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Abstract

To study the extent of green finance development in China, this article constructs a green finance index system and employs
the entropy value method to measure China’s green finance by using a yearly provincial panel data from 2001 to 2020. The
Thiel and Moran indices are then used to systematically analyze the temporal and spatial distribution of China’s regional
green finance. The findings are summarized as follows. Firstly, the overall green finance index in China experiences an
upward trend. The development of green finance in the eastern region is superior to that in other regions in terms of absolute
value and growth rate. Moreover, the differences in China’s green finance index have shown an increasing trend over the last
two decades, which is mostly contributed by the intra-regional differences. Finally, the inter-regional distribution of green
finance index demonstrates that green finance development has a spatial spillover effect.

Keywords Green finance - Entropy value method - Spatial distribution - Entropy method - Moran Index

Introduction

As China proposed the goals of “carbon peaking” by 2030
and “carbon neutrality” by 2060 in 2020, the development of
green finance has become an important task for the govern-
ment to promote the green economic development and to
achieve the “double carbon” national strategy. Green finance
is a valuable mean to realize the industry transformation and
upgrading and reduce carbon emissions through allocating
more capital to green projects (Udemba and Tosun 2022a;
Liu et al. 2023). Several green financial instruments are
emerging and widely accepted, such as green credit, green
bond, and green insurance. Public data from the People’s
Bank of China shows that by the end of 2022, the size of
China’s green financial assets exceeded 25 trillion yuan.
Among them, the balance of domestic and foreign currency
green loans is 22.03 trillion yuan, an increase of 38.5% year-
on-year. The cumulative issuance size of domestic green
bonds reached 2.62 trillion yuan, up 44.66% year-on-year.
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Insurance, green trusts, green funds, and other green finan-
cial assets have all achieved rapid development and the sup-
port for the green real economy has been effective.

With the development of green finance, the methods to
evaluate the development of green finance are becoming
increasingly diversified. The research methods mainly focus
on DEA envelope analysis and coupling degree analysis. By
using DEA envelope analysis, it was demonstrated that envi-
ronmental energy inputs in the USA contribute to the effi-
ciency of green industries (Sueyoshi and Wang 2014). Meas-
uring the efficiency of green financial development in China
from the perspective of green financial resources injected
into enterprises through the DEA-Malmquist index (Zhou
and Xu 2022). Due to the small differences in the compre-
hensive development level of green finance among prov-
inces, the coupled coordination degree of green finance and
eco-efficiency was analyzed using the coupled coordination
degree model (Xie and Hu 2022). To study the development
of green finance in different regions, a coupled coordination
degree model is used to analyze the coupled coordination
relationship between circular economy and green finance in
the Beijing-Tianjin-Hebei region.

The high-quality development of green finance is important
to accelerate the realization of the “double carbon” goal (Philip
et al. 2022; Xing et al. 2023). China is still in a period of growth
in total carbon emissions, and the primary goal is to achieve
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“carbon peaking.” Therefore, more studies have been conducted
to explore the relationship between financial development and
carbon emissions. There are two main views among academ-
ics. One view is that financial development can have a damp-
ening effect on carbon emissions. The development of finance
will have a dampening effect on carbon emissions by providing
incentives for firms to upgrade their technology and increase
their environmental focus (Shahbaz et al. 2013). At the same
time, financial development contributes to corporate technologi-
cal innovation, which can improve energy use efficiency and fur-
ther achieve emission reductions (Yan et al. 2016). Others hold
the viewpoint that financial development inevitably increases
the intensity of carbon emissions. A country’s financial devel-
opment is accompanied by an increase in its level of economic
development, which inevitably generates a greater demand for
resources and thus higher levels of carbon emissions. By exam-
ining the heterogeneous relationship between financial develop-
ment and carbon emissions, it was found that the role of financial
development on carbon emissions is not simply inhibitory or
facilitative (Shao and Liu 2017; Udemba and Tosun 2022b).

Compared with the existing literature, the marginal con-
tribution of this paper is reflected in the following aspects.
From an academic theoretical point of view, the measure-
ment of green financial development is broadened—specific
measurement of green finance development by using the
entropy method and then further specifying the quantitative
indicators through the Thiel and Moran indices. The green
financial development of different regions is visualized by
Moran scatter plot and regional distribution map. From the
perspective of practical application, the analysis of the green
finance index provides a quantitative analysis method for the
practical work of the government, in order that the govern-
ment has a more scientific basis as a reference before making
decisions.

The rest of the paper is structured as follows. The sec-
ond section compares the research methods of green finance
index measurement in China. The third section is an empiri-
cal analysis of the green finance index measure in China.
Finally, based on the empirical findings, relevant policy rec-
ommendations are proposed.

Research methodology

Liu and Fang (2015) conducted a comprehensive evaluation
analysis of green economic development in Hebei Province
using the entropy value method. Zhang et al. (2019) used the
entropy method to measure the level of financial agglomeration
in Ningbo. Zhou et al. (2022) measured and evaluated the level
of green financial development using the entropy method. Com-
bining the methods of the above scholars, the entropy method is
applied to measure the green finance index in China.

Entropy method
Standardization of indicators

Guo (2012) argues that to eliminate the differences in the scale
between different indicators, the raw data need to be standard-
ized so that they are all in the [0,1] interval and thus compa-
rable. In the indicator system, indicators are divided into two
categories: positive and negative indicators. The larger the value,
the better the indicator is a positive indicator. The standardized
calculation formula for positive and negative indicators is as
follows.

vy = Py = min(x;)] /[max(x;) — min(x;)]

v = [max (xj) - xij]/[max(xj) — min (xj)]

where y;; is the first i original value of the j indicator of the
first city, and max (x;), min(x;) denotes the maximum and
minimum values of the j indicator for all cities, respectively.

Entropy value method calculation

(1) Standardized adjustment of indicators.

To eliminate the influence of extreme values of “0” in
the logarithmic calculation process, the standardized index
values are adjusted. Referring to the idea of Jia et al. (2000)
study, the standardized indicator values are shifted by 0.001,
Y; =y;+d, where d = 0.001.

(2) Calculate P; the weight of the j indicator of the i prov-
ince.

Py=Y;/ Xl Yy 0 <Py <1

(3) Calculate the entropy value of the j entropy value of
the index E;.

E =—k )" PP,

=

K> 0, In is the natural logarithm, the constant k is related
to the number of provinces m, generally let k= 1/lnm,then
0< E< 1.

(4) Calculate the coefficient of variability of the j indicator D;.
The coefficient of variability indicates the role played by

the indicator on the study subject. And the larger the value,
the greater the impact on the study subject.
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Thiel’s index and its decomposition method

The Thiel index is just one of the most widely used special
cases of the entropy index. The expression for the Thiel index
is as follows.

I 5 Vi Vi
= Zlgee(3)

where T is a measure of the degree of gap in the
green finance index. Thiel index y; and y represents
the green finance index of province i and the average
green development index of all provinces, respectively.

The Thiel index as a measure of inequality in the
green finance index has good decomposability. That
is say when the sample is divided into multiple clus-
ters, the Thiel index can measure the contribution of
the within-group gap and the between-group gap to the
total gap separately.

The Thayer index is a widely used measure of eco-
nomic variation and is a special form of the generalized
entropy index. In the financial sector, the measurement
of the Green finance index is also a form of measur-
ing economic development. This is more conducive to
understanding the development trend of green finance
in China.

Suppose the sample containing n individuals is divided
into K clusters, each group being g, (k=1,2...k), and the k
groupg,.. The number of individuals in the group is n,, then
there areZizl n, = n,y; and y, denote the share of green finan-
cial index of a province i and the total share of green financial
index of a cluster k, respectively.

As well as denote T}, and T, are the inter-cluster gap and
intra-cluster gap, respectively. Then the Thiel index can be
decomposed as follows.

T=T,+T, —Zyklog
k=1 n

+Mﬁ ;

In the above equation, the between inter-cluster gap 7,
and intra-cluster gap T,, have the following expressions,
respectively.

T, = Z)’klog—

k=1 /n

T, = Z)’k(z /yk

ng;\

@ Springer

Moran index

The Moran’s [ statistic for spatial autocorrelation can be
expressed as

_ ”Z?—l 2;1—1 Wi jZiZj
SO zl 1 12

where z; is the element i attributes of the elements, and their
mean (x; — ~x) is the deviation of the element from its mean.
Then w, ; is the deviation of the element i and ;. The spatial
weight between 7 is equal to the total number of elements,
and S, is the aggregation of all spatial weights.

So—iZw

=1 j=1

The statistical Z; score is calculated in the following form.
I—-E[]
vV VI

where E[I] = —1/(n - 1); V[I] = E|I?| - E[IT’

Z, =

Principal component analysis method

Suppose the object under study contains m original vari-
ables x;,x,,.....x,,, and each variable has n observations.
The sample matrix of the original data is as follows.

X110 X
X=(x1,x2,...xm)= o

X X

nl nm

Based on the original data, a linear combination of m
variables is performed to obtain a new composite variable.
To explain as much information as possible in the original
variables, when constructing the first new variable, the coef-
ficients should be chosen so that the variance of the variables
is maximized. The second variable constructed on this basis
must be independent of the first variable in order to avoid
duplication of information, and the coefficients should be
chosen so that the variance of the new variable is as large as
possible and so on to obtain a total of m composite variables
by linear combination F, F,, ... .F,,. In total, m composite
variables are constructed by linear combination.

Fy =ayx  +apx, + - +ap,x,
Fy =ayx; + ayx, + -+ a,,x,

F, =a,x; +a,,x,+ - +a,,,x,
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where the variable F| has the largest variance, contains the
most explanatory information, and is referred to as the first
principal component. And F,, F;, ... F,, are referred to as
the second, third...m principal components, respectively. By
mathematical derivation, 4, is the eigenvalue of the covari-
ance matrix of the original data after normalization, and
the elements of the principal component coefficient matrix
are the eigenvectors corresponding to the eigenvalues of the
covariance matrix of the original data.

Empirical findings and discussion

To assess the level of green financial development of each
province more accurately in China, a more complete evalu-
ation index system should be constructed. By referencing
the existing research, this article constructs a green finance
index measurement index system in China from four per-
spectives, namely green credit, green investment, green
insurance, and government support. The relevant indexes
are shown in Table 1. The original data of this article are
obtained from the China Statistical Yearbook, the Statis-
tical Yearbook of each province, and the China Insurance
Yearbook.

In September 2015, the State Council of the Central Com-
mittee of the Communist Party of China (CPC) issued the

Table 1 Green finance development level indicator system

General Plan for the Reform of the Ecological Civilization
System, in which the overall goal of “establishing a green
financial system” was proposed for the first time and green
finance was formally introduced. Although the development
of green finance is relatively short, the construction of eco-
logical environment and the emergence of green industry
in China originated in the last century. Therefore, it is more
intuitive to observe the evolution of this index over the years.
Second, to ensure the scientific and accurate analysis, this
article takes the data of 30 provinces, municipalities, and
autonomous regions in China, except Tibet, Hong Kong,
Macao, and Taiwan, as samples. Third, it adopts the entropy
value method to calculate the final score, which is one of the
more recognized and concise measurement methods. It can
avoid the subjectivity in assigning weights to indicators to
a certain extent. Fourth, to analyze the development differ-
ences between regions, the division of the country into the
three regions of central and east—west, which is routine, was
adopted. The country’s provinces were divided into three
groups using the central-east—west region, with the central
region containing eight provinces and the eastern and west-
ern regions containing 11 provinces respectively.

Entropy method

The area of the green finance index measured with the
entropy method is shown in Fig. 1. As shown in this figure,

Tier one indicators Secondary indicators

Indicator definition Unit Indicator

direction
Green credit Green credit scale as a percentage Total green credit/total loans of the five major % +
banks
Percentage of interest expenses in high-energy- Interest expenses of six high-energy-consuming % -
consuming industries industries/interest expenses of industrial
industries
Green securities Percentage of market capitalization of environ- Total market capitalization of environmental % +
mental companies companies / Total A-share market capitalization
Market value of high-energy-consuming indus- Total market value of the six high-energy- % -
tries as a percentage consuming industries / total market value of A
shares
Green insurance Green insurance scale share Agricultural insurance income/property insurance % +
income

Green insurance payout ratio

Green social investment Investment ratio of environmental pollution
control
Energy saving and environmental protection
public expenditure ratio

Agricultural insurance expenditure/income from % +
agricultural insurance

Investment in combating environmental pollu- % +
tion/GDP

Fiscal expenditure on energy conservation and % +
environmental protection/total fiscal expendi-
ture

Carbon neutral financial Carbon neutral direct financing support efficiency Carbon neutrality rate / market cap share of envi- % +

Support rate

Carbon neutral indirect financing support effi-

ciency

ronmental companies

Carbon neutrality rate / green credit size share % +

@ Springer



13104

Environmental Science and Pollution Research (2024) 31:13100-13121

the development of green finance in China differs signifi-
cantly in each province, and the development level in the
eastern region is significantly higher than that in the middle
and western regions. This result is in line with Zhou and
Xu (2022).

To further visualize the differences among the groups,
the trend of the East, Middle, and West with the overall
green finance impact index is further analyzed. From left
to right, the three groups are divided in the order of east,

Fig.1 Area map of green

middle, and west. As shown in Table 2 and Fig. 2, China’s
overall green financial impact index shows a clear upward
trend and reaches its maximum value in 2020.

Theil index

To further explore the regional variability of China’s green
development index, the Theil index is then introduced for
analysis. The Theil index can be a good measure of regional
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Table 2 Trend of east, middle,
and west vs. overall green Year 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
finance impact index Overall 0.016 0.018 0.019 0.021 0.023 0.026 0.029 0.033 0.037 0.042
East 0.007 0.007 0.008 0.009 0.010 0.011 0.012 0.013 0.015 0.017
Middle 0.005 0.005 0.005 0.005 0.006 0.007 0.009 0.010 0.011 0.012
West 0.005 0.006 0.007 0.007 0.007 0.008 0.009 0.010 0.012 0.013
Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Overall 0.047 0.054 0.061 0.065 0.071 0.078 0.083 0.086 0.092 0.099
East 0.019 0.021 0.023 0.024 0.026 0.028 0.030 0.032 0.034 0.036
Middle 0.014 0.016 0.019 0.020 0.022 0.025 0.027 0.038 0.030 0.032
West 0.014 0.017 0.019 0.021 0.022 0.025 0.026 0.027 0.029 0.030
Fig.2 Trend of east, middle, 0.120
and wes.t Vs. 0v§:rall green 0.0920-099
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development differences. Using this index, the overall dif-
ferences in green finance are decomposed into intra-group
differences and inter-group differences by grouping them
according to the east, middle and west in Table 3.

Stata software is used to calculate the Thayer index for
each component, and Excel software is used for graphical
analysis. Figure 3 summarizes the overall Thayer index of
financial development in China over the years and the rela-
tionship between the overall intra-group differences and
inter-group differences.

As shown in Fig. 3, the intra-group and inter-group
differences of the overall Thiel index and green finance
index show a continuous growth trend, indicating that the
regional imbalance in the development of green finance in
China is gradually expanding. From 2001 to 2011, the over-
all Thiel index showed a slow growth trend. From 2012 to
2014, there was a decreasing trend. After 2015, it started
to grow one after another, which corresponds to the intro-
duction and rise of supporting measures of green finance
policies. In addition, after the implementation of various
green finance policies on the ground, the original dynamic
balance of development may be broken and new develop-
ment standards established, which will have a certain degree
of impact on the overall development. In these two decades,

its within-group differences have been much smaller than
between-group differences. In 2017, its within-group differ-
ences were almost equal to the between-group differences.
All these findings are consistent with Xie and Hu (2022).
As shown in Table 4 and Fig. 4, the within-group vari-
ance in the eastern region contributes the most to the over-
all within-group variance, but the within-group variance in
both the central and western regions is much lower than
the overall within-group variance. Meanwhile, the overall
within-group variance shows a slow increase over the years.
Between 2001 and 2014, the overall within-group variance
shows a slow increase. Between 2014 and 2017, the over-
all within-group variance showed a steep climb and peaked
in 2017. Between 2017 and 2020, the overall within-group
variance shows a steep decline followed by a slow increase.
This change in growth rate corresponds to the implementa-
tion and improvement of relevant policies. The within-group
variation is the largest in the eastern region, which the east-
ern region is the economic leader and has an imbalance with
other regions in green finance development. As can be seen
from Fig. 4, the western region has the smallest variation
in development, which to a certain extent explains the lag
in the promotion of green finance in the western provinces.

Table 3 Overall variance trend

Year 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Within-group difference 0.017 0.019 0.024 0.026 0.028 0.032 0.054 0.038 0.039 0.039
Differences between groups 0.040 0.043 0.047 0.051 0.055 0.055 0.054 0.056 0.059 0.064
Overall Thiel index 0.057 0.063 0.071 0.077 0.083 0.087 0.092 0.094 0.098 0.103
Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Within-group difference 0.039 0.040 0.041 0.043 0.053 0.057 0.064 0.056 0.058 0.059
Differences between groups 0.069 0.066 0.063 0.059 0.068 0.064 0.066 0.069 0.070 0.071
Overall Thiel index 0.109 0.106 0.104 0.102 0.121 0.121 0.131 0.125 0.128 0.130
Fig.3 Overall variance trend
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Moran index

The first law of geography has pointed out that “everything
is correlated with each other and this correlation becomes
stronger when their locations are close to each other” (Song
2022). To verify whether there is an obvious spatial correla-
tion between the green financial development of each prov-
ince in China, the analysis is carried out by introducing the
Moran index. The Moran index is an index used in spatial
econometrics to measure spatial autocorrelation.

The Moran index of green finance index of 30 provinces
in China from 2001 to 2020 was calculated by using Stata
software and analyzed graphically by Excel. As shown in
Table 5 and Fig. 5, the range of Moran index is between
[—1,1]. And the larger the value, the stronger the positive
spatial correlation. As can be seen from Fig. 5, the global
Moran index of China’s green finance index is positive,
which indicates that the development of green finance in
each province in China in the past 20 years has shown a

Table 4 Intra-group variance trend

significant positive spatial distribution. At the same time,
the Moran index shows an overall increasing trend in fluc-
tuation, indicating that the spatial autocorrelation of green
finance development is strengthening.

To further analyze the spatial aggregation status of green
financial development in China, the Moran scatter plot is
introduced to visually measure the changes in spatial aggre-
gation of green financial development over the years. In
addition, the spatial weight matrix used to calculate the
Moran scatter plot is consistent with the method used to
calculate the Moran index.

In this article, the green financial indexes in 2001, 2005,
2010, 2015, and 2020 are used as the basis for the calcu-
lation of Moran scatter diagram and the analysis of its
spatial evolution pattern. Using Geoda software, the cal-
culation results are shown in the following figures.

As shown in Fig. 6, the distribution of most provinces
is in the third quadrant and the first quadrant since these
two decades and their distribution status is of low-low

Year 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Within-group variation in the eastern region 0.034 0.038 0.042 0.045 0.047 0.057 0.066 0.067 0.068 0.066
Within-group variation in the central region 0.004 0.004 0.008 0.010 0.012 0010 0.008 0010 0.014 0.015
Within-group variation in the western region ~ 0.001 0.002  0.005 0.006 0.009 0.009 0.012 0.009 0.008  0.008
Overall within-group variation 0.017 0.019 0024 0.026 0.028 0.032 0.038 0.038 0.040 0.039
Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Within-group variation in the eastern region 0.064 0.066 0.067 0.072 0.084 0.095 0.107 0.090 0.092 0.093
Within-group variation in the central region 0.018 0.010 0.017 0.016 0.024 0.018 0.025 0.024 0.025 0.027
Within-group variation in the western region ~ 0.009  0.010  0.012  0.013  0.015 0.019 0.015 0.017 0.018 0.019
Overall within-group variation 0.039  0.040  0.041 0.043  0.053 0.057 0.064 0056 0.058  0.059
Fig. 4 Intra-group variance 0.120
trend chart 0.100
0.080 I I I l I I
0.060
0_040||||||||IIII|
oo f b b b b b b b L
e S 8 8 8 8 8 8 8 8 33 38 8 8 8 8 8 8 8 8
28R 8 f &§ 8 28 83 5 2 8 » R o » 3 » o o
Year
= \Vithin-group variation in the Eastern region Within-group variation in the central region
Within-group variation in the western region Overall within-group variation
I;'::gs Global Moran index Year 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Moran index ~ 0.087 0.123  0.148 0.168 0.183 0.172 0.162 0.182 0.197 0.224
Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Moran index  0.242  0.231 0222 0.225 0.22 0.191 0.167 0.231 0.239 0.247
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Fig.5 Global Moran index
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aggregation type or high-high aggregation type. Therefore,
it also proves the positive spatial aggregation character-
istics of green finance development in each province in
China. It can thus be shown that the spatial autocorrelation
characteristics of green financial development in China are
significantly robust and do not fluctuate easily. Meanwhile,
in terms of the characteristics of aggregation, the spatial
correlations of green financial development in China are
both high-high aggregation type and low-low aggregation
type characteristics.

The data of green finance index of each province in
the last two decades were used to carry out the spatial
variation pattern of the Moran scatter plot based on the
graphical drawing using Geoda software, as shown in the
following figures.

As shown in Fig. 7, the area in the figure belongs to the
light pink color, Shanxi Province shows a high and low
clustering distribution, being the high value adjacent to
the low value, indicating that its local Moran index [ is
negatively correlated. As shown in the blue area, Gansu
Province and Hubei Province show a low-low agglomera-
tion distribution, being low values adjacent to low values,
indicating that their Moran index [ is positively corre-
lated. As shown in the red area, Tianjin shows a high-high
agglomeration distribution, which is the high value adja-
cent to the high value, indicating that its Moran index I is
positively correlated.

As shown in Fig. 8, the local Moran index for Tianjin,
Hubei Province, and Gansu Province are significant at the
5% level as shown in the region belonging to light green.
As shown in the dark green area, the local Moran index for
Shanxi Province is significant at the 1% level.

As shown in Fig. 9, the region to which the red color
belongs, Tianjin shows a high-high clustering distribution,
with high values adjacent to high values, indicating that its
local Moran index [ is positively correlated. As shown in
the area in light purple, Hebei Province shows a low-high

Year

clustering distribution, with low values adjacent to high val-
ues, indicating that its Moran index / is also negatively cor-
related. As shown in the blue area, Gansu Province shows a
low-low agglomeration distribution, which is the low value
adjacent to the low value, indicating that its Moran index /
is positively correlated.

As shown in the light green area in Fig. 10, the local
Moran index of Gansu Province, Hebei Province, and Tian-
jin are significant at the 5% level. This indicates that Gansu
Province is in the inland of northwest China and has a fragile
ecological environment, which urgently needs to develop
green finance. Tianjin and Hebei Province are actively prac-
ticing their dual carbon goals and promoting the develop-
ment of green finance.

As shown in the red area of Fig. 11, Tianjin shows a high-
high clustering distribution, which is the high value adjacent
to the high value, indicating that the local Moran index
is positively correlated. As shown in the blue area, Tibet,
Sichuan, Inner Mongolia, and Gansu Provinces show a low-
low agglomeration distribution, which is adjacent to the low
value, indicating that the local Moran index [ is positively
correlated.

As shown in Fig. 12 for the regions to which the light
green color belongs, the local Moran indexes for Tianjin,
Tibet, Gansu, Sichuan, and Inner Mongolia are significant
at the 5% level. This indicates that both Tianjin and Gansu
Province continued to develop green finance from 2005 to
2010. At this point, with the increasing haze in the north
and the successive introduction of environmental protection
measures, green finance is also gradually developing.

As shown in the blue area in Fig. 13, Inner Mongolia,
Ningxia, and Gansu provinces show a low-low agglomera-
tion distribution, being low values adjacent to low values,
indicating that the local Moran index [ is positively corre-
lated. As shown in the red area, Tianjin shows a high-high
clustering distribution, with high values adjacent to high
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Fig.6 Moran scatter plot Moran’ s 1:0.072(isolates in weights are removed) Moran’ s 1:0.177(isolates in weights are removed)
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values, indicating that the local Moran index I is positively
correlated.

As shown in the area belonging to light green in Fig. 14,
the local Moran indexes of Gansu, Ningxia province, and
Tianjin City are all significant at the 5% level. As shown
in the dark green area, the local Moran index for Inner
Mongolia province is significant at the 1% level. As the
northernmost defense line of China, the level of environ-
mental pollution in Inner Mongolia province should not be
underestimated, and its green industry development level
is even declining flatly. However, led by Ningxia and the

@ Springer

Moran’ s 1:0.188(isolates in weights are removed)

w

lagged 2020
o
{e]

neighboring province of Gansu, they are also gradually
developing green finance.

As shown in the blue area in Fig. 15, Inner Mongo-
lia province shows a low-low agglomeration distribu-
tion, being low values adjacent to low values, indicating
that the local Moran index [ is positively correlated. As
shown in the red area, Tianjin shows a high-high cluster-
ing distribution, with high values adjacent to high values,
indicating that the local Moran index [ is positively cor-
related. As shown in the area belonging to light green
in Fig. 16, the local Moran indexes of Inner Mongolia
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Fig.7 Spatial correlation in
2001

Fig.8 Spatial saliency in 2001

Fig.9 Spatial correlation in
2005
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Fig. 10 Spatial significance in
2005
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Fig. 11 Spatial correlation in
2010
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Fig. 12 Spatial significance in
2010
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Province and Tianjin City are all significant at the 5%
level. This indicates that there is a significant spatial
spillover effect on the development of regional green
finance in China.
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Principal component analysis method

To further improve the measurement of green finance, the
principal component analysis method is used to construct
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Fig. 13 Spatial correlation in
2015
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Fig. 14 Spatial significance in
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Fig. 16 Spatial saliency in 2020
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green finance indicators. Principal component analysis is an
unsupervised dimensionality reduction method in the sense
that the data are mapped to a space of lower dimensionality,
which reduces the computational effort to perform calcula-
tions on these data. It is also important to ensure that the
data is easy to extract features after the operation of princi-
pal component analysis, so that the variance of the mapped
data is maximized. Therefore, making the direction with
the largest variance in the current data set the direction of
the principal component. The principal component analysis
method realizes the dimensionality reduction of data through
projection and transforms multiple indicators into a few rep-
resentative composite indicators based on losing less data
information, and the weights constructed are based on the
objective data itself. Stata software is used to perform prin-
cipal component analysis.

The KMO (Kaiser-Meyer—Olkin) sampling adequacy
measure is applied as an important indicator to measure the
strength of the correlation between variables. The KMO is
obtained by comparing the correlation coefficient and the
bias correlation coefficient of the two variables. SMC is the
square of the complex correlation coefficient of one variable
with all other variables, which is the decidable coefficient of
the complex regression equation.

A higher KMO indicates a stronger commonality of
variables. If the partial correlation coefficient is higher
relative to the correlation coefficient, the KMO is lower.
As can be seen from Table 6, the KMO coefficients are
all higher, and the co-linearity between the variables is
strong. SMC is the decidable coefficient of the complex
regression equation; higher SMC indicates a stronger lin-
ear relationship and stronger co-linearity of the variables.
From the figure, it can be seen that the SMC are higher,
which indicates a strong linear relationship and a more
appropriate principal component analysis.

@ Springer

Table6 SMC and KMO

Variable SMC KMO

2001 0.9998 0.9068
2002 1.0000 0.9127
2003 0.9999 0.8805
2004 1.0000 0.8916
2005 0.9999 0.8986
2006 1.0000 0.9057
2007 1.0000 0.8879
2008 1.0000 0.9389
2009 1.0000 0.8774
2010 1.0000 0.8942
2011 1.0000 0.8905
2012 1.0000 0.9196
2013 1.0000 0.9183
2014 0.9997 0.8839
2015 0.9998 0.8945
2016 0.9997 0.8956
2017 0.9999 0.8521
2018 1.0000 0.8516
2019 1.0000 0.9592
2020 1.0000 0.8757

As can be seen from the gravel plot above (Fig. 17), the
horizontal axis indicates the number of indicators, and the
vertical axis indicates the eigenroot value. When the first
ten factors are extracted, the eigenroot values are larger
and change more significantly, which contribute more to
explain the original variables. This shows that the extrac-
tion of the first ten factors has a significant effect on the
original variables.

As shown in Table 7, 8, and 9, the cumulative variance
contribution of compl, comp2, comp3, comp4, comp5,
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Table 7 Summary of the first ten principal component analyses

Principal ~ Feature root Difference Variance Cumulative
compo- contribution  variance con-
nents rate tribution rate
Compl 19.4993 19.1563  0.9750 0.9750
Comp2 0.3430 02722 0.0171 0.9921
Comp3 0.0708 0.0345  0.0035 0.9957
Comp4 0.0363 0.0110  0.0018 0.9975
Comp5 0.0253 0.0162  0.0013 0.9987
Compb6 0.0091 0.0026  0.0005 0.9992
Comp7 0.0065 0.0025  0.0003 0.9995
Comp8 0.0041 0.0007  0.0002 0.9997
Comp9 0.0033 0.0022  0.0002 0.9999
Compl0 0.0011 0.0005  0.0001 0.9999
Compl1 0.0006 0.0002  0.0000 1.0000

comp6, comp7, comp8, comp9, and comp10 was 99.99%,
which exceeded the empirical value criterion of 85%. There-
fore, these ten principal components were selected. Twenty

Table 8 Variable coefficients

variables were identified based on the loadings of each vari-
able on each of the selected principal components with the
weighted average of the variance contribution of each prin-
cipal component. Moreover, each year from 2001 to 2020 is
a separate variable. The weights in the green finance index
were calculated as 0.04888, 0.04999, 0.05035, 0.05053,
0.05049, 0.05071, 0.05051, 0.05099, 0.05113, 0.05116,
0.05098, 0.05095, 0.05083, 0.05088, 0.05088 0.05083,
0.05073, 0.05065, 0.05079, 0.05072, and 0.05063. As a
result, the construction formula of our green finance index
is the following.

GF = 0.04888 x Y2001 + 0.04999 x Y2002
+ 0.05035 x Y2003 + 0.05053 x Y2004
+ 0.05049 x Y2005 + 0.05071 x Y2006
+ 0.05051 x Y2007 + 0.05049 x Y2008
+0.05113 x Y2009 + 0.05116 x Y2010
+0.05098 x Y2011 + 0.05095 x Y2012
+0.05083 x Y2013 + 0.05088 x Y2014
+0.05083 x Y2015 + 0.05073 x Y2016
+0.05065 x Y2017 + 0.05079 x Y2018
+ 0.05072 x Y2019 + 0.05063 x Y2020
As shown by the above equation, the coefficients of the
variables are all positive, indicating that the green finance
indices of all Chinese provinces have been growing posi-

tively over the two decades from 2001 to 2020. All provinces
have different degrees of development in green finance.

Conclusion and policy implication

Based on the connotation of green finance, this article con-
structs an indicator system to measure the development
of green finance in China. Using the entropy method, the
trend of green finance index of each province in China

Y2001 Y2002 Y2003 Y2004 Y2005 Y2006 Y2007 Y2008 Y2009 Y2010
Load compl 0.2159 0.2208 0.2223 0.2231 0.2230 0.2239 0.2230 0.2252 0.2258 0.2259
Load comp2 0.4381 0.3539 0.2814 0.2696 0.2507 0.2010 0.1595 0.0707 —0.0068 —0.0555
Load comp3 0.4985 0.2979 0.1225 -0.0453 -0.1877 -0.3367 —-0.4785 -0.3410 -0.2230 —0.0559
Load comp4 0.0883 0.0656 0.04408  0.0225 0.0234 0.0355 0.0473 -0.0272 -0.1126 —0.2883
Load comp5 0.5270 0.0128 —-0.4477 -0.4044 -0.3826 0.0374 0.3820 0.2105 0.0781 0.0583
Load comp6 0.2278 -0.0754 —-0.3104 0.0566 0.3729 0.0515 -0.2002 -0.1282 -0.0312 —0.0027
Load comp7 0.1460 -0.2024 -0.5153 0.0623 0.5017 0.1659 —0.1370  -0.1109 -0.0472 —0.0436
Load comp8 —0.0383  0.0054 0.0440 —-0.0252 0.0101 0.1919 0.3879 —0.1158 —-0.5481 —0.3526
Load comp9 —0.0609 0.0347 0.0440 —-0.0016 —0.0310 0.0778 0.1747 -0.1775 -0.4458 0.0690
Load comp10 0.0430 0.0410 0.0330 0.0198 —0.1060 —-0.0847 —0.0122 0.0599 0.2028 —0.0638
Total factor coefficient  0.04888  0.04999  0.05035  0.05053  0.05049  0.05071  0.05051  0.05099  0.05113  0.05116
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Table 9 Calculation table of variable coefficients

Y2011 Y2012 Y2013 Y2014 Y2015 Y2016 Y2017 Y2018 Y2019 Y2020
Load compl 0.2251 0.2250 0.2244 0.2247 0.2244 0.2240 0.2237 0.2243 0.2240 0.2236
Load comp2 -0.955 -0.1402 -0.1755 -0.1949 -0.2087 —-0.2035 —0.1948 —0.2298 —-0.2408 —0.2508
Load comp3 0.0791 0.1245 0.1553 0.1183 0.1520 0.1227 0.0160 0.0197 0.0026 —0.0190
Load comp4 -04361 -0.3695 —0.3217 -0.0722 0.0443 0.3653 0.5117 0.1246 0.1315 0.1405
Load comp5 -0.0218 0.1219 0.2501 —-0.0165 0.1223 0.0882 0.3014 —-0.1364 -0.2186 —0.3094
Load comp6 0.0157 —-0.1091 -0.1989 —-0.0045 -0.1571 -0.2728 —-0.2856 0.2215 0.3453 0.4929
Load comp7 -0.0218 0.1219 0.2501 —0.0165 0.1223 0.0882 0.3014 -0.1364 —-0.2186 —0.3094
Load comp8 -0.2476  0.1027 0.4079 0.2166 0.0540 -0.0311 -0.2571 0.0391 0.0706 0.0934
Load comp9 0.4619 0.1379 —-0.1078 —-0.5876  0.0567 —0.1469  0.3040 0.0481 0.0700 0.0829
Load comp10 -0.3078 —0.0400 0.2071 —0.0988 0.4195 -0.7211 0.2766 0.0515 0.0318 0.0501
Total factor coefficient  0.05098  0.05095  0.05083  0.05088  0.05083  0.05073  0.05065  0.05079  0.05072  0.05063

The loadings of each variable come from the results of the principal component analysis

over the past 20 years was measured based on 30 provin-
cial panel data of China from 2001 to 2020. Subsequently,
the Thiel index, Moran index, Moran scatter diagram, and
spatial correlation diagram are introduced to study the
regional characteristics of green finance development in
China. Finally, with the help of principal component analy-
sis, the formula of green finance index for the country in
these two decades was constructed. The findings of the
study are as follows. First, from the regional distribution
status of China’s green financial development index, in the
first decade, Beijing shows a high and low agglomeration
distribution, and Gansu Province shows a low and high
agglomeration distribution. In the latter decade, both Inner
Mongolia and Gansu provinces show a low-low agglomera-
tion distribution, and Beijing shows a high-high agglomer-
ation distribution. Second, in terms of overall development
changes, China’s green finance index has shown a trend of
amplification within these two decades, and regions with
more significant intra-regional differences have contrib-
uted more to the overall differences. Third, there is a spa-
tial spillover effect of green development in all provinces,
showing the distribution of high-high aggregation and low-
low aggregation.

To better promote the overall development of green
finance in China, this article puts forward the following pol-
icy recommendations. First, build a green financial system
with regional characteristics. Overall, China’s construction
of a green financial system has begun to bear fruit. However,
the construction of a regional green financial system has
major problems. There are obvious development imbalances
across regions and provinces, and the level of green finance
development varies from place to place. On the framework
of the overall green financial system, it is particularly impor-
tant to build a regional green development system according
to the characteristics of the region.

@ Springer

Second, improve the mechanism of smooth information
flow. There are limitations to the transparency of information
from the environmental protection sector, as banks, insur-
ance, and other institutions can only rely on the relevant
environmental protection department for environmental
information. Therefore, environmental protection depart-
ments should strengthen the integration of information on
highly polluting and environmentally friendly enterprises,
timely filing and disclosure of information and strengthen
cooperation with financial institutions. Disapprove projects
and loans applied for by companies that fail to disclose pol-
lution and environmental information in a timely manner to
promote transparency in environmental information.

Again, it is important to further strengthen the support for
green finance across the country. The development of green
finance should be strengthened not only in the northern cit-
ies of Beijing, Gansu, and Inner Mongolia, but also in other
regions. Combined with the obvious spillover characteris-
tics of China’s green financial development, to promote the
development of each local for green finance. The compre-
hensive green finance index makes it possible to compare the
level of green finance development among different regions,
which provides a data base for predicting the green finance
development of each region in the future.

Finally, improve the effectiveness of green financial
development. The lack of a unified carbon trading market,
information asymmetry, and limited risk assessment will
greatly reduce the effectiveness of green finance develop-
ment. Therefore, it is necessary to continue to improve the
transparency of the green financial market, establish uniform
pricing standards and market guidelines, strengthen environ-
mental information disclosure requirements, and establish
a public data platform to quantify environmental factors.
It is also necessary to strengthen the construction of green
financial system.
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Fig. 19 Spatial correlation in
2001

Fig.20 Spatial saliency in 2001
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Fig.21 Spatial correlation in
2005
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Fig. 23 Spatial correlation in
2010
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Fig. 25 Spatial correlation in
2015
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Fig. 27 Spatial correlation in
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