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Abstract: This study selects the entropy method to measure the comprehensive index of green finance
and 2011–2020 panel data covering 283 cities in China; describes spatial and temporal evolution, the
migration of the centre of gravity, and discrete trends in green finance and urban haze pollution;
and empirically examines the effect of green finance on urban haze pollution using static and
dynamic spatial Durbin models. The study revealed that Chinese urban haze pollution significantly
decreased during the sample period and that the hotspot emission area shifted to the northeast.
Green finance experienced significant advancement, transitioning from a lower stage to a higher stage
and becoming more geographically focused. Green finance mainly suppresses urban haze pollution
through spatial spillover effects, and such spatial spillover effects change from positive to negative
over time. Regarding regional heterogeneity, the effect on the western region is positive, the effects
on the central and eastern regions are negative, and there is a spatial spillover effect “from promotion
to inhibition” in the eastern region. Due to the heterogeneity in resource endowments, green finance
in nonresource-based cities has a greater impact on haze pollution than does green finance in other
cities, and in the long term, it has a significant inhibitory effect on haze pollution. This study reveals
the effect of green finance on urban haze pollution from a dynamic perspective and, in doing so, it
not only provides a new path for joint governance of haze pollution between cities but also provides
more accurate guidance for the government to formulate policies for different regions and regions
with different resource endowments.

Keywords: green finance; haze pollution; spatial spillover effects; dynamic SDM

1. Introduction

Since its reform and opening up, China’s economy has developed rapidly, but its long-
standing extensive development has led to serious haze pollution problems. According
to a report published by the Chinese Ministry of Ecology and Environment, the PM2.5
concentration in 337 cities and regions in China in 2019 was 36 µg/m2, which represents
46.6% of the total cities surpassing the set air quality standards. This finding indicates that
the haze pollution situation, which is caused mainly by PM2.5, is still very serious. In this
situation, it is imperative for society to expedite the shift in the approach to development
to achieve sustainable and environmentally friendly progress. The modern economy relies
heavily on finance, and strong financial support is indispensable for the advancement
of green development. The green finance system was initiated in February 2012 when
the China Banking Regulatory Commission (CBRC) released the ‘Guidelines on Green
Credit’, serving as a programmatic document for green credit in the banking sector. In
2016, the ‘Guiding Opinions on Establishing a Sustainable Financial System’ were issued
by the People’s Bank of China (PBoC) and various other ministries and commissions.
These opinions provided clear guidelines for the development of a green finance system
and outlined the necessary steps to be implemented. Through a sequence of institutional
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arrangements, China has successfully developed a comprehensive green finance product
and market system comprising green loans, green bonds, green funds, and carbon finance
products. As of the third quarter of 2022, the size of China’s green indexed investment
funds surpassed RMB 130 billion, marking 16% growth compared to the previous year’s
corresponding period. China’s green loans surpassed RMB 22 trillion by the conclusion
of 2022, constituting approximately 10% of the total loan balance. The size of China’s
domestic and international green bond inventory reached approximately RMB 3 trillion,
with expectations for further expansion in issuance. China has made remarkable progress in
the field of green finance, making positive contributions to promoting green and sustainable
development. As the green finance system continues to mature, it has emerged as a crucial
instrument and method for fostering sustainable economic growth. Can the development of
green finance, as a novel form of environmental governance, mitigate urban haze pollution?
What are the temporal and regional differences in this impact mechanism?

In recent years, scholars have conducted extensive research on haze pollution and
found that the causes of haze pollution are complex, including natural and human factors.
After analysing a large number of haze samples, it was found that human factors such as
industrial exhaust emissions and energy consumption are the main causes of urban haze
pollution [1,2]. In addition, some studies have specifically pointed out that the combustion
source of fossil fuels is also an important source of haze pollution [3]. Interestingly, some
scholars have proposed the “green paradox” effect, that is, the announcement of climate
policies may promote the extraction and combustion of fossil fuels, which not only fails to
improve environmental quality but also leads to the intensification of haze [4]. By analysing
the causes of haze pollution, scholars are attempting to explore ways to improve urban haze
pollution. Previous research has also indicated that urban innovation has the potential to
greatly diminish haze pollution through two channels: energy consumption and industrial
agglomeration [5,6]. Furthermore, Fei et al. [7] found an inverted U-shaped relationship
between urban innovation efficiency and haze pollution, but currently, China’s urban inno-
vation efficiency has not reached a turning point. In addition, existing research has found
that foreign direct investment [8], digital finance [9], manufacturing agglomeration [10],
and urban density [11,12], as well as new urbanization construction [13], digital develop-
ment, environmental regulation, technological innovation, and an advanced industrial
structure are all beneficial for improving haze pollution [14,15]. Some scholars also believe
that investing in environmentally friendly transportation infrastructure, levying reasonable
environmental taxes, establishing an environmental negotiation system with the Ministry
of Ecology and Environment, and expanding local government environmental expenditure
can also promote the governance of haze pollution [16–18].

With the further deepening of research on haze pollution control, “green finance” is
gradually emerging. As a new trend in the development of the financial industry, green
finance is a product of the combination of traditional finance and green transformation. It
introduces environmental factors into financial innovation, which can better achieve the
dual goals of economic development and environmental protection while achieving rapid
economic development compared to traditional finance. From a macro perspective, green
finance can guide internal funds in the financial system to tilt towards the green sector
and help attract a large amount of social funds to support the development of the green
sector. From a micro perspective, green finance can not only strengthen the supervision
and management of fund utilization by financial institutions but also enhance their own
environmental responsibility efficiency. Research has shown that green finance does indeed
have a promoting effect on ecological environment protection [19–22]. On the one hand,
green finance can promote ecological environment protection through the allocation of
financial resources [23,24]. Compared to traditional finance, green finance will restrict the
funding supply of high-polluting and energy-consuming enterprises by raising interest
rates and other means, increase their pollution costs, force enterprises to undergo green
transformation and upgrading, promote heavy-polluting enterprises to reduce industrial
emissions, and improve urban haze. On the other hand, according to the theory of ex-
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ternalities, green finance takes into account the negative externalities of the environment,
providing credit support for green and low-carbon projects, guiding funds from “three
highs” production capacity to green production capacity, solving financing problems for
enterprises with significant environmental benefits, encouraging green technological in-
novation and transformation, and reducing the emissions of haze pollutants from the tail
end [25]. The improvement effect of green credit policies on air quality also proves this
conclusion [26]. In addition, green finance is also beneficial for improving ecological wel-
fare performance and promoting industrial green transformation and development [27,28].
Research based on the Yangtze River Economic Belt has shown a high degree of coupling
and coordination between green finance and industrial green development [29], which
provides indirect evidence for green finance to improve urban haze. Furthermore, in terms
of promoting environmental protection through green finance, existing research mainly
posits that green finance helps to control environmental pollution through the optimized
allocation of financial resources, signal transmission [30], industrial structure optimization
and upgrading [31], environmental regulation [32], green total factor productivity [33,34],
and enterprise green innovation [35].

It can be found that urban haze pollution and the environmental effects of green
finance are two major focuses of academic discussion, and their rich research results
constitute an indispensable reference for this study. Nonetheless, the studies of urban haze
pollution and green finance in academia are predominantly disjointed. Concerning the
impact of green finance on urban haze pollution, particularly its potential to mitigate such
pollution, numerous studies have presented a plethora of indirect evidence and valuable
insights. However, only a limited number of articles have directly addressed this question.
In this study, the influence of green finance on urban haze pollution is extensively examined
utilizing comprehensive urban panel data from 2011 to 2020. Exploring these issues is
not only conducive to enriching the content of research on green finance but also holds
practical significance for promoting ecological environment improvements and sustainable
development. Compared with existing studies, this study makes two contributions:

(1) This study clarifies the environmental effects of green finance on urban haze problems.
With the continuous deepening and enrichment of research on green finance, there
is currently no research indicating the direct effect of green finance on urban haze
pollution. This article delves into the research on whether green finance can suppress
urban haze pollution, enriching the current research status of green finance and
providing a new path for improving urban haze pollution.

(2) This study enriches the empirical analysis of green finance and urban haze issues.
There is no clear and unified standard for the construction of indicators for green
finance in existing research. Based on attempts to construct indicators for the green
finance system, this article establishes static and dynamic spatial Durbin models to
dynamically analyse the impact of green finance on urban haze pollution from the
perspective of spatial spillovers. In addition, this article also explores the differences
in the impact of green finance on urban haze pollution from the perspective of regional
location and resource endowment level. This not only provides a new path for the
joint governance of haze pollution between cities but also provides more accurate
guidance for the government to formulate policies.

The subsequent sections of this paper are structured as follows: Section 2 provides
the theoretical analysis and hypotheses. Section 3 presents the methods, variable selection
methods, data sources and descriptive statistics used in this study. The empirical results
are analysed in Section 4. In Section 5, the impact of green finance on urban haze pollution
is analysed by considering regional variations and differences in resource endowment.
Conclusions and policy implications are drawn in Section 6.
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2. Theoretical Analysis and Hypotheses
2.1. The Direct Influence of Green Finance on the Haze Pollution Mechanism

As an economic incentive mechanism, green finance policy can not only reduce en-
vironmental pollution and promote the improvement of ecological benefits but also pro-
vide financial support for the green industry and promote the optimization of industrial
structure [36]. As a financial tool, green finance not only meets the financial industry’s
requirements for capital allocation but also meets the financial industry’s requirements for
economic growth, economic development, employment, and environmental protection.
Initially, the allocation of financial resources helps in decreasing haze pollution. Following
the adoption of green finance policies, financial institutions show a greater preference
for allocating financial resources to projects that promote environmental protection. The
environmental protection situation has become an important basis for financial institutions
to conduct credit approval and loan disbursement, and energy-saving and environmentally
friendly enterprises and projects have lower financing thresholds and credit costs. In
contrast, heavily polluting enterprises and projects have greater financing constraints and
credit costs [37]. Financial institutions provide differentiated financing to enterprises on
the basis of green environmental protection [38]. Furthermore, financial establishments
enforce penalizing interest rates and funding restrictions for heavily polluting businesses to
curb the unchecked growth of energy-intensive and environmentally harmful enterprises
through elevated financing expenses. In the face of high financing costs under green fi-
nance policy, enterprises will pay more attention to green production and actively carry
out green transformation and upgrading [39]. Resources can flow from “three highs” (high
consumption, high emission, and high pollution) production capacity to green produc-
tion capacity, ultimately reducing haze pollution. Furthermore, the implementation of
eco-friendly technology helps decrease haze pollution. Eco-friendly finance offers essential
funding for green businesses to conduct technological advancements, thereby enhanc-
ing eco-friendly technological innovation [40]. The aim is to decrease the release of haze
pollution at its origin. Improvements in green technological innovation also promote
environmental protection and green development overall and inhibit urban haze pollution
overall. Third, haze pollution is reduced by promoting green consumption. The various
green finance-related products launched by financial institutions under the Green Finance
Policy have expanded the channels for ordinary residents to allocate green assets, and
the assistance of ordinary residents in environmental protection has also been achieved.
Moreover, the preferential interest rates and differentiated financing channels implemented
by green finance to promote green consumption not only release the intrinsic potential of
green consumption but also help to enhance residents’ green consumption concepts and
change their consumption preferences [41]. With green consumption improving, the “three
highs” industry can become a green industry, promoting changes in the structure of energy
consumption and ultimately protecting the ecological environment and reducing urban
haze. Therefore, the following hypothesis is proposed in this paper:

Hypothesis 1. The growth of green finance has a negative effect on urban haze pollution; in other
words, the advancement of green finance mitigates the occurrence of urban haze pollution.

2.2. The Spatial Impact of Green Finance on Haze Pollution: Understanding the Mechanism

The analysis above illustrates that the development of green finance suppresses local
haze pollution. From the perspective of spatial location, the development of green finance
also depends on the interaction of neighbouring regions. Urban haze pollution is dynamic
and changing; will green finance have a spatial impact on urban haze pollution? First, green
finance affects haze pollution in neighbouring areas by influencing local haze pollution.
PM2.5, the primary component of urban haze pollution, affects haze pollution in the air
for an extended period due to its minute particle size and high mobility. Due to differ-
ences in the concentration of PM2.5, PM2.5 often tends to diffuse from high-concentration
areas to low-concentration areas. In addition, coupled with the cross impact of climate
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and wind direction, the urban haze pollution concentration in high-pollution areas affects
surrounding areas. As the haze pollution in a region becomes more severe, the diffusion
force to neighbouring regions increases, thereby worsening the haze pollution in those
neighbouring regions. Second, green finance affects haze pollution in neighbouring areas
by influencing green finance in neighbouring areas. First, financial institutions have more
convenient conditions for information exchange, business cooperation, technology, and tal-
ent sharing based on their geographical advantages, and they can also share infrastructure
to reduce costs. The convenience of a geographic location is conducive to the interaction
of green finance in neighbouring regions, and the spatial spillover effect generated by the
development of green finance leads to the common development of green finance in a
region and neighbouring regions through the “cooperation mechanism”. With the gradual
accumulation of green finance resources, the green finance system will gradually improve,
and cities with better green finance development will play a leading role as the “head
geese”. By means of the ‘trickle-down effect’, the local area’s green finance development
mode and infrastructure will extend to surrounding regions, thereby fostering the growth
of green finance in adjacent areas. As a result of the “siphon effect”, a mature green fi-
nance system in a region will attract talent, technology, and capital from neighbouring
regions. The development of a green finance system should be expedited by neighbouring
regions for their own progress, thereby promoting the advancement of green finance in
neighbouring areas. Therefore, this paper proposes the following hypothesis:

Hypothesis 2. The spatial spillover effect of green finance on haze pollution means that the growth
of green finance affects haze pollution in nearby regions.

2.3. The Diverse Effects of Environmentally Friendly Financing on Air Pollution

Urban haze pollution is generated by a combination of natural and human factors
when considering regional influences. First, China possesses an extensive landmass, ex-
hibiting notable variations in geographical locations and topography across its cities. The
effect of natural factors on haze pollution varies in each region, and the difficulty of haze
pollution control varies. Second, the industrial production of wastewater and gas and
other human factors can also cause serious urban haze pollution. Human factors primarily
demonstrate the influence of green finance on urban haze. Hence, the impact of urban
haze pollution control in highly industrialized eastern and central regions might be more
substantial than the impact of pollution caused by natural elements such as the terrain
and geography in the western area. From the perspective of resource endowment condi-
tions, resource-based cities with natural resource extraction and processing as the leading
industries often face a double resource curse effect involving the economy and the envi-
ronment [42]. Moreover, resource-based cities have a geographical “lock-in” effect, and as
with general manufacturing industries, their leading industries have difficulty promoting
the green upgrading of their own industrial structure through direct compression of the
industrial scale or industrial transfer [43,44]. The haze reduction effect of green finance
may be limited in resource-based cities compared to nonresource-based cities due to their
unique characteristics. Therefore, in this paper we propose the following hypotheses:

Hypothesis 3. The effectiveness of green finance in controlling haze pollution varies across
different regions.

Hypothesis 4. The impact of green finance on haze pollution varies depending on the availability
of resources.

3. Methodology
3.1. Elliptical Shape Representing the Standard Deviation

The standard deviational ellipse is a statistical method used to reveal the spatial
directional characteristics of economic geographic elements. The aim of this paper is to
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utilize this approach to depict and investigate the path of the shift and distinct pattern of
the focal point of haze pollution and the advancement of green finance throughout the
specified duration. The equations are stated as follows:
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where (x, y) are the coordinates of the centre of gravity, wi is the weight of city i, (xi, yi) are
the coordinates of the centre of gravity of the city, (x̃l , ỹl) represents the difference between
(xi, yi) and the coordinates of the centre of gravity, σx, σy are the standard deviations of the
major and minor axes of the ellipse, tan θ is the angle of direction of the spatial distribution,
and S is the area of the ellipse.

3.2. Benchmark Model

Initially, a preliminary examination was carried out to assess the impact of green
finance on pollution control and emission reduction. The construction of a fundamental
model is performed in the following manner:

PMit = α0 + α1GFit + α2CVit + µit + υit + εit (4)

In addition, each sample city is represented by subscript i; time is represented by t; haze
pollution is represented by PM; green finance development is represented by GF; a series of
control variables that measure the level of economic development, technology investment,
population density, human resources, government intervention, and infrastructure are
represented by CVs; factors that do not change over time in each city to control for regional
fixed effects are denoted by µ; the observed specific time effect independent of the region is
denoted by ν; and the error disturbance term is denoted by ε.

3.3. Spatial Econometric Model

Under various coefficient settings, the spatial Durbin model (SDM), a comprehensive
model for addressing spatial correlation, can be converted into a spatial autoregressive
model (SAR) and a spatial error model (SEM). Furthermore, when conducting panel data
analysis, panel models can be classified as fixed-effects (FEs) or random-effects (REs) models
based on the presence or absence of correlations between the unobserved individual effects
and the error term. The FE model always satisfies the large-sample asymptotic consistency
condition, regardless of whether the individual effects are correlated with the error term.
To put it differently, the FE model is fitting. In summary, the fixed-effect SDM is better
suited for the investigation conducted in this study. Therefore, the SDM was constructed in
this paper, as shown in Formula (5):

PMit = α + τPMi,t−1 + ρWij PMjt + δWij PMj,t−1 + β1GFit + β2WijGFjt

+θXit + γWij Xjt + µi + ϑt + εit
(5)



Sustainability 2024, 16, 4455 7 of 22

The equation includes PMit, which represents the urban haze pollution index of city i
in period t; PMi,t−1, which represents the urban haze pollution index with a one-period
lag; GFit, which represents the green finance index of city i in period t; and Xit, which
represents the set of control variables. The intercept term is denoted by, the coefficient
for the time lag term is denoted by, the spatial lag term coefficients for each variable are
denoted by, the coefficient for the time lag term is denoted by β1 and θ, the coefficients for
each variable are denoted by µi, the spatial effect is denoted byµi, the temporal effect is
denoted by ϑt, the error term is denoted by εit, and the spatial weight matrix is denoted
by Wij. The foundation of this research is the spatial weight matrix that is nested both
economically and geographically.

3.4. Spatial Autocorrelation

To analyse the spatial clustering of haze pollution and green finance in Chinese cities,
Moran’s I (6) is utilized. The corresponding formulas are as follows:

I =

n
∑

i=1

n
∑

j=1
wij(xi − x)(xj − x)

S2
n
∑

i=1

n
∑

j=1
wij

(6)

The haze pollution indices of city i and city j are denoted by xi and xj, respectively, in a
sample of n areas. The sample variance is represented by S2, and the spatial weight matrix
for geographic distance is wij. Moran’s I is in the range of [−1, 1]. A positive correlation in
global space is indicated by an index greater than 0, while a negative correlation is indicated
by an index less than 0. A random distribution is indicated by an index infinitely close to 0.

3.5. Spatial Weight Matrix

To test the reliability of the results, the spatial econometric model utilizes a bi-
nary spatial adjacency matrix along with the inverse distance matrix and the economic
distance matrix.

Spatial adjacency matrix:

Wij =

{
1, region i is adjacent to region j

0, region i is not adjacent to region j
(7)

Inverse distance matrix:

Wij =

{ 1
dij

, region i is adjacent to region j

0, region i is not adjacent to region j or i = j
(8)

Matrix nested within an economic and geographic context:

Wij =


1

|GDPi−GDPj| , i ̸= j

0, i = j
(9)

The distance between the centroids of cities i and j is represented by dij in the inverse
distance matrix. In the economically and geographically nested matrix, GDPi and GDPj are
the mean values of GDP for cities i and j in the sample period, respectively.

3.6. Variable Selection
3.6.1. Dependent Variables

Haze pollution (PM), also known as PM2.5, refers to the presence of particulate matter
2.5 microns or less in size that is suspended in the atmosphere and is primarily responsible
for the occurrence of haze. PM2.5 is mainly derived from first the direct emission of
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atmospheric pollutants, such as wastewater and gas discharged from the production of
heavy pollutants, energy combustion and other pollutant emissions; second, fine particulate
matter is generated from nitrogen oxides, sulphides and other volatile substances that
remain in the atmosphere. The haze pollution data utilized in this study were derived
from measurements conducted by the Atmospheric Composition Analysis Group, which
assesses the worldwide PM2.5 concentration at the Earth’s surface. Raster data are used as
the source data in this study, where the data are matched with information on prefecture-
level cities in China; this enables the acquisition of annual average haze data for 283 cities
in China spanning from 2011 to 2020. In the robustness test, sulphur dioxide (SO2) and
nitrogen dioxide (NO2) emissions are used.

3.6.2. Factors That Are Not Influenced by Other Variables

Green Finance (GF): Currently, there is no standardized assessment of green finance.
In accordance with the “Guiding Opinions on the Construction of a Green Finance System”,
a green finance evaluation system was developed in this paper. Table 1 displays the
categorization of green finance into seven indicators. By utilizing the entropy weight
technique, the weights of the seven green finance indicators were determined, enabling the
calculation of the comprehensive green finance index for 283 Chinese cities spanning from
2011 to 2020.

Table 1. Green finance measurement index system.

Level 1 Indicators Characterization of Indicators Variable Measurement

Green Credit Percentage of credits for
environmental projects

Total amount of credits for environmental projects in
the city/total amount of citywide credits

Green Investment Investment in environmental pollution
control as a share of GDP Investment in environmental pollution control/GDP

Green Insurance Extent of the promotion of environmental
pollution liability insurance

Environmental pollution liability insurance
income/total premium income

Green Bond Extent of green bond development Total green bond issuance/total all bond issuance

Green Support Percentage of fiscal expenditure on
environmental protection

Fiscal environmental protection expenditures/fiscal
general budget expenditures

Green Fund Percentage of green funds Total market capitalization of green funds/total
market capitalization of all funds

Green Benefits Green equity development depth
Total amount of carbon trading, energy rights

trading, and emissions trading/total amount of
equity market transaction

3.6.3. Control Variables

Level of economic development (Pgdp): Haze pollution is significantly influenced by
the level of economic development. The level of economic development is measured by the
per capita gross domestic product of every city.

Investment in science and technology (It): Progress in science and technology (S&T)
is conducive to improving the efficiency of resource utilization and realizing industrial
transformation and upgrading, thus reducing the emission of haze pollution. To gauge the
extent of science and technology, the ratio of scientific and technological expenses to the
overall budgetary expenses of every city is employed.

Population density (Pd): Urban haze pollution is related to the population density
of the city in which it is located; the denser the population is, the greater the potential for
pollution. The population density is calculated by dividing the number of individuals at
the end of the year by the total land area of the city.

Level of government intervention (Gov): Government intervention plays a role in
supporting environmental protection at the macropolicy level, which in turn affects urban
haze pollution. Measuring the extent of government intervention involves using the
proportion of overall budget spending to regional GDP.
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Level of human capital (Hum): Enhancing the level of human capital promotes the
growth of enterprises’ total factor productivity, leading to a decrease in pollution emissions.
To gauge the extent of human resources, one can assess the ratio of individuals enrolled in
tertiary education institutions, including both undergraduate and junior colleges, to the
total population after the year.

Greening level (Gl): The greening level of cities is represented by the per capita garden
area and green coverage rate of built-up areas, accounting for the positive impact of forest
resources on air purification. The specific variable definitions are listed in Table 2.

Table 2. Meaning and explanation of variables.

Variable Type Indicator Selection Symbol Variable Measurement

Dependent Variable Haze Pollution PM
Matching the source data from the

atmospheric composition analysis group
with data on prefecture-level cities in China

Independent Variable Green Finance GF
The entropy weight method is used to
measure the comprehensive index of

green finance

Control Variable

Level of Economic
Development Pgdp GDP per capita in RMB (log)

Investment in Science
and Technology It

Fiscal expenditure on science and
technology (billion yuan)/general budget

expenditure (billion yuan)

Population Density Pd
Population at the end of the year

(10,000)/land area of the administrative
region (square kilometers)

Level of Government
Intervention Gov General budget expenditure (billion

yuan)/gross regional GDP (billion yuan)

Level of Human Capital Hum

Number of students enrolled in general
undergraduate and junior colleges

(persons)/population at the end of the year
(10,000 persons)

Greening Level Gl Per capita garden area and green space
coverage in built-up areas

3.7. Data Sources and Descriptive Statistics

The information regarding haze pollution in the selected urban areas is sourced from
the Atmospheric Composition Analysis Group, along with global measurements of PM2.5
concentrations at ground level. The source data are raster data. By matching the source
data with data on China’s prefecture-level cities, the average annual haze data for 283 cities
in China from 2011 to 2020 were obtained in this paper. The green finance data were
sourced from various publications, including the statistical yearbook of each city, the
China Environmental Yearbook, the China Insurance Yearbook, and the EPS database.
Additional data on control variables were obtained from the statistical yearbooks of China
as well as from each city. This paper matches the data provided above using city-time
information. Interpolation was used to fill in some of the missing values. However, the Tibet
Autonomous Region, which has significant missing data, was excluded from the analysis.
This article conducts research on panel data of the aforementioned variables and applies
logarithmic processing to some variables to eliminate the influence of heteroscedasticity.
Table 3 displays the statistical analysis for every variable.
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Table 3. Descriptive statistics.

Vars Observations Mean SD Min Max

GF 2830 0.328 0.102 0.064 0.637
PM 2830 42.300 15.120 11.61 108.5

Pgdp 2830 53,816 34,789 6457 467,749
It 2830 0.016 0.017 4.70 × 10−5 0.207

Pd 2830 440.800 349.6 5.093 2927
Gov 2830 0.203 0.103 0.044 0.916
Hum 2830 0.019 0.025 5.90 × 10−5 0.193

Gl 2830 17.690 7.367 1.370 60.070

4. Results and Discussion
4.1. The Development of Urban Haze Pollution and Green Finance over Time and Space

To depict the variations in regional air pollution and the progress of environmentally
friendly financial practices, in this study, ArcGIS software was employed to create a visual
representation of urban haze pollution and the extent of green finance in the years 2011
and 2020 (Figure 1). According to Figure 1, the urban haze pollution index increased in
2011, with a concentration of highly polluted cities in the Beijing–Tianjin–Hebei region and
certain cities in the central area of the nation. Moreover, the overall haze pollution trended
from areas where this pollution was concentrated in the middle to surrounding areas. From
2011 to 2020, the implementation of diverse environmental conservation measures and
eco-friendly regulations led to a substantial reduction in haze pollution across multiple
cities, with only a handful of cities in the central area experiencing severe haze pollution.
According to Figure 1, in 2011, the majority of cities had a green finance level less than
0.373, while only a few cities, including Beijing, Tianjin, and cities in the Yangtze River
Delta, exhibited a higher level of green finance. Moreover, green finance development in
the eastern seaboard was comparatively superior because China was in the early phase of
investigating green finance development. The policy framework and range of available
green finance products were still incomplete, and only a few economically advanced cities
made slight progress. Since that time, the policy framework for environmentally friendly
finance has been consistently enhanced, leading to the gradual establishment of a green
finance hub along the coast in 2020. This hub encompasses Beijing, Tianjin, the Yangtze
River Delta, and the Pearl River Delta as its central regions. The level of green finance in
some cities in the western region was also relatively high, and some cities in the central and
northeastern parts of the country were the main distribution areas with low green finance
values. During the sample period, the level of green finance showed a dynamic increase
from a low to a high level.

Figure 1. Cont.
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Figure 1. The progression of urban haze pollution and green finance over space and time. Note:
Images are based on standard maps downloaded from the Ministry of Natural Resources Standard
Map Service website (Review No.GS (2023)2762), without any alterations to the original map.

4.2. Migration of the Centre of Gravity and Discrete Trends in Urban Haze Pollution and
Green Finance

The position of the centre of mass can indicate the spatial arrangement of urban haze
pollution hotspots and areas with high values in green finance, whereas the standard
deviational ellipse can illustrate the spatial scattering of haze pollution and green finance.
The analysis of the movement and distinct patterns in the urban haze pollution and green
finance centres of gravity from 2011 to 2020 was conducted using ArcGIS10.8 software
(Figures 2 and 3).

Figure 2. The variation in haze across Chinese cities can be represented by the standard deviation
ellipse and the shift in the centre of gravity.

Figure 3. Green finance experiences changes in both the standard deviation ellipse and the centre
of gravity.



Sustainability 2024, 16, 4455 12 of 22

From 2011 to 2020, the centre of gravity of haze pollution moved from 113.919◦ E,
33.245◦ N to 114.142◦ E, 33.843◦ N and shifted approximately 69.651 km to the northeast,
indicating a trend of expansion of haze pollution source areas from the central region to the
northeast region. The central region primarily focuses on industries that rely on resources,
and the green development system is still incomplete. The inefficient development of
high-energy-consuming enterprises has exacerbated haze pollution. From the perspective
of the elliptical parameters, from 2011 to 2020, the ranges of change in the major and
minor half axes of the ellipse were 1039–1061 km and 693–729 km, respectively, and the
ranges of change in the rotation angle ranged from 25◦ to 27◦. The changes in various
parameters were relatively small, and the spatial pattern of haze pollution was basically
stable, with little change in the hotspots of haze pollution. Compared to that in 2011, the
elliptical oblateness in 2020 was greater, indicating that the spatial distribution of urban
haze pollution in 2020 was more convergent in the north–south direction, with an east–west
dominant spatial distribution.

The change range of the centre of gravity of green finance from 2011 to 2020 was
114.534◦ E, 32.859◦ N–114.543◦ E, and 32.861◦ N, with a slight shift to the northeast but
a very small amplitude. This finding indicates that the spatial pattern of green finance
development in China was relatively stable. From the perspective of the ellipse parameters,
the ranges of change in the major and minor half axes of the ellipse were 1180–1180 km and
703–697 km, respectively, and the ranges of change in the rotation angle ranged from 23◦ to
22◦. In 2020, the long semiaxis remained the same, while the short semiaxis and the area
of the ellipse decreased compared to those in 2011. This finding suggests that the spatial
pattern of China’s green finance development exhibited greater stability during 2020. In
2020, China’s green finance development exhibited increased spatial clustering, with the
predominant spatial distribution oriented along the north–south axis.

4.3. Baseline Effect Analysis

Table 4 displays the regression results for assessing the impact of green finance on
urban haze pollution using the baseline model (2) in the initial test. According to the data
presented in column (1) of Table 4, the regression coefficient for the impact of green finance
on urban haze pollution is −0.967, which is statistically significant at the 1% level. This
finding suggests that the development of green finance plays a role in mitigating urban haze
pollution, even without the inclusion of control variables. When control variables are added
one by one in columns (2)–(7), the regression coefficient for the impact of green finance on
urban haze pollution consistently shows a negative and statistically significant effect at the
1% level. This finding suggests that the development of green finance significantly inhibits
urban haze pollution; this could be attributed to the endorsement of green finance policies,
which not only support the growth of environmental protection businesses by providing
financial resources, broaden avenues for external funding, accelerate green technological
advancements, and corporate green conversion but also curb haze pollution emissions by
promoting eco-friendly consumption. The regression results for the benchmark demon-
strate that green finance effectively reduces urban haze pollution, thereby confirming the
first hypothesis proposed in this study.

Table 4. Benchmark regression results.

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

GF −0.967 ***
(0.0247)

−0.576 ***
(0.0248)

−0.530 ***
(0.0248)

−0.528 ***
(0.0247)

−0.328 ***
(0.0244)

−0.315 ***
(0.0241)

−0.299 ***
(0.0239)

Pgdp −2.539 ***
(0.0293)

−0.428 ***
(0.160)

−0.478 ***
(0.157)

−0.477 ***
(0.156)

−0.419 ***
(0.143)

−0.411 ***
(0.141)

−0.392 ***
(0.140)

Pgdp2 0.0270
(0.0797)

0.0480
(0.0782)

0.0489
(0.0780)

0.0114
(0.0714)

0.0195
(0.0705)

0.0221
(0.0698)



Sustainability 2024, 16, 4455 13 of 22

Table 4. Cont.

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

It 0.0454 ***
(0.00449)

0.0473 ***
(0.00451)

0.0272 ***
(0.00423)

0.0229 ***
(0.00420)

0.0206 ***
(0.00417)

Pd −0.137 ***
(0.0350)

−0.157 ***
(0.0321)

−0.220 ***
(0.0325)

−0.225 ***
(0.0322)

Gov −0.343 ***
(0.0155)

−0.326 ***
(0.0154)

−0.312 ***
(0.0153)

Hum −0.0733 ***
(0.00874)

−0.0666 ***
(0.00871)

Gl −0.0821 ***
(0.0114)

Constant 2.539 ***
(0.0293)

7.014 ***
(0.150)

7.356 ***
(0.151)

8.129 ***
(0.248)

7.988 ***
(0.227)

7.781 ***
(0.226)

7.846 ***
(0.224)

Observations 2830 2830 2830 2830 2830 2830 2830
Number of id 283 283 283 283 283 283 283

R-squared 0.376 0.541 0.558 0.561 0.632 0.642 0.649

Note: Robust standard errors are indicated by parentheses, while *, **, and *** represent significance at the 10%,
5%, and 1% levels, correspondingly.

4.4. Spatial Effect Analysis
4.4.1. Spatial Autocorrelation Test

Prior to conducting a spatial modelling analysis, it is necessary to perform a spatial
autocorrelation test to determine if there is spatial correlation among the variables. Using
Stata 15 software, the Chinese urban haze pollution index and green finance index were
subjected to the global Moran’s I test based on the nested spatial weight matrix that
considers economic and geographical factors. Table 5 displays the findings. During
the period of investigation, there was a noticeable positive spatial correlation between
urban haze pollution and the green finance indicator Moran’s I in China, as both values
exceeded zero. Furthermore, the Moran’s I for haze pollution demonstrated a general
upward pattern, suggesting a notable spatial correlation of urban smog in China, which is
progressively intensifying.

Table 5. Evaluation outcomes for Moran’s I coefficient.

Year PM GF

2011 0.185 *** 0.496 ***
2012 0.181 *** 0.542 ***
2013 0.188 *** 0.535 ***
2014 0.171 *** 0.579 ***
2015 0.218 *** 0.586 ***
2016 0.216 *** 0.550 ***
2017 0.185 *** 0.553 ***
2018 0.201 *** 0.543 ***
2019 0.203 *** 0.531 ***
2020 0.204 *** 0.542 ***

Note: *** denotes significance at the 1% level.

Through the use of a spatial weight matrix that is nested both economically and
geographically, this study delved deeper into examining the spatial clustering features of
urban haze pollution; this was accomplished by analysing a scatter plot of local Moran’s
I. In this paper, the data on urban haze pollution in 2011 and 2020 were used to construct
Moran’s I scatter plots of urban haze pollution via Stata 15 software, as shown in Figure 4.
The standardized PM represents the horizontal axis of the scatter plot, and the spatial lagged
value of PM represents the vertical axis of the scatter plot. In 2011 (left panel), the first
quadrant contained haze concentrations in 89 cities, and the third quadrant contained haze
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concentrations in 118 cities, accounting for 31.45% and 41% of the total samples, respectively.
In 2020 (right panel), the first quadrant contained haze concentrations in 134 cities, and
the third quadrant contained haze concentrations in 95 cities, accounting for 47.35% and
33.57% of the total samples. The findings indicate that the levels of haze in the majority of
Chinese cities are situated in the first and third quadrants. Haze pollution is distinguished
by the clustering of high concentrations and low concentrations, revealing a notable spatial
correlation. Therefore, it is imperative to delve deeper into the spatial impact of green
finance on haze pollution through the establishment of a spatial econometric model.

Figure 4. A Moran scatter plot depicting the presence of haze pollution in several years across 283 cities
in China.

4.4.2. Analysis of the Empirical Results of the Spatial Durbin Model

After the spatial correlation test, we needed to identify the spatial measurement model.
From the test results in Table 6, the LM test shows the existence of spatial effects, and
the selected samples can be estimated using spatial econometric models. The LR test and
Wald test showed that the spatial Dubin model was superior to the spatial lag model and
the spatial error model, and the Hausman test was used to determine whether the spatial
Dubin model should choose a fixed effect or a random effect; the spatial Dubin model chose
the fixed-effects model.

Table 6. Estimation results from the spatial Dubin model.

Test Type Null Hypothesis Statistics

LM test SEM 97.85 *** SDM
Robust SEM 32.87 ***

SAR 74.21 ***
Robust SAR 7.13 **

Hausman test Random effect 43.50 *** Fixed effect
Wald test SDM can be simplified to SEM or SAR 14.54 ** SDM

LR test SDM can be simplified to SEM or SAR 10.89 * SDM
11.23 *

Note: *, **, and *** represent significance at the 10%, 5%, and 1% levels, respectively.

In the economically and geographically nested spatial weight matrix, the static SDM
represents the spatial effects and spatial spillovers of green finance on haze pollution, which
are listed in Table 7. Regarding the independent variables, the negative coefficient of green
finance suggests a significant adverse impact on urban haze pollution. Consequently, the
development of green finance can effectively curb urban haze pollution, and Hypothesis l
is verified. The spatial term coefficient of green finance is highly significant, suggesting that
there exists a spatial impact of green finance on urban haze pollution. Hence, there is not
only an endogenous time lag effect and spatial interaction effect of urban haze pollution
but also an exogenous spatial interaction effect of green finance. Upon breaking down the
impact, it is evident that the regression coefficients for the direct effect, spillover effect,
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and overall effect on urban haze pollution are −0.0264, −0.259, and −0.285, respectively.
These coefficients are statistically significant at the 5%, 1%, and 1% levels, respectively. The
results suggest that green finance plays a significant role in reducing urban haze pollution.
Furthermore, this reduction has a spillover effect in terms of spatial impact, thus providing
preliminary evidence for Hypothesis 2. The magnitude of the indirect effect coefficient
is significantly greater than that of the direct effect coefficient, indicating that the total
effect primarily stems from the indirect effect. This finding suggests that, in the context of
the static SDM, the spatial spillover effect of green finance from neighbouring regions is
more significant than the spatial spillover effect within a region. Additionally, the primary
reason for green finance’s ability to reduce haze pollution is its indirect impact; this could
be attributed to the fact that the advancement of regional eco-friendly financing can impede
the occurrence of haze pollution in a specific area by enhancing ecological conservation
and promoting sustainable growth. Consequently, this effect can extend to adjacent regions
and generate spatial spillover effects that restrain haze pollution in neighbouring urban
areas. Furthermore, the progress of eco-friendly finance in a particular area can indirectly
impede haze pollution in adjacent areas by means of the transfer of monetary assets and
resource sharing to stimulate the advancement of eco-friendly finance in nearby regions.
Furthermore, the two pathways overlap, surpassing the direct impact of green finance on
urban haze pollution and confirming Hypothesis 2.

Table 7. Estimation results for the spatial Dubin model.

(1) (2) (3) (4) (5)
Vars Main Wx Direct Effect Spillover Effect Aggregate Effect

GF
−0.0144 * −0.120 *** −0.0264 ** −0.259 *** −0.285 ***
(0.0112) (0.0345) (0.0119) (0.0673) (0.0712)

Pgdp 0.310 −1.020 0.214 −1.502 −1.288
(0.592) (1.577) (0.626) (3.219) (3.556)

Pgdp2 −0.169 0.467 −0.124 0.650 0.526
(0.296) (0.788) (0.313) (1.608) (1.777)

It
−0.0236 *** −0.0343 ** −0.0284 *** −0.0955 *** −0.124 ***

(0.00611) (0.0141) (0.00605) (0.0280) (0.0302)

Pd
0.183 *** −0.0877 *** 0.184 *** 0.0193 0.203 ***
(0.00613) (0.0140) (0.00613) (0.0280) (0.0303)

Gov
−0.138 *** −0.115 *** −0.154 *** −0.376 *** −0.530 ***

(0.0182) (0.0399) (0.0189) (0.0756) (0.0821)

Gl
0.110 *** −0.109 *** 0.105 *** −0.101 * 0.00425
(0.0106) (0.0281) (0.0118) (0.0568) (0.0621)

Rho
0.528 *** 0.528 *** 0.528 *** 0.528 *** 0.528 ***
(0.0270) (0.0270) (0.0270) (0.0270) (0.0270)

Sigma2_e 0.0489 *** 0.0489 *** 0.0489 *** 0.0489 *** 0.0489 ***
(0.00133) (0.00133) (0.00133) (0.00133) (0.00133)

Observations 2830 2830 2830 2830 2830
R-squared 0.463 0.463 0.463 0.463 0.463

Number of id 283 283 283 283 283

Note: Robust standard errors are indicated by parentheses, while *, **, and *** represent significance at the 10%,
5%, and 1% levels, correspondingly.

Table 8 displays the establishment of a dynamic spatial panel model incorporating
the first-order lag term of urban haze pollution to account for the temporal inertia of haze
pollution. Even with the inclusion of the initial lag variable for urban haze pollution, the
spatial correlation among the predictor variables remains statistically significant; neverthe-
less, each of them exhibits a notably favourable spatial correlation in terms of immediate
impact, contradicting the spatial correlation estimation in the static model. The findings
suggest that relying solely on a stationary panel for assessing the spatial correlation of
urban haze pollution is inadequate. The inclusion of the first-order lag term of the inde-
pendent variable reveals a significant spatial correlation, suggesting that haze pollution is
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dynamic and continuous. The fixed model might not completely depict the real scenario,
implying the need to create a model that is adaptable.

Table 8. Dynamic Durbin model estimation results.

Vars

(1) (2) (3) (4) (5) (6) (7) (8)

Main Wx
Short-Term Effect Long-Term Effect

Direct
Effect

Spillover
Effect

Aggregate
Effect

Direct
Effect

Spillover
Effect

Aggregate
Effect

L.WPM
1.013 ***
(0.013)

L.PM
1.205 ***
(0.008)

GF 0.008 *
(0.005)

0.153 ***
(0.014)

0.029 ***
(0.005)

0.416 ***
(0.041)

0.445 ***
(0.043)

−0.033
(1.894)

−0.162
(1.896)

−0.194 ***
(0.016)

Control
variable YES YES YES YES YES YES YES YES

Rho
0.632 *** 0.632 *** 0.632 *** 0.632 *** 0.632 *** 0.632 *** 0.632 *** 0.632 ***
(0.016) (0.016) (0.016) (0.016) (0.016) (0.016) (0.016) (0.016)

Sigma2_e 0.008 *** 0.008 *** 0.008 *** 0.008 *** 0.008 *** 0.008 *** 0.008 *** 0.008 ***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

Observations 2547 2547 2547 2547 2547 2547 2547 2547
R-squared 0.701 0.701 0.701 0.701 0.701 0.701 0.701 0.701
Number of

IDs 283 283 283 283 283 283 283 283

Note: Robust standard errors are indicated by parentheses, while *, **, and *** represent significance at the 10%,
5%, and 1% levels correspondingly.

Table 8 displays the regression results for the dynamic SDM in columns (1)–(2). The
spatial lag term coefficient of urban haze pollution shows a significant positive correlation
from a spatial standpoint, suggesting that the spatial spillover effect of urban haze pollution
becomes more pronounced as geographic distance decreases. Additionally, this discovery
confirms the outcomes of the worldwide spatial correlation examination. From the temporal
perspective, the time lag coefficient of urban haze pollution is significantly positive, which
indicates that there is temporal inertia in urban haze pollution that manifests itself as a
snowball effect over time. By utilizing partial differentiation, the dynamic SDM breaks
down the spatial impact of green finance on urban haze pollution into three components:
a direct effect, a spatial spillover effect, and a total effect. The dynamic SDM divides the
influence of green finance on urban haze pollution into long-term and short-term effects
over time by incorporating the first-order lag term of urban haze pollution. According to
the data in columns (3)–(8) of Table 8, green finance has a highly significant negative impact
on urban haze pollution from a long-term standpoint. This negative impact, primarily
driven by the spatial spillover effect, shows that the inhibition of haze pollution in a city
by green finance is mainly due to the spillover effect of the development of green finance
in the surrounding areas, and further confirms the substantial influence of green finance
development on reducing urban haze pollution. In the short run, green finance has a
positive impact on haze pollution, primarily due to the spatial spillover effect. That is,
green finance in a region promotes haze pollution in neighbouring regions in the short
term. Over time, the positive spatial spillover effect of green finance diminishes as the total
effect coefficient undergoes dynamic change, transforming from a short-term positive effect
to a long-term negative effect. This shows that the spatial spillover effect of green finance
on urban haze pollution is time-dependent, and only by taking the development of green
finance as a long-term strategy can it restrain urban haze pollution in the long term. This
observation further supports the validation of Hypothesis 2.



Sustainability 2024, 16, 4455 17 of 22

4.5. Robustness and Endogeneity Tests

To guarantee the dependability of the empirical findings, additional tests were per-
formed to assess robustness.

(1) Replacing the dependent variable: In the benchmark regression, the dependent vari-
able, urban haze pollution, was replaced with urban sulphur dioxide (SO2) emissions
or nitrogen dioxide (NO2) emissions for the robustness test. As shown in columns
1 and 2 of Table 9, the robustness test outcomes align with the previous benchmark
regression, affirming the reliability of the benchmark regression findings.

(2) Replacing the test method: The test method replacement results in a time-dependent
superposition phenomenon of urban haze pollution, where the pollution in the previ-
ous period impacts the pollution in the subsequent period. Hence, in this paper, the
benchmark model was examined using the OLS and the system generalized method
of moments (GMM) estimation. As shown in column 3 and 4 of Table 9, the find-
ings indicate that green finance exerts a substantial adverse influence on urban haze
pollution, thereby confirming the resilience of the benchmark regression outcomes.

(3) Replacing the spatial weight matrix: By substituting the spatial weight matrix with
the spatial adjacency matrix and inverse distance matrix in the spatial model, it is
found that green finance has a negative spatial impact. As shown in columns 5 and 6
of Table 9, the robustness test confirms the consistency of the spatial model regression
results from the previous section, validating their reliability.

(4) In general, the lagged one-period explanatory variable is related to the current period
explanatory variable, but the unobservable variable is not related to the current
perturbation term, therefore, the lagged one-period explanatory variable has the
conditions to become a tool variable. In order to avoid the possible endogenous
problems, this study selected the green finance lag data to test the spatial Dubin
model, and then took the lag variable as the instrumental variable, a two-stage least
squares (2SLS) was used for the test and the results are shown in column 7 of Table 9.
The results show that the coefficient sign is negative and consistent with the previous
study, indicating that green finance can indeed suppress urban smog pollution.

Table 9. Robustness test results.

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

SO2 NO2 OLS Systematic
GMM

Spatial
Adjacency

Matrix

Inverse
Geography

Matrix
2SLS

GF −0.417 ***
(0.0397)

−0.104 **
(0.0275)

−1.712 ***
(0.2697)

−1.034 ***
(0.2147)

−0.176 **
(0.0187)

−0.367 ***
(0.0631)

−0.104 **
(0.0275)

R2 0.874 0.241 0.812 0.786 0.329 0.704 0.241
Control
variable YES YES YES YES YES YES YES

Individual
fixation YES YES YES YES YES YES YES

Time
fixation YES YES YES YES YES YES YES

LM 154.318 ***
Wald F 481.023 **

Observations 2830 2830 2830 2830 2830 2830 2830

Note: Robust standard errors are indicated by parentheses, while *, **, and *** represent significance at the 10%,
5%, and 1% levels, respectively.

5. Heterogeneity Analysis
5.1. Analysis of Variations in Different Regions

The findings of this study indicate distinct variations in the concentration of haze
pollution across different regions of China through localized spatial examination. Conse-
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quently, the selected urban areas were classified into three groups, namely, eastern, central,
and western, according to their geographical distribution. Moreover, the regional variations
in the influence of green finance on haze pollution were examined. Table 10 displays the
test results indicating that the development of green finance in the eastern region has a
spatial effect that ranges from the short-term to the long-term, progresses from promotion
to suppression, and continues to have a significant inhibitory impact on haze pollution
in the long run. The development of green finance in the central region has the greatest
suppressive impact on haze pollution, causing substantial adverse effects in both the short
and long run. The advancement of eco-friendly finance in the western region contributes to
the occurrence of haze pollution in both the immediate and extended periods. Furthermore,
upon comparing the magnitude of the absolute value of each effect coefficient, it becomes
evident that the intensity of the impact follows a consistent order (from greatest to smallest)
across both long-term and short-term perspectives: the eastern region, the central region,
and the western region. The reduction in haze caused by the development of green finance
in the eastern and central regions is more significant than that caused by green finance
development in the other regions, providing further evidence for Hypothesis 3. In other
words, the impact of green finance on urban haze pollution varies across regions.

Table 10. Heterogeneity analysis results.

Vars
Short-Term Effect Long-Term Effect

Direct Effect Spillover
Effect

Aggregate
Effect Direct Effect Spillover

Effect
Aggregate

Effect

Regional
heterogeneity

East GF
0.118 *** 0.104 0.222 ** −1.858 0.205 −1.652 **
(0.032) (0.079) (0.087) (2.224) (2.376) (0.760)

Central GF
0.135 −0.323 −0.188 *** −0.111 *** −0.036 *** −0.147 ***

(0.211) (0.211) (0.003) (0.012) (0.0116) (0.002)

West GF
−0.0188 0.163 ** 0.144 *** 0.316 −0.247 0.0690 ***
(0.083) (0.081) (0.013) (4.723) (4.723) (0.006)

Resource
endowment

heterogeneity

Resource-based
city GF

−0.0124 −0.158 * −0.170 ** 0.0531 0.000138 0.0533 **
(0.008) (0.082) (0.087) (1.042) (1.041) (0.026)

Nonresource-
based city GF

−0.00316 0.133 *** 0.130 *** 0.107 ** −0.622 *** −0.515 ***
(0.006) (0.020) (0.020) (0.050) (0.0912) (0.079)

Note: Robust standard errors are indicated by parentheses, while *, **, and *** represent significance at the 10%,
5%, and 1% levels, correspondingly.

These results may be attributed to the gradual decline in green finance development
in China, which moved from the southeast coast toward the interior region. The level of
economic development is greater in the eastern and central regions, which have superior
infrastructure, supportive policies, and integrity in the industrial chain. Furthermore, the
progress of eco-friendly finance relies heavily on the extent of local financial advancement.
The eastern and central regions have relatively developed green finance markets; therefore,
the development of green finance has a more significant inhibitory effect on haze pollution.
The western area experiences significant financial exclusion and has a delicate ecological
environment, which leads to the delayed release of the adverse spatial spillover impact
of green finance on haze pollution. Nevertheless, as green finance continues to spread
and permeate throughout the western area, it will gradually start to curb haze pollution in
nearby regions.

5.2. Analysis of Resource Endowment Heterogeneity

The preceding section revealed that the occurrence of haze pollution is intricately
linked to the energy usage and resource allocation of urban areas; hence, the impact of
eco-friendly financing on haze pollution might also vary. Based on the National Sustainable
Development Plan for Resource-based Cities (2013–2020), the 156 cities included in the
study were divided into resource-based and nonresource-based cities. Table 10 indicates
that the progress of green finance in nonresource-based cities has a significant influence
on haze pollution, and over time, it will increasingly hinder haze pollution. This impact
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primarily stems from the spatial spillover effect of nearby areas, providing further evidence
for Hypothesis 3. The presence of green finance has an effect on urban haze pollution
because of the diversity in resource allocations. The majority of cities in the eastern part of
China are cities that do not rely on natural resources, and the test findings align with the
spatial impact of transitioning from growth to suppression in the eastern region. The reason
for this could be that the growth of cities that do not rely on resource consumption is not
as reliant on high-energy resources. Additionally, these cities have a stronger foundation
for green, low-carbon development, and the impact of green finance on reducing pollution
and emissions is more pronounced. In the short term, the growth of eco-friendly finance
in resource-dependent cities helps reduce haze pollution. However, as time passes, the
positive impact on nearby areas diminishes, and in the long term, the expansion of eco-
friendly finance in resource-dependent cities can worsen haze pollution. The presence of
abundant resources in resource-based cities may contribute to the reliance on green finance
for development. However, the phenomenon known as the “resource curse” diminishes the
ability of green finance to effectively reduce haze pollution, thereby hindering the potential
benefits of green finance development.

6. Conclusions and Recommendations

In this work, an index system was constructed to measure the green finance indices of
283 prefecture-level cities from 2011 to 2020. The analysis focused on spatial and temporal
changes, the movement of the centre of mass, and the distinct patterns of urban air pollution
and environmentally friendly financing. By constructing static and dynamic SDMs, the spa-
tial impact of green finance on urban haze pollution was empirically examined. Regional
heterogeneity and resource endowment heterogeneity were further studied for comparative
analysis. The key findings of this study can be summarized as follows: (1) Haze pollution
in urban areas of China has significantly decreased, with the general trend of urban haze
pollution spreading from central haze pollution hubs to neighbouring regions, and the
primary emission hotspot has relocated to the northwest. (2) The progress of green finance
development has greatly increased, with an eastern > western > central gradient distribu-
tion, and it has exhibited a greater spatial distribution concentration. (3) Green finance has
a significant negative effect on urban haze pollution, including negative direct and spatial
spillover effects, and this negative inhibitory effect weakens over time. (4) According
to the analysis of diversity, the impact of green finance on urban haze pollution is more
pronounced in the eastern and central regions than in the underdeveloped areas in the
western region. Green finance progress in cities not reliant on natural resources has a more
significant influence on the occurrence of urban haze pollution. Over time, there is a spatial
phenomenon known as the “promotion to inhibition” effect, which is observed from the
short term to the long term. Conversely, resource-based cities exhibit the opposite impact.
The above research forms the basis for the policy recommendations presented in this paper.

First, the spatial spillover effect of green finance on urban haze pollution is time-
dependent, and it is imperative for authorities to insist on the development of green finance
as a long-term strategy. Studies have demonstrated that green finance has a restraining
impact on urban haze pollution in the eastern and central parts of China, while it does not
have the same effect on the western region. For this reason, localities should implement
the “coordination and green” development concept, actively develop green finance, and
comply with existing environmental regulations. Increasing the proportion of interest
rate reductions and loan subsidies in green finance can enhance the effectiveness of such
financing. Additionally, integrating green finance practices with environmental regulations
is crucial. Violations of environmental regulations should be curbed and penalized by
considering investment and financing levels. Implementing these recommendations will
contribute to the synergistic effects of green finance and urban haze pollution and enhance
the environmental governance level of green finance.

Second, the government should establish an urban spatial linkage mechanism for the
efficient allocation of green finance resources. Every area must make use of the spatial
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overflow impact of eco-friendly financing and create a spatial connection mechanism for
cities focused on eco-friendly financing. The extent of green finance advancement differs
among different cities. Along with cities in the Yangtze River Delta and the Pearl River
Delta, metropolitan areas such as Beijing and Tianjin should enhance their spatial spillover
impacts. They should distribute their top-notch green finance expertise, technological
goods, and other infrastructure and software facilities to nearby areas, thus propelling the
growth of green finance in neighbouring regions. Regions that were developing green
finance late should also take the initiative to strengthen their business cooperation, infor-
mation exchange, technology, and talent sharing with neighbouring regions to efficiently
allocate green finance resources and reduce urban haze pollution.

Third, for green finance to effectively contribute to reducing haze, it is crucial for
the government to enforce distinct green finance measures. The impact of green finance
on haze reduction can vary, depending on factors such as the level of economic growth,
characteristics of the industrial structure, geographical location, and available resources in
different regions. The government should thoroughly consider the unique features of each
region, develop and execute eco-friendly financial strategies according to variations, and
enforce accurate eco-friendly financial service policies in collaboration with the resource
allocation and geographical attributes of diverse cities.

Furthermore, the environmental information disclosure mechanism should be im-
proved, aligning it with advanced international standards. The UK is the first country in
the world to enforce climate disclosure, and environmental disclosure is expected to be
mandatory for all non-financial sectors by 2025. South Korea has launched a number of on-
line specialized platforms, including an environmental information disclosure system and a
green finance information portal, to popularize green finance-related policy knowledge and
share environmental information. China should study and formulate standards, contents,
and forms of environmental information disclosure in the context of the overall planning
and deployment of green development so as to enhance the adequacy and effectiveness of
information disclosure, and we will strengthen cooperation with world-class green finance
trading platforms and data and information platforms.
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