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Abstract
This paper proposes a green finance index that may help policymakers and inves-
tors take more favorable actions based on the development of green finance. After 
analysis and organization of the development process of green finance and related 
green finance and index concepts, this paper uses the improved fuzzy comprehen-
sive evaluation method to construct a measurement model suitable for measuring 
the development level of green finance based on the principle of fuzzy mathematics. 
The index weight adopts the entropy method and improved Analytic Hierarchy Pro-
cess (AHP) joint determination. At the same time, using the relevant statistical indi-
cators of China’s green credit from 2011 to 2019, and using the constructed model, 
the level of China’s green finance development during this period was evaluated. 
Finally, the obtained data and classical gray model methods were used to predict 
China’s green development level from 2020 to 2024. The research results show that: 
This model is a good measure of the level of development of green finance, and 
China’s green finance index has generally shown a rapid growth trend over the past 
nine years, with the fastest growth rate between 2013 and 2014. From the perspec-
tive of the weight of each index affecting the green financial index, the weight of 
new energy, green transportation projects and new energy vehicles ranked in the top 
three, and the impact of these three indexes on China’s green financial index is sig-
nificant. In the future, China’s green financial development level will continue to 
improve.
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1  Introduction

With the progress of society and development of society, the economic develop-
ment behavior of simply pursuing profits has gradually withdrawn from the his-
torical stage. A series of financial models focusing on environmental protection 
and sustainable development, such as green finance, environmental finance, and 
sustainable finance, have been widely accepted and valued. From the perspective 
of the transmission mechanism of green finance, research in developed countries 
is often carried out from a market perspective and pays more attention to market 
forces. Investors’ funding and the exercise of shareholders’ voting rights directly 
affect the company’s decision-making, thereby guiding or promoting the devel-
opment of green finance. However, green finance in developing countries such 
as China is often transmitted through government departments and related finan-
cial institutions so as to achieve policy promotion (Zhang et al. 2016; Yang and 
Ma 2017). Regardless of the transmission mechanism and development of green 
finance, realizing the construction of a green financial system, rationally assess-
ing the level of green finance development, and improving the green financial sys-
tem framework and incentive policies are urgent issues that need to be resolved.

At present, the research results on green finance mainly focus on the theoreti-
cal discussion on the development history, connotation, policy and transmission 
mechanism of green finance and the promotion of the experience of green finance 
practice. It is undeniable that the academic results of these studies have played an 
important role in understanding the relevant theories of green finance and sum-
marizing past experience and methods. However, in order to promote in-depth 
development of green finance, we can not do without in-depth exploration at the 
theoretical level and the quantification of the development level of green finance. 
A reasonable measurement of the green finance index can study the dynamic 
relationship between the development of green finance and the operation of the 
macro-economy, which is conducive to the evaluation of the development process 
of green finance. The development evaluation of green finance is an extension 
and deepening of existing theories.

The main contributions of this article are reflected in the following aspects. 
From the perspective of academic theory: First, it provides a quantitative meas-
urement model to measure the development level of China’s green finance and 
academic analysis of similar mechanisms; second, in the direction of green 
finance, a measurement model combining entropy method and improved AHP 
method is adopted to expand the application range of the model. From the per-
spective of practical applications: First, by correctly measuring the level of green 
finance development, the achievements of green finance can be more intuitively 
reflected in any year or time period; second, through the analysis of the green 
finance index, a quantitative analysis method is provided for the actual work of 
the government, so that the government can strengthen a certain field more effec-
tively and realize a more efficient green finance promotion mechanism; third, 
forward-looking forecasts can enable government departments to take action in 
advance and formulate more effective policies to support the growth of green 
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finance. The market will also receive relevant signals in advance and take favora-
ble actions.

The structure of the paper is arranged as follows: Sect. 2 is a literature review, 
introducing the meaning of green finance index and related content of its evaluation 
and measurement. Section 3 is the construction of the model, including the selection 
of weight indicators and methods. Section 4 is about using the model to measure 
China’s green finance development level and forecast. Section 5 is the conclusion 
and policy implications.

2 � Literature review 2.1 The meaning of green financial index

When it comes to the green finance index, we have to first discuss the development 
process and related concepts of green finance. Back in 1974, Germany took the lead 
in establishing the world’s first policy-oriented environmental protection bank. By 
1992, after the adoption of the "Rio Declaration" and "21st Century Agenda" and 
the signing of the "United Nations Framework Convention on Climate Change" and 
"Convention on Biological Diversity", environmental protection, energy conserva-
tion and emission reduction have become the focus of attention around the world, 
and green finance has also developed rapidly. In 1997, the signing of the Kyoto Pro-
tocol further promoted research on green finance (Deng 2012). In 2002, the well-
known "Equator Principles" was jointly proposed by the International Finance Cor-
poration and ABN-AMRO BANK. The adoption of The Paris Agreement in 2015 
marked the beginning of a global economic activity transition to a greener, low-
carbon and sustainable direction. By the end of 2017, 92 financial institutions in 
37 countries around the world announced their adoption of Equator Principles, and 
project financing accounted for approximately 85% of global financing (Chen et al. 
2018; Peng et al. 2018). In 2019, the International Seminar “ON GREENING THE 
FINANCIAL SYSTEM IN CENTRAL AND SOUTH ASIA” was held in Kazakh-
stan. More than 130 representatives from 19 countries participated in the conference. 
Issues were discussed and suggestions were made on how to build a green financial 
system in Central and South Asia (Green Finance Committee of CFA 2019). At the 
same time, the discussion on the concept of green finance has never stopped. This 
was the case until 2016 when the International Finance Organization (IFC) proposed 
a broad definition of green finance at the G20 summit as: All investment and financ-
ing activities that provide environmental benefits. It includes not only environmental 
finance, but also broader sustainable development goals, such as reducing environ-
mental pollution, improving resource use efficiency, protecting biodiversity, and so 
on. It also includes the management of environmental risks by the financial system 
(Green Finance Research Group 2016).

An index is often called a statistical index, which is an important statistical 
method to analyze the quantitative changes of social and economic phenomena. 
They can be divided into individual indexes and total indexes according to the scope 
of the phenomena they reflect. The former reflects the relative number of changes 
in individual economic phenomena, such as the price index of individual goods; the 
latter reflects the relative number of changes in all economic phenomena, such as 
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the index of total industrial output value and the total index of consumer price (Jia 
et al. 2009). Various indexes in our lives often provide us with conveniences, such as 
GDP, Engel coefficient, CPI, etc., which makes it easier to measure and compare the 
economic level of countries or regions. In the stock market, FTSE China A50 Index, 
Dow Jones industrial average index, S & P 500 index and Nasdaq 100 index, etc., 
make it easy for us to acquire the stock market quotation around the world no matter 
where we are. The index is often objective and easy to compare.

Indices are often objective and easy to compare. The green finance index in this 
article adopts a method of weighting the indicators involved so as to reflect the rela-
tive statistics of the green finance development level and change trend in a certain 
region or field over a period of time.

2.1 � Evaluation measure of green finance

Due to the late start of research on green finance-related theories, there is no inter-
national unified green finance evaluation index system, and scholars have mainly 
focused on theoretical research. Through the literature review, this paper believes 
that the research on green financial evaluation mainly focuses on two aspects:

One is to measure the development level of green finance in a region from a 
macro perspective. Zeng et  al. (2014) combined with the composition of China’s 
existing green financial services, evaluated green finance from five dimensions and 
used the subjective method of expert scoring and the objective method of asset size 
in various financial fields to determine the weight of the index. Akin et al. (2016) 
developed a financial friendliness index based on factor analysis and nonlinear 
weighting to compare the degree of financial risk-sharing and support among coun-
tries. Hayat et al. (2018) formed the financial development index through economet-
ric analysis, thus revealing that in the short term, Pakistan’s financial development 
index and energy price are significantly related to energy consumption. Li et  al. 
(2018) divided the green financial development index system into two categories: 
Green financial market performance index and green financial ecological environ-
ment index, thus building the green financial development index. The research group 
of Wuxi central sub-branch of the people’s Bank of China (2019) evaluated the sus-
tainability of green financial development from three dimensions of green financing, 
green investment and green society, and measured and evaluated the comprehen-
sive level of sustainable development of green finance in China by building a com-
prehensive evaluation system of sustainable development of green finance. Mohsin 
et al. (2020) used the DEA-like weight distribution method through this DEA-like 
comprehensive index to expand a low-carbon financial index and used it to measure 
the development level of low-carbon finance in developing countries and underde-
veloped countries.

Second, based on the micro perspective, to measure the green financial situation 
of a certain field or institution. Street et al. (2001) constructed indicators for the rela-
tionship between green service channels of banks and green finance, and compared 
the performance of three channels of physical outlets, self-service, and automated 
facilities, virtual banks in terms of energy conservation, emission reduction, and 
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environmental protection. Hof et  al. (2011) used a comprehensive fairness model 
method to evaluate four climate finance programs designed for developing countries 
based on the three criteria of adequacy, predictability, and fairness. WWF, China 
Banking Regulatory Commission and Price Waterhouse Coopers (2014) jointly 
released the report, using the form of a questionnaire to compare and evaluate the 
green finance behaviors of 12 Chinese banks such as China Development Bank, 
Industrial and Commercial Bank of China and 10 other banks following the Equator 
Principle, such as Citibank. The research group of Shizuishan central sub-branch 
of the people’s Bank of China (2018) constructed the evaluation system of China’s 
Green Financial Development Based on the Balanced Scorecard evaluation system 
of EVA, and achieved the measurement of the overall situation of each bank’s green 
financial development by setting the indicators of green credit and asset quality, 
social effect, organizational management, learning and growth. The bidding research 
group of Nanchang center sub-branch of the People’s Bank of China (2018) con-
structed the green financial index evaluation system of 11 green financial innova-
tion pilot areas in China from four dimensions of capital support, capital allocation, 
enterprise supervision, and financial responsibility.

3 � Construction of green financial evaluation index model

The fuzzy comprehensive evaluation method is a comprehensive evaluation method 
based on fuzzy mathematics. The comprehensive evaluation method transforms 
qualitative evaluation into quantitative evaluation based on the membership theory 
of fuzzy mathematics, that is, using fuzzy mathematics to make an overall evalua-
tion of things or objects restricted by multiple factors. It comprehensively judges the 
subordination status of the evaluated object from multiple indicators, and divides the 
change interval of the evaluated object. On the one hand, it can take into account the 
hierarchical nature of the object, so that the ambiguity of evaluation standards and 
influencing factors can be reflected; on the other hand, people’s experience can be 
fully utilized in the evaluation to make the evaluation results more objective and in 
line with actual conditions. The advantage of this analysis method is that it can com-
bine qualitative and quantitative factors, expand the amount of information, increase 
the number of evaluations, and make the evaluation conclusion more credible. In 
addition, it has the characteristics of being a strong system providing clear results, 
can better solve vague and difficult to quantify problems, and is suitable for solving 
various non-deterministic problems.

Based on the principle of fuzzy mathematics, this paper uses an improved fuzzy 
comprehensive evaluation method to construct an index model to measure the devel-
opment level of green finance. The green finance evaluation index can well reflect 
the direction and degree of the overall change of green finance in a certain area or 
field. Furthermore, it can explain the actual effect of changes in the relevant influ-
encing factors by observing the value of the green financial evaluation index, it can 
also better and more objectively reflect the overall change of green finance in a cer-
tain area or field.



268	 Environmental and Ecological Statistics (2021) 28:263–285

1 3

The idea of compiling the evaluation index is to standardize the data according 
to the standard deviation of each evaluation index, and then a comprehensive evalu-
ation index is synthesized based on the determined weights. It is very difficult to 
determine the weights accurately. The key lies in how to accurately grasp the impact 
of various inputs on green finance. Simply put, the first step is to determine the 
mean of each indicator and calculate the sample standard deviation. The actual value 
is defined as xi(i = 1, 2,⋯ ,m) . The second step is to dimensionless process the indi-
cators, that is, to standardize the data. In order to ensure the effective synthesis of 
different measurement indicators, the dimensional relationship between variables 
needs to be eliminated so that the data are comparable. The third step is to deter-
mine the weight of the indicator. In the process of synthesizing the comprehensive 
evaluation index, each index needs to be weighted to reflect the different roles of 
the index, and the method of determining the weight directly affects the accuracy of 
the comprehensive evaluation index. This part is also the one which most needs to 
be discussed, which will be explained later. The fourth step is to calculate the green 
finance index value. The results of dimensionless processing of various indicators 
and the corresponding weight coefficients are based on the formula:

3.1 � Determine the weight of the evaluation index

The determination of the weight of each evaluation index is very important in study-
ing the evaluation of the development level of green finance, which directly affects 
the accuracy of the evaluation results (Liu and Lin 2006). At present, the weight is 
usually determined by subjective experience and expert surveys or factor analysis. 
Because subjective weighting methods rely on experts’ knowledge of the impor-
tance of indicators to give weight to indicators, such methods rely on experts to a 
certain extent. Although the factor analysis method avoids the influence of human 
factors and subjective factors, the weighting result fails to objectively reflect the 
actual importance of the indicator, and sometimes there is a certain gap between 
the weighting result and the actual. Therefore, this article adopts the combination 
weighting method for weighting, combining subjective weighting method (improved 
AHP method) and objective weighting method (entropy weight method) to form a 
new comprehensive weight (He and Chen 2004) for green finance to evaluate the 
development level, that is, AHP-entropy comprehensive weighting method. Through 
the improved fuzzy comprehensive evaluation method, the weight assignment uses 
the analytic hierarchy process, and the entropy weight method is used to modify 
it. The interaction between the indicators is comprehensively considered, and the 
weights obtained are more in line with the actual situation.

p
i =

∑
z
i wi∑
wi

× 100
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3.1.1 � Choice of subjective empowerment law

The subjective weighting method is to determine the weight coefficient of each eval-
uation object according to the subjective cognition and preference of the judge. It is 
a qualitative analysis method, which mainly includes the analytic hierarchy process 
(Deng et al. 2012), direct judgment method, and Delphi method (Tian et al. 2004). 
Among them, the analytic hierarchy process refers to the relative importance value 
given by the experts by comparing the evaluation indicators one by one, so as to 
construct a judgment matrix, and then mathematically calculate the judgment matrix 
after the consistency test, and finally obtain the weight coefficient. This method is 
suitable for the evaluation problem of hierarchical structure between qualitative and 
quantitative indicators, which is consistent with the model to be constructed in this 
paper, but its disadvantage is that there is a problem of consistency verification and 
correction of the judgment matrix given by the subject, so this paper refers to Jin 
et al. (2004), Xu et al. (2005), Bu et al. (2013) and Hu et al. (2014), using the Accel-
erating Genetic Algorithm (AGA) (Jin et  al. 2001) to check and correct the new 
model of fuzzy comprehensive evaluation (AHP-FCE) for judging the consistency 
of matrices and calculating the weight of each element in AHP is used in the evalua-
tion model of green finance development level.

The steps for determining weights based on the improved analytic hierarchy pro-
cess are as follows:

(1)	 Without loss of generality, there are n evaluation indicators to compose the evalu-
ation index sample data for all m programs as {x(i, j)|i = 1 ∼ n, j = 1 ∼ m} , each 
x(i, j) indicator value is non-negative. In order to construct a judgment matrix and 
eliminate the dimensional effect of each evaluation index, so that the modeling 
has universality, it is necessary to standardize the sample data set {x(i, j)} . In 
order to keep the change information of each evaluation index value as much as 
possible, the standardized processing formula for the larger and better index can 
be taken as

	   The standardized processing formula for smaller and better indicators can be 
taken as

	   The standardized processing formula for the Vietnam-China-China Excellence 
Index can be taken as

	   In the formula: xmin (i)、xmax (i)、xmid (i) are the minimum, maximum, and 
intermediate optimal values of the i th indicator in the solution set; r(i, j) is the 

(1)r(i, j) = x(i, j)∕
[
xmax (i) + xmin (i)

]

(2)r(i, j) =
[
xmax (i) + xmin (i) − x(i, j)

]
∕
[
xmax (i) + xmin (i)

]

(3)

r(i, j) =

{
x(i, j)∕

[
xmid (i) + xmin (i)

]
, xmin (i) ≤ x(i, j)< xmid (i)[

xmax (i) + xmid (i) − x(i, j)
]
∕
[
xmax (i) + xmid (i)

]
, xmid (i) ≤ x(i, j)< xmax (i)
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standardized evaluation index value, that is, the value of the relative membership 
of the j-th scheme to the i-th evaluation index, i = 1 ∼ n , j = 1 ∼ m.

	   Using these values r(i, j) as elements can form a fuzzy evaluation matrix 
R = (r(i, j))n×m of evaluation indexes.

(2)	 Construct a judgment matrix R = (r(i, j))n×m for determining the weight of each 
evaluation index according to the fuzzy evaluation matrix B =

(
bij
)
n×n

 . The 
essence of fuzzy comprehensive evaluation is an optimal process. From the 
perspective of comprehensive evaluation, if the change degree of sample series 
{r(i1, j)|j = 1 ∼ m} of evaluation index i1 is greater than that of sample series 
{r(i2, j)|j = 1 ∼ m} of evaluation index i2 , the comprehensive evaluation infor-
mation transmitted by evaluation index i1 pass more than evaluation index i2 . 

Therefore, the sample standard deviation s(i) =

�
m∑
j=1

�
r(i, j) − r

i

�2

∕m

�0.5

 of each 

evaluation index can be used to reflect the degree of influence of each evaluation 
index on the comprehensive evaluation, and used to construct the judgment 
matrix B. Where ri =

m∑
j=1

r(i, j)∕m is the mean of the sample series under each 

evaluation index, i = 1 ∼ n . Therefore, according to Eq. (4), a judgment matrix 
with a judgment scale of 1–9 can be obtained.

	   In the formula: smin and smax are the minimum and maximum values of 
{s(i)|i = 1 ∼ n} , respectively; the relative importance parameter values 
bm = min

{
9, int

[
smax ∕ smin +0.5

]}
 , min and int are respectively a small func-

tion and a rounding function.
(3)	 Solve the maximum eigenvalue of the judgment matrix and its corresponding 

eigenvector
	   At present, for the calculation method of the judgment matrix, the geometric 

average method, arithmetic average method, eigenvector method and least square 
method are commonly used. Among them, the eigenvector method means that a 
vector C exists and has only one maximum eigenvalue �max , and the component 
vectors of C are all positive component vectors. The vector A is obtained accord-
ing to the formula AC = �C and normalized, and the weighted result is obtained.

(4)	 Consistency inspection
	   For practical applications, for example, the judgment matrix composed of 

expert opinions may not be consistent, which is affected by factors such as the 
expert’s knowledge level and actual experience. It is not possible to require the 
judgments made by each expert to be completely consistent; as long as these 
judgments are within a certain allowable range, it is desirable.

	   Suppose the importance of A, B, and C: A is greater than B, B is greater than 
C, and C is greater than A. According to the transitivity of the inequality, it is 
known that A is more important than C, which contradicts the third inequality. 

(4)bij =

⎧⎪⎨⎪⎩

s(i)−s(j)

smax − smin

�
bm −1

�
+ 1, s(i) ≥ s(j)

1∕
�

s(j)−s(i)

smax − smin

�
bm −1

�
+ 1

�
, s(i)<s(j)
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Therefore, in actual application, each judgment needs to be tested to avoid the 
above errors. The consistency check is to use the judgment matrix to remove 
the negative mean of the other eigenvalues of the maximum eigenvalue �max as 
a numerical index to measure whether the judgment matrix is consistent, that is, 
the consistency inspection index CI:

	   The smaller the CI value, the better the consistency; otherwise, the opposite is 
true. For the judgment of complex things, it is enough to use only the CI value 
for testing. Therefore, we introduce the RI average random consistency index. 
For the 1 ~ 11 order judgment matrix, the values of RI are shown in Table 1.

	   Through the above steps, the weight WA of the improved AHP can be solved.

3.1.2 � Choice of objective empowerment law

The method of observing weight is to determine the weight coefficient based on 
the relationship between actual data. Because it is not affected by subjective con-
sciousness, it is more objective. The objective weighting methods mainly include 
the principal component analysis method (Zheng et  al. 2008), entropy weight 
method (Huang et  al. 2012), coefficient of variation method (Guo 2011), and 
multiplier method. Among them, the entropy weight method is provided by the 
actual data of each evaluation index to determine the weight, that is, the greater 
the degree of difference between the indicators, the smaller the entropy value. 
At this time, the indicator provides more information, and the final weight index 
is larger; and vice versa. The entropy weight method can truthfully reflect the 
mutual influences and effects between indicators, and is suitable for a  compre-
hensive evaluation of multi-index systems. In recent years, it has been widely 
applied and studied. The objective weighting method in this article will also use 
the entropy weight method.

The calculation steps of the entropy weight method are as follows:
First, normalize the raw data.
The original data is an n × m matrix composed of n evaluation indicators and m 

evaluation objects, that is:

Use formulas for smaller and better indicators

(5)CI =
�max −n

n − 1

X =

⎡⎢⎢⎣

x11 x12 ⋯ x1m
⋮ ⋮ ⋮

xn1 xn2 ⋯ xnm

⎤⎥⎥⎦

Table 1   Consistency indicators

n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

RI 0 0 0.52 0.89 1.12 1.24 1.36 1.41 1.46 1.49 1.52 1.54 1.56 1.58 1.59
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After normalization, a judgment matrix is obtained

Then, according to the definition of entropy, there are n evaluation indexes and m 
evaluation objects. The entropy of the i-th index is defined as:

In the formula: fij = y
ij ∕

m∑
j=1

y
ij,Obviously when fij = 0 , ln fij is meaningless, mak-

ing it ln fij = 0.
Then the entropy weight can be calculated using the following formula:

Through the above formula, the weight WS of the entropy weight method is 
obtained.

3.2 � Calculation of green finance evaluation index

Through the calculation of the indicator weight in the previous article, the green 
finance index is finally obtained by the following formula:

4 � The development level and forecast of China’s green finance

As the concept of green finance has become more and more valued by the interna-
tional community, the related issues have gradually reached consensus among all 
parties, China, whose concept of green finance developed later, has continued to 
make great strides in recent years to achieve a great leap forward.

yij =

max
j

{
xij
}
− xij

max
j

{
xij
}
−min

j

{
xij
}

Y =

⎡
⎢⎢⎣

y
11

y
12 ⋯ y

1m

⋮ ⋮ ⋮

y
n1

y
n2 ⋯ y

nm

⎤
⎥⎥⎦

Hi = −

m∑
j=1

fij ln fij ∕ lnm

WSi =

1 − H
i

n −
n∑
i=1

Hi

Gj =

n∑
i=1

W ⋅ xij j = 1, 2,… ,m
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Since 2015, the Chinese government has issued a number of important docu-
ments related to green finance, including the programmatic document “Guiding 
Opinions on Building a Green Financial System” released in 2016 and the “Green 
Credit Guidelines”,“Bond Issuance Guidelines”,“Green Investment Guidelines”etc. 
In 2019, relevant departments have successively issued “The Green Industry Guid-
ance Catalogue” and “The Notice on the Evaluation of Green Credit Performance 
of Banking Deposit Financial Institutions”, which are standards for green finance 
related standards. The implementation and improvement of the performance of 
financial institutions’ green credit provide a favorable reference. This article will use 
the constructed AHP-entropy weight comprehensive weighting method to evaluate 
the development of China’s green finance from 2011 to 2019 and based on the clas-
sic gray model to predict the development of China’s green finance.

4.1 � Variable selection

Considering that China’s green credit occupies an absolutely dominant position in 
the green financial market at this stage, with the scale accounting for about 95%. In 
addition, according to the Chinese and English bilingual version of the "2019 China 
Banking Social Responsibility Report" issued by the China Banking Association, as 
of the end of 2019, the green credit balance of 21 major banks has exceeded 10 tril-
lion yuan (China Banking Association 2020). The credit balance of these 21 banks 
is also the official data used by the Chinese government to generally express the 
total amount of green credit at this stage. The 21 major banking institutions include 
the China Development Bank, the Export–Import Bank of China, the Agricultural 
Development Bank of China, and 18 other banks (See Appendix A). The 21 major 
banks, as the main force of China’s green credit business, started their green credit 
statistics earlier, and the system was more standardized, and passed the China Bank-
ing Regulatory Commission’s special system built-in data check function. Therefore, 
the evaluation system constructed in this paper is mainly green credit, not involving 
green bonds, green trusts or green insurance.

With regard to the greenness of green credit, through literature review and 
summary, green credit generally refers to the loan behavior that financial insti-
tutions fully consider environmental protection, social responsibility, and other 
multiple objectives in the process of providing loan financing, so as to achieve 
the purpose of supporting the development of environmental protection and 
new energy industry and promoting the harmonious development of society and 
nature. Through its definition, it can fully reflect its greenness. In addition, among 
the green financial instruments, green credit accounts for the largest proportion, 
and has the strongest policy effect and market response. Through the policy and 
market orientation of green credit, more enterprises make efforts to improve pro-
duction processes and technologies, enhance the awareness of environmental pro-
tection and energy conservation and emission reduction, so as to achieve faster 
and lower-cost financing.



274	 Environmental and Ecological Statistics (2021) 28:263–285

1 3

The data in this paper are from the official website of China Banking and Insur-
ance Regulatory Commission (CBIRC). This institution is a ministerial-level institu-
tion directly under the State Council of China and one of China’s most authorita-
tive supervision and management institutions. With reference to the “Key Evaluation 
Indicators of Green Credit Implementation” issued by the China Banking Regula-
tory Commission in 2014 (China Banking Regulatory Commission 2014) and the 
“Information Disclosure Notes on Green Credit Statistics” released in 2018 (China 
Banking and Insurance Regulatory Commission 2018a, b, c), combined with related 
information about the green credit statistics of 21 major banks in China disclosed by 
the CBRC in 2018 (China Banking and Insurance Regulatory Commission 2018a, 
b, c) and relevant information recently released by the China Banking and Insurance 
Regulatory Commission, sorting out that green credit includes two major parts, and 
these two parts are also the secondary indicators in the calculation link of this arti-
cle: One is to support loans for energy conservation and environmental protection 
projects and services; the other is to support three major strategies which loan to the 
manufacturing end of the emerging industries. The third-level indicators include 15 
sub-items under two second-level indicators (China Banking and Insurance Regula-
tory Commission 2018a, b, c): Green agriculture development projects, Green for-
estry development projects, Industrial energy-saving water-saving environmental 
protection projects, etc., and a total of 12 loans to support energy-saving and environ-
mental protection projects and services; Energy-saving and environmental protection, 
New energy, New energy vehicles, and a total of 3 loans to support the three strategic 
emerging industries production and manufacturing loans. See Table 2 for details.

Table 2   Weights of each indicator

Numbering Project name Weight

1 Green agriculture development projects 0.0527
2 Green forestry development projects 0.0541
3 Industrial energy-saving water-saving environmental protection projects 0.0324
4 Nature protection and Ecological restoration and disaster prevention and control 

projects
0.0764

5 Resource recycling projects 0.0498
6 Waste treatment and Pollution prevention projects 0.0447
7 Renewable and Clean energy projects 0.0311
8 Rural and Urban water saving projects 0.0500
9 Building energy conservation and Green building projects 0.0810
10 Green transportation projects 0.1160
11 Energy conservation and environmental protection service projects 0.0414
12 Overseas projects adopting international practices or international standards 0.0461
13 Energy-saving and Environmental protection 0.0238
14 New energy 0.2082
15 New energy vehicles 0.0922
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4.2 � Index measurement results and analysis

In the calculation process of subjective weighting method, this paper uses MATLAB 
software to process the judgment matrix data to make the calculation easier (See 
Appendix B), that is, the weight WA of the improved AHP is

And through calculation, the weight WS of the entropy weight method (objective 
weighting method) is obtained as

Because this paper uses the improved analytic hierarchy process and entropy 
weight method (m = 2) , and has no preference ( � takes 0.5), the simple arithmetic 
average method can be used to combine the weights, as follows:

Finally, the weight W of each indicator is established as shown in Table 2.
Through the weight calculation of the above indicators, the comprehensive eval-

uation index of China’s green finance in 2011–2019 can be obtained as shown in 
Table 3 (Fig. 1):

From the results of the index and the rate of change, it can be known that 
from 2011 to 2019, China’s green financial comprehensive evaluation index has 
been increasing year by year, and the growth rate is fast. Among them, China’s 
green comprehensive evaluation index has the fastest growth rate from 2013 to 
2014, reaching 26.27%. From the perspective of the weights of various indica-
tors affecting the comprehensive evaluation index of green finance, the weights 
of new energy, green transportation projects and new energy vehicles are in 
the top three, which are 0.2082, 0.1160, and 0.0922, respectively. These three 
indicators have a  greater impact to the index of China’s green comprehensive 
evaluation.

WA = (0.0661, 0.0693, 0.0291, 0.1088, 0.0656, 0.0533, 0.0310, 0.0597,

0.1222, 0.0436, 0.0489, 0.0716, 0.0198, 0.0564, 0.1549)

WS = (0.0393,0.0389, 0.0358,0.0440, 0.0340,0.0362, 0.0313,0.0403,

0.0398,0.1884, 0.0340,0.0207, 0.0279,0.3600, 0.0296)

W = 0.5(WA +WS)

Table 3   2011–2019 China green finance comprehensive evaluation index

Years 2011 2012 2013 2014 2015 2016 2017 2018 2019

Index 2838.01 3307.00 3694.05 4664.44 5591.20 6239.96 7163.47 8484.42 9908.67
Rate of 

change
16.53% 11.70% 26.27% 19.87% 11.60% 14.80% 18.44% 16.79%
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4.3 � Prediction

In addition to the 2011–2019 China Green Finance Comprehensive Evaluation 
Index based on calculations, this paper also uses the classical gray model GM (1, 
1) to predict the index for the five-year period from 2020 to 2024 (See Appendix 
C). Among them, the gray prediction has the advantages of simple operation and 
less data required, and generally, only 4 data can be predicted based on the gray 
sequence.

The specific formula and steps are as follows:

(1)	 Accumulation of original data.
	   Original sequence

	   Now accumulate x(0) (AGO) to get a new sequence x(1):
	

 x
(1) = (x(1)(1), x(1)(2), x(1)(3)⋯ x

(1)(n)) = (x(0)(1), x(0)(1) + x
(0)(2), x(0)(1) + x

(0)(2) + x
(0)(3)⋯) 

Among them, x(1)(k) represents the accumulation of data sequence x(0) corre-
sponding to the previous k items:

(2)	 Find the first-order linear differential equation of the gray derivative of the 
sequence x(1)(t)

x(0) = (x(0)(1), x(0)(2),⋯ x(0)(n))

x(1)(k) =

k∑
i=1

x(0)(i), k = 1, 2, 3,⋯ , n
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Fig. 1   2011–2019 China Green Finance Comprehensive Evaluation Index
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	   Among them, a and u are undetermined coefficients, respectively called devel-
opment coefficient and gray effect, the effective interval of a is (−2, 2) , and the 

matrix formed by a and u is â =

(
a

u

)
 . As long as obtaining parameters a and 

u , can be determined x(1)(t) , and then find the predicted values x(0)(t).
(3)	 Take the mean value of the accumulated data to generate B and the constant term Yn , namely

(4)	 Solve the gray parameter â by the least square method, then

(5)	 Substitute the gray parameter â into dx
(1)

dt
+ ax(1) = u

(6)	 Discrete the function expressions x̂(1)(t + 1) and x̂(1)(t) , and make the difference 
between the two in order to restore the original sequence of x̂(0) , and obtain the 
approximate data sequence x̂(0)(t + 1) as follows

(7)	 Model checking.
	   Calculate the residual e(0)(t) and relative error q(x) between x(0) and x̂(0)(t)

Model prediction
Use the tested grey model to make predictions

	   Among them, m is a positive integer.

Through the above steps, the following values and trends are obtained (Table 4, 
Fig. 2):

dx(1)

dt
+ ax(1) = u

B =

⎡
⎢⎢⎣

0.5(x(1)(1) + x(1)(2))

0.5(x(1)(2) + x(1)(3))

0.5(x(1)(n − 1) + x(1)(n))

⎤
⎥⎥⎦

Yn = (x(0)(2), x(0)(3),⋯ , x(0)(n))T

â =

(
a

u

)
= (BTB)−1BTY

x̂(1)(t + 1) = (x(0)(1) −
u

a
)e−at +

u

a

x̂(0)(t + 1) = x̂(1)(t + 1) − x̂(1)(t)

e(0)(t) = x(0) − x̂(0)(t)

q(x) = e(0)(t)∕x(0)(t)

x̂(0) = [ x̂(0)(1), x̂(0)(2),⋯ x̂(0)(n)
�������������������������������
Simulation of the original sequence

, x̂(0)(n + 1),⋯ , x̂(0)(n + m)
�����������������������������������

Simulation of future series

]
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From the predicted index results and changes, it can be seen that China’s green 
finance index has shown a continuous upward trend and has maintained a rapid 
growth trend.

5 � Conclusion and policies implications

This article has potential limitations. First of all, since green credit occupies a 
large proportion of green finance, reaching its rate as high as 95%, it is reason-
able to use green credit data to measure green finance in this article, but there 
are other factors that affect green finance, such as green bonds, green funds, 
and green insurance. etc., so there are certain limitations. Secondly, the use of 
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Fig. 2   China Green Finance Comprehensive Evaluation Index 2011–2024

Table 4   China green finance comprehensive evaluation index 2011–2024

Years 2011 2012 2013 2014 2015 2016 2017

Index 2838.01 3349.71 3909.55 4562.95 5325.55 6215.61 7254.43
Years 2018 2019 2020 2021 2022 2023 2024
Index 8466.86 9881.92 11533.49 13461.08 15710.83 18336.58 21401.17
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green credit data in this paper is the amount of loans that serve green projects 
and green-related industries, which is equivalent to considering only the originat-
ing end of green funds. However, some indicators such as energy saving, various 
emissions and pollutant content are lacking in existing data, so this article does 
not consider them. Finally, although this method is an improvement over some 
previous documents and does not rely on subjective methods to determine the 
weights, there are still some possible ways to improve to make the results more 
accurate, which is also a problem that needs to be explored in the future.

Through the above research, this article draws the following conclusions:

(1)	 In this paper, the entropy method and improved AHP method are used to deter-
mine the corresponding index weight, namely AHP entropy weight comprehen-
sive weight method. In this method, the improved AHP method overcomes the 
subjectivity of AHP itself, solves the problem of checking and modifying the 
consistency of the judgment matrix, and improves the accuracy of calculation. 
At the same time, the combination of objective and subjective weighting method 
is used to determine the index weight more reasonably. From the perspective 
of the weight of each index affecting the green financial index, the weight of 
new energy, green transportation projects and new energy vehicles rank the top 
three, and the impact of these three indexes on China’s green financial index is 
significant.

(2)	 The measurement model constructed by the AHP-entropy comprehensive 
weighting method can better evaluate the level of green finance development 
and can obtain more accurate and factual index results. Taking China as an 
example, the evaluation of China’s green finance development level from 2011 to 
2019 shows that China’s green finance index has generally shown a rapid growth 
trend. Among them, China’s green comprehensive evaluation index has the fast-
est growth rate from 2013 to 2014. The results of this evaluation are basically 
consistent with the development of green finance that has taken place.In the past 
9 years, due to the vigorous promotion of the Chinese government and frequent 
green finance policies, China’s green finance continued to develop well, and the 
growth rate of green credit was as high as 17.9% from 2013 to 2014.

(3)	 In this article, the classic gray model is used to predict China’s green finance 
development in the next five years. Through the prediction, it is found that Chi-
na’s green finance development level will continue to improve in the future. 
Moreover, the data predicted by this method is closer to the index result, and 
the trend of change is basically the same, which proves that the forecast result is 
credible. As shown below (Fig. 3):

In order to better promote the overall development of China’s green finance, this 
article puts forward the following policy recommendations. First, build a unified 
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green finance evaluation system. In view of the inconsistency of green finance eval-
uation standards and the unclear classification of green finance, it is necessary to 
implement green standards suitable for China’s national conditions. Second, encour-
age the adoption of various green financial transmission mechanisms. While issuing 
the policy, the concept advocated by the government must be closely integrated with 
the market environment, so as to realize the real landing of green finance. Third, 
strengthen the statistics and disclosure of green finance data. Green finance covers 
a lot of content, such as green bonds, green funds, green insurance, etc. There is no 
relevant department or website for unified disclosure, and the statistics and disclo-
sure of data still need to be strengthened. Fourth, expand the scope of application of 
green finance indexes. In the process of accelerating the establishment of the green 
finance index, moderately expand its application in the ecological environment and 
regional economic development.

Appendix A

The 21 major banking institutions include: China Development Bank, Export Import 
Bank of China, Agricultural Development Bank of China, Industrial and Com-
mercial Bank of China, Agricultural Bank of China, Bank of China, China Con-
struction Bank, Bank of Communications, China CITIC Bank, China Everbright 
Bank, Huaxia Bank, Guangdong Development Bank, Ping An Bank, China Mer-
chants Bank, Pudong Development Bank, Industrial Bank, China Minsheng Bank, 
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Fig. 3   The real value and forecast value of China’s green finance comprehensive evaluation index
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Evergrowing bank, China Zheshang Bank, China Bohai Bank and Post Savings 
Bank of China.

Appendix B

With the help of MATLAB software, the judgment matrix is processed to make the 
calculation easier.

Start the MATLAB software and input in the command window:
clc.
clear all.

B=[1 0.934766804 2.428712755 0.538980484 1.013137142 1.324375558 2.295067703 1.153892764 
0.479732457 1.647208048 1.460572393 0.894020072 3.393525554 1.238310543 0.383660005;1.069785529 
1 2.498498284 0.560045496 1.082922671 1.394161087 2.364853232 1.223678293 0.496349433 
1.716993577 1.530357922 0.95350919 3.463311082 1.308096072 0.394214675;0.411740745 0.400240419 
1 0.30450044 0.413980003 0.475209012 0.882110321 0.439595223 0.284640139 0.561323243 
0.508093843 0.392579328 1.964812798 0.456537158 0.247819977;1.85535475 1.785569221 3.284067505 
1 1.868491892 2.179730308 3.150422453 2.009247514 0.81357668 2.502562798 2.315927143 
1.736811631 4.248880303 2.093665292 0.571063188;0.987033204 0.923426969 2.415575613 0.535190976 
1 1.311238416 2.281930561 1.140755622 0.476727968 1.634070906 1.447435251 0.883641815 
3.380388411 1.225173401 0.38173598;0.755072829 0.717277228 2.104337197 0.458772352 0.762637814 
1 1.970692145 0.854348313 0.415132277 1.32283249 1.136196835 0.69303975 3.069149995 0.92075519 
0.341197945;0.435716994 0.422859223 1.133645052 0.317417748 0.438225429 0.507435929 1 
0.467033301 0.295896254 0.606847796 0.545109052 0.414317002 2.09845785 0.48620227 
0.256308906;0.866631658 0.817208253 2.274819991 0.497698762 0.876611941 1.170482794 2.141174939 
1 0.446750081 1.493315284 1.306679629 0.785894215 3.239632789 1.084417779 
0.362270641;2.084495192 2.014709663 3.513207947 1.229140443 2.097632334 2.408870751 3.379562895 
2.238387956 1 2.73170324 2.545067585 1.965952073 4.478020746 2.322805735 
0.657039177;0.607087855 0.582413361 1.781504707 0.399590372 0.611968548 0.755953613 1.647859655 
0.669650951 0.366071975 1 0.842718652 0.566331213 2.746317505 0.709774839 
0.307344063;0.684663085 0.653441908 1.968140362 0.431792513 0.690877191 0.88012919 1.83449531 
0.765298531 0.392916874 1.186635655 1 0.633265896 2.93295316 0.818155291  
0.326046536;1.118543119 1.04875759 2.547255874 0.575767678 1.131680261 1.442918677 2.413610822 
1.272435883 0.508659399 1.765751167 1.579115512 1 3.512068673 1.356853662 
0.401940354;0.294678789 0.288741027 0.508954339 0.235356124 0.295823994 0.325823111 0.476540427 
0.30867696 0.223312945 0.364123958 0.34095328 0.284732473 1 0.316935612 0.2;0.807551874 
0.764469844 2.190402212 0.477631264 0.816210995 1.086065016 2.05675716 0.922153823 0.430513833 
1.408897505 1.22226185 0.736999153 3.155215011 1 0.351520414;2.606474451 2.536688922 
4.035187206 1.751119702 2.619611593 2.93085001 3.901542155 2.760367216 1.521979259 3.2536825 
3.067046844 2.487931332 5.000000005 2.844784994 1];%Comparison matrix

%%Consistency test and weight vector calculation.
[n,n] = size(B);
[v,d] = eig(B);
r = d(1,1);
CI = (r-n)/(n-1);
RI = [0 0 0.52 0.89 1.12 1.24 1.36 1.41 1.46 1.49 1.52 1.54 1.56 1.58 1.59];
CR = CI/RI(n);
if CR < 0.1
CR_Result = ’Pass’;
else.
CR_result = ’Fail’;
end.
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%%Weight vector calculation.
w = v(:,1)/sum(v(:,1));
w = w’;
%%Result output.
disp(’Calculation report of weight vector of the judgment matrix:’);
disp([’Consistency indicators:’,num2str(CI)]);
disp([’Consistency ratio:’,num2str(CR)]);
disp([’Consistency test results:’,CR_Result]);
disp([’Eigenvalues:’,num2str(r)]);
disp([’Weight vector:’,num2str(w)]);
Output results:
Calculation report of weight vector of the judgment matrix:
Consistency index: 0.0074337.
Consistency ratio: 0.0046753.
Consistency test result: passed.
Characteristic value: 15.1041.
Weight vector: 0.066149 0.069312 0.029018 0.10879 0.065566 0.053291 

0.030963 0.059657 0.12215 0.043634 0.048855 0.071576 0.019772 0.056393 
0.15487.

That is to say, the weight WA of the improved AHP is

Appendix C

Also use MATLAB software for prediction.
Start the MATLAB software and input in the command window:
X = [2011,2012,2013,2014,2015,2016,2017,2018,2019,2020,2021,2022,2023,20

24];
Y = [2011,2012,2013,2014,2015,2016,2017,2018,2019];
B = [2838.007872,3306.99793,3694.050601,4664.444747,5591.202845,6239.95

8816,7163.469794,8484.417873,9908.6653];
A = [2838.007872,3349.710125,3909.546787,4562.948884,5325.55399,6215.61

3213,7254.427922,8466.859612,9881.924868,11,533.48981,13,461.08062,15,710.
82945,18,336.57853,21,401.16876];

plot(Y,B,’-*b’);
hold on.
plot(X,A,’-or’);
legend(’real’,’prediction’);
xlabel(’Time(y)’);ylabel(’Index’); 

WA = (0.0661, 0.0693, 0.0291, 0.1088, 0.0656, 0.0533, 0.0310, 0.0597,

0.1222, 0.0436, 0.0489, 0.0716, 0.0198, 0.0564, 0.1549)
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