
Vol.:(0123456789)1 3

https://doi.org/10.1007/s11356-022-20856-0

RESEARCH ARTICLE

The influence of finance on China’s green development: an empirical 
study based on quantile regression with province‑level panel data

Guangyue Xu1 · Huiying Chang2 · Hualiu Yang3 · Peter Schwarz4

Received: 29 March 2022 / Accepted: 12 May 2022 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract
Finance has a strong role in promoting green development; however, there are very few studies quantifying this relation-
ship. To this end, based on the official green development indicator system of the Chinese government and province-level 
data from 2006 to 2017, the quantile regression model was used to analyze quantitatively the impact of finance on green 
development. The results show that financial development contributed significantly to green development, and furthermore, 
financial efficiency and green finance have a strong positive effect with the increase of the quantile, and financial scale also 
has a significant positive effect, but a diminishing marginal effect. In addition, the impact of financial development on green 
development has regional differences. In the eastern region, the finance factors can promote green development, but the 
financial scale and the green finance promotion function weaken along with the quantile increase. The financial scale and 
green finance do not support green development significantly in the central region. Financial scale, efficiency, and green 
finance support green development in the west region.
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Introduction

China has made remarkable strides in economic devel-
opment through its more than 40 years since reform and 
opening-up in 1978. But these achievements mainly rely on 
an unsustainable economic growth model characterized by 
“high input, high consumption, high pollution.” The decades 
of rapid economic growth with comparatively low-efficiency 
growth model have caused over-exploitation of natural 
resources, creating intense environmental and ecological 
pressures. Although China has focused on fighting pollution 
and environmental improvement since the early 2010s, the 
ecological and environmental quality issues are still serious. 
According to the Report on the State of the Ecology and 
Environment in China 2018 published by China’s Ministry 
of Ecology and Environment, only one-third of the cities 
at or above prefecture level in 2018 met national air qual-
ity standards; the total area covered by acid rain was above 
0.5 million km2, taking up 5.5% of China’s total land area; 
only 13.8% of monitored groundwater met the Grade I ~ III 
water quality standard; and areas with relatively poor or poor 
eco-environmental quality took up 31.6% of the total area.

One fundamental approach applied by China to improve 
eco-environmental quality since 2017 is to transform the 
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economic growth model to high-quality economic devel-
opment (Fan and Zhang, 2019). Green development is one 
important aspect of the high-quality development. As early 
as July 2013, the Chinese central government adopted the 
policy for green development into its national strategy. 
China then included green development as one of the core 
developmental goals and policies in its 13th Five-Year Plan 
(2015–2020), and it has become the guiding ideology and 
policy of its 14th Five-Year Plan (2021–2025). The govern-
ment also proposed specific targets to facilitate green devel-
opment, such as a 13.5% reduction in energy consumption 
per unit of GDP in the period of the 14th Five-Year Plan. In 
the report of the 19th National Congress of the Communist 
Party in 2017, China further emphasized that “we should 
promote green development, solve prominent environmen-
tal problems, intensify the protection of ecosystems, reform 
the environmental regulation system, and work to develop 
a new model of modernization with humans developing in 
harmony with nature.” Therefore, green development should 
and must be a type of development that is able to relieve the 
tension between economic growth and constraints of natural 
resources and environment by reducing depletion of natural 
resources and effecting environmental protection in China, 
in order to improve the win–win ability of environmental 
protection and economic development (Wang and Feng, 
2021a, b).

Although China has taken policy initiatives and invested 
in green development projects, China’s green development 
level is still lower than some other countries in the world. 
For example, Feng et al. (2017) found that the green devel-
opment level in China during 2000–2014 is comparable to 
the Republic of Korea, but much lower than Japan and West-
ern European countries.

Meanwhile, through the leverage of capital, financial 
development is important for green development in China 
and other countries. At the Politburo Meeting of the CPC 
Central Committee held in 2018, technological innovation 
and financial development were cited as the two most impor-
tant factors to achieving high-quality economic development 
and green development in China. Theoretical and empiri-
cal studies also support a significant relationship between 
finance and green development (e.g., Xie and Liu, 2019; 
Yang et al., 2021; Zhou et al., 2022). First, although the 
causal relationship between financial development and 
economic growth is still debatable, financial development 
is, without doubt, important to economic growth. Second, 
financial development also affects the utilization of natural 
resources and environmental quality (e.g., Zhou and Xu, 
2022; Zhang et al., 2022).

However, few studies focus on the relationship between 
financial development and green development. Prior stud-
ies have examined a variety of influence factors of green 
development, such as public participation and regulatory 

compliance (Fu and Geng, 2019), environmental taxes (e.g., 
Hao et al., 2021), renewable energy and human capital (e.g., 
Hao et al., 2021), specific policy (e.g., Clean Air Action) 
effects on green development in China (Lin and Zhu, 2020), 
and the effect of the Belt and Road initiative (e.g., Cheng 
and Ge, 2020; Huang and Li, 2020). The most recent studies 
on the relationship between finance and green development 
are from Yuan et al. (2019), and they found that financial 
agglomeration promoted green development in both focus 
and surrounding cities in China. Yuan et al. (2020) further 
found that high-level financial agglomeration had a stronger 
positive effect on local green development than medium- and 
low-level financial agglomeration. Since green development 
is attracting increasing attention from government, business, 
and the public in China, there is an urgent need to study this 
topic.

The object of this paper is to contribute to the literature 
by studying the role of financial development in influencing 
China’s green development. The level of green development 
is measured by the Green Development Index System devel-
oped by the Central Government of China. We use financial 
scale, financial efficiency, and green finance to measure 
financial development to fully reflect the multi-dimensional 
impact of finance on China’s green development. China is 
well known for its regional disparities in economic develop-
ment, and therefore, a more comprehensive picture of the 
effect of the influence factors on China’s green development 
can be obtained by applying quantile regression compared to 
conventional mean conditional regression models. We apply 
quantile regression models to study the relationship between 
finance and green development based on a panel data set of 
30 provinces in China over the period of 2006–2017.

The contribution of this paper is threefold. First, consider-
ing the three indicators of financial development, this study 
quantifies the effects of financial scale, financial efficiency, 
and green finance on China’s green development. Second, 
this study applies a comparatively comprehensive indicator 
officially published by China to measure green development. 
To our knowledge, only a few studies studying influence 
factors use a comparatively comprehensive measurement of 
green development (e.g., Huang and Li, 2020).

Third, quantile regression is able to reveal the possible 
differing impacts of an influence factor across conditional 
quantiles of green development. Although quantile analysis 
has been applied in the general area of energy and environ-
mental economics (e.g., Zhang et al., 2015; Xu and Lin, 
2016), to our knowledge, only one study by Lin and Ben-
jamin (2017) applied the quantile method to study China’s 
green development. However, they focused on comparing 
the patterns of green development among China’s regions 
but not influence factors of green development.

The rest of this paper is organized as follows. Sec-
tion 2 reviews the connotation and measurement of green 
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development and the relationship between finance and green 
development. Section 3 introduces the methodology applied 
to empirically investigate the relationship between finance 
and green development. Section 4 presents the estimated 
results from the regression models developed in this study. 
Section 5 concludes the study with policy implications.

Literature review

The meaning of green development

The meaning of green development is closely related to 
sustainable development and several other similar con-
cepts developed by international organizations. UNEP 
launched its Green Economy Initiative in 2008. It defined 
a green economy as one that “results in improved human 
well-being and social equity, while significantly reducing 
environmental risks and ecological scarcities. In its sim-
plest expression, a green economy can be thought of as 
one which is low carbon, resource efficient and socially 
inclusive. At the OECD Ministerial Council Meeting in 
June 2009, member countries achieved an agreement that 
the OECD should develop a green growth strategy bring-
ing together economic, environmental, technological, 
financial, and development aspects into a comprehensive 
framework (UNESCAP, 2012). The OECD has since then 
become a major proponent of green growth. According to 
Green Growth Indicators 2017 published by OECD, four 
main features of green growth are: the environment and 
resource productivity of the economy, the natural asset 
base, the environmental dimension of quality of life, and 
economic opportunities and policy responses.

The meaning of green development has its own dis-
tinctions according to existing studies. Lin and Benjamin 
(2017) considered green development a more proactive way 
than sustainable development to benefit future generations 
because it emphasized the serious effects of environmental 
pollution. Weng et al. (2020) considered green development 
as an updated version of sustainable development with more 
extensive elements, such as legal institutions and policy sub-
system, living subsystem, production subsystem, human, 
mountains, water, forests, farmland, lakes, grassland. The 
green development concept incorporates natural resources, 
socioeconomic factors, green product development, green 
technology, and green behavior (Wang et al., 2018). Hu 
(2017) emphasized the environmental ethics embodied in 
green development.

Therefore, green development is not only a concept used 
by international organizations and governments to achieve 
certain policy goals, but it has its theoretical foundation and 
support from empirical studies (e.g., Albrizio et al., 2018) 
that it is possible to reach a win–win situation of improving 

environmental quality while sustaining economic growth, 
especially through productivity improvement induced by 
stricter environmental policies. The theoretical basis of 
green development stems from ecological economics, which 
emphasizes that the economic system is a subsystem of the 
ecosystem; economic growth is constrained by the ecologi-
cal environment and the irreplaceability of natural capital 
(Daly, 2013).

The measurements of green development

Empirical studies developed various indicators to measure 
green development from different perspectives. From the 
efficiency perspective, green development means that tech-
nological progress is promoting output growth while reduc-
ing pollution emissions. The method of data envelopment 
analysis (DEA) (e.g., Wu et al., 2020; Tian and Feng, 2021) 
is a typical measurement of green development from this 
perspective.

Applying the DEA approach to green development 
emphasizes economic production efficiency, which is 
often further operationalized as green total factor pro-
ductivity by considering environmental pollutants as 
undesirable outputs (e.g., Lin and Benjamin, 2017; Feng 
and Wang, 2019; Qiu et al., 2021). The DEA approach 
uses mathematical models to evaluate the performance of 
certain decision-making units in terms of efficiency, with 
data on various input and output elements from different 
sectors (Zhu, 2009). Lin and Benjamin (2017) used the 
DEA approach to generate a green development growth 
index, which includes SO2, solid waste, wastewater, and 
CO2 as environmental pollutants. Feng et  al. (2017) 
developed a green development performance index based 
on DEA to estimate the global patterns of green develop-
ment and its influence factors. They measured three main 
aspects of green development: resource-conserving activ-
ities, environmentally friendly behaviors, and economic 
development. Feng et al. (2017) only included reduc-
tion ratios of economic output, energy consumption, 
and environmental emissions to measure green develop-
ment. Xie and Liu (2019) measured green development 
in China by estimating green total factor productivity 
with a directional distance function and a Malmquist-
Luenberger index over the period 2006–2017. Cheng 
et al. (2020) applied the Malmquist-Luenberger index to 
measure green total factor productivity, which is used as 
the economic green growth index. Lin and Zhu (2020) 
used the DEA method to construct a green production 
efficiency index that captures the effect of achieving eco-
nomic growth while efficiently using energy and reduc-
ing pollutant discharges to measure green development. 
One limitation of applying DEA to measure green devel-
opment is that it focuses narrowly on efficiency without 
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much consideration for other perspectives (e.g., society 
and policy) of green development.

From the perspective of comprehensive evaluation, 
many studies have a comprehensive measure of green 
development and then usually focus on comparing green 
development levels in different periods and regions (e.g., 
Yang et al., 2019). In order to compare green develop-
ment levels in Chinese mineral-resource-based cities, 
Yang et al. (2019) developed a green development evalu-
ation system with 19 indicators under three dimensions: 
environment, economy, and society to reflect “the prin-
ciples of the improvement of resource utilization rate, 
the reduction of environmental damage and waste, and 
the development of the economy and society.” Fang et al. 
(2020) developed a green development index with five 
dimensions (population, resources, environment, devel-
opment, and satisfaction) and 30 indicators to evaluate 
the green development level in the Yangtze River Delta 
in China. Li et al. (2020) evaluated green development 
with five dimensions (living environment, treatment and 
utilization of pollutant, ecological efficiency, economic 
growth, innovation potential) and 18 indicators based on 
an S-type cloud model.1 Weng et al. (2020) developed a 
“Five-Circle Model” indicator system to evaluate green 
development, which included five elements: economic 
advancement, resource utilization, ecological environ-
ment, social progress, and environmental governance and 
then 39 third-level indicators measured the five second-
level indicators. Zhang et al. (2020) studied regional dif-
ferences and the convergence tendency of green develop-
ment competitiveness in China with province-level panel 
data by developing a green development competitiveness 
evaluation index that contained five aspects: green high-
quality growth, resource conservation and emissions 
reduction, urban ecological environmental quality, green 
lifestyle, and green investment.

The relationship between finance and green 
development

Although the academic literature has paid attention to Chi-
na’s green development process, there is very limited theo-
retical discussion on the relationship between finance and 
China’s green development. But the theories underpinning 
the relationship between financial development, economic 
growth, and environmental quality can be applied to under-
stand this relationship.

Theoretically, financial development and economic 
growth are closely related, even though empirical studies 
have shown varying relationships between them. An effec-
tive financial system promotes economic growth by increas-
ing the efficiency of allocating resources. Financial systems 
play a crucial role in reducing market transaction costs and 
frictions and therefore influencing investment decisions, 
technological innovation, and long-run economic growth 
rates (McKinnon, 1973). Demirgüç-Kunt and Levine (2008) 
also emphasized the overall function of a financial system in 
reducing information and transactions costs of an economic 
system, and they summarized five core functions of a finan-
cial system: (1) producing investment information; (2) moni-
toring investments and improving corporate governance; (3) 
facilitating transactions and risk management; (4) mobiliz-
ing and pooling savings; and (5) reducing transaction costs.

Empirical studies have found varying relationships 
between financial development and economic growth. Some 
studies found a non-linear relationship between finance and 
economic growth. For example, Beck et al. (2014) found that 
credit expansion had a positive effect on economic growth 
only up to a point. The studies for China also show varying 
results. Zhang et al. (2012) found financial development was 
positively associated with economic growth using data from 
286 Chinese cities over the period of 2001–2006. However, 
an earlier study by Liang and Teng (2006) showed unidirec-
tional causality from economic growth to financial develop-
ment over the period 1952–2001.

Financial development can support green development by 
allocating investments to green industries (e.g., Zhou et al., 
2022). It also can improve green development indirectly 
through supporting technological innovation (e.g., Samar-
gandi and Sohag, 2022). Moreover, financial development 
provides the resources needed for a transition to green devel-
opment, and it is highly emphasized by the studies from 
international organizations. The financing required for a 
green economy transition is substantial. The UNEP 2016 
Adaptation Gap Report estimated that annual adaptation 
costs to mitigate climate risks range from US$140 billion 
to US$300 billion annually from 2017 to 2030 for develop-
ing countries, and the costs would be higher for developed 
countries.

In recent years, scholars have concluded that technologi-
cal innovation is the core force of economic development 
based on empirical findings (e.g., Pradhan et al. 2018; Jiang 
et al. 2020). From the perspective of green development, 
financial development is able to facilitate innovation and 
therefore improves production efficiency. Financial devel-
opment is able to promote the development of energy-sav-
ing technologies by which energy consumption is reduced 
(Zhang, 2011). It can also promote renewable energy 
development. Qu et al. (2020a, b), using dynamic spatial 
econometric models, found that financial agglomeration 

1  Based on statistical mathematics and fuzzy mathematics, cloud 
model unifies the randomness and fuzziness between uncertain lin-
guistic value and accurate value, and realizes the natural conversion 
between qualitative linguistic value and quantitative value.
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could significantly improve China’s energy efficiency. Xie 
and Liu (2019) found that green credit could promote green 
economic growth in China mainly through technological 
progress, and technological progress improved the level of 
advancement and rationalization of industrial structure and 
reduced the proportion of coal in energy consumption.

Empirical studies showed varying results for the rela-
tionship between finance and environmental quality 
(e.g., CO2 emissions, natural resources). Some studies 
showed a positive relationship between financial devel-
opment and CO2 emissions (e.g., Shahbaz et al., 2016; 
Bekhet et al., 2017). Other studies showed that finan-
cial development reduced CO2 emissions (e.g., Abbasi 
and Riaz, 2016). Xu and Tan (2020) found that financial 
development had a positive impact on natural resource 
use efficiency. Some studies also found differing effects 
of financial development on environmental quality. For 
example, Guo et al. (2019) showed that financial devel-
opment efficiency had positive impacts on CO2 emis-
sions, but financial scale had negative impacts on CO2 
emissions based on the extended STIRPAT model with 
province-level panel data over the period of 1997–2015.

In sum, finance affects green development through 
three mechanisms: providing investments, increasing 
technology and the efficient use of resources, and pro-
moting environmental governance. In order to quantify 
these effects, we use the official green development indi-
cator system to formulate an overall estimate of China’s 
green development level and then analyze the impact of 
finance on China’s green development using the panel 
quantile regression method.

Methods

Model

The advantage of using quantile regression is that it is able to 
show the possible asymmetric and non-linear effects of the 
independent variables on the dependent variable in econo-
metric models (Baur, 2013); the quantile model includes a 
set of regression curves that vary across different quantiles 
(percentiles) on the conditional distribution of the depend-
ent variable (Koenker and Hallock, 2001, Koenker, 2005). 
Finance and green development may show different relation-
ships with quantile analysis.

Assume the linear function of q quantile of the condi-
tional distribution y|x is

where βq is the q quantile regression coefficient, and the 
estimate 

∧

� q minimizes the function in Eq. (2):

(1)yq(xi) = x
�

i
�q

We developed regression model (3) as the base model of 
our empirical study in order to test the relationship between 
finance and green development. Other important influence 
factors (i.e., energy structure, environmental governance, 
industrial structure, and company regulations) of green 
development found in empirical studies are also included 
in the model. The variables are log-transformed to reduce 
heterogeneity.

where subscripts i and t refer to province and year; ɑ0 is 
the intercept, and εit refers to the error term. LnGD refers 
to green development level; LnFS financial scale, LnFE 
financial efficiency, and LnGCLgreen credit are three vari-
ables used to reflect financial development; control variables 
are Ln(Listed_ratio), LnEPI, LnCR, and Lnindustry, which 
respectively refer to company regulation, environmental gov-
ernance, energy structure, and industrial structure.

Data and variables

Green development index

We apply a green development index to measure green 
development in China. In the literature review section, we 
saw that empirical studies have constructed their own green 
development indicator systems according to the interpre-
tation of green development. However, in order to form a 
unified green development indicator system, the Chinese 
government promulgated the official green development 
indicator system (GDIS) in 2016. Therefore, we use this 
index system to estimate the level of China’s green develop-
ment. This system includes weights of indicators, a weights 
method, and six first-class indicators: natural resources uti-
lization, environmental governance, environmental quality, 
ecological protection, growth quality, and green life.

We adapt this official GDIS according to the data we 
have. We follow three principles to modify it. First, we try 
to keep the original indicators if the data are available. The 
following indicators are therefore dropped because their data 
are not available: the per capita energy consumption reduc-
tion rate of public institutions, the market share of green 
products, the growth rate of the ownership of new electric 
vehicles, and the proportion of urban green buildings in new 
building construction. Second, we replace some indicators 
with proxy indicators due to data availability issues, and 
we keep the weights for the first-class indicators the same 
as the official weights. And three second-class indicators 

(2)

min
𝛽q

∑n

i∶yi≥x
�

i
𝛽q
q ∣ yi − x

�

i
𝛽q ∣ +

∑n

i∶yi<x
�

i
𝛽q
(1 − q) ∣ yi − x

�

i
𝛽q ∣ .

(3)
LnGDit = �0 + �1LnFSit + �2LnFEit + �3LnGCLit + �4Ln(Listed_ratio)it

+�5LnEPIit + �6LnCRit + �7Lnindustryit + �it
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are supplemented to reflect the green life: water usage per 
capita, park green land per capita, special vehicle equip-
ment for city appearance and sanitation per person. Third, 
we replace two second-class absolute indicators with relative 
indicators, which are energy consumption growth rate and 
total water consumption growth rate. These replacements 
are to better represent China’s policies to control the general 
energy consumption growth rate.

Official GDIS includes 55 s-class indicators, but we have 
47 s-class indicators after our modification (see Table 1); 
42 s-class indicators are directly from the official indicators, 
the other 5 are replaced with proxy indicators. So we have 
not fundamentally changed the country’s official GDIS and 
its basic structural framework.

The data is at the provincial level with 30 provinces in 
China excluding Tibet, Hong Kong, Macau, and Taiwan 
due to data availability issues. The data cover the period of 
2006–2017. All the data for the 47 indicators of GD are from 
the China Statistical Yearbook, China Industrial Statistical 
Yearbook, China Environmental Statistical Yearbook, and 
China Energy Statistical Yearbook published by the China 
National Bureau of Statistics, and statistical yearbooks and 
environmental reports published by provinces. We apply lin-
ear interpolation to deal with the small number of missing 
data. All nominal variables including per capita GDP and 
income are converted into real variables based on the 2006 
CPI.

The green development level can be calculated with 
Eq. (4):

where GD is the green development index, Yi refers to stand-
ardized indicators, N is the number of indicators, and Wi is 
weights.

Various methods are used to determine green devel-
opment index weights, such as entropy method, Delphi 
method, and DEA. The DEA method only focuses on 
efficiency, and the Delphi method is a subjective method 
that does not exclude personal preferences. Entropy value/
weight method (Wang et  al., 2018; Yang et  al., 2019; 
Cheng and Ge, 2020) is an objective weighting method 
obtained by calculating the information entropy of the 
index and determining the weight of the index, as well as 
eliminating the interference of human factors via compari-
son with the subjective weighting method. Some studies 
use an equal weight method to calculate green develop-
ment index (e.g., Huang and Li, 2020). The justification 
for an equal weight method is that the objective weight-
ing methods such as Principal Component Analysis (e.g., 
Fang et al., 2020) and the entropy method are very much 
influenced by the sample data used in the particular study. 
Since the GDIS used in this study is published by Chinese 

(4)GD =
∑N

i=1
WiYi (N = 1, 2… , 47)

government, we use their weights and weight method 
directly.

Explanatory variables

The financial system is a complex system, and therefore 
there are various ways to measure financial development 
in empirical studies. Some studies apply comparatively 
comprehensive methods to measure financial develop-
ment. For example, Zhang et al. (2022) constructed an 
index to measure green financial development. However, 
some studies use few variables (e.g., Samargandi and 
Sohag, 2022; Abbasi and Riaz, 2016) to measure finan-
cial development. Following the simpler way of measure-
ment (e.g., Abbasi and Riaz, 2016), we use the following 
three indicators to reflect financial development (FD): 
financial scale, financial efficiency, and green finance. 
Financial scale reflects the volume of financial mar-
ket development; financial efficiency reflects the per-
formance of the use of financial resources; and green 
finance reflects the ability of finance to support green 
development. Based on the previous theoretical discus-
sion in Sect. 2.3, they affect green development through 
three channels: investment, technology/efficiency, and 
environmental governance (see Fig. 1).

Financial scale (FS) is measured by the ratio of loan bal-
ance of financial institutions to GDP. We exclude the loan 
balances of six energy-intensive industries in constructing 
FS in order to reduce a potential multicollinearity issue. 
Financial efficiency (FE) is measured by the ratio of loan 
balance to deposit of financial institutions because China’s 
financial market is dominated by financial institutions. The 
level of green finance is measured by green credits issued 
by financial institutions. China’s green financial market is 
mainly composed of the green credits issued by commer-
cial banks and other financial institutions, and therefore this 
indicator is a proper measurement of China’s green finance. 
However, the data for green credits are not available at the 
provincial level. Existing studies used alternative measure-
ments to measure green credits in China. For example, Xie 
and Liu (2019) applied the ratio of the interest expenditures 
generated from the six most energy-intensive industries to 
the total interest expenditures generated from industrial 
GDP at the provincial level. We use similar measurement 
to those used by Xie and Liu (2019); however, we use the 
six non-energy-intensive industries to measure green credit 
level (GCL). The higher the GCL the higher the level green 
finance is in a province, and the equation is

(5)GCL = 1 −

∑6

i=1
Ii

I
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Table 1   China green development index system

First-class indicators No Second-class indicators Unit Weight Attribute

Use of natural resources (weight 29.3%) 1 Total energy consumption growth rate % 2.02 Negatively correlated
2 Decrease of energy consumption per 

unit of GDP
% 3.03 Positively correlated

3 CO2 emissions per unit of GDP % 3.03 Positively correlated
4 Proportion of natural gas to total energy 

consumption
% 3.03 Positively correlated

5 Total water consumption growth rate % 2.02 Negatively correlated
6 Decrease of water consumption per 

10 k GDP
% 3.03 Positively correlated

7 Decrease of water consumption per unit 
of industrial value added

% 2.02 Positively correlated

8 Efficient utilization coefficient of agri-
cultural irrigation water

/ 2.02 Positively correlated

9 Cultivated land growth rate % 3.03 Positively correlated
10 Proportion of newly added construction 

land to total construction land
% 3.03 Negatively correlated

11 Reduction rate of construction land area 
per unit GDP

% 2.02 Positively correlated

12 Ratio of industrial solid wastes utilized % 1.01 Positively correlated
Environmental governance (weight 

16.5%)
13 Reduced chemical oxygen demand 

discharge
% 2.75 Positively correlated

14 Reduced total ammonia nitrogen 
discharge

% 2.75 Positively correlated

15 Reduced quantity of SO2 emissions % 2.75 Positively correlated
16 Reduced total nitrogen oxide discharge % 2.75 Positively correlated
17 Hazardous wastes treatment rate % 0.92 Positively correlated
18 Proportion of harmless treated house-

hold garbage
% 1.83 Positively correlated

19 Waste water treatment rate % 1.83 Positively correlated
20 Investment in anti-pollution projects as 

percentage of GDP
% 0.92 Positively correlated

Environmental quality (weight 19.3%) 21 Ratio of days with good air quality in 
cities at prefecture level and above

% 4.45 Positively correlated

22 Proportion of surface water reach or 
beyond Grade III

% 4.45 Positively correlated

23 Proportion of surface water worse than 
Grade V

% 4.45 Negatively correlated

24 Proportion of centralized water 
source ≥ Grade III of cities at or above 
prefecture level

% 2.97 Positively correlated

25 Consumption of chemical fertilizers per 
unit of cultivated land

kg/hectares 1.49 Negatively correlated

26 Consumption of farm chemical pesti-
cides per unit of cultivated land

kg/hectares 1.49 Negatively correlated
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Table 1   (continued)

First-class indicators No Second-class indicators Unit Weight Attribute

Ecological protection (weight 16.5%) 27 Forest coverage rate % 4.125 Positively correlated

28 Stock volume of forest 0.1billion m3 4.125 Positively correlated

29 Proportion of wetland in total area of 
territory

% 2.75 Positively correlated

30 Percentage of nature reserves in the 
region

% 1.375 Positively correlated

31 Percentage of ocean reserves to total 
area of territory

% 1.375 Positively correlated

32 Proportion of soil and water loss con-
trol area and total control area

% 1.375 Positively correlated

33 Ratio of new rehabilitation and 
improvement of mine

% 1.375 Positively correlated

Growth quality (weight 9.2%) 34 Per capita GDP growth rate % 1.83 Positively correlated
35 Growth rate of household disposable 

income per capita (%)
% 1.83 Positively correlated

36 Tertiary industry (% of GDP) % 1.83 Positively correlated
37 Proportion of new products added value 

of industrial companies
% 1.83 Positively correlated

38 Proportion of R&D expenditure to GDP % 1.83 Positively correlated
Green life (weight 9.2%) 39 Green commuting (public transport 

passenger volume per ten thousand 
population)

ten thousand visitors/
ten thousand people

0.92 Positively correlated

40 Urban green area of urban area % 0.92 Positively correlated
41 Rural tap water access rate % 1.83 Positively correlated
42 Rural sanitation lavatory access rate % 0.92 Positively correlated
43 Urban water use coverage % 0.92 Positively correlated
44 Gas access rate % 0.92 Positively correlated
45 Water usage per capita m3 per capita 0.92 Negatively correlated
46 Park green land per capita m3 per capita 0.92 Positively correlated
47 Special vehicle equipment for city 

appearance and sanitation per person
set/ten thousand people 0.92 Positively correlated

Fig. 1   The relationship between 
financial development and green 
development
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where Ii refers to the ith industry’s interest expenditures, 
and I refers to the total sum of industrial firms’ interest 
expenditures.

The control variables included in this study are: company 
regulation, environmental governance, energy structure, and 
industrial structure (see Table 2). Company regulation is meas-
ured by the ratio of public-listed companies to total number of 
industrial companies; this variable is included because publicly 
listed companies have high transparency, and so their behaviors 
have a great influence on the implementation of green develop-
ment strategy. Environmental governance is measured by the 
ratio of the investment in reducing environmental pollution to 
GDP. Industrial structure is measured by the ratio of value added 
in manufacturing to GDP. Energy structure is the proportion of 
coal consumption.

Results

Results from random effects models

Using Stata 14.0, estimates show how the effects of inde-
pendent variables (EC, BPC, and TGC) varied across dif-
ferent levels of the dependent variable (GD). Table 3 shows 
estimates from conventional panel data models: OLS, RE, 
and FE.

The p value for the Hausman test is 0.163, which means that 
random effects (RE) is the preferred model comparing to the 
fixed effects (FE) model due to its higher efficiency. The fol-
lowing analysis is therefore based on the estimates from the 
RE model. The coefficient for financial scale (LnFS) is 0.083, 
and it is statistically significant at the 1% level, which indicates 
that financial scale facilitates green development in China; this 
means that the increased financial scale is able to provide more 
funds to invest in environmental-protection-related activities 
and projects. The coefficient for financial efficiency (LnFE) 
is 0.0241 and statistically significant, which implies that a 1% 
increase in financial efficiency would increase the level of green 

development by 0.0241%. The coefficient for green finance 
(LnGCL) is 0.0639 and statistically significant at the 1% level. 
The effect of green finance on green development is straightfor-
ward; funds are distributed directly to green projects from banks 
and other financial institutions.

Examining control variables, the estimated coefficient for 
company regulation (ln(Listed_ratio)) is negative and statistically 
significant, which implies that company regulation decreases the 
level of green development. We offer two possible explanations. 
First, there are ever more regulations such as executive orders, 
administrative penalties, and administrative rules on green-devel-
opment-related activities of the publicly listed companies. Second, 

Table 2   Variable descriptions

Variables Abbreviation Description

Dependent variable Green development level GD Green Development Index

Explanatory variables Finance scale FS (Loan balance of financial institutions − Loan balance of 
energy intensive industrial companies)/GDP

Finance efficiency FE Loan balance of financial institutions/deposits
Green credit level GCL Interest expenditures of six most energy intensive industries/

interest expenditures of industrial firms
Control variables Corporation governance Listed_ratio Number of public listed companies/number of industrial firms

Environmental governance EPI Investment in reducing environmental pollution/GDP
Energy structure CR Consumption of coal/total energy consumption
Industrial structure Industry Manufacturing/GDP

Table 3   Regression results of OLS, FE, and RE models

Standard errors are in parentheses,* p < 0.1, ** p < 0.05, *** p < 0.01

Variables (1) (2) (3)
OLS FE RE

lnFS 0.0379** 0.1068*** 0.0830***
(0.0203) (0.0372) (0.0324)

lnFE 0.0831*** 0.0003 0.0241*
(0.0283) (0.0185) (0.0242)

lnGCL 0.0767*** 0.0481 0.0639***
(0.0164) (0.0291) (0.0203)

ln(Listed_ratio)  − 0.0462***  − 0.0121  − 0.0406***
(0.0088) (0.0236) (0.0133)

lnEPI 0.0029* 0.0373** 0.0216**
(0.0124) (0.0109) (0.0104)

lnCR  − 0.1446***  − 0.0623*  − 0.1026***
(0.0231) (0.0367) (0.0413)

lnIndustry  − 0.1230***  − 0.0415  − 0.0853*
(0.0380) (0.0663) (0.0511)

cons 11.5079*** 10.4170*** 11.0831***
(0.3865) (0.7038) (0.5751)

N 360 360 360
R2 0.4839 0.5413 0.5679
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publicly listed companies are subject to more pressure to make 
profits from the market, and therefore they may have less incentive 
to invest in environmentally friendly technologies and projects. 
In China, command and control environmental policy has been 
the most common public policy to facilitate green development, 
and this type of policy is likely to decrease a company’s profits 
(Si et al., 2021).

The coefficient of investment in environmental pollu-
tion is positive and statistically significant, which implies 
that more projects aimed at environmental quality are able 
to increase the level of green development. The coeffi-
cient of energy structure is − 0.1026, which conforms to 
the expectation that a greater proportion of coal in the 
energy consumption structure leads to more environmental 
and natural resources issues. The coefficient of industrial 
structure is negative, which indicates that the industrial 
structure of China is still heavily dependent on natural 
environment and resources. The transformation to a less 
energy-intensive and resource-intensive industry is the 
national plan of the Chinese central government, and this 
negative effect of industrial structure on green develop-
ment is likely to decrease in the future.

Results of quantile regression

We followed Chen’s (2014) approach and compared the 
panel quantile regression estimate with the OLS estimate, 

thus further reflecting the significance of the panel quan-
tile regression for our study. Results from the quantile 
regression (obtained from Stata 14.0) are in Table  4, 
which include five quantiles of the conditional distribu-
tion of green development. The estimated coefficients 
for financial scale are positive under all five quantiles; 
however, the coefficient becomes smaller from the 0.15 
quantile to the 0.85 quantile. This decreasing influence 
of financial scale along with the increasing level of green 
development is reasonable because financial resources are 
less likely to be invested in green development projects if 
the level of green development is already high. The coef-
ficients for financial efficiency show an opposite effect 
compared to financial scale. Financial efficiency has a 
higher impact on green development if the level of green 
development is high. This also make sense; a high level 
of green development may likely be further improved if 
the financial resources are efficiently used to improve 
projects of green development. Green credits show a 
similar effect to that of financial efficiency, which is that 
green finance affects green development if the level of 
green development is already high. This finding follows 
the same logic as the relationship between financial effi-
ciency and green development.

The effects of the control variables are similar to the 
estimated effects from the random effects model in gen-
eral. Publicly listed companies are more likely to decrease 

Table 4   Results of quantile 
regression

Standard errors are in parentheses; * p < 0.1,** p < 0.05,*** p < 0.01; pseudo R2 is R2 in quantile regression

Variables OLS Quantile

QR_0.15 QR_0.35 QR_0.50 QR_0.65 QR_0.85

lnFS 0.0379** 0.0449 0.0408* 0.0286* 0.0216* 0.0067
(0.0203) (0.0486) (0.0261) (0.0249) (0.0235) (0.0226)

lnFE 0.0831*** 0.0014 0.0825** 0.1215*** 0.1451*** 0.1953***
(0.0283) (0.0678) (0.0365) (0.0348) (0.0329) (0.0315)

lnGCL 0.0767*** 0.0793** 0.0527*** 0.0691*** 0.0821*** 0.1075***
(0.0164) (0.0392) (0.0211) (0.0201) (0.0190) (0.0182)

ln(Listed_Ratio)  − 0.0462***  − 0.0543***  − 0.0545***  − 0.0519***  − 0.0423***  − 0.0225**
(0.0088) (0.0210) (0.0113) (0.0108) (0.0102) (0.0098)

lnEPI 0.0029  − 0.0083  − 0.0118  − 0.0141  − 0.0088 0.0027
(0.0124) (0.0298) (0.0160) (0.0153) (0.0144) (0.0138)

lnCR  − 0.1446***  − 0.1282**  − 0.1495***  − 0.1281***  − 0.1135***  − 0.1277***
(0.0231) (0.0554) (0.0298) (0.0284) (0.0268) (0.0257)

lnIndustry  − 0.1230***  − 0.1654**  − 0.1228***  − 0.1672***  − 0.1767***  − 0.1520***
(0.0380) (0.0911) (0.0490) (0.0467) (0.0441) (0.0423)

Constant 11.5079*** 12.1409*** 11.7360*** 11.6200*** 11.3567*** 10.8896***
(0.3865) (0.9264) (0.4981) (0.4747) (0.4491) (0.4304)

N 360 360 360 360 360 360
Pseudo R2 0.3839 0.2135 0.2317 0.2162 0.2280 0.2337
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green development, and this effect decreases if the level 
of green development is high. The effect of environmental 
pollution investment is not statistically significant. The 
effect of energy structure and industrial structure show 
that they decrease green development, and this effect does 
not decrease with the level of green development.

Analysis of regional differences

China’s regional difference is well known and well investi-
gated by empirical studies (e.g., Sun et al., 2018). The dif-
ferences in geology, public policy, and ecology all affect 
green development and financial development. This study 
follows conventional regional categorization and divides 
data into the east, central, and west regions. The eastern 

region includes Beijing, Fujian, Guangdong, Hainan, Hebei, 
Jiangsu, Liaoning, Shandong, Shanghai, Tianjin, Zhejiang 
provinces, the central region includes eight provinces of 
Anhui, Heilongjiang, Henan, Hubei, Hunan, Jiangxi, Jilin 
and Shanxi, and the west region includes the 11 provinces 
of Chongqing, Gansu, Guangxi, Guizhou, Inner Mongolia, 
Ningxia, Qinghai, Shaanxi, Sichuan, Xinjiang, and Yunnan.

Table 5 presents the results of quantile regressions for the 
three regions. The control variables are not included in the 
quantile regions because we mainly focus on the difference 
of financial impact on regional green development.

Results show that financial scale shows a positive statisti-
cally significant effect in the east and west regions, but not 
in the central region. This result does not show a general 
pattern among Chinese regions. The economic development 

Table 5   Results of quantile 
regressions in regionsa

a We did a quantile regression based on the quantiles identified in Table 4 but found that financial factors 
had no significant impact on green development in different regions, so we adjusted the original quantiles. 
The quantile regression was performed according to the quantiles in Table 5
Standard errors are in parentheses; * p < 0.1, ** p < 0.05, *** p < 0.01; pseudo R2 is R2 in quantile regres-
sion; the regression results omit the control variables and constant terms

East region Quantile

OLS QR_0.1 QR_0.3 QR_0.5 QR_0.6 QR_0.8

lnFS 0.0807*** 0.1318** 0.0892** 0.0779** 0.0610** 0.0489*
(0.0285) (0.0720) (0.0364) (0.0371) (0.0332) (0.0342)

lnFE 0.0145  − 0.0332  − 0.0070 0.0209* 0.0614* 0.1490***
(0.0333) (0.0840) (0.0424) (0.0433) (0.0388) (0.0399)

lnGCL 0.1492*** 0.2321** 0.1736*** 0.1173** 0.1217*** 0.1115**
(0.0398) (0.1006) (0.0508) (0.0519) (0.0464) (0.0478)

N 132 132 132 132 132 132
Pseudo R2 0.4491 0.3185 0.2673 0.2351 0.2411 0.2598
Central region Quantile

OLS QR_0.1 QR_0.3 QR_0.5 QR_0.6 QR_0.8
lnFS  − 0.0385  − 0.0489  − 0.1209  − 0.1039  − 0.0946 0.0153

(0.0747) (0.1296) (0.1203) (0.0977) (0.0940) (0.0743)
lnFE 0.3686** 0.4627** 0.5280** 0.5019*** 0.3652** 0.3116**

(0.1426) (0.2476) (0.2298) (0.1867) (0.1796) (0.1419)
lnGCL 0.0562* 0.0615 0.0292 0.0220 0.0597* 0.0418*

(0.0742) (0.1288) (0.1196) (0.0971) (0.0934) (0.0738)
N 96 96 96 96 96 96
Pseudo R2 0.4732 0.3761 0.3081 0.2682 0.2584 0.2819
Western region quantile

OLS QR_0.1 QR_0.3 QR_0.5 QR_0.6 QR_0.8
lnFS 0.0404*  − 0.0516 0.0356 0.0420* 0.0605* 0.0408*

(0.0337) (0.0508) (0.0561) (0.0403) (0.0375) (0.0439)
lnFE 0.0016*  − 0.1078  − 0.1932* 0.0320 0.1404* 0.1847**

(0.0768) (0.1160) (0.1280) (0.0921) (0.0856) (0.1002)
lnGCL 0.0652** 0.0358* 0.0533 0.0611** 0.0605** 0.0814***

(0.0275) (0.0416) (0.0459) (0.0330) (0.0307) (0.0359)
N 132 132 132 132 132 132
Pseudo R2 0.4417 0.3374 0.3006 0.2824 0.2801 0.2654
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level is increasing from the west to the east. However, fac-
tors other than economic development dominate the effect 
of financial scale on green development. Financial effi-
ciency shows a positive statistically significant effect on 
green development in general, and the effect is particularly 
strong in the central region. The effect forms an inverted-U-
shape relationship between the effect of financial efficiency 
on green development and regions. Green credits show a 
positive statistically significant effect on green develop-
ment in all regions as expected. The results also show that 
green credits have a stronger effect on green development 
in east and west regions compared to the central region. In 
sum, the effects of the three main explanatory variables all 
show certain pattern in regions in China. The east region has 
the highest economic development level, and its financial 
resources are invested more towards green-development-
related projects compared to the other regions. The central 
region has been emphasizing economic growth, and there-
fore its financial resources are allocated more to traditional 
industries. The west region of China has the lowest eco-
nomic development level but is rich in natural resources, and 
its ecological environment is key to the natural environment 
of all of China. The west government of China therefore 
should pay particular attention to the green development in 
the other regions. This policy attention is likely to align the 
west’s financial development more to green development.

Conclusions and policy implications

Based on panel data from 2006 to 2017 for 30 provinces, this 
paper analyzes the influence of financial scale, financial effi-
ciency, and green finance on the level of green development 
by using the panel quantile method compared to the tradi-
tional OLS method. The main conclusions are as follows.

First, financial development has significantly promoted 
the growth of green development. The positive effect of 
financial efficiency and green finance on green development 
is stronger with the increase in quantiles, while the financial 
scale is also positive and significant but diminishes at the 
level of each quantile, which is a result that traditional OLS 
methods cannot reveal. The proportion of listed companies, 
coal-based energy structure, and industrial structure play a 
negative role in the development of the green economy. The 
impact of environmental investment is not significant.

Second, we should pay attention to regional differences 
in the relationship between financial development and 
green development in China. In the eastern region, financial 
development has significantly promoted the growth of green 
development, while the financial scale and the role of green 
finance have weakened with the increase of quantile; in the 
central region, the financial scale and green credit have not 
significantly supported green development.

Therefore, we should attach great importance to the 
financial sector in the green development process. On the 
one hand, it is necessary to expand the financial scale and 
provide more relaxed financial conditions for green develop-
ment; on the other hand, it is necessary to prevent the dimin-
ishing marginal effects of such development by increasing 
the efficiency in the use of financial resources and, at the 
same time, expand green finance growth in a powerful way.

Although this study applied a comparatively compre-
hensive index to measure green development, one major 
shortcoming of this study is the measurement of financial 
development. Only three variables are used to measure three 
aspects of financial development: financial scale, financial 
efficiency, and green finance. In the future, a more compre-
hensive measurement of financial development can be used 
to study its relationship with green development in China.
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