunnan 6.000 7.000 2.484 0.533 3.000 0.375 0.445 0.064

Tibet 4.000 2.000 1.806 0.473 6.769 0.564 0.304 0.020

Shaanxi 8.000 10.000 1.742 0.313 10.348 0.237 0.237 0.034

Gansu 3.000 7.000 2.548 0.571 3.000 0.429 0.504 0.064

Qinghai 3.000 6.000 2.548 0.633 2.278 0.380 0.571 0.058

Ningxia 8.000 8.000 2.194 0.492 5.688 0.517 0.327 0.041

Xinjiang 12.000 2.000 1.806 0.436 7.393 0.569 0.286 0.030

Mean value 7.387 7.387 2.183 0.546 5.277 0.471 0.402 0.048

Sum 229.000 229.000 67.678 16.920 163.583 14.592 12.456 1.501

Variance 19.378 8.578 0.231 0.016 15.844 0.012 0.018 0.000

Min 26.000 12.000 0.968 0.230 1.333 0.237 0.130 0.020

Maximum
value

3.000 2.000 3.355 0.900 23.611 0.787 0.780 0.075
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have the lowest Effective Size of 1.333, while the Constraint is as high

as 0.780. This shows that the network of the province of Jilin is

almost completely closed and only associated with individual

provinces, and the connection between Jilin and the overall

network is almost entirely reliant on other nodes. This is an

indication that Jilin is unable to effectively take part in the

overall network of green finance impact on industrial structure

upgrading. Therefore, spatial connectivity is severely limited, and

“communication” efficiency with other nodes is extremely low,

reducing the effects of its green financial development on

industrial structure upgrading. The developed provinces with a

Structural Hole advantage have increased “communication”

efficiency, more powerful competitiveness, and faster

development. In the meantime, the provinces with a structural

hole disadvantage have a weaker foundation for green

financial development, and their closeness will further decrease

the impact on industrial structure upgrading. This would

result in differences in the level of green financial development

and industrial structure between provinces and regions in a given

year would keep rising. Table 3 Individual network characteristics of

the impact of green financial development on industrial structure

upgrading.

FIGURE 2
Network centrality graph of the impact of green financial development on industrial structure upgrading in 2019.

FIGURE 3
Core-periphery analysis of the network of the influence of green financial development on industrial structure upgrading.
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4.3 Network structure analysis

4.3.1 Core-periphery analysis
Due to the length of the study, this paper uses 3 years of data,

2010, 2015 and 2019, for core-periphery analysis. Figure 3 shows

the results of the core-periphery analysis. Table 4 shows the core

and peripheral regions.

As illustrated in Figure 3, the provinces in the network’s core

area are mostly economically developed, which includes Beijing,

or provinces with strong green financial development vitality,

such as Guangdong, Zhejiang, and Xinjiang China Green

Financial Reform as well as Innovation Pilot Zone. Despite

having fewer provinces than the periphery region, the core

area has a significantly greater density of network connections

and a lot stronger spatial link for green financial growth. While

provinces on the periphery are often economically backward,

with slower green financial development as well as sparse spatial

connections within the periphery, the network link density

among the core and the periphery is high. Core area to

periphery area network linkage density is higher than

periphery area to core area network linkage density, and there

is a clear driving impact of green finance from core area

provinces to periphery area provinces on industrial structure

upgrading.

The number of provinces in the core area decline, but

their regional network connection density increases; the

spatial influence of developed green finance provinces on

industrial structure upgrading keeps rising quicker than that

of lagging provinces; the network connection density of core

area to peripheral area increases; the spatial spillover effect of

core area provinces on peripheral area provinces increases; as

well as the developed green finance provinces’ spatial

influence on industrial structure upgrading keeps growing

faster than that of lagging provinces; and the developed green

finance provinces’ Green finance development in China is

currently transitioning from individual development to

regional synergistic development.

4.3.2 K-core analysis
Ucinet software performs a K-core analysis of the

influence network of green financial development on

industrial structure upgrading using 2019 data in this

study, shown in Table 5. As illustrated in Table 5, Green

financial development’s impact on industrial structure

upgrading could be classified into four subdivisions, with

core degrees of 7, 6, 5, and 4. The following features

describe the structure of the green financing development

influence network on upgrading industrial structure: first and

foremost, Higher-degree k-core subgroups are subgroups of

lesser k-core subgroups, as well as the overall k-core network

structure is pyramidal, which indicates that the overall

network’s spatial connectivity is stratified and hierarchical.

Secondly, the geo-location and level of green finance

development have been associated to the segmentation of

provinces into k-core subgroups. To some degree, the size

of spatial spillover between provinces is determined by the

influence of green finance on industrial structure upgrading

and geographical location; for instance, Beijing and other

developed green finance provinces are mostly situated in

the 7-core area with their neighboring provinces and hold

most of the “control” over the overall network. Third, the core

degree of the nuclear partition tends to decline evenly. The

degree of each nuclear zone is less different from the number

of distributed provinces, and the core degree of the sub-region

decreases as some of the provinces’ spatial connections are

reduced. This suggests that the impact of this green financial

development on the upgrading of industrial structure has

TABLE 4 Density of core and peripheral regions.

Core Periphery

2010 Core 0.571 0.307

Periphery 0.255 0.140

2015 Core 0.584 0.355

Periphery 0.248 0.096

2019 Core 0.578 0.310

Periphery 0.240 0.114

TABLE 5 K-core analysis of the network of green financial development on the impact of industrial structure upgrading.

K-core City Number

7-core Beijing Tianjin Jiangsu Guangdong Sichuan Hainan Xinjiang Zhejiang Shanghai Inner Mongolia Anhui Hebei Jiangxi Shandong
Fujian Hubei Hunan Shanxi Guangxi Chongqing Guizhou Yunnan Tibet Shaanxi Henan

25

6-core Beijing Tianjin Jiangsu Guangdong Sichuan Hainan Xinjiang Zhejiang Shanghai Inner Mongolia Anhui Hebei Jiangxi Shandong
Fujian Hubei Hunan Shanxi Guangxi Liaoning Chongqing Guizhou Yunnan Xizang Shaanxi Gansu Ningxia Henan

28

5-core Beijing Tianjin Jiangsu Guangdong Sichuan Hainan Xinjiang Zhejiang Shanghai Inner Mongolia Anhui Hebei Jiangxi Shandong
Fujian Hubei Hunan Shanxi Guangxi Liaoning Chongqing Guizhou Yunnan Xizang Shaanxi Gansu Qinghai Ningxia Henan

29

4-core Beijing Tianjin Jiangsu Guangdong Sichuan Hainan Xinjiang Zhejiang Shanghai Jilin Inner Mongolia Anhui Hebei Jiangxi
Shandong Fujian Hubei Hunan Shanxi Guangxi Liaoning Chongqing Guizhou Yunnan Xizang Heilongjiang Shaanxi Gansu
Qinghai Ningxia Henan

31
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entered the stage of regional synergistic development, and the

development gap between regions is gradually narrowing.

4.4 Analysis of the impact of green finance
on the upgrading of industrial structure

In order to further detect the impact of green finance on

industrial structure upgrading, this research paper utilised the

relevant data from 2010–2019 and conducts impact factor

analysis using Geodetector to obtain Table 6 and interaction

detection analysis between impact factors for obtaining

Figure 4.

4.4.1 Influence factor detection analysis
As illustrated in Table 6, financial development,

economic growth, technological progress, energy

consumption, as well as green finance all passed the t-test

with a statistical significance of 0.01, and all of these influence

factors positively helped in the upgrading of industrial

structure, and their explanatory degrees were, in

descending order, financial development (0.402), green

TABLE 6 Risk factor detection.

Financial
development

Economic growth Technological
progress

Energy consumption Green finance

q statistic 0.402 0.113 0.217 0.077 0.218

p value 0.000 0.000 0.000 0.010 0.000

FIGURE 4
Interaction detection.
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finance (0.218), technological progress (0.217), and economic

growth (0.113). The reason is that this t-test has a statistical

significance of 0.01, financial development, economic growth,

technological progress, energy consumption as well as green

finance all passed the t-test with statistical significance of

0.01, and each of their influence factors positively promoted

the upgrading of industrial structure, along with their

explanatory degrees were, in descending order, financial

development (0.402), green finance (0.218), technological

progress (0.217), economic growth (0.113), and this is due

to the expansion of the financial industry brought by financial

development could promote the growth of the output value of

the tertiary industry as well as directly contribute to the

upgrading of the industrial structure. The impact of green

finance on improving industrial structure, is however, much

less than the impact on financial development, at 0.218. This

shows that China’s green finance is still unable to deploy

sufficient funds for green enterprises, and its focus is still on

environmental pollution control, as well as the energy

consumption is positively promoting industrial structure

upgrading. 0.077, shows that China’s industrial structure

has tended to be rationalized and advanced.

4.4.2 Interaction detection analysis of
influencing factors

As illustrated from Figure 4, the influence of each element

on industrial structure upgrading does not exist

independently but it has been cultivated by the joint action

of multiple elements, as well as the interaction between the

elements is much greater as compared to the role of a single

factor. However, when it interacts with financial

development, economic growth, technological progress,

and green finance, the degree of its influence increases

significantly. With the rapid development of green finance,

more capital is made to flow into the green industry and

economic growth, while also promoting the development of

high technology, changing China’s energy consumption

structure, as well as realizing advanced industrial structure,

rationalization, and ecologization.

5 Conclusion and recommendations

5.1 Conclusion

We use social network analysis to depict the overall

characteristics and evolutionary trends of spatially linked

networks based on panel data from 31 Chinese provinces

from 2010 to 2019. We also describe the position of each

province in the overall network as well as its spatial impact

differences; reveal the internal structure of the network and its

transmission mechanism and its evolutionary process, and use

geographic probes for detecting the spatial heterogeneity of

the impact of green financial development on industrial

structure upgrading in one step. Geographic probes can be

used to highlight the regional heterogeneity of the effect of

green financial development on upgrading industrial

structures. The main results obtained are as follows. First,

the overall network has formed and maintained a benign

development trend. The network density value of the

influence of green finance on industrial structure upgrading

is low from 2010 to 2019, but it is in a rapid upward trend after

2015, as well as the spatial connection of the influence of green

finance on industrial structure upgrading between provinces is

closer. The Graph Efficiency degree is always 0, and there is no

transmission barrier for the spatial spillover effect of the

influence of green finance on industrial structure upgrading

between provinces. The network has excellent connection

generally, with no province being isolated, and the network

correlation degree is always 1. Additionally, green financing

and industrial optimization reach a stage of growth that is

unique to each province. The future development trend of

each province is also quite different due to the differences in

their green financial development, industrial structure and

economic foundation. Provinces with developed economies

and high levels of green financial development are typically in

the core area and high kernel degree group and their networks

have a higher point-out and In-degree centrality’s, which

carries a more positive influence on the overall network,

lower clustering coefficient, shorter average path, easy to

produce spatial association with other provinces, and have

the advantage of structural hole and “control” over the overall

network, while the network The marginal provinces’ delayed

green financial development and lack of direct connections to

other provinces prevent them from having a competitive

advantage in the overall network, which in turn hinders the

modernization of industrial structure. Finally, green finance

and other factors all play a positive role in promoting

industrial structure upgrading. Overall, the degree of each

element’s influence on industrial structure upgrading is low,

and green finance and other factors cannot efficiently promote

industrial structure optimization yet, and the influence of each

factor does not exist independently, but has been formed by

the joint action of many elements, and this interaction is much

stronger than that of a single element.

5.2 Recommendations

We also suggest associated countermeasures in light of the

data presented above. First, strengthen the system of green

financial management. The government should create the

green financial assessment index system as soon as possible to

reduce the risk of the green financial market and increase the

effectiveness of green financial project approval. Reduce the

green financial market’s entry barrier, which allows more
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financial institutions to join, enhancing the status quo of the

green financial market with banks as the single primary body,

and expanding green industry financing channels. In order to

promote the development of green industries as well as guide the

optimization of industrial structure, introduce incentive policies

for green industries, such as lowering tax burdens and providing

appropriate subsidies to reduce the financing cost of green

enterprises and resolve the issue of maturity mismatch.

Moreover, use green finance for supporting industrial

optimization as well. Green finance could be utilised to

optimise capital allocation, send green investment signals to

the market, guide capital flow to new green enterprises,

strictly control new high pollution and high energy

consumption projects, establish new energy industries quickly,

reduce coal consumption, extensively and deeply implement

carbon peak action, expand the development and promotion

of new green technologies, and increase enterprise environmental

awareness. Improve the industrial structure, shift China’s

economic growth’s pillar from industry to services, and

increase the GDP proportion of the service sector. The

government can use green finance to help China establish a

circular economy and navigate the economic transition era more

effectively.

At last, encourage the development of green finance in every

province in a coordinated manner. Provinces should construct a

green entry cooperation mechanism, because the influence of

green finance development on industrial structure upgrading

has a spatial spillover effect and a positive externality across

provinces. Nevertheless, the impact of green finance on

industrial structure upgrading varies depending on provincial

location factors, economic foundation, green finance

development level, as well as industrial structure, and the role

played by each province in the overall network. Therefore, the

government must implement tailored policies for each province,

putting local conditions first, launching green finance projects

with local features, and encouraging diversification of

investment subjects in the green finance market. Green

financial preferential policies can be appropriately skewed to

provinces with imperfect green financial development and a

backward economy, luring more green industries to “settle” in

these provinces, and promoting high-quality economic

development, preventing the phenomenon of delaying green

financial development in some regions due to local short-term

interests, and offering a long-term effect for the transformation

and upgrading of industrial structure efficiency. It will also

provide a long-term guarantee mechanism for the ecological

transformation and upgrading of industrial structures,

preventing some areas from limiting the expansion of green

financing owing to local short-term interests.

5.3 Deficiencies and prospects

At present, relevant studies mainly focus on differences in

the contribution of green finance to industrial structure

upgrading between regions, and few scholars have

measured its spatial correlation characteristics. Therefore,

this paper can be a reference for other scholars to carry out

similar studies. In addition, the findings of this study provide

empirical evidence on how to synergistically optimise inter-

regional green finance development and its contribution to the

upgrading of industrial structures. However, there are still

some limitations in this study: the data has not been fully

disclosed and some of the green financial products started late

and are not included in the evaluation system of the level of

green financial development, thus making the measurement

results subject to some errors. Therefore, future

measurements of the level of green financial development

still need to be combined with the current condition for

improvement, and relevant research will be performed on

emerging green financial products.
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