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Abstract
Green finance is an essential way to cope with environmental pollution, promote the transformation of industrial structure and 
upgrade, and finally construct a resource-conserving and environment-friendly society and achieve the goal of sustainable 
development. This study explores the influence of green finance on industrial reasonability and is based on sample data of 
30 provinces in China from 2009 to 2019. Through the application of the spatial panel Durbin model with the weight matrix 
based on the geographical distance, the influence of green finance on the industrial structure as well as its spatial spillover 
effects are analyzed. The degree of industrial reasonability and the index of green finance development are also examined 
by applying the Theil index and the entropy method. The empirical results demonstrate two things. First, there is a strong 
aggregation of the spatial distribution of industrial reasonability, and the spatial pattern remains relatively constant over 
the 11 years. The main aggregated types are the H–H and L-L between the regions. Second, green finance can promote the 
industrial reasonability of this region, while it has a significant negative spatial spillover effect on the process of industrial 
reasonability in adjacent regions.
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Introduction

Since the reform and opening up in China, the economy 
has experienced a period of rapid development. China’s 
industrial structure has been gradually optimized and 
upgraded, evolving from “primary, secondary, tertiary” 
into “tertiary, secondary, primary.” However, the structure 
still has several problems, such as a low internal level; the 

unreasonable structure of primary, secondary, and tertiary 
industry; and the relatively high proportion of pollution and 
energy consumption industry and so on (Peng et al. 2020; 
Zhao et al. 2021; Zheng et al. 2021). The rapid development 
of the economy has also resulted in serious environmental 
problems, such as haze and climate warming, which will 
ultimately have a negative impact on agricultural produc-
tion (Elahi et al. 2021a). The report of the 18th National 
Congress of the Communist Party of China emphasizes that 
ecological civilization should be taken into consideration 
and should be integrated into various aspects of China’s poli-
tics, economy, culture, and social construction. Moreover, 
the report of the 19th National Congress of the Communist 
Party of China further suggests accelerating the reform of 
the ecological civilization system and putting an empha-
sis on developing green finance to achieve the goal of sus-
tainable development. Under this situation, promoting the 
transformation of industrial structure and the development 
of green finance are both significant for China’s economic 
development.

Green finance plays an important role in transforming 
the economy and adjusting the industrial structure through 
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taking the environmental effect into account when financ-
ing and investing. This is because green finance can guide 
economic and social resources into environment-friendly 
industries, which can support their further development, 
while restricting increases in the scale of the “two high 
and one surplus” industry by cutting off the source of 
capital. Therefore, the application of green finance could 
be used to optimize and upgrade industrial structure and 
ultimately lead to a resource-conserving and environment-
friendly society. Besides, it is necessary to examine the 
mechanism of the influence of green finance on industrial 
reasonability.

This study aims to investigate the impact of green finance 
on industrial reasonability through the spatial econometric 
model. The contribution of this paper is discussed as fol-
lows. First, most exiting studies only conduct the non-spatial 
analysis while ignoring spatial correlation effects between 
provinces. This might make the estimated results inaccu-
rate. The development of each province in China is different 
and unbalanced, whereas they are interrelated and have an 
influence on surrounding regions. Hence, this paper takes 
regional characteristics into account to evaluate the spatial 
spillover effect, which makes sure the accuracy of the esti-
mated results and generates a new perspective of investiga-
tion. From the perspective of spatial correlation, this study 
investigates the spatial spillover effect of green finance by 
constructing the spatial weight matrix of geographical dis-
tance. Second, compared with previous studies which merely 
implement the traditional mathematical statistics method, 
this study combined both traditional mathematical statistics 
and a geographic information system (GIS). By implement-
ing the Theil index, the entropy method, and exploratory 
spatial data analysis (ESDA), this study provides an up-to-
date understanding of the impact of green finance on indus-
trial reasonability. Therefore, it makes the research more 
scientific and comprehensive, by providing in-depth analysis 
and enriching the research dimensions. Third, the measure-
ment of the green finance development index varies, and 
some scholars only take several indicators to represent the 
development level of green finance, which is not representa-
tive. This study selects five aspects of green finance which 
contain green credit, green security, green investment, green 
insurance, and carbon finance and nine second-level indica-
tors to calculate the index of green finance development. 
The data of micro-enterprises in high energy-consuming and 
environmental protection industries is novel and is collected 
from the Wind database and CSMAR database. This also 
makes the measurement of the green finance index more 
accurate and representative, which leads to a more practical 
research result. In addition, the selection of research objects 
in line with China’s conditions and the present development 
background can provide new empirical evidence for green 
finance development.

Literature review

Green finance

Green finance originated from the concept of environmen-
tal finance. Previous scholar initially investigated green 
finance from the perspective of the concept and system-
atic structure. The concept of environmental finance is 
put forward by Salazar (1998), who stated that compared 
with traditional finance, environmental finance emphasizes 
environmental protection and the achievement of sustain-
able economic development. Cowan (1999) argued that 
environmental finance is an interdisciplinary area that 
combines the green economy and finance and proposes 
a way to obtain financing and investment for the envi-
ronmental protection industry developing. Labatt (2002) 
agreed, and they further investigated the relationship 
between environmental protection and financial innova-
tion. Meanwhile, they pointed out that environmental 
finance is an efficient combination of financial innova-
tion and environmental protection, which can diversify 
environmental risk and improve environmental quality. 
Scholtens and Dam (2007) investigated the mechanism 
of how finance promotes sustainable development, find-
ing that green finance can solve resource and environment 
problems through the rational application of financial 
instruments. Sachs et al. (2019) agreed, and they stated 
that green finance can achieve sustainable development 
goals. Through implementing the new financial instru-
ments and new policies, the environmental benefits can 
be gained. According to Höhne et al. (2012), green finance 
is an extensive term that can guide financial capital invest-
ing in projects that are related to sustainable development 
and environmental products and finally lead to a more sus-
tainable economy. Furthermore, Salzmann (2013) argued 
that the advancement of green finance is determined by 
how financial institutions make contributions to protect 
environments. Investments in green energy projects play a 
significant role in achieving sustainable development goals 
and meeting the Paris Agreements. Focusing on research 
about green finance in China, Li and Xia (2014) explored 
the green finance development index from the perspective 
of five dimensions: green credit, green stock, green invest-
ment, green insurance, and carbon finance. They stated 
that the development of green finance in China is relatively 
slow. Based on a sample of 13 cities in Heilongjiang Prov-
ince, Dong and Fu (2018) investigated the determinants of 
green finance and analyze the current situation of green 
finance development. Wang et al. (2021a) investigated the 
influence of green finance instruments on carbon emis-
sions under different intensities of environmental regula-
tions. They pointed out that green finance can cooperate 
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with environmental regulations to promote CO2 emission 
reduction. Peng et al. (2022) explored the effects of green 
credit policy, reporting that green credit policies can sig-
nificantly reduce the scale of debt financing of high pollu-
tion enterprises, which also demonstrates that the impact 
of green credit policies has materialized gradually.

Industrial structure

According to Porter (2011), the process of industrial struc-
ture adjusting refers to the more reasonable allocation of the 
resource, which transfers the production resource from the 
industry with low productivity to the industry with high pro-
ductivity. The process of achieving industry optimizing and 
upgrading is first “primary, secondary, tertiary,” then “sec-
ondary, tertiary, primary,” and finally “tertiary, secondary, 
primary.” Marelli (2004) analyzed the evolution of employ-
ment structures and found that employment structures play 
an important role in optimizing industrial structure. He and 
Yao (2008) analyzed the determinants of industrial structure 
and investigated the effect of employment structure trans-
formation, resource allocation, and technical progress from 
the perspective of transformation of the industrial structure. 
Song and Liu (2013) examined the industrial development of 
western China by applying empirical analysis, reporting that 
the industrial structure of western China has improved since 
but still needs to be optimized through green development 
and economic development. Su and Xu (2015) evaluated the 
industrial structure in terms of labor productivity, and their 
results show that the industrial structure of western China 
is continually being optimized. Li et al. (2015) explored the 
transformation of industrial structure, and they pointed out 
that the transformation of industrial structure is dynamic 
and industrial reasonability is the basement of industrial 
upgrading. Based on the Dagum Gini coefficient and the 
convergence methods, Yang and Qin (2018) carried out fur-
ther research to explore the spatial inequality features of 
the optimization of the industrial structure, and they found 
that industrial reasonability and optimization in China have 
significant spatial disparities. Xiao et al. (2018) measured 
the index of industrial structure upgrading and examined 
the determinants of industrial structure upgrading based on 
the angle cosine method, reporting the China’s industrial 
structure is constantly upgrading and in comparison with the 
central and western regions, the optimizing level of indus-
trial structure in eastern regions is much higher. Hu et al. 
(2018) investigated the space pattern and evolution of the 
transformation of the industrial structure during the period 
from 1996 to 2015 and analyzed the distribution conditions 
and development trends of the primary, secondary, and ter-
tiary industry in China.

Green finance and industrial structure

Schumpeter (1982) first argued that financial institutions can 
reallocate capital and guide capital flow to emerging indus-
tries through credit expansion, ultimately leading to the 
optimization of industrial structure. Salazar (1998) stated 
that financial institutions are crucial to adjust the industrial 
structure by investing capital in the environment protec-
tion and low-carbon industry. Tadesse (2005) explored the 
relationship between financial development and industrial 
structure with cross-country data, reporting that financial 
development can promote technical innovation, which further 
optimizes the industrial structure. Acemoglu et al. (2012) 
agreed with this and stated that the development of finance 
can lead to innovation progress, which can improve total fac-
tor productivity and then further promote industrial optimiza-
tion. Moreover, financial development can also be devoted 
to adjusting the economic structure and industrial structure 
through combating environmental degradation. Su and Xu 
(2015) demonstrated that financial development is important 
to the industrial structure upgrading. Furthermore, existing 
scholars also put concern on the relationship between green 
credit and industrial structure. Xu et al. (2018) investigated 
the influence of green credit on the transformation of indus-
trial structure with a sample of 31 provinces in China over the 
period from 2004 to 2015, and they found that green credit 
significantly affects the industrial adjustment and the impact 
varies in western, central, and eastern China. Hu et al. (2020) 
agreed with this, and they investigated the mechanisms of 
how green credit impacts the industrial structure based on 
the sample data from western, central, and eastern China. 
The results demonstrate that green credit can affect industrial 
structure through capital and financing channels of enter-
prises. From the perspective of the financial development 
quality, Tong et al. (2021) investigated the inner mechanism 
of financial structure affecting industrial structure. Reporting 
the quality of financial development could affect the relative 
cost of production factors, which results in reconsidering the 
tendency of industrial structure, thereby eventually leading 
to the adjustment of the industry structure and productivity 
efficiency. Gu et al. (2021) explored the relationship between 
industrial transformation and green finance in terms of the 
policy effect based on the VAR model and DEA model, and 
they found that green finance has a vital influence on promot-
ing industrial transformation, but the tendency is shown as 
downward.

Theoretical analysis

Capital formation mechanism

It is necessary for enterprises to have enough capital to 
ensure daily production and expansion. The process of 
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industrial capital formation consists of two parts: the for-
mation of savings and the conversion of savings into invest-
ments. The mechanism of capital formation refers to the 
financial institutions aggregate the capital from the micro-
entities, then forming savings, and finally converting the sav-
ings into the production capacity of enterprise in the form 
of investments. Green finance can improve the process of 
converting savings into investment through promoting the 
innovation of the finance institution and financial tools effi-
ciently. Because the research and development (R&D) of 
green products and environmental protection technology 
has relatively high risk and uncertainty, it often requires a 
continuously huge amount of investment. Meanwhile, it is 
difficult for enterprises to attain innovation only with inter-
nal accumulated capital. With the proposing of the green 
finance policy, financial institutions can provide persistent 
large amounts of financial support for the environmental 
protection industry, hence promoting investment in R&D 
and accelerating the production of green products and green 
services, which can overcome the problem of enterprises’ 
capital shortages. Furthermore, it can also improve the effi-
ciency of converting savings into investments, which further 
expands the scale of industry development and supports the 
development of green finance. Additionally, capital plays a 
significant role in adjusting the industrial structure. With the 
accumulation of financial capital, the capital will be more 
stable, and the formation of superior industries will be accel-
erated, which can finally be devoted to the production factor 
that allocates more rational and the industrial structure more 
rational.

Fund‑oriented mechanism

One effective path to achieve industry reasonability is to 
allocate the capital rationally. Capital flow refers to the pro-
cess of making resources rational and optimized, which can 
guide the capital transfer from the industry with low pro-
duction efficiency to the industry with high production effi-
ciency. Green finance can help industrial structure become 
rational by guiding the flow of capital. With the develop-
ment of green finance, more and more capital will flow into 
the green industry. Thereby, the financing cost of the green 
industry will decrease and ensure the sustainable develop-
ment of the industry. Moreover, financial institutions can 
also devote to capital allocation by setting different interest 
rates according to different industries. For example, set a 
relatively low rate for green industry whereas carrying out 
a high interest rate for the high pollution and high energy-
consuming industries. Under the new development phi-
losophy, the capital will be invested in the low-carbon and 
energy-saving industry rather than the “two high and one 
surplus” industry. Due to the implementation of the green 
finance policy, the development of an industry with high 

polluting and energy-consuming is restricted. On the con-
trary, the environment protection and green industry can get 
government support, which promotes further development. 
The continuous input of capital can accelerate industrial 
growth. Meanwhile, the scale effect will lead to the redistri-
bution of social resources hence finally achieve the industrial 
reasonability. In addition, in the process of granting credit 
extension loans, commercial banks and financial institutions 
should not only pay attention to the earnings of the project, 
but also should consider to whether the pollution of the pro-
ject conforms to the standard. The government should also 
take responsibility to achieve the green allocation of capital.

Industrial integration mechanism

Against the background of advocating the development of 
a low-carbon economy, the development of high pollution 
industries, such as steel and coal, has been impeded. On the 
contrary, the development of the green industry has potential 
prospects, and green finance can provide financial support 
for the industry adjusting. The integration of green industry 
can break through the constraint of traditional green industry 
development, which can achieve the efficient allocation of 
resources in different regions, industries, or even a much 
broader range, finally improving market efficiency. A sound 
market system can also promote the capital flow to the green 
industry. This can generate a scale effect and lead to the 
production factors assembling toward the superior industries 
as well as improving the competitiveness of these indus-
tries. Furthermore, intangible assets such as the brand and 
creativity will be transferred accordingly under the situation 
that the capital flows to the green industry steadily. Industry 
integration can lead to a synergy effect among the intangible 
assets, which jointly improves the adjustment of industrial 
structure.

Risk allocation mechanism

In general, even though the development of green finance 
has potential prospects, its risk is also relatively high. Most 
risk-averse investors still tend to invest in traditional indus-
tries with low risk, which will aggravate the environmental 
capacity. Therefore, risk diversification factors should be 
taken into account when formulating green finance-related 
policies to ensure that the green industry has potential pros-
pects but that high risk can get investment support. By doing 
so, the environmental risk of these enterprises can be dis-
persed effectively. Moreover, green finance can reduce the 
risks that might be met by market participants by providing 
insurance for high-risk and high-yield emerging industries 
or innovative projects. Therefore, the goal of industrial struc-
ture optimization and sustainable economic development can 
be achieved.
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Information transmission mechanism

The information asymmetry between enterprises and finan-
cial institutions might lead to adverse selection problems 
or moral hazard problems, which have a negative influence 
on rational resource allocation. Information transmission 
mechanisms can make the information transmission between 
enterprises and financial institutions more transparent and 
opener, thereby weakening the degree of information asym-
metry. Furthermore, investors and financial institutions have 
paid more and more attention to enterprises’ environmen-
tal information disclosure with the development of green 
finance. Under this condition, green industries with good 
environmental information disclosure and high social rea-
sonability can get financial support more easily, while the 
high polluting and energy-consuming industries are hard to 
gain support which are forced to transform. In other words, 
the capital will flow into the green industries rather than the 
“two high and one surplus” industry. Ultimately, the indus-
trial structure can be rational and optimized due to the effec-
tive capital allocation.

Material and methods

Data source

To examine the impact of green finance on the industrial 
structure and its spatial spillover effects, the data of 30 
provinces (excluding Tibet) from 2009 to 2019 are chosen 
as samples. The original data on industrial reasonability is 
collected from the Statistical Yearbooks of each province 
and the China Statistical Yearbook, and the original data of 
the financial development index is selected from the Wind 
database, CSMAR database, China Insurance Yearbook, 
Industry Statistical yearbooks of each province, and China 
Industry Statistical Yearbook.

Variable description

Industrial reasonability

The adjustment of industrial structure can be measured 
through two aspects: industrial reasonability and indus-
trial upgrading. Green finance can reallocate the financial 
resources through leading capital flow to green and envi-
ronmental protection and energy conservation industries and 
reducing investments in high pollution and energy-consum-
ing industries, which aims to achieve the sustainable eco-
nomic development. Thus, it seems clear that the influence 
of green finance on industrial structure focuses more on the 
process of the coordination of the input structure and out-
put structure as well as the effective allocation of resources 

and labor. Under this situation, the industrial structure will 
become more rational and coordinated. Therefore, industrial 
reasonability is more suitable for evaluating industrial struc-
ture adjustment in this paper.

Industrial reasonability is an indicator that can reflect 
the degree to which industrial structure and employment 
structure coordinate. Not only can it reveal the coordination 
among three industries, but it can also measure the coor-
dination of the input structure and output structure effec-
tively. Some scholars use the deviation of industry structure 
to determine the index. However, this method ignores the 
extent of the relative importance between industries. Based 
on this empirical literature, Gan et al. (2011) redefine the 
Theil index to estimate the rationalization of industrial struc-
ture. Since the Theil index can avoid the defects of previ-
ous methods, it is generally approved by later researchers. 
Therefore, the Theil index is applied in this paper to make 
the measurement more intuitive, and the inverse of the 
Theil index is used to evaluate the reasonability of indus-
trial structure.

Y  refers to value of GDP, Yi (n = 1, 2, 3) represents the added 
value of three industries, L is the total number of the labor 
force, and Li (n = 1, 2, 3) denotes the number of the labor 
force in each industry. Yi

Y
 is the output structure, and Y

L
 is the 

production rate. TL refers to the Theil index, and TR refers 
to industrial reasonability. There is an inverse relationship 
between TL and TR , which means that the smaller the Theil 
index, the more rational the industrial structure is. Addi-
tionally, a higher TR indicates a more reasonable industrial 
structure.

Green finance

According to Zeng et al. (2014), the development of green 
finance can be measured by several dimensions, including 
green insurance, carbon finance, green security, green credit, 
green bonds, and green investment. Since the green bond 
starts relatively late in China and based on other scholars, 
this paper finally chooses five first indicators and nine sec-
ond indicators, which contain green credit, carbon finance, 
green security, green investment, and green insurance to 
measure the index of green finance development. Table 1 
gives the descriptions of first-level and second-level indica-
tors and the calculating methods in this research. Since the 
data selected should represent the features of the industry, 

(1)TL =

n∑
i=1

(
Yi

Y
) ln(

Yi

Li
∕
Y

L
)

(2)TR = 1∕[

n∑
i=1

(
Yi

Y
)ln(

Yi

Li
∕
Y

L
)]
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this paper chooses enterprises in six high energy-consuming 
industries, which include smelting and pressing of non-fer-
rous metals, smelting and pressing of ferrous metals indus-
try, processing of petroleum, manufacture of raw chemical 
materials and chemical products, manufacture of non-metal-
lic mineral products, production and supply of electric power 
and heat power, and coking and nuclear fuel industry (Hu 
et al. 2020). Meanwhile, the enterprises of the environmental 
protection industry are collected from the 21 sectors in the 
Wind database, which include new energy vehicles, garbage 
sorting, beautiful China, energy conservation of buildings, 
fuel cells, sewage treatment, new materials, wind power, 
and so on.

As green finance starts late in China, there is no uni-
fied method for evaluating the index of green finance 
development. According to scholars, this paper selected 
the entropy weight methods. This method can calculate 
the weight of each indicator based on the data from the 
indicators. The smaller the differentiation between the 
indicators, the bigger the entropy value is, and vice versa. 
Through calculating entropy weight and the standardized 
data, the final results can reflect the evaluation index sys-
tems comprehensively (Wang et al. 2021b). Meanwhile, 
the entropy weight method is more objective without con-
sidering the subjective influence that can reveal the mutual 
effects between indicators. Hence, the entropy weight 
methods are feasible for measuring each province’s green 
finance development index. Among nine indicators, the 

ratio of high energy-consuming industry and proportion of 
interest expense of high energy-consuming industries are 
negative indexes, and the others are all positive indexes. 
The calculating steps of the entropy weight method are 
shown as follows.

(1)	 This paper selects data from 30 provinces with nine 
basic indicators; the matrix below consists of the origi-
nal data, and xij specifies the j-th indicator of the i-th 
province.

(2)	 Normalize the original data to remove the dimensional 
difference of each indicator. Meanwhile, because the 
normalization step

  
might turn the data into zero, 0.00001 is added to avoid 
the influence of the logarithmic calculation.

(3)X = (xij)mn =

⎛
⎜⎜⎝

x
11

⋯ xn1
⋮ ⋱ ⋮

xm1 ⋯ xmn

⎞
⎟⎟⎠mn

(4)bij = rij + 0.0001

Table 1   Index system of green finance development

Index system First-level indicators Second-level indicators Calculation method

Index of green finance development Green credit Proportion of green credit Loans of financial institutions/total loans 
of financial institutions

Proportion of interest expense of high 
energy-consuming industries

Interest expense of high energy-consum-
ing industry/total industrial interest 
expense

Green security Ratio of the environmental protection 
industry

Market value of the environmental 
protection industry/total market value 
of A-shares

Ratio of high energy-consuming indus-
try

Market value of high energy-consuming 
industry/total market value of A-shares

Green insurance Scale ratio of agricultural insurance Agricultural insurance expenditure/agri-
cultural insurance income

Loss ratio of agricultural insurance Agricultural insurance expenditure/total 
insurance expenditure

Green investment Proportion of investment in environmen-
tal pollution to GDP

Investment in environmental pollution/
GDP

Ratio of public expenditure of energy 
conservation and environmental pro-
tection industry

Public expenditure of energy conserva-
tion and environmental protection 
industry/government expenditure

Carbon finance Ratio of carbon dioxide emissions to 
loans of financial institutions

Carbon dioxide emissions/loans of finan-
cial institutions



61400	 Environmental Science and Pollution Research (2023) 30:61394–61410

1 3

(3)	 In the next step, the proportion of the j-th indicator 
of the i-th province is calculated. After obtaining the 
proportion, the entropy of j-th can be gained.

(4)	 gj refers to the coefficient of difference of the j-th indi-
cator, and the weight of each indicator is determined 
by gj.

(5)	 The score of each province can be gained through the 
formula below.

Control variables

To examine the other determinants of industrial structure, 
technical innovation, level of economic development, urban-
ization level, infrastructure level, human capital, and govern-
ment scale are chosen as control variables. The definition 
of control variables is demonstrated in Table 2. Technical 
innovation (lnsinno) is expressed by the logarithm of the 
number of invention patents by each province. Economic 
development (pergdp) can be seen as the foundation of 
industry development, and policy guidance can optimize the 
industrial structure. This variable is calculated by the loga-
rithm of the GDP per capita. Human capital level (human) 

(5)pij =
bij∑m

i=1
bij

(6)ej =
1

lnn

n∑
i=1

pijln
(
pij
)
0 ≤ ej ≤ 1

(7)gj = 1 − ej

(8)wj =
gj∑m

j=1
gj
j = 1, 2,⋯ ,m

(9)Si =

m∑
j=1

wjrij

is evaluated by the ratio of the number of enrolled students 
at colleges and universities to the total number of local peo-
ple, which represents the impact of education on industrial 
structure. The government scale (gov) refers to the level of 
macro-control of local government, and it is calculated by 
the ratio of government fiscal expenditure to GDP. Because 
the infrastructure is also a core factor in the industrial 
structure, it (infra) is evaluated by the ratio of fixed asset 
investment to the GDP. Additionally, the urbanization level 
(urban) is measured by the percentage of urban population. 
It can reflect how material and human capital accumulates 
in the city, and these two factors are necessary for industrial 
development. To control the outliers disturbance, we win-
sorize the data.

The research methods

Spatial autocorrelation test

Before implementing the spatial panel regression, the spatial 
autocorrelation test should be applied to test whether it is 
suitable to apply the spatial econometric analysis. If there 
is an autocorrelation existing, the spatial panel regression 
should be used or vice versa. Moran’s I test is conducted 
to calculate the spatial autocorrelation index, and its value 
range is between [− 1, + 1]. There is a positive autocorre-
lation when the Moran’s I index is greater than zero, and 
there is a negative autocorrelation when the Moran’s I index 
is smaller than zero. Moreover, if the index equals 0, the 
spatial distribution is random, and there is no spatial cor-
relation. Global Moran’s I Index test statistics and local 
Moran’s I test statistics demonstrate the aggregation of the 
spatial distribution of industrial reasonability. Meanwhile, 
they can investigate whether there is a spatial autocorre-
lation of industrial reasonability between each province or 
not. The local Moran’s I test can further explore the type of 
spatial correlation and divide the regions into four types (Fu 
and Liu 2013). The four quadrants constitute four clustering 
types: low-low (L-L), high-high (H–H), low–high (L–H), 
and high-low (H–L). The calculation formula of Moran’s I 
index is shown below.

I refers to the global Moran’s I . S2 represents the sample 
variance; the wij denotes the spatial weight matrix. xi is the 
industrial structure of province i , and xj is the industrial 
structure of province j . n refers to the number of provinces.

(10)I =

∑n

i=1

∑n

j=1
wij(xi − x)(xj − x)

S2
∑n

i=1

∑n

j=1
wij

(11)S2

∑n

i=1
(xi − x)

n

Table 2   Control variables

Control variable Definition

Technical innovation Logarithm of the number of invention 
patents

Economic development Logarithm of GDP per capita
Human capital level The number of enrolled students at colleges 

and universities/the total number of local 
people

Government scale Government fiscal expenditure/GDP
Infrastructure level Fixed asset investment/GDP
Urbanization level Urban population/total population
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Model selection

In terms of the selection of the econometric model, this 
essay predicts that there is a spatial correlation between 
green finance and industrial reasonability. The traditional 
panel data model does not take spatial heterogeneity and rel-
evance into account, which will cause the regression results 
to be biased. There are three general spatial panel models: 
the spatial panel lag model (SPLM), the spatial panel error 
model (SPEM), and the spatial panel Durbin model (SPDM).

SPLM  The SPLM contains the spatial spillover effect of the 
dependent variables, which can examine the spatial spillover 
effect between regions. The formula is expressed as follows:

industit represents the degree of industrial reasonability, gfit 
refers to the green finance index, � denotes the spatial cor-
relation coefficient, and wij is the spatial weight matrix.

SPEM  The SPEM has a spatial error term, and it considers 
the spillover effect of omitted variables on the local inde-
pendent variable from the perspective of the error term. The 
formula is expressed as follows:

industit refers to the degree of industrial reasonability, gfit 
represents the green finance index, �it is the random error 
term and � is the coefficient of spatial error.

SPDM  The SPDM contains the spatial lagged of dependent 
variables as well as the spatial lag of independent variables. 
Compared with the SPLM, it considers the marginal effects 
of independent variables from the surrounding regions. The 
formula is expressed as follows:

industit refers to the degree of industrial reasonability. gf it 
represents the green finance index, and the coefficient � rep-
resents a parameter of spatial autoregressive that reflects 
the effect of industrial reasonability of adjacent spatial fac-
tors on local industrial reasonability. The error term ( u ) is 
assumed to be normally distributed at a zero mean value and 
constant variance (Elahi et al. 2020, 2021b).

According to LeSage and Pace (2009), the estimated coef-
ficient of the SPDM model cannot demonstrate the partial 
regression coefficient efficiently. This is because after green 

(12)

industit = �
1
gfit +

∑
j

�jcontrolsjit + �

n∑
i=1

wijindustit + �it + ui + vi

(13)

industit = �
1
gfit +

∑
j

�jcontrolsjit + �

n∑
i=1

wij�it + �it + ui + vi

(14)

industit = �
1
gf it +

∑
j

�jcontrolsjit + �

n∑
i=1

wijindustit + �

n∑
i=1

wijgf it + �it + ui + vi

finance has influenced the industrial structure, the indus-
trial structure of adjacent regions will affect each other until 
reaching a new equilibrium. To solve this problem and fur-
ther explore the impact of the variables, it should be con-
verted into a vector form. With the consideration of the role 
of diagonal elements and non-diagonal elements, the model 
can be derived by converting the spatial weight matrix (Yu 
et al. 2013). By doing so, the average total effect, the average 
indirect effect, and the average direct effect of the descrip-
tive variables can be estimated separately. The SPDM can 
be converted into the equation below:

In represents an identity matrix with n dimensions. X denotes 
an n × k dimensional matrix. M(r)indirect represents the 
average indirect effect, M(r)direct refers to the average direct 
effect, and M(r)total is the average total effect.

A spatial weight matrix represents the features of spa-
tial relationships in a dataset. There are three main spatial 
weight matrixes: geographical matrix, spatial weight matrix 
with the consideration of economic distance, and the adja-
cent matrix. Owing to the fact that the spatial spillover influ-
ence of green finance on industrial reasonability reflects 
more on geographical distance, the geographical matrix is 
more suitable and practical in terms of the research in this 
paper. The geographical matrix is calculated on the basis 
of the spatial geographical distance, and the spatial weight 
matrix was a 30 × 30 row-standardized with zero diagonal 
elements in this paper.

(15)
(
In − �W

)
y = X� +WX� + �n� + �

(16)y =

k∑
r=1

Sr(W)xr + V(W)�n� + V(W)�
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Results

Descriptive statistics

Table 3 shows the descriptive statistics of the main variables. 
The average value of industrial reasonability is 7.9580, but 
the minimum is 2.0897, and the maximum is 33.5352, dem-
onstrating the large variations in industrial reasonability 
across China. The average value of green finance is 0.3249, 
with a minimum of 0.1662 and a maximum of 0.5984, show-
ing that the green finance development of each province is 
quite different.

Spatial pattern of industrial reasonability

Figures 1 and 2 represent the spatial patterns of industry 
reasonability in China in 2009 and 2019. The degree of 
industry reasonability is classified into four categories by 

the quantile classification method. The figures demonstrate 
that the degree of industry reasonability keeps relatively 
constant spatial patterns over the past 11 years. The spatial 
pattern of industry reasonability in 2019 approximately pre-
sents as a diminishing spatial gradient distribution in east-
central-west regions. The industry reasonability of Beijing, 
Shanghai, Zhejiang, and Heilongjiang are high, remaining 
in the leading position. The second range contains Hainan, 
Guangdong, Fujian, Jiangsu, and Jiangxi, which also dem-
onstrates that the province with high industry reasonability 
is located near the east and central regions. Nevertheless, the 
industry reasonability of western provinces, which include 
Shanxi, Gansu, and Guizhou, still remains at a low level 
and still needs some improvements. Moreover, the figures 
also show that there has been an increasing trend of industry 
reasonability in most provinces over the past 11 years. In 
addition, with the implementation of rejuvenation and the 
support of industry in the northeast, the degree of industrial 
convergence and industrial coordination increases continu-
ously, which leads to the industrial structure become more 
and more reasonable.

The results of spatial autocorrelation test

The global Moran’s I index of industrial reasonability is 
calculated over the period between 2009 and 2019 in this 
paper, and the results are presented in Table 4. The result 
demonstrates that the global Moran’s I index of industrial 
reasonability are all positive and pass the 1% significance 
level test from 2009 to 2019. This indicates that the indus-
trial reasonability has a positive spatial correlation at the 
significance level of 1%. It also points out that there is strong 

Table 3   Descriptive statistics

Variable Mean Std. dev Min Max

Industrial reasonability 7.9580 7.9440 2.0897 33.5352
Green finance 0.3249 0.0932 0.1662 0.5984
Technical innovation 9.8137 1.4898 5.5759 13.1757
Economic development 10.7072 0.4949 9.2408 12.0090
Human capital level 1.9048 0.5150 0.7860 3.4534
Government scale 0.2379 0.8569 0.1211 0.4288
Infrastructure level 0.7771 0.2586 0.0642 1.5865
Urbanization level 0.5644 0.1275 0.2988 0.8961

Fig. 1   The spatial patterns of 
industry reasonability in China 
in 2009
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aggregation of the spatial distribution of industrial reason-
ability. In detail, provinces with high industrial reasonability 
are surrounded by the province with high industrial reason-
ability (H–H), and the provinces with low industrial reason-
ability are surrounded by the province with low industrial 
reasonability (L-L). In terms of the time dimension, the 
global Moran’s I index of industrial reasonability increases 
from 0.074 to 0.108 over the period from 2009 to 2019, 
which implicates a growing tendency in the spatial correla-
tion. To conduct further analysis, the local Moran’s I test is 
implemented as well, and the Moran scatterplot of the years 
2009 and 2019 are shown in Figs. 3 and 4. It seems clear that 
the main aggregated types are the H–H and L-L between the 
regions. Both in 2009 and 2019, 20 provinces are located in 
quadrants I and III. However, the constitution of the prov-
ince in quadrant I remains constant, while the constitution 

of the province in quadrant III changes from 2009 to 2019. 
Guangdong, Heilongjiang, and Hainan enhanced from L-L 
to H–L during the period. Meanwhile, Henan, Jiangxi, and 
Hubei dropped from L–H to L-L from 2009 to 2019. Even 
though the global Moran’s I index of industrial reasonability 
improved during the 11 years, the development of industrial 
reasonability in each province is not coincident.

The results of model selection

These three spatial panel models have different economic 
implications. Thus, it is necessary to select a spatial panel 
model with a higher degree of fit. Firstly, a standard panel 
model is estimated, and the results are expressed in Table 5. 
The results indicate that green finance has a significant influ-
ence on industrial reasonability. Meanwhile, the results from 
both the likelihood ratio (LR) test of the time effect and the 
LR test of the spatial impact pass the 1% significance level 
test, which implies that the time–space panel data model is 
more suitable in this study. Before estimating the panel data 
model, the Hausman test is conducted to make sure whether 
the fixed effect model or random effect model is more appli-
cable. The value of statistics is 92.16, and it is significant at 
the 1% level. Hence, the null hypothesis that the model with 
a random effect is fully efficient can be rejected. Therefore, 
the fixed effects model is chosen in this paper.

Next, to select the most fitting model from among SPLM, 
SPEM, and SPDM, the Wald test and LR likelihood test are 
carried out. The null hypotheses of LR are H

0
∶ � = 0 and 

H
0
∶ � + �� = 0 (Elhorst 2010). The results demonstrate 

that Wald spatial lag and LR spatial lag values are significant 
at the 1% level hence reject the null hypothesis, reflecting 

Fig. 2   The spatial patterns of 
industry reasonability in China 
in 2019

Table 4   Global Moran’s I index of industrial reasonability

Year I E(I) sd(I) z p-value

2009 0.074  − 0.034 0.031 3.542 0.000
2010 0.096  − 0.034 0.031 4.160 0.000
2011 0.101  − 0.034 0.032 4.213 0.000
2012 0.105  − 0.034 0.033 4.287 0.000
2013 0.120  − 0.034 0.033 4.656 0.000
2014 0.108  − 0.034 0.033 4.361 0.000
2015 0.107  − 0.034 0.033 4.307 0.000
2016 0.119  − 0.034 0.034 4.563 0.000
2017 0.107  − 0.034 0.033 4.256 0.000
2018 0.107  − 0.034 0.033 4.225 0.000
2019 0.108  − 0.034 0.035 4.037 0.000
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that the SPDM cannot be simplified to the SPLM. What is 
more, both statistical values of Wald spatial error and LR 
spatial error pass the 1% significance level test, which means 
that the null hypothesis can be rejected and SPDM is supe-
rior to SPEM. Thus, SPDM is more applicable to estimate 
spillover effects.

To conclude, the tests implemented above indicate that 
the SPDM with fixed effects is the more adopted in this 
paper. This indicates that both the spatial impacts of depend-
ent variables and explanatory variables should be taken 
into account in analyzing the influence of green finance 
on industrial reasonability. Because the SPDM includes 
the spatially lagged values of both the dependent and inde-
pendent variables, it is more suitable for this paper (LeSage 
and Pace 2009). Elhorst (2010) agrees with this and points 
out that SPDM can explain the spatial interactions among 
both explanatory and dependent variables. Additionally, 
to overcome the endogeneity in this model, the maximum 
likelihood estimation (MLE) is applied in spatial panel data 
models.

The results of regression analysis

The SPDM is applied to conduct the regression model, and 
the results are shown in Table 6. First, the SPDM model is 
regressed by adding the control variables in turn, and then 

the SPDM model is regressed with all control variables to 
test the robustness of estimated results. The results demon-
strate that the coefficient of the development of green finance 
is positive at the 5% level of significance. Meanwhile, the 
spillover effect of green finance is negative at significance 
level of 5% that reflects that green finance can promote 
industrial reasonability in this province, whereas it will 
restrain the degree of industrial reasonability in surrounding 
regions. Next, the control variables, which include govern-
ment scale, infrastructure level, technical innovation, human 
capital level, economic development, and urbanization level, 
are added in sequence separately in column (2)–(7). By 
bringing in the control variables, the results interpret that 
the spatial spillover coefficient of industrial reasonability is 
negative and is significant at the level of 5%. This indicates 
that the spatial spillover effect between the industrial reason-
ability of provinces in China is obvious, and the correlation 
is negative in spatial dimensions. Furthermore, the spatial 
spillover impact coefficient of the core explanatory variable 
green finance is all negative, which is significant at the 5% 
level. This also demonstrates that the development of green 
finance is the main factor in determining the degree of indus-
trial reasonability, and the results of this paper are robust to 
a certain extent.

Due to the fact that the parameter estimation of the inde-
pendent variables of the SPDM cannot be interpreted as 

Fig. 3   Moran scatterplot of industrial reasonability index in 2009
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Fig. 4   Moran scatterplot of industrial reasonability index in 2019

Table 5   Estimation of standard panel econometric model

*p < 0.1
**p < 0.05
***p < 0.01

Variable No effect Time effect Spatial effect Time–space effect

C 19.224**
(2.00)

gf  − 5.8688**
(− 2.44)

 − 6.6961***
(− 2.76)

5.0850**
(2.37)

6.8595***
(3.18)

gov 15.8138***
(4.16)

29.9838***
(5.92)

37.2100***
(7.20)

14.0711**
(2.13)

infra  − 3.9346***
(− 3.08)

 − 3.1007**
(− 2.34)

0.3925
(0.58)

1.7018**
(2.37)

lnsinno 1.1964***
(4.97)

1.7906***
(6.44)

0.1210
(0.27)

 − 0.5831
(− 1.28)

human  − 1.8206***
(− 2.91)

 − 1.2426*
(− 1.96)

 − 1.2584
(− 1.23)

1.3144
(− 1.29)

pergdp  − 5.2795***
(− 4.28)

 − 1.0799***
(− 0.66)

0.7979
(0.85)

 − 4.5917***
(− 3.30)

urban 67.6747***
(12.94)

56.7439*
(9.50)

4.8210
(0.63)

 − 4.2003
(− 0.55)

LR test of time effect LR = 646.01 p = 0.0000
LR test of spatial effect LR = 53.03 p = 0.0000



61406	 Environmental Science and Pollution Research (2023) 30:61394–61410

1 3

partial derivatives in regression’s usual sense, the theoretical 
framework to investigate the indirect and direct effects should 
be considered to make the result be unbiased (Elhorst 2010). 
The results of average total effect, direct effect, and indirect 
effect of the dependent variables are shown in Table 7.

Discussion

The coefficient of the direct effect of the green finance is 
positive and is statistically significant with industrial rea-
sonability at the 1% level. This point out that green finance 

development is a key factor to determine the rationality of 
the industrial structure. Since green finance is essential to 
financial integration and resource allocation, it can guide 
the capital flow to the environmental protection industry 
and energy conservation industry rather than the high 
energy-consuming industry (Long and Chen 2018). For 
example, green finance can provide a more convenient 
and efficient path to get the financial capital for the new 
energy industry, which devotes to the further development 
of this kind of industry. Furthermore, the different inter-
est rates set by the green credit also give more support to 
the development of the environmental protection industry 

Table 6   Estimation results of the SPDM

*p < 0.1
**p < 0.05
***p < 0.01

Variable (1) (2) (3) (4) (5) (6) (7)

gf 6.8425***
(3.21)

6.6780***
(3.42)

6.5762***
(3.35)

6.8888***
(3.54)

5.3440***
(2.67)

4.8467**
(2.49)

5.0121**
(2.70)

gov 26.6110***
(5.55)

25.9068***
(5.41)

26.5858***
(5.59)

24.6537***
(5.19)

7.6002
(1.25)

3.4064
(0.58)

infra 0.1909
(0.32)

0.5697
(0.93)

1.2524*
(1.90)

2.3140***
(3.41)

2.5855***
(3.97)

lnlsinno  − 0.9133**
(− 2.26)

 − 0.6791*
(− 1.66)

 − 0.3692
(− 0.91)

0.2680
(0.67)

human  − 1.8533**
(− 2.22)

 − 1.6565**
(− 2.05)

 − 0.9051
(− 1.02)

pergdp  − 4.9107***
(− 3.51)

 − 4.1352**
(− 3.07)

urban  − 6.1292
(− 0.89)

w × gf  − 34.4883**
(− 2.48)

 − 32.4851**
(− 2.54)

 − 32.5723***
(− 2.56)

 − 28.1648**
(− 2.21)

 − 37.4391***
(− 2.74)

 − 41.6938***
(− 3.14)

 − 37.5536**
(− 2.97)

w × gov 105.0554***
(3.91)

90.0468***
(3.15)

87.2251***
(3.07)

85.4283***
(3.04)

 − 31.8194
(− 0.78)

 − 32.3197
(− 0.83)

w × infra  − 5.8609*
(− 1.80)

 − 4.4049
(− 1.25)

 − 0.3846
(− 0.10)

7.6272*
(1.78)

11.5154***
(2.80)

w × lnlsinno  − 1.6114
(− 0.62)

0.4266
(0.14)

 − 2.8247
(− 0.96)

4.4622
(1.43)

w × human  − 6.6742
(− 1.22)

1.214
(0.22)

11.4654**
(2.04)

w × perdgp  − 24.0709***
(− 3.14)

 − 13.8113*
(− 1.83)

w × urban  − 273.9068***
(− 5.88)

rho 0.0792
(0.44)

 − 0.4295**
(− 1.96)

 − 0.4386**
(− 1.99)

 − 0.4850**
(− 2.17)

 − 0.5244**
(− 2.34)

 − 0.7659***
(− 3.22)

 − 0.7633***
(− 3.24)

Log-L  − 614.9894  − 586.7223  − 585.0322  − 582.1306  − 578.3566  − 568.656  − 552.0583
R2 0.0345 0.3684 0.3861 0.1340 0.2103 0.1728 0.1653
Wald-lag 62.58
LR-lag 56.42
Wald-error 56.21
LR-error 51.79
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and the high-tech industry through narrowing the range of 
credit and increasing the standard of gaining credit. There-
fore, this kind of industry can achieve enough investment 
to focus on research and development, hence enhancing 
competitiveness among industries. This will also encour-
age the environmental protection industry in gradually 
becoming the dominant part of the economic structure. 
With the development of the green industry, upstream- and 
downstream-related industries in this province can also 
benefit, which will further promote the industry integra-
tion and lead to the industrial structure to be more rational 
ultimately (Hu et al. 2020). Also, the environmental pro-
tection industry predominantly belongs to the secondary 
industry, and the tertiary industry, which is also devoted to 
the industrial structure, becomes more rational. Besides, 
the implementation of green finance policy can better bal-
ance the distribution of the local labor force among the 
three industries, which is further dedicated to the indus-
trial reasonability.

Regarding the indirect effect, the coefficient of the spatial 
spillover effect of the green finance is negative and statisti-
cally significant with industrial reasonability. This point out 
that green finance has a negative influence on industrial rea-
sonability in neighboring regions. This might be caused by 
the fact that when the green finance policy carries out, local 
industry will follow the policy guidance. Once the develop-
ment of green finance reaches the high level, the process 
and development of firms and industries with high pollu-
tion and high energy consumption will be limited owing 
to the high cost of sewage and environmental protection 
equipment. Therefore, it is possible for them to move to sur-
rounding regions, which will generate a bad influence on the 
neighboring industrial structure. Even though the adjacent 
regions might have similar industrial structures and the local 
policies published will be considered a significant factor for 

decision-making, the negative spillover effects exceed the 
positive spillover effects of policy guidance and industrial 
aggregation.

Regarding the control variables, the direct effect of the 
government scale coefficient is positive, while the indirect 
effect of government scale coefficient is negative and insig-
nificant, which demonstrates that government support is 
beneficial to industrial reasonability. However, too much 
government intervention might lead to the local protection-
ism which will affect the spatial spillover effects. Regarding 
the coefficient of infrastructure level, both the direct effect 
and the indirect effect of infrastructure level on industrial 
reasonability are positive, which means that infrastructure 
investment not only promotes the industrial reasonability of 
local provinces, but also can benefit the industrial structure 
of neighboring regions. Infrastructure investment can build 
a good transportation network, which ensures the flow of 
regional resources is more convenient and the allocation of 
production resources becomes more reasonable. This will 
further increase production efficiency and promote industrial 
reasonability. The direct and indirect effects of the technical 
innovation are both positive but insignificant.

The direct effect of human capital level on industrial 
structure is not obvious, while the indirect effect of human 
capital is positive and significant at the level of 5%. The 
direct and indirect effect coefficient of human capital is 
opposite, which points out that there is a competitive rela-
tionship between this province and the surrounding prov-
inces. The movement of human capital among provinces is 
frequent. When the policy and employment opportunities 
of neighboring regions are more attractive, human capital 
will outflow. Furthermore, another possible reason for the 
positive indirect effect is that the matching degree between 
human capital and the industrial structures of adjacent prov-
inces is higher than that of the local province.

Table 7   The direct, indirect, 
and total effects of independent 
variables

*p < 0.1
**p < 0.05
***p < 0.01

Variable Direct effect Indirect effect Total effect

gf 6.3352***
(3.31)

 − 25.3017***
(− 3.24)

 − 18.9665**
(− 2.43)

gov 4.1134
(0.73)

 − 19.4577
(− 0.85)

 − 15.3442
(− 0.68)

infra 2.3574***
(3.81)

5.8359**
(2.45)

8.1932***
(3.32)

lnsinno 0.137
(0.33)

2.5881
(1.35)

2.7251
(1.48)

human  − 1.2667
(− 1.34)

7.3935**
(2.02)

6.1268*
(1.80)

pergdp 3.7940***
(− 2.86)

 − 6.4131
(− 1.49)

 − 10.2071**
(− 2.38)

urban 1.7080
(0.24)

162.2572***
(− 4.37)

 − 160.5491***
(− 4.34)
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The direct effect of economic development is positive at 
the 1% significance level. This is because economic devel-
opment level is the foundation of industrial development. 
However, its spatial spillover effect is negative and insig-
nificant. Additionally, the indirect effect of urbanization is 
significantly positive at the level of 1%. Urbanization con-
tinuously attracts more and more rural labor force transfers 
from agriculture to non-agricultural industries and shifts 
into cities. This is conducive to forming a more rational 
employment structure, which further promotes industrial 
reasonability. Besides, adjacent regions might have similar 
industrial structures and the local policies published, which 
demonstrates the positive spatial spillover effect.

Conclusions and policy recommendations

Based on the panel data of 30 provinces in China during 
the period from 2009 to 2019, this paper investigates the 
influence of green finance on industrial reasonability as 
well as its spatial spillover effect through the application of 
SPDM, used with the weight matrix and based on geographi-
cal distance. Moreover, this study also explores the level of 
industrial reasonability and green finance development by 
applying the Theil index and the entropy method separately. 
The results are demonstrated as follows. First, there is strong 
aggregation of the spatial distribution of industrial reasona-
bility, and the spatial pattern remains relatively constant over 
the 11 years. The main aggregated types are H–H and L-L 
between the regions. From 2009 to 2019, the constitution 
of the province with the H–H type stays constant, while the 
constitution of the province with the L-L type has variations. 
Meanwhile, there is an increasing tendency in the spatial 
correlation of industrial reasonability among the provinces.

Furthermore, the development of green finance has a sig-
nificant positive relationship on the industrial reasonability 
of local provinces. This is because green finance can guide 
the capital flow to the environmental protection industry and 
energy conservation industry rather than the high energy-
consuming industry. Meanwhile, the upstream- and down-
stream-related industries in this province can be benefited 
gradually, which further leads to the industry integration and 
industrial structure being more rational ultimately. Never-
theless, the development of green finance has a significant 
negative spatial spillover effect, which means that green 
finance will impede the process of industrial reasonability 
in neighboring regions. The possible reason is that the local 
industry with high pollution will be restricted because of 
the high cost of sewage and environmental protection equip-
ment under the situation green finance policy proposing. 
Therefore, they might decide to move to surrounding regions 
and generate a negative impact on the neighboring industrial 
reasonability.

Moreover, policy recommendations are suggested 
based on the results of the study. First, construct the green 
finance policy, which is under the adjustment of green 
finance. Since the development level is varied among the 
provinces in China, the government should implement 
differential strategies to promote the coordinated devel-
opment between green finance and adjustment of indus-
trial structure. Through considering the features and the 
resource endowment of each province, the correspond-
ing green finance policies should be constructed respec-
tively. What is more, the imbalanced development between 
industrial reasonability and green finance should also be 
taken into account. The regional linkage can guide the 
resource distribution rationally in surrounding areas, 
which can expand the green finance radiation regions and 
finally promote the joint achievement of industrial rea-
sonability. Regional governments, financial institutions, 
and enterprises should cooperate to achieve the industrial 
transformation.

Second, the improvement of the environmental infor-
mation disclosure system should be taken into consider-
ation. With the development of green industry, investors 
focus more on the environmental information disclosure 
of enterprises. Through supervising the enterprises, the 
environmental information can be more transparent 
and opener, which will further improve the awareness 
of environmental protection of the enterprises as well 
as avoid the adverse selection problem or moral hazard 
problem. Furthermore, this can also attract more capi-
tal f low into green finance projects. Under this situ-
ation, an instant information sharing platform can be 
built between the government, financial institutions, 
and the enterprises to make sure all the information is 
supervised.

Additionally, it is essential to improve the green 
finance system as well. First, efforts should be made to 
improve the combination of green financial products and 
develop the innovation of the green financial products. 
Even though China has already issued a number of green 
finance instruments, the development still lacks experi-
ence and remains in the initial stage. Therefore, China 
should take the actual conditions into account and learn 
from the foreign development experience to formulate a 
green finance system that is suitable for our own devel-
opment and improve the laws and regulations system 
related to green finance. Through establishing laws and 
regulations to clarify the rights and obligations of gov-
ernment, financial institutions, and enterprises, make sure 
the social and environmental protection responsibilities of 
all parties. Under this background, green finance devel-
opment can better promote the industrial structure being 
rational, which further achieves the goal of sustainable 
development.
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Limitations and prospects

This paper still has limitations that can be improved upon in 
future research. First, the measurement of the green finance 
index has deficiencies; because there is no official index for 
measuring green finance and data disclosure is neither trans-
parent enough nor complete enough, the green finance index 
system is hard to construct. However, with the development 
of green finance, a growing body of relevant statistical data 
should become available. In future research, more factors 
might therefore be considered to improve the construction of 
the green finance index. Second, regional economic develop-
ment is quite variable in China, which may result in different 
effects of green finance on industrial reasonability in differ-
ent regions. This paper does not consider the influence of 
regional factors on this relationship, and such factors could 
be considered in future studies in order to conduct a more 
in-depth analysis.
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