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Abstract

As the core content of green China construction, pollution reduction plays
an important role in achieving high-quality development. This paper mainly
explores the pollution reduction effect of finance in the process of increas-
ing the status of the national economic system, and verifies the indirect
role of innovation-driven development in the relationship between economic
financialization and pollution reduction. The results show that economic
financialization has a significant direct impact on the emission reduction
of industrial wastewater and sulfur dioxide, especially in cities with a high
degree of financialization. Subsequently, the sample data transformation and
the robustness test of green credit policy further support the above conclu-
sions. At the same time, urban innovation capacity has a partial indirect
effect on the pollution reduction of economic financialization, while robot
use only has an indirect effect on the sulfur dioxide reduction of economic
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financialization. This study provides a theoretical basis for promoting wider
and deeper development of green finance.

Keywords: Economic financialization, pollution reduction, innovation
driven, prefecture-level city.

1 Introduction

In the report of 19th CPC National Congress, General Secretary Xi Jinping
stated for the first time that “we must resolutely prevent and defuse major
risks, take targeted measures to alleviate poverty, and prevent and control pol-
lution, so that the building of a moderately prosperous society in all respects
wins the approval of the people and stands the test of history.” The following
year, pollution prevention and control was included in the Government Work
Report as one of the “three critical battles”, with an emphasis on “ensuring
an overall improvement in ecological and environmental quality”. In view
of the rising call for environmental protection and governance, financial
capital is gradually flowing from highly polluting and energy-consuming
industries to clean and environmentally friendly industries, thus promot-
ing the overall improvement of ecological and environmental quality [1].
Meanwhile, at the Hangzhou G20 Summit, China focused on the issue of
“green finance”, taking into account the costs, benefits and risks of traditional
financial business on the environment as an important reference for financial
industry to support green development. For example, internal credit decisions
to support clean technology transformation, and the development of green
financial products according to the type of pollutants can help financial
institutions to shoulder the environmental responsibility of economic devel-
opment [2]. Existing research results show that the credit scale of financial
institutions and financing scale of financial market are negatively correlated
with environmental pollution, and financial development can improve the
current situation of environmental pollution through opening regional foreign
trade and upgrading and rationalization of industrial structure [3]. The cross-
country heterogeneity analysis of Dogan and Seker (2016) also shows that
financial development can promote the increase of renewable energy con-
sumption and thus reduce non-renewable energy pollution emissions [4].
On the one hand, it is of great practical significance to discuss the impact
of financial development on pollution reduction in the context of “pollution
prevention and control” and “green finance” issues, which not only helps
to evaluate the synergy between existing financial and emission reduction
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policies, but also provides a strong reference for the formulation and imple-
mentation of relevant policies in the future. On the other hand, based on
similar research results, there must be more than one action path between
financial development and pollution reduction, which may include other
indirect action paths such as technology patent innovation and production
mode adjustment. Further in-depth analysis of indirect action path and its
transmission mechanism is of considerable theoretical value.

Scholars at home and abroad generally use two concepts of economic
financialization and financial agglomeration to measure financial develop-
ment. Compared with the unified concept of spatial distribution of financial
agglomeration, the meaning of economic financialization is relatively scat-
tered, including the Monopoly school in the United States, the structure
of social accumulation school, the French regulatory school and the post-
Keynesian school have defined it. Among them, Epstein’s (2005) definition
is the most widely accepted:economic financialization is a process in which
financial markets, institutions and employees play an increasingly important
role in economic operation and management system at both domestic and
international levels [5]. At present, according to the data comparison between
the financial and real sectors nationwide, the evolution of economic finan-
cialization has led to the asset scale ratio between the financial sector and
industrial enterprises rising from 1.7 in 2009 to 2.5 in 2017, and the difference
in asset scale has also increased from 34.7 trillion yuan in 2009 to 162.8
trillion yuan in 2017. In terms of the total asset size of the financial sector or
the asset growth rate of the financial industry and companies, finance, as an
important hub of social capital allocation, is playing an increasingly impor-
tant role in the national economic system. How to strengthen the process of
economic financialization to boost the green development of real economy
and strive to improve the “gold content” of growth is the core problem to be
solved in China’s economy.

General Secretary Xi Jinping stressed at the 13th Group study session
of the Political Bureau of the CPC Central Committee that the economy
is the body, and finance is the blood, and the two coexist and prosper
together. We need to deepen our understanding of the nature and laws of
finance, and blaze a path of financial development with Chinese character-
istics based on China’s reality. Therefore, this paper focuses on exploring
the pollution reduction effect of finance in the process of upgrading the
status of the national economic system (economic financialization), conform-
ing to the path of green finance development with Chinese characteristics,
and enriching the research and discussion on economic financialization and
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environmental protection governance. There are two possible marginal con-
tributions: one is the measurement of pollution emission reduction effect.
Based on the traditional measurement method of pollutant emission intensity,
the difference calculation of pollutant emission change is adopted to reflect
the internal structure of data “change of change”. The second is the analysis
of the impact path of economic financialization on pollution reduction. Based
on the basic regression results and robustness test, the indirect effects of urban
innovation ability and robot usage density are further verified, which provides
policy reference for realizing the emission reduction target in the process of
economic financialization.

2 Theoretical Mechanism and Analysis

The influence of economic financialization on environmental protection and
governance originates from the study of enterprises’ environmental social
responsibility. The concept of “green finance” links environmental issues
with financial institutions, and makes capital allocation more inclined to
enterprises with low energy consumption and low pollution. Moreover, it
believes that if environmental risks and social responsibilities of enterprises
are not considered in credit decisions, economic sustainability will suffer
serious losses [6]. However, at the very beginning of the founding of China,
the strategic guidance of giving priority to the development of heavy industry
was established, and a large amount of state and private capital was invested
in resource-based industries such as metal smelting and processing, chemical
raw material manufacturing, oil and coal mining, which were also regarded as
key industries for pollutant emission control [7]. Therefore, the direct effect
of economic financialization on pollution reduction comes from the internal
adjustment of the credit structure of the financial system, shifting from
supporting the development of heavy industry with high energy consumption
and high pollution to supporting green enterprises with clean production,
thus achieving the environmental goal of pollution reduction (as shown in
Figure 1).

However, the credit constraint on heavy polluting industries is only a
basic way to reduce pollution in the process of economic financialization,
and its essence is to adjust the direction of credit to restrict the production
activities of non-environmentally friendly enterprises. Both the literature
research results show that the formation of regional financial development
using money, orientation, and catalytic mechanism could improve the ability
of money supply, credit and alleviate enterprise innovation by financing
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Figure 1 Indirect path of service industry development in the impact of economic financial-
ization on pollution reduction.

constraints, then affect the distribution structure of production factors to
boost the growth of the service industry, to alleviate the financing constraints
of enterprise R & D and innovation, and the formation of regional finan-
cial center promotes the progress of fintech will also help to reduce the
barriers of capital flow and information sharing, and meet the “small and
efficient” financing needs of urban services to provide a steady stream of
technological innovation vitality for the real economy [8]. At the same time,
technological innovation changes the division of labor and optimize and
adjust the original production mode to change the original energy supply
and demand and consumption of the original industrial structure, on oil,
coal and other traditional energy dependence, reduce the dependence on oil,
coal and other traditional energy in economic growth, so as to achieve the
environmental goal of pollution reduction [9]. Therefore, in the impact of eco-
nomic financialization on pollution reduction, there is another indirect path
of innovation-driven development, that is, innovation-driven development
promotes the pollution reduction effect of economic financialization.

3 Research Methods and Instructions

3.1 Model Specification

The main content of this paper is the effect of economic financialization
on pollution reduction and its pathway mechanism. The core explanatory
variable is economic financialization, and the explained variable is pollution
reduction effect. Since nonlinear relations are rarely considered in relevant
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studies, the econometric model in this paper adopts linear relations for esti-
mation, and logarithms (double logarithm model) are used on both sides of
the equation to mitigate the impact of data fluctuation and heteroscedasticity
on the estimation results. The specific structure is shown as follows:

ln pol redit = α0 + α1 lnfinanceit +
m∑
k=1

βk lnEconomy it

+
n∑

k=1

θk lnEnvironit + µi + εit (1)

Among them, i representing different cities, t represents different years.
Explained variable lnpol redit is the logarithmic form of pollution reduction
effect, core explanatory variable lnfinanceit represents the logarithmic form
of the financialization of the economy, control variables lnEconomyit is the
Logarithmic indicators related to economic development, lnEnvironit is the
logarithmic indicators related to environmental governance. In addition, µi
reflect individual effect or heterogeneity effect, εit ∼ N0, σ2 is the random
interference term.

3.2 Variable Selection

Core explanatory variable: Although economic financialization involves the
change of macro-aggregate representation and micro-structural characteris-
tics, this paper refers to the ideas of Zhao Feng and Tian Jiahe (2015) [10].
The ratio of (dep loan) outstanding of financial institutions to GROSS
domestic product (GDP) is used to represent the degree of financial economy.
The higher the proportion is, the more finance penetrates into the economic
field and the higher the financial degree of the city’s economy.

Explained variables: Industrial pollutants include soot, dust, waste water,
sulfur dioxide, waste solids and other forms. [11]. However, the discharge
of industrial wastewater and sulfur dioxide is more common, so based on
the availability of samples, this paper will focus on the pollution reduction
effect of industrial wastewater and sulfur dioxide [12]. The measurement of
pollution reduction effect in the existing literature focuses on the absolute
amount or absolute value, that is, the emission intensity of pollutants is
used as the explained variable of the model, and the existence of emission
reduction effect is judged by the sign of the core explanatory variable in
the regression result [13]. Borrowed this method in this paper, and further
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Table 1 Descriptive statistics and description of selected variables
Variable symbol Mean SD Number Variable Declaration
wastewater 79.557 100.34 3199 Industrial wastewater discharge

(million tons)
so2 emi 61.671 59.915 3199 Sulfur dioxide emissions (thousand tons)
dep loan 127.29 67.251 3199 Balance of deposits and Loans of

financial institutions (MILLION yuan)
per gdp 3.4953 2.6436 3199 Per capita GDP (ten thousand yuan)
sec gdp 80.503 102.14 3199 Output value of secondary Industry

(BILLION YUAN)
gdp 164.06 233.16 3199 GDP ($billion)
road 16.041 23.195 3199 Urban Road Area (million square meters)
cons sum 60.135 91.134 3199 Total Retail sales of Consumer Goods

($billion)
solid use 80.018 21.983 3199 Comprehensive utilization rate of

industrial solid Waste (%)
garbage 85.022 22.117 3199 Harmless treatment rate of household

garbage (%)
life water 70.408 23.519 3199 Urban domestic sewage treatment

rate (%)
govern ex 227.09 388.06 3199 Government Expenditure (100

million yuan)

USES the relative amounts or relative (difference) to represent the pollution
reduction effect, there is the advantage of the following two aspects: one is
the relative amounts reflected more data “changes of internal structure,” is to
increment or decrement is not compared to the stock changes, environmental
management and pollution prevention and control to fine direction; Second,
the relative quantity can highlight the effect of “emission reduction”. It is
the emission of pollutants in the current period minus the emission of pol-
lutants in the previous period, which is conducive to the transition to green
development of decreasing pollutants under the total amount control standard.

Other control variables: The control variables in this paper include two
aspects, one is urban economic development, the other is urban environmental
governance. The control variables of urban economic development include
per capita GDP, output value of secondary industry, urban road area and total
retail sales of social consumer goods, which reflect the objective economic
conditions of pollutant emission. The control variables of urban environ-
mental governance include comprehensive utilization rate of industrial solid
waste, harmless treatment rate of domestic waste, treatment rate of urban
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domestic sewage and government financial expenditure, which reflect the
environmental regulation constraints of pollutant discharge. All the sample
variables mentioned above are from China Urban Statistical Yearbook and
other relevant text data, from which panel data sets of 285 prefecture-level
cities from 2002 to 2016 are collected. Descriptive statistics and description
of selected variables are shown in Table 1.

4 Empirical Results and Analysis

4.1 Basic Regression Result

In the Table 2, Panel A, part of the results are the baseline regression results
of the impact of economic financialization on pollution reduction, however,
Panel, part of the results show the heterogeneity of pollution abatement
effects at different levels of economic financialization. Hausman Of models
(1) to (6), the test statistical results reject the null hypothesis that individual
effects are independent of explanatory variables, so panel data fixed effects
model is used for estimation. In the reference regression of Panel A, the
gradual addition of economic development and environmental governance
control variables has no influence on the results of pollution reduction effect
of economic financialization. The results of models (1) to (3) show that the
process of economic financialization can effectively reduce the discharge of
industrial wastewater. When all control variables are added, if the ratio of
the balance of deposits and loans of financial institutions to GDP increases
by one percentage point, the increment of industrial wastewater discharge
will decrease by 0.186% compared with the previous period. A similar
conclusion exists for the emission reduction effect of sulfur dioxide. Models
(4) to (6) show that the process of economic financialization can also sig-
nificantly reduce the emission of sulfur dioxide. When all control variables
are included, an increase in the ratio of outstanding deposits and loans of
financial institutions to GDP by one percentage point will reduce the increase
of sulfur dioxide emissions by 0.147% over the same period. Panel, part
of the benchmark regression results prove the reduction effect of economic
financialization on industrial wastewater and sulfur dioxide under the full
sample. However, Wen Shuhui and Zhang Yibo (2020), when discussing the
relationship between financial development and economic growth efficiency,
believe that financial development has heterogeneity among different eco-
nomic levels and resource endowments [14, 15]. Therefore, Panel B further
investigated the heterogeneity of pollution reduction effect of economic
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financialization, and divided the whole sample into three types of cities with
low financialization, medium financialization and high financialization by
using three equal points. Models (7) to (9) reflect the emission reduction
effect of economic financialization of three types of cities on industrial
wastewater. Cities with high financialization can significantly reduce the
discharge of industrial wastewater, while the index coefficients of cities
with medium financialization and low financialization are negative but not
statistically significant. In addition, models (10) to (12) show the emission
reduction effect of the economic financialization of the three types of cities.
Only the cities with high financialization can effectively control the increment
of sulfur dioxide emissions, while the economic financialization of other
types of cities has no significant impact on the emission reduction of sulfur
dioxide.

4.2 Robustness Test

The basic regression results are not enough to support the conclusion that eco-
nomic financialization has emission reduction effect on industrial wastewater
and sulfur dioxide, and other methods are needed to test the robustness of the
study (as shown in Table 3). Considering the siphoning effect of the four large
first-tier cities (Beijing, Shanghai, Guangzhou and Shenzhen) on economic
resources, the process of financialization is more characteristic than other
cities (including the policy impact, headquarters effect and agglomeration of
listed companies, etc.), so in part A of the Panel model in Table 3 (1) and (2) to
cut out the four cities of Beijing, Shanghai, Guangzhou and Shenzhen before
estimates [16]. The results show that the ratio of the balance of deposits and
loans of financial institutions to GDP will increase by one percentage point
on average, the increment of industrial wastewater discharge will decrease
by 0.182%, and the increment of sulfur dioxide emission will decrease by
0.153%. This is consistent with the results of basic regression, which further
indicates that economic financialization has emission reduction effect on
industrial wastewater and sulfur dioxide.

Economic financialization process is the financial system in the national
economy gradually dominate the process of financial institutions deposit and
balance the proportion of the GDP index though to some extent can intuitively
reflect the connotation of economic financialization, but in another important
macro level, the financial institutions in the workforce need to continue
to explore whether there is a steady results. In The model (3) and (4) of
Panel A in Table 3, explanatory variables are replaced by the number of
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employees in financial institutions. The results show that the increment of
industrial wastewater discharge will decrease by 0.700% and the increment
of sulfur dioxide emission will decrease by 0.0709% in the same period. The
regression results after the substitution of core variables in the samples show
that the economic financialization has emission reduction effect on industrial
wastewater and sulfur dioxide from another perspective.

In early 2012, the China Banking Regulatory Commission (now the China
Banking and Insurance Regulatory Commission) formulated the Green Credit
Guidelines to promote the development of green credit in banking oriented
financial institutions, actively adjust their internal credit structure and cap-
ital flow, and actively support the work of energy conservation, emission
reduction and environmental protection. Su Dongwei and Lian Lili (2018)
constructed a quasi-natural experiment and found that interest-bearing debt
financing and long-term debt of heavily polluting enterprises decreased sig-
nificantly, as well as their business performance, indicating that green credit
has significant financing penalty effect and investment inhibition effect [17].
At the same time, Chen Xingxing et al. (2019) also found that green credit
policies make it more difficult for heavily polluting enterprises to obtain
bank loans, thus forming green credit constraints to promote environmental
governance investment of heavily polluting enterprises [18].

In Panel B of Table 3, this paper investigates the effect of emission
reduction on industrial wastewater and sulfur dioxide before and after the
implementation of green Credit Guidelines, that is, before and after 2012.
The results show that the process of economic financialization can effectively
reduce the discharge of industrial wastewater, whether before or after the
implementation of the policy. However, after the implementation of the pol-
icy, the emission reduction effect is significantly improved. Every percentage
point increase in the ratio of the balance of deposits and loans of financial
institutions to GDP, the increment of industrial wastewater discharge after
2012 will be further reduced by 0.176% than before. In terms of the emission
reduction effect of SULFUR dioxide, the emission reduction effect of eco-
nomic financialization before the implementation of green Credit Guidelines
is statistically insignificant, but the process of economic financialization after
the implementation of green Credit Guidelines can effectively reduce sulfur
dioxide emissions. When the proportion of the balance of deposits and loans
of financial institutions in GDP increases by one percentage point, In the same
period, the increase of sulfur dioxide emissions will be reduced by 0.656%
compared with the previous period, which is more obvious than the policy
effect of industrial wastewater reduction.
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Table 3 Robustness test of the impact of economic financialization on pollution reduction
Eliminate “Beijing, Substitution

Eliminate “Beijing, Shanghai, Substitution of
Guangzhou and Shenzhen” Core Variables
Industrial Sulfur Industrial Sulfur

Wastewater Dioxide Wastewater Dioxide
Reduction Abatement Reduction Abatement

Panel A Sample Data Transformation Model (1) Model (2) Model (3) Model (4)

Ln finan −0.182*** −0.153**
(0.0612) (0.0754)

Ln work f −0.0700* −0.0709*
(0.0329) (0.0369)

Constant 2.052*** 2.923*** 1.340** 2.065***
(0.727) (0.894) (0.602) (0.745)

Economic development variable YES YES YES YES
Environmental governance variables YES YES YES YES
Observations 2898 2896 3005 3001
F Statistics 9.37 19.39 12.11 25.68
R-squared 0.0313 0.0628 0.0386 0.0786

Industrial Wastewater Sulfur Dioxide
Wastewater Reduction Dioxide Abatement

Before 2012 After 2012 Before 2012 After 2012
Panel B Green Credit Guidelines Model (5) Model (6) Model (7) Model (8)

Ln finan −0.144* −0.320* 0.122 −0.656***
(0.0803) (0.192) (0.0939) (0.230)

Constant 1.195 4.233* −0.633 10.53***
(0.976) (2.165) (1.145) (2.555)

Economic development variable YES YES YES YES
Environmental governance variables YES YES YES YES
Observations 2023 1177 2015 1177
F Statistics 1.68 6.64 7.64 16.61
R-squared 0.0087 0.0633 0.0384 0.1447

Note: ***, **, and * are significant at the level of 1%, 5%, and 10% respectively. Standard error
indicates in brackets.

4.3 Indirect Effect Analysis

From the perspective of historical evolution, the essence of the emergence
and product innovation of any financial institution, whether it is the currency
“Jiaozi” used in early China or the shares issued by the East India Company,
is to promote the major reform and development of the real economy under
specific historical conditions, especially in technological research and inno-
vation. Table 4 presents the test of the indirect effect of innovation-driven
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development based on the basic regression of the relationship between eco-
nomic financialization and pollution reduction effect. Among them, models
(1) to (6) of Panel A are methods for testing regression coefficients step by
step [19]. Panel B is Sobel-Goodman test and self-sampling test [20]. As for
the measurement index of innovation-driven development, this paper uses
the urban innovation index in the Report on Chinese Cities and Industrial
Innovation 2017 published by the Industrial Development Research Center
of Fudan University to replace it [21], examines the path transmission mech-
anism of urban innovation capacity as an indirect variable between economic
financialization and pollution reduction effect. The index uses the legal status
update information of micro-authorized invention patents from SIPO and the
cost structure of invention patents in different years. The patent update model
is used to calculate the value weighting coefficient to obtain the total annual
patent value of the city. Results showed that in test model (1) step by step to
verify the city innovation ability and potential positive relationship between
economic financialization, at the same time through the model (2) and (3)
statistical significance indicates that the city innovation ability of industrial
wastewater emissions of economic financialization indirect role fully, but for
economic financialization have indirect effects on the sulfur dioxide emission
reduction is still uncertain. However, further Sobel-Goodman test and the
test coefficient after 1000 times of sampling show that urban innovation
ability not only plays an indirect role in the emission reduction effect of
industrial wastewater (effect ratio is 73.02%), but also has an obvious indi-
rect effect on the emission reduction effect of sulfur dioxide (effect ratio
is 95.11%). The indirect effect test of models (1) to (3), Sobel-Goodman
and self-sampling proves the influence path of economic financialization to
reduce pollution emissions by providing financial support for technological
innovation.

On the other hand, according to the analysis of the theoretical mechanism
above, one possible path for economic financialization to support innovation-
driven development and achieve pollution reduction targets is to change the
original production mode of enterprises. Therefore, this paper further adopts
the industrial robot application data provided by the International Federation
of Robotics (from 2012 to 2016), and measures the robot density by compar-
ing the increase scale of robots at the industry level with the number of urban
unit labor force [22], then the regional average value is calculated to represent
the degree of enterprise’s change in production mode. The results show: In the
test model (4) step by step to verify the robot potential positive relationship
between the density and economic financialization, at the same time through
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the model (5) and (6) statistical significance indicates that robot density for
economic financialization have indirect effects on the industrial wastewater
emissions is still not sure, the economic financialization have indirect effects
of sulfur dioxide emissions will be completely. At the same time, further
Sobel-Goodman test and the test coefficient after 1000 times of sampling also
indicate that robot density has no indirect effect on the emission reduction
effect of industrial wastewater, but plays an indirect variable influence on
the emission reduction effect of sulfur dioxide (the effect ratio is 21.62%).
Therefore, as an important feature of production mode adjustment, the use or
application of robots has a certain indirect effect on the pollution reduction
effect of economic financialization, which is mainly aimed at sulfur dioxide
reduction.

5 Research Conclusions and Implications

During the third group study session of the Political Bureau of the CPC
Central Committee, General Secretary Xi Jinping stressed that in building
a modern economic system, modern finance should constantly enhance its
ability to serve the real economy. The main content of this study is the
effect of economic financialization on the reduction of industrial wastewater
and sulfur dioxide and the indirect effect mechanism of innovation-driven
development in the relationship between the two. The results show that:
firstly, the process of economic financialization has obvious pollution reduc-
tion effect, especially in cities with higher financialization degree. Finance
promotes industrial transformation and upgrading and foreign economic
and trade opening, thus reducing industrial wastewater and sulfur dioxide
emissions. Moreover, sample data transformation and robustness test of
green credit policy further support the above research results. Secondly,
innovation-driven development represented by urban innovation capacity
and robot usage density has a partial indirect effect on pollution reduction
of economic financialization. Financialization of the economy has reduced
industrial wastewater and sulfur dioxide emissions by providing funding for
R&D and innovation, but the use of robots as a modification of production
methods has mainly an indirect effect on sulfur dioxide reduction.

Finance plays a central role in the rational distribution of idle social
funds. It plays a role in facilitating capital financing and flow, and is also
playing an important role in promoting environmental protection and pol-
lution prevention and control. The research on pollution reduction effect of
economic financialization not only presents empirical facts but also reflects
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many problems worth thinking about: First of all, there is the unbalanced
allocation of resources in the process of economic financialization. There is
an obvious gap in financial resources enjoyed by different cities. Eastern
cities are more developed than central and western cities, and provincial
cities are more developed than non-provincial cities. Secondly, the interaction
between economic financialization and innovation-driven development not
only contributes to the transformation, upgrading and dynamic evolution of
urban industrial structure, but also facilitates the realization of the policy goal
of pollutant control and emission reduction, which endow innovation-driven
development with a new mission in high-quality economic growth. Finally,
the change of production organization mode caused by technological research
and development innovation, the use and application of automation equip-
ment or the updating and transformation of production links has become an
important way to reduce pollution in the industrial field, and the technology
biased towards cleaner production should be the primary driving force.
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