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Abstract

In the crucial phase of high-quality economic growth, green finance is essential for directing capital to green industries and
optimizing the quality of economic growth. Academics in China have paid a great deal of attention to green finance because
itis a crucial government policy for advancing the development of an ecological civilization. This document examines the
Chinese State Council’s implementation of the Guidance on Building a Green Financial System as a quasi-natural experi-
ment. It determines, using the double difference method and panel data from 283 prefecture-level cities in China between
2011 and 2020, if green financial reform policies can enhance carbon emission efficiency and its mechanisms. The study
reveals that green finance reform policies considerably improve the carbon efficiency of cities, albeit with a significant time
lag and an annual increase in net effect. In addition, the mechanism analysis revealed that green financial policies primarily
improve carbon emission efficiency by decreasing the intensity of energy consumption, enhancing technological innovation,
and optimizing industrial structure. Therefore, expanding the size of the reform pilot zone and increasing incentives and
guidance for green financial institutions will aid the transition of cities to a low-carbon economy.

Keywords Green financial policies - Carbon emission efficiency - DID model

Introduction

The deteriorating environmental pollution and climate catas-
trophes resulting from accelerated economic development
have posed a grave threat to human survival and develop-
ment (Nordhaus 1994). The increase in monetary aggre-
gates and economic growth is typically driven by high fossil
energy consumption, which results in excessive CO2 emis-
sions (Ren et al. 2022). These emissions are a significant
contributor to global warming, which negatively impacts
human survival and sustainability. Modern economic growth

Responsible Editor: Nicholas Apergis

>4 Dongmei Wang
wdm_gs@126.com

Zhonghao Lei
leizhh20@1zu.edu.cn

School of Economics, Lanzhou University, Lanzhou 730000,
Gansu, China

Research Center for Economy of Upper Reaches
of the Yangtze River, Chongqing Technology and Business
University, Chongqing 430072, China

theories have enabled economists to conduct extensive
research on sustainable development and the path to optimal
exploitation and use of available natural resources (Boven-
berg and Smulders 1995; Heal 1974; Stiglitz 1974). The
International Energy Agency (IEA) reported that energy-
related CO2 emissions increased by 6% to 36.3 billion tons
in 2021, a fact that compelled many nations to commit to
net-zero emissions and carbon neutrality in order to combat
future global warming. China is under pressure to minimize
its carbon emissions due to its high population and energy
consumption. China’s carbon emissions in 2021 were 11.9
billion tons, or 33% of the global total, making China the
country with the highest percentage of carbon emissions.
China has developed a series of environmental policies to
achieve its goals, such as carbon emission trading policies
and low-carbon city pilot policies, which have reduced
regional carbon emission and improved carbon production
efficiency (Dong et al. 2022; Zhang et al. 2022a). In 2020,
China pledged to “strive to peak CO2 emissions by 2030 and
achieve carbon neutrality by 2060” at the 75th session of the
U.N. General Assembly.

It is difficult for a country to simultaneously achieve eco-
nomic growth and carbon reduction, as the solution is either
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enhanced carbon emission efficiency or successful transfor-
mation and upgrading of energy-intensive industries. This
requires financial sector investment and pertinent industrial
policies. As the environmental problem worsens, the demand
for capital from industries to reduce carbon emissions and
enhance carbon efficiency increases, and it has become a
global concern. Micro-enterprises in China’s industrial
production sector are constrained by external financing as a
result of multiple restrictions imposed by diverse environ-
mental and industrial policies.

The modern economy is centered on the financial sector,
which influences the allocation of production resources and
the circulation of social capital. Green finance can there-
fore provide the capital necessary to reduce carbon emis-
sions in high-carbon industries and scale up production
in low-carbon industries (Lv et al. 2021; Madaleno et al.
2022). The majority of the current investment and financ-
ing in China’s green industry consists of government funds
and green financial capital. With the former’s limited role
in reducing carbon emissions, the latter can provide long-
term assistance (Ren et al. 2020). With the announcement
of carbon neutrality and carbon emission targets by the
Chinese government, climate investment and financing
have become a vital component of China’s green finance.
China’s green loans increased by 3.86 trillion yuan in 2021,
with 67% invested in initiatives with direct and indirect car-
bon emission reduction benefits, and a significant portion of
financial sector funds flowing to low-carbon environmental
industries. However, externalities, imperfectly competitive
markets, and information asymmetries may cause financial
market failures in which the supply of relevant green invest-
ments does not meet the demand for green assets (Jeucken
2010). Government-led green finance policies are crucial
for addressing market failures in the financial sector. The
Chinese government has introduced a series of green finance
policies that provide detailed regulations on the investment
of the green finance market, green credit lending standards,
and disclosure of corporate environmental information. In
2016, seven ministries, including the People’s Bank of China
and the Ministry of Finance of China, issued the Guidance
on Building a Green Financial System (hereinafter referred
to as guidance) for developing green credit with a number of
supporting measures to promote and support green invest-
ment and financing. China became the first economy in the
world to establish a relatively comprehensive green finance
policy system with the publication of these guidelines. In
order for China to accomplish its carbon emission reduc-
tion goals, it is of vital practical importance to investigate
the impact of the guidance on carbon emission efficiency.

In order to remedy financial market failures, government-
led green finance policies are indispensable. The Chinese
government has enacted a number of green finance poli-
cies to provide specific regulations on the investment of the
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green finance market, green credit lending standards, and
corporate environmental information disclosure. In 2016,
seven ministries, including the People’s Bank of China and
the Ministry of Finance of China, issued the Guidance on
Building a Green Financial System (hereinafter referred to
as guidance) for developing green credit with a variety of
supporting measures to encourage and support green invest-
ment and financing. China became the first nation in the
world to implement a relatively comprehensive green finance
policy system with the publication of these guidelines. In
order for China to reach its carbon emission reduction goals,
it is of the utmost significance to investigate the impact of
the guidance on carbon emission efficiency.

Policy background

China’s green financial policy has three fundamental com-
ponents. First, credit penalties such as loan suspension and
moratorium are imposed on projects or businesses that
violate environmental protection and energy conservation
and emission reduction laws and regulations. Second, adopt
appropriate credit policies and instruments to support envi-
ronmental protection and energy conservation initiatives
and businesses. Third, use credit instruments to guide and
supervise debtors in the prevention of environmental risks,
thereby reducing credit risk. The evolution of green finance
policy has occurred in three stages: the exploratory phase,
the credit-control phase for two two high and one leftover
project, and the standardization phase.

Firstly, in 1995-2006, the nascent exploration stage. The
construction of China’s green financial system began in
1995 when the People’s Bank of China issued the Circular
on Issues Related to the Implementation of Credit Policy
and the Strengthening of Environmental Protection, which
required the financial sector to consider pollution preven-
tion and ecological, environmental protection as one of the
conditions for bank lending, which was the germ of China’s
green financial system. For a long time after that, green
finance remained mainly at the conceptual level. In 2004,
China’s National Development and Reform Commission
and three other departments jointly issued the Notice on
Issues Related to Further Strengthening the Coordination
of Industrial Policies and Credit Policies to Control Credit
Risks. Banking and financial institutions follow the notice
involved in the enterprise as the basis for implementing
national industrial policy and credit policy, optimizing credit
investment. In 2005, the State Council issued the Decision
on Implementing the Scientific Outlook on Development and
Strengthening Environmental Protection, which stipulates
that credit will be stopped for enterprises not complying with
the national industrial policy and environmental protection
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standards. The document’s release means that China is start-
ing to explore green financial approaches.

Secondly, in 2007-2011, the credit-control phase of two
high and one leftover project. This phase of credit policy
is mainly to guide the two high-industry energy saving and
emission reduction and excess capacity industries to elimi-
nate backward production capacity. Specifically, in 2007,
the State Environmental Protection Administration and three
other departments jointly issued the Opinions on Implement-
ing Environmental Protection Policies and Regulations to
Prevent Credit Risks to control credit for enterprises that
do not comply with industrial policies and environmental
violations, and require commercial banks to make ecologi-
cal compliance one of the necessary conditions for loan
approval. The introduction of the opinion marks the green
credit as an economic tool to enter the main battlefield of
pollution reduction. In July and November 2007, the China
Banking Regulatory Commission issued the Notice on Pre-
venting and Controlling the Risk of Loans to Highly Pollut-
ing Industries and the Guidance on Crediting for Energy
Conservation and Emission Reduction, requiring banking
financial institutions to control the access conditions for the
two high projects strictly and to classify and manage bor-
rowing projects according to their degree of environmental
impact. In May 2010, the CBRC issued Opinions on Further
Improving Financial Services to Support Energy Conser-
vation, Emission Reduction, and Elimination of Backward
Production Capacity, requiring banking financial institutions
to strictly control irregular loans while increasing practical
credit support for qualified projects, strengthening credit
management, and exploring long-term mechanisms to sup-
port energy conservation, emission reduction, and elimina-
tion of backward production capacity.

Thirdly, from 2012 to the present, the standardized devel-
opment stage. The tendency of green credit policy at this
stage shows a greater emphasis on credit support for energy-
saving and environmental protection projects. In contrast,
the construction of green credit-related systems has become
more complete, and the guidelines for green credit work
have been improved and deepened. In February 2012, the
CBRC issued the Green Credit Guidelines, which provide
detailed regulations on the organization and management,
policies and systems, capacity building, process manage-
ment, internal control management, information disclosure,
and supervision and inspection of the implementation of
green credit by banking financial institutions. In February
2013, the CBRC issued Opinions on Green Credit Work,
requiring banking financial institutions to conduct targeted
environmental and social risk screening and further explore
specific ways to incorporate the effectiveness of green credit
implementation into the supervisory ratings of institutions.
In response to the inconsistent implementation of green
credit standards among banks, in January 2013, the CBRC

began implementing the Green Credit Statistical System,
which specifies statistical indicators for credit to enterprises
with significant risks and statistical indicators for energy-
saving and emission reduction capabilities, among others.
In December 2013, the Ministry of Environmental Protec-
tion and four other departments jointly issued the Evaluation
Measures for the Use of Enterprise Environmental Infor-
mation (for Trial Implementation), requiring environmental
protection departments and financial institutions to promote
the evaluation of enterprise ecological credit. In June 2014,
the CBRC issued the Key Evaluation Indicators of Green
Credit Implementation, which specifies the critical evalua-
tion indicators of banks’ implementation of green credit in
seven aspects and requires banks to conduct self-evaluation
of their implementation of green glory. In January 2015, the
CBRC and the NDRC jointly issued the Energy Efficiency
Credit Guidelines, which regulate the critical service areas
and key projects of energy efficiency credit business and
other aspects. In 2016, the People’s Bank of China and seven
other departments jointly issued the Guiding Opinions. This
policy proposed several supporting measures to encourage
and support green investment and financing, marking China
as the first economy in the world to have established a rela-
tively complete green finance policy system. Given this, it is
reasonable to consider the implementation of the 2016 Guid-
ance policy as a quasi-natural experiment in green finance
policy and to explore its socioeconomic impact.

Literature review and theoretical analysis
Literature review

The first branch of literature is the study of the impact of
green finance on the transition to a low-carbon economy.
Some scholars have suggested that green finance can facili-
tate the low-carbon economic transition and green economy
development (Fan et al. 2021; Hong and Kacperczyk 2009;
Zhang et al. 2021). Traditional environmental economics
assumes that governmental environmental policies and
financial support can help companies to complete the green
and low-carbon transition and reduce regional pollution
and energy consumption (Greenstone 2002; Greenstone
and Hanna 2014; Nelson et al. 1993). However, govern-
ment finance has limitations in combating environmental
problems, and many countries cannot meet the enormous
financial needs of green industries and green industrial pro-
jects (Muganyi et al. 2021). Therefore, it is crucial to play
the role of resource allocation and guidance of the finan-
cial sector. Green finance can promote the development of
a green economy and provide financial support for capacity
optimization and green transformation of enterprises (Taghi-
zadeh-Hesary and Yoshino 2019). Another part of scholars
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believes that green finance may not significantly accelerate
the development of a low-carbon economy. Green finance
is still in its infancy, and the traditional fossil fuel industry
model has a huge cost advantage over the new green low-
carbon production model, which dramatically suppresses the
development of innovative green technologies (Wang et al.
2020), which makes the positive impact of green finance on
green technological innovation and low-carbon economic
transformation insignificant. At the same time, the disorderly
expansion of green financial capital will instead negatively
influence commercial banks to borrow from green and low-
carbon producers, indirectly hindering the development of
new energy industries (He et al. 2019).

The second branch focuses on the study of the impact
of green finance on carbon emission efficiency. The first
research perspective proposes that green finance can sig-
nificantly improve regional carbon emission efficiency.
The development of green finance can drive direct financ-
ing channels and indirect financing channels to inhibit the
expansion of high-pollution and high-emission enterprises
while effectively directing financial resources from heavy
pollution and high energy-consuming industries to green and
environmental initiatives, and the differentiated allocation of
financial resources can promote the growth and development
of green and low-carbon enterprises and environmental and
low-carbon projects (Geddes et al. 2018; Zhao et al. 2022).
In turn, it promotes reducing carbon emissions and improv-
ing carbon efficiency in the region (Meo and Abd Karim
2022; Pang et al. 2022). Another research view is that the
effect of green finance on carbon efficiency has limitations
and requires the regulation of green finance policies to play
a positive role. In the process of low-carbon economy tran-
sition, once the market price fails to reflect the social cost
of carbon emissions, the existence of externalities will lead
to market failure, making carbon emission level increasing,
triggering the greenhouse effect and a series of natural disas-
ters (Krogstrup and Oman 2019), and carbon emission effi-
ciency cannot be improved. Some studies have pointed out
that the green finance business implemented by commercial
banks cannot alleviate the problem of financing discrimina-
tion, and private enterprises still face more severe financing
constraints compared to state-owned enterprises, which dra-
matically limits private enterprises’ green and low-carbon
technology innovation and clean production equipment
transformation (Yu et al. 2021). Relying solely on financial
institutions to spontaneously execute green finance opera-
tions cannot avoid market failure, and financial institutions
themselves will choose to invest in higher energy-consuming
and high-polluting industries with higher returns due to mar-
ket failure. A complete green financial system requires a
high equilibrium level on both the supply and demand sides.
Achieving this equilibrium requires the supervision and sup-
port of green monetary policies (Owen et al. 2018). Usually,
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government departments guide and supervise banks, secu-
rities, insurance, and other financial institutions to execute
green finance business by issuing green finance policies
(Sun et al. 2022). Green finance policies put forward some
policy requirements with guidance and principles in terms of
organizational management, policy and system construction,
capacity building, investment and financing process manage-
ment, internal control management and information disclo-
sure, supervision, and management, etc., to guide financial
institutions to carry out green finance business in an orderly
manner in all aspects. Therefore, some studies have pointed
out that green finance policies led by the government can
strengthen the function of differentiated resource allocation
of green finance and encourage more financial institutions
and economic agents to participate in the process of carbon
emission reduction actively (Luo et al. 2021), thus, strength-
ening the positive impact of green finance in enhancing car-
bon emission efficiency (Zhang et al. 2022a).

Through combing the above literature, we find that among
the existing studies, the literature of empirical studies on the
carbon emission reduction effects of green finance policies
is relatively small and does not form a unified view, which
requires more in-depth analysis and assessment of the envi-
ronmental impact of green finance policies implemented in
each region. Based on this, this paper considers the policy of
the State Council’s Guidance on Building a Green Financial
System implemented in China in 2016 as a comprehensive
green financial policy and empirically analyzes the effect
of this policy on regional carbon emission efficiency using
a double difference model, which is a valuable addition to
the existing literature and is the first marginal contribution
of this paper. The second marginal contribution is to define
the policy treatment and control groups of green finance and
green credit policies implemented nationwide using regional
energy consumption intensity and interest expenditure of
energy-intensive industries. It provides new research ideas
to analyze the policy effects of the one-size-fits-all policy
empirically.

Analysis of mechanisms

Green finance policy mainly supports the green environmen-
tal protection industry and gives full play to its role from the
policy level. Unlike traditional financial policies that influ-
ence economic development, it develops mechanisms or
systems on green standards, environmental information dis-
closure, risk compensation, and green capital loan manage-
ment to expand access to financing for green and low-carbon
projects. It provides financing preferences for low-carbon
environmental enterprises in credit, interest rates, and capital
access, assisting them in realizing green technology innova-
tion and transforming to low-carbon production to improve
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regional carbon emission efficiency. The specific mechanism
of action is as follows.

Firstly, green financial policies enhance regional carbon
efficiency by promoting technological innovation. At the
enterprise level, technological innovation is a critical fac-
tor in the efficiency of carbon emissions. On the one hand,
green finance policies prompt financial institutions to pro-
vide substantial financial resources to low-carbon environ-
mental projects (Jones 2015), and increased external financ-
ing effectively raises the level of green technology R&D
inputs and innovation output of enterprises (Zhang et al.
2022). Moreover, these policies alleviate interest expenses
on debt for low-carbon environmental companies, allowing
more fund investment in innovative R&D projects within
the company (Hu et al. 2021). On the other hand, green
finance policies adopt financing penalties for high energy-
consuming and high-polluting enterprises. Consequently,
some energy-intensive industries are forced to improve their
green technology innovation capabilities to circumvent the
restrictions set by these policies. As technological progress
is characterized by significant path dependence, when com-
panies improve their green technological innovation capa-
bilities, their carbon productivity also increases.

Secondly, green financial policies enhance regional car-
bon efficiency by promoting the transformation and upgrad-
ing of regional industrial structures. From the perspective of
industrial structure, it significantly affects regional carbon
emission efficiency, and its improvement effectively reduces
the total amount of regional carbon emissions and improves
efficiency (Zhou et al. 2012). Green finance policy aims to
guide financial institutions to utilize structural monetary pol-
icy tools further, provide low-cost financing for projects with
significant carbon emission reduction benefits, and allocate
financial resources with a differentiated approach to different
industries. The policy directs financial institutions to provide
low-interest loans to companies in the three critical areas of
clean energy, energy conservation and emission reduction,
and carbon emission reduction technologies while raising
interest rates on loans to companies in energy-intensive
industries. The industrial sector’s green and low-carbon
transition requires more significant funding and prolonged
time to use the funds. Therefore, green financial policies
strengthen the differentiated allocation of financial resources
to support green industries in the sector, such as energy-
efficient equipment manufacturing, advanced environmental
protection equipment manufacturing, and resource recycling
equipment manufacturing, to obtain financial support.

Meanwhile, the backward production enterprises with
high energy consumption and low efficiency will gradu-
ally withdraw from the original sector and resort to other
industries due to increased financing constraints. Rigorous
regulation of green finance policies will encourage social
capital to flow to tertiary sector industries such as services.

In this process, the industrial structure is gradually adjusted
to capital-intensive high-end manufacturing and low-carbon
environmental protection manufacturing; the proportion of
output value of secondary industry decreases while the out-
put value of tertiary industry increases, and the efficiency of
regional carbon emission improves significantly.

Thirdly, green finance policies improve carbon efficiency
by reducing regional energy consumption. Green financial
policies introduce mechanisms of environmental information
disclosure and green financial information sharing, which
strengthen the regulation of carbon emissions in regions
and can effectively reduce regional energy consumption
intensity (Lee et al. 2022). Cities are highly dependent on
energy consumption, regulated by green finance policies,
and are pressured to transform their economic structure.
Some local energy-intensive enterprises choose to reduce
their production or withdraw from the local market, leading
to a decrease in the scale of energy-intensive industries and
energy consumption intensity in cities (Hou et al. 2022). In
addition, consumers voluntarily choose low-carbon lifestyles
under the influence of green financial policies, accelerating
the decline of urban energy consumption from the demand
side. Ultimately, the decrease in the scale of urban energy
consumption under the influence of green finance policies
leads to optimized industrial production and improved car-
bon efficiency (Auffhammer et al. 2017).

Model design and variable description
Model design

We employed the double difference method (DID) to iden-
tify the causal effects between financial policies and the car-
bon efficiency of Chinese cities. The DID estimation method
helped us to effectively assess the difference in carbon emis-
sion efficiency between cities severely and slightly impacted
by the policy when the guidance was implemented. We set
the following empirical DID model based on previous lit-
erature (Gehrsitz 2017; Lee et al. 2022):

CEE, = py + B treat X post, + X,y + u; + A, + &, (H

where i represents the city and ¢ represents the time (this
article is the year). CEE;, shows the carbon emissions effi-
ciency of the i city in the ¢ year. post, is the dummy var-
iable before and after the policy, the value is O after the
green finance policy was fully implemented; otherwise, the
value is 1. The guidance is a comprehensive policy for all
regions of China and does not apply to the grouping criteria
of the traditional DID model. Referring to other literature
(Vig 2013), we set cities more susceptible to green finance
policies as the treatment group and those less sensitive to
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policies as the control group. In general, determining the
treatment and control groups based on the magnitude of the
policy impact can address the sample self-selection issue
to some extent and ensure the homogeneity of the policy
impact. In this paper, we divided the treatment and control
groups according to the values of urban energy consump-
tion per unit of GDP because green financial policies have
the most substantial impact on regions with dense energy-
consuming industries as the result of higher energy con-
sumption and carbon emissions where there is a thick and
uneven distribution of high-energy-consuming industries.
We calculated the energy consumption per unit GDP of
cities and divided the sample cities into three groups from
high to low according to the magnitude of the values. The
cities in the top one-third of energy consumption per unit
of GDP were set as the treatment group, which included
the regions that received the most significant policy shocks.
The cities in the last one-third were designated as the control
group, which included the least affected areas by the policy.
treat;is the dummy variable that divides the treatment and
control groups, treat;=l1denotes the treatment group, and
treat;=Orepresents the control group. treat; X post, is the
interaction term of two dummy variables, the core double
difference variable. f3,is the coefficient we focused on, and if
the coefficient is significantly positive, it indicates that green
finance policies improve carbon efficiency. X l’ is a matrix of
control variables at the prefecture level, including the level
of economic development, financial development, science
and technology input, fiscal expenditure, human capital, and
urbanization. 4,and urepresent the fixed effect of time and
city that does not change with time and cities. €;, is a random
error term.

Variable definition and data description
Explained variables

Explained variable in this paper is carbon emissions effi-
ciency (CEE). According to previous studies (Emrouznejad
et al. 2008; Emrouznejad and Yang 2018), we adopted a
data envelopment analysis (DEA) approach to measure CEE,
where the input variables were capital, labor, and energy
for each prefecture-level city; the expected output was real
GDP; and the unintended output was CO2 emissions. In this
paper, we used the number of employed people to measure
the city’s labor force and the fixed capital stock to measure
its capital. The fixed capital stock was calculated by the per-
petual inventory method with the base period set in 2011,
referring to the relevant literature (Yan et al. 2020). The data
on CO2 emissions, employment, fixed asset investment, raw
urban GDP, and energy consumption selected for this paper
were obtained from China Urban Statistical Yearbook and
China Urban Construction Statistical Yearbook.
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Core explanatory variable

The core explanatory variables in this paper are treat; X post,,
which is given a value of 1 when the city is in the treat-
ment group and the sample time is in 2016 and later, and 0
otherwise. The guidance is a comprehensive policy for all
regions of China and does not apply to the grouping criteria
of the traditional DID model. We refer to other literature
(Vig 2013) and set cities more susceptible to green finance
policies as the treatment group and cities less sensitive to
policies as the control group. In general, determining the
treatment and control groups according to the magnitude of
policy impact can solve the sample self-selection problem
to a certain extent and ensure the homogeneity of policy
impact. Since regions with dense energy-consuming indus-
tries have more energy consumption and carbon emissions,
and the regional distribution of energy-consuming industries
is uneven, green finance policies have the most substantial
impact on regions with dense energy-consuming industries,
and we divide the treatment and control groups according
to the value of urban energy consumption per unit of GDP.
Drawing on the literature on the evaluation of the effects of
“one-size-fits-all” policies (Xiao et al. 2023), we divide the
sample cities into three groups according to the size of their
energy consumption per unit of GDP before the implementa-
tion of the policy (2013-2015), with the top one-third of cit-
ies in terms of energy consumption per unit of GDP were set
as the treatment group, which contained areas that received
the most significant policy shocks, and the cities in the bot-
tom third were selected as the control group, which included
sites that received the most miniature policy shocks.

Control variable

Drawing on previous studies (Du et al. 2020; Sun et al. 2020;
Zhang et al. 2022b), we selected six city-level control vari-
ables to mitigate the omitted variable problem. (1) Economic
development (pgdp): we used per capita GDP to measure
regional economic development as it reflects urban residents’
income and consumption level. The pgdp influences regional
carbon emissions as higher income and consumption lead to
higher energy consumption (Jia et al. 2021). (2) Financial
development (financial): we used the sum of deposits and
loans from financial institutions as a share of GDP to meas-
ure the level of financial development, which has a signifi-
cant impact on urban economic growth and affects carbon
emission efficiency (Jalil and Feridun 2011). This indicator
represents the city’s financial development scale, and the
larger the value, the larger the scale of financial develop-
ment. (3) Technology expenditure (fe): we used the ratio
of government S&T spending to GDP to measure the level
of S&T investment. Government investment firmly guides
investment in science and technology in a region, where the
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level of such investment indirectly influences the efficiency
of urban carbon emissions by affecting technological innova-
tion. (4) Fiscal expenditure (fiscal): we used government fis-
cal spending as a share of GDP to measure the level of fiscal
spending. Its impact on regional economic growth rates and
development patterns ultimately affects carbon emissions.
(5) Human capital (kc): we used the number of students in
higher education per 10,000 people in a city to measure the
level of human capital as it reflects the level of education and
human capital in a region. The higher the level, the higher
the possibility of improving carbon efficiency through chan-
nels of action such as knowledge spillover, imitation, and
innovation. (6) Urbanization rate (urban): we used the ratio
of urban residents to the total population of prefecture-level
cities to measure the urbanization rate, which affects the
development of agriculture and industry and the efficiency
of carbon emissions. The higher the value, the higher the
urbanization level of the city.

Mechanism variable

Technological innovation level (patent): Invention patents
are generally considered to be a key determinant of substan-
tive regional innovation, and we use green invention patents
filed per 10,000 people in cities and invention patents filed
per 10,000 people as proxy variables for regional technologi-
cal innovation, denoted as patentl and patent2, respectively.

Industrial structure (industry). We use the ratio of the
output value of the secondary sector to GDP and the ratio
of the tertiary sector to the secondary drive to characterize
the change in industrial structure, denoted as industryl and
industry2, respectively.

Energy consumption level (energy). We use energy con-
sumption per unit of GDP as a proxy variable for the level
of energy consumption in cities, denoted as energy. The
specific calculation is as follows: we convert the electricity,
heat, natural gas, and LPG consumed by the prefecture-level
city into standard coal and divide it by the deflated GDP,
and this indicator reflects the energy consumption intensity
of the city.

Data description

We used 283 prefectural-level cities in China from 2011 to
2020 as our research sample, excluding those without neces-
sary data. Among them, the raw data used to calculate the
carbon emission efficiency of cities have been elaborated
in the section describing the explanatory variables, and the
control variables are obtained from the China City Statistical
Yearbook of each year. Among the mechanism variables,
the city patent data selected in this paper are obtained from
the CNRDS database and the China Intellectual Property
Database, and the raw data for the total output value of each
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Table 1 Descriptive statistics

Variables Obs. Mean S.D. Min. Max.

CEE 2830  0.321 0.159 0.096  1.710

Treat X post 1890  0.249 0.432 0.000 1.000

Pgdp 2830  10.734 0.560 8.773 12.281

Sfinancial 2830  189.455 239390  2.526 1311.241

Te 2830  2.466 1.146 0.487 11.173

fiscal 2830  0.003 0.003 0.000  0.063

he 2830  0.204 0.104 0.023 00916

urban 2830  0.551 0.149 0214  1.102

Table 2 Benchmark regression

Explanatory Explained variable: CEE

variable (€)) ) 3) “)

treat X post  0.0432%** (0.0859*** (.0366** 0.0690%**

(0.0129) (0.0190) (0.0148) (0.0176)

pgdp — 0.1504%*%  —(.0848%%*
(0.0333) (0.0393)

financial 0.0006 0.0103**
(0.0127) (0.0048)

te 5.0723 5.4910*
(3.1470) (3.1523)

fiscal —0.3573*%*%  —0.2392
(0.1538) (0.1613)

he 0.0000 0.0000
(0.0001) (0.0001)

urban — 0.6862%**  — (0.6004%**
(0.1817) (0.1916)

_cons 0.3442%*%  (0.3122%**  2.3917*** 1.5789%**

(0.0032) (0.0047) (0.3098) (0.4582)

City FE Yes Yes Yes Yes

Year FE No Yes No Yes

N 1890 1890 1890 1890

Adjusted R*  0.4476 0.5526 0.5593 0.5748

The outcome variable is CEE. The robustness standard errors, *, **,
*#% in brackets represent the significance levels of 10%, 5%, and 1%,
respectively. It is the same for the following table

industry and the calculation of city energy consumption are
obtained from the China City Statistical Yearbook. Individ-
ual missing data were filled in by linear interpolation. The
descriptive statistics of each variable are shown in Table 1.

Empirical analysis
Benchmark regre2ssion analysis
Column (4) in Table 2 shows the results of the baseline

regression and columns (1)-(3) serve as comparison data.
We focused on the coefficients of the interaction term
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treatxXpost. The coefficients of the interaction terms in col-
umns (1)—(4) are significantly positive at the level of 1%,
indicating that cities influenced by green finance policies
experienced a significant increase in carbon emission effi-
ciency after the implementation of green finance policies
compared with cities less affected by the guidelines. The
coefficient of the interaction term in column (4) is 0.069,
indicating that the carbon efficiency of cities susceptible to
the policies increased by 6.9% compared with cities insus-
ceptible. The baseline regression results revealed that green
finance policies could effectively improve urban carbon
efficiency and promote low-carbon economic transforma-
tion, consistent with Lin et al. (2023) and Wan et al. (2022).
The reason for this positive impact of implementing green
financial policies is that green financial policies promote the
development of green finance, and encourage financial insti-
tutions, governments, enterprises, and other stakeholders to
participate in the construction of green financial system
actively, the difference in green financial resource allocation
leads to the rapid development of green environmental pro-
tection enterprises and green low-carbon projects, and the
investment and financing penalties imposed by green finan-
cial policies on high pollution and high energy-consuming
industries make these industries seek technological trans-
formation and technological research and development to
improve carbon production efficiency to avoid policy restric-
tions, and finally realize the Porter hypothesis.

Robustness test
Parallel trend test

The basic premise of adopting the DID is to satisfy the par-
allel trend hypothesis (Kahn et al. 2015). We employed the
event analysis method to investigate the differences between
the treatment and control groups before implementing the
2016 Guideline. The estimation equation is as follows:

3
CEE, =ay+ ) B, X GFP,+ X}y +u; + A, )
s=-3

where in GFP =treat; X after ,, after is the dummy
variable of the year, s is the difference between the year and
2016. We set the base period as 2016. Figure 1 visualizes
the results of the parallel trend test for the sample when
the explanatory variable is carbon emission efficiency. It
can be inferred that f, is insignificantly negative at the 10%
level before the implementation of the green finance policy,
indicating that no significant difference existed between
the carbon emission efficiency of the treatment and control
groups before the policy implementation. The sample data
are consistent with the parallel trend hypothesis. After the
performance of the policy, j, is significantly positive at the
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Fig.1 Tests for parallel trend assumption

Table 3 Estimation results for carbon emission productivity

(D )

treat X post 4.8805%** 4.7138%**
(0.6493) (0.6303)

Control variables No Yes

City FE Yes Yes

Year FE Yes Yes

N 1890 1890

Adjusted R? 0.7218 0.6908

1% level, which indicates that the implementation of green
finance policies improves the carbon efficiency of cities in
the treatment group and that the effect is persistent.

Substitution of explanatory variables

Some research uses carbon productivity to measure carbon
emission efficiency (Zhang et al. 2018), calculated by divid-
ing real GDP by CO2 emissions. This paper uses carbon
productivity as an explanatory variable, and the regression
results are presented in columns (1) and (2) of Table 3.
The impact coefficients of the core explanatory variables
treat X post are 4.8805 and 4.7138, respectively, both of
which are significantly positive at the 1% level, indicating
that implementing green finance policies can effectively
improve city carbon productivity.

Sample selection

Excluding municipalities Under the direct jurisdiction of the
Central People’s Government, municipal cities have larger
built-up areas and residential populations than prefecture-
level cities. They assume essential roles in the country’s
political, economic, scientific, cultural, and transportation
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(Zhang et al. 2022a). To verify the robustness of the regres-
sion results, we excluded the observations on the four
municipal cities in the sample here, and the regression
results are shown in column (1) of Table 4. The coefficient
of the interaction term treat X post in column (1) is signifi-
cantly positive at the 1% level, with a slight decrease in the
magnitude of the value compared with Table 2 column (4).

Sample time selection To further identify the sensitivity
of green finance policies to time changes, we regressed the
subsample on the year of policy implementation and the 3
years before and after the policy implementation, and the
results are shown in column (2) of Table 4. The coefficient
of the interaction term x in column (2) is significantly posi-
tive at the 1% level, and the magnitude of the value shows
no significant alteration compared with Table 2 column (4).
Through the regression results, the green finance policy con-
tinues to significantly improve the efficiency of urban carbon
emissions once the interval of the sample observation time
is shortened.

Excluding the effect of extreme values To prevent extreme
values of some variables from interfering with regression
results, we winsorized the numerical continuous-type vari-
ables included in the baseline regression model based on the
1% level, and the regressed results are shown in column (3)
of Table 4. Similarly, the coefficient of the interaction term
is significantly positive at the 1% level, consistent with the
baseline regression results.

Excluding other policy interference The policy we exam-
ined was the guidance issued by the Chinese government
in 2016, while relevant departments introduced other green
finance policies during the policy shock period. Therefore,
it is a necessity for us to exclude the interference of other
policies of the same type as the cross-implementation of
multiple policies may interfere with the DID model esti-
mation results, the Green Financial Reform and Innovation
Pilot Zone Policy by the People’s Bank of China in 2017
established five provinces (autonomous regions), namely,
Zhejiang, Jiangxi, Guangdong, Guizhou, and Xinjiang, as
pilot areas, and Gansu Province in 2019, to develop green

low-carbon industries and promote a green economy. We
should exclude the interference of this policy as it contained
massive homogeneous policy contents and objectives with
the guidance we studied. We added the dummy variable of
green financial reform and innovation pilot zone policy to
the baseline regression equation, and the regression results
are presented in column (4) of Table 4. The coefficients of
the core explanatory variables are significantly positive at
the 1% level, and the magnitude is generally consistent with
the results of the benchmark regression.

In addition to green finance policies, there are other
environmental policies that potentially impact urban car-
bon emissions. During our selected sample period, the
“low-carbon pilot city” was an actual environmental pilot
policy that focused on promoting the development of a low-
carbon economy in pilot cities. To control the effect of the
low-carbon city pilot policy, we included a dummy variable
for this policy in the baseline regression equation, and the
regression results are displayed in column (5) of Table 4,
where the coefficient of the interaction term freat X post is
significantly positive at the 1% level. The regression results
controlling both green financial reform and innovation pilot
zone policy and the low carbon city pilot policy are shown in
column (6) of Table 4, and the coefficient of the interaction
term treat X postis significantly positive at the 1% level. The
results in these three columns indicate that the regression
results are consistent with the baseline result after control-
ling for the effects of green financial policies and related
environmental policies.

Placebo test

Although the green financial reform and innovation pilot
zone policy and the low carbon city pilot policy were
controlled in the previous regressions, omitted variables
remained. To enhance the reliability of the causal identifica-
tion results of the DID model in the baseline regression, we
referred to last literature (Liu et al. 2022; Zhang et al. 2022a)
and applied a placebo test for the sample data of the baseline
regression. This was accomplished by randomly generating
treatment groups and re-estimating the baseline model after

Table 4 Robustness test

ey @) 3 (C)) &) (6)
treat X post 0.0571%*%* 0.0589%** 0.0697%** 0.0689%** 0.0688*** 0.0688***
(0.0167) (0.0128) (0.0175) (0.0176) (0.0176) (0.0176)
Control Yes Yes Yes Yes Yes Yes
City FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
N 1850 1323 1890 1890 1890 1890
Adjusted R? 0.5858 0.7031 0.5928 0.5746 0.5749 0.5747
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500 random samples. If the change in urban carbon emis-
sion efficiency was undoubtedly a result of the guidance,
the coefficient of the interaction term treat X post generated
by random sampling should be insignificant. Figure 2 plots
the distribution of the estimated coefficients of the interac-
tion term treat X post after random sampling. As seen from
Fig. 2, the coefficients of the spurious interaction terms are
mainly concentrated around 0 and are not statistically signifi-
cant. Based on the results of the placebo test, we excluded
other factors from interfering with the research findings.

Analysis of mechanisms

From the previous benchmark regression analysis, we con-
cluded that the green finance policies implemented by the
Chinese government in 2016 significantly improved the
carbon emission efficiency of cities. According to our pre-
vious theoretical analysis on how green financial policies
influence urban carbon emission efficiency through three
channels: technological innovation, industrial transforma-
tion and upgrading, and energy consumption reduction, we
conducted empirical tests on the three channels in the fol-
lowing model as Eq. (3).

0.4 ‘
0.3
0.2

4
0.1

0.0 o

-4.0 -2.0 0.0 20 4.0
T Value

Density

Fig.2 Effect estimates: 500 simulations

MV, = By + Bytreat; X post, + Xy + u; + A, + €, 3)

where MV is the mechanism variable, including three
proxy variables for technological innovation, industrial
structure, and energy consumption. The control variables in
the mechanism test section are consistent with the baseline
regression.

Technological innovation

Green finance policies can directly limit urban carbon emis-
sions through policy regulation and improve the carbon
efficiency of cities by promoting technological innovation.
As patents are the core determinant of substantive innova-
tion in a region, we used green invention patents per 10,000
applicants and invention patents per 10,000 applicants as
proxy variables for regional technological innovation, and
the regression results were shown in columns (1) and (2)
in Table 5, respectively. The results show that whether the
technological innovation capacity is measured by the num-
ber of green invention patents or the number of invention
patents, the coefficient of the interaction term is significantly
positive, which indicates that the green finance policy imple-
mented in 2016 has improved the technological innovation
capacity of the city. Therefore, green financial policies
can improve carbon efficiency by promoting technological
innovation. From the estimation results, the green finance
policy pushes the implementing region to enhance techno-
logical innovation output and realize the Porter’s hypothesis,
improving carbon emission efficiency.

Industrial restructuring

Implementing green finance policies increases capital
investment in policy-supported industries while discourag-
ing investment and financing in heavily polluting, energy-
intensive industries. Green finance policies influence the
development of different sectors by adjusting capital allo-
cation, which is usually reflected in the alteration of industry
output. We used the ratio of the secondary sector to GDP
and the percentage of the output value of the tertiary sec-
tor to the secondary industry to demonstrate the changes in

'II;?:(!}el :nifrititznsetltion results for (1) ) 3) 4 (5)

treat X post 0.1563%** 0.5861%* — 0.0558%** 0.0152%%* — 0.2030%**
(0.0592) (0.2548) (0.0252) (0.0074) (0.0969)

Control variables Yes Yes Yes Yes Yes
City FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
N 1890 1890 1890 1890 1890
Adjusted R? 0.8130 0.8565 0.1373 0.8468 0.9053
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industrial structure. The test results are shown in columns
(3) and (4) of Table 5. The explanatory variable in column
(3) is the ratio of secondary industry output to GDP, and
the coefficient of the interaction term is significantly nega-
tive at the 5% level, indicating that green finance policies
reduce the share of secondary industry output, eliminating
inefficient industrial enterprises and retaining those with
production efficiency. The explanatory variable in column
(4) is the ratio of the output value of the tertiary industry to
the secondary sector. The coefficient is significantly posi-
tive at the 5% level, indicating that the green finance policy
has promoted the development of the tertiary industry. The
regional economy has gradually shifted from industry to the
service sector, a reasonable industrial restructuring to reduce
carbon emissions. Overall, green finance policies discour-
age the secondary drive and eliminate energy-intensive and
inefficient industrial production sectors while promoting the
tertiary sector and ultimately enhancing carbon efficiency by
restructuring industries.

Reduce energy consumption

Green finance policies can reduce regional energy con-
sumption levels and force producers and the energy sector
to improve carbon efficiency. We used energy consump-
tion per unit of GDP as the explanatory variable, and the
results are shown in column (5) of Table 5. The coefficient
of the interaction term in column (5) is significantly nega-
tive at the 1% level, which indicates that green finance poli-
cies significantly reduce conventional energy consumption
and urge the energy sector and energy-intensive industries
to improve their carbon efficiency under limited emission
scenarios. After the implementation of the green finance
policy in China, both the intensity of regulation of regional
carbon emissions by financial institutions and government
departments and the public concern about carbon emissions
will rise, and industries with high energy consumption and
increased emissions will be forced to transform into green
and low-carbon production or reduce carbon emissions. The
green finance policy motivates industries with high energy
consumption and high emissions to optimize their produc-
tion processes and minimize inefficient energy consump-
tion behaviors, ultimately optimizing the regional energy
consumption structure, reducing the intensity of traditional
energy consumption, and thus improving carbon emission
efficiency.

Analysis of differences in green policy effects

In 2012, the former China Banking Regulatory Commission
(CBRC) issued the Green Credit Guidelines, which was the
first time that China’s financial regulator sets out precise
requirements for banks’ green credit efforts, and the policy

stipulated that banking financial institutions should regularly
conduct comprehensive assessments of green credit and set
out policy-binding green credit management practices. In
this paper, we further assess the impact of the Green Credit
Guidelines on the carbon efficiency of prefecture-level
municipalities and compare and analyze its policy impact
on carbon efficiency with the 2016 Guidelines. Here, we use
a DID model to assess the policy effects of the Green Credit
Guidelines. To complete the DID estimation, we use panel
data of prefecture-level cities from 2006 to 2019 for the
empirical study. Among them, the explanatory variable is
the carbon emission efficiency of prefecture-level cities, and
the data treatment is consistent with the benchmark regres-
sion. The core explanatory variable is the interaction term
of the city group dummy variable treat and the time dummy
variable post. We use the ratio of interest expenditure on
high energy-consuming industries to interest expenditure on
industrial industries in each Chinese province as a criterion
to identify cities in the treatment group and cities in the con-
trol group. The data on interest expenditure on high energy-
consuming industries and interest expenditure on industrial
industries are obtained from the statistical yearbooks of each
province and city. This indicator represents the credit scale
of high energy-consuming ambitions in each region, and the
larger the value of this indicator, the more likely it is to be
affected by the policy of the Green Credit Guidelines. There-
fore, we divide the sample into three equal parts according
to the credit ratio of high energy-consuming industries in
the first 3 years of the policy implementation year, with the
group with the highest value being the treatment group and
the group with the lowest value being the control group,
and eliminate the sample with the value in the middle, with
the treatment group post taking the value of 1 and the con-
trol group taking the value of 0. Other control variables are
consistent with the baseline regression. Table 6, reports the
estimated results of the impact of the Green Credit Guide-
lines on urban carbon efficiency. Columns (1) and (2) show
the estimation results for the panel data of prefecture-level
cities from 2006 to 2019, with estimated coefficients treat
X post of 0.0085 and 0.0075, respectively, failing the 10%
significance test. Considering that the sample time is too

Table 6 Estimation results for green credit policies

D 2 3 4)
treat X post 0.0085 0.0075 0.0351 0.0341
(0.0245) (0.0253) (0.0277) (0.0228)
Control variables YES YES YES YES
City FE YES YES YES YES
Year FE YES YES YES YES
N 2506 2506 2506 2506
Adjusted R? 0.6806 0.6828 0.7977 0.7972
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long and may underestimate the policy effect, we re-estimate
through the sub-sample data from 2009 to 2015. Columns
(3) and (4) show the results treat X post of the subsam-
ple estimation, where the estimated coefficients have sig-
nificantly higher values but still do not pass the 10% sig-
nificance test. The above estimation results indicate that
the Green Credit Guidelines implemented in 2012 did not
significantly improve the carbon efficiency of cities. Regard-
ing policy content, the Green Credit Guidelines regulate the
review of green credit, strengthen the loan restrictions for
high pollution and high energy-consuming industries, and
may not provide enough support for green environmental
projects. In contrast, the Guideline implemented in 2016
expands the supply of green finance based on the policy
purpose of building a green financial system, promotes
innovation in green financial institutions and mechanisms,
and invests more financial resources in the field of green
and low-carbon development, which in turn improves car-
bon emission efficiency. By comparing the implementation
content and implementation effects of the two green finance
policies, we find that the guidance can substantially improve
the carbon emission efficiency of cities. At the same time,
the Green Credit Guidelines do not play a positive role in
enhancing carbon emission efficiency.

Conclusion

Based on the Chinese State Council’s policy of establishing
pilot green financial reform and innovation zones in some
provinces as a quasi-natural experiment, this paper examines
the effect of pilot green financial policies on multi-city car-
bon emission efficiency using the double difference method.
It is found that, first, the green finance policy significantly
enhances the carbon emission efficiency of pilot prefecture-
level cities relative to non-pilot prefecture-level cities with
a lag, where the policy effect is not significant in the period
of policy implementation but continues to show effect in
later years. Parallel trend tests and a series of robustness
tests prove that the inferred policy effects are consistent
and robust under the assumptions of the empirical model.
Second, regarding the mechanism of action, green financial
policies are designed to improve urban carbon emission effi-
ciency by promoting technological innovation, accelerating
industrial restructuring, and reducing energy consumption
improvements. Third, by comparing the effects of the two
green financial policies in 2012 and 2016, we find that the
2016 Guidelines can substantially improve urban carbon
emission efficiency, while the 2012 Green Credit Guidelines
did not play a positive role in enhancing carbon emission
efficiency.

The findings in this paper provide policy insights for
deepening the development of green finance and accelerating
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the transition to a green and low-carbon economy. Based on
these findings, this paper proposes the following policy rec-
ommendations: First, the scale of green financial reform and
innovation pilot zones needs to be expanded. At the present
stage, green financial reform policies can significantly exert
an inhibiting effect on CO2 emission intensity and the inhib-
iting effect strengthens year by year. Therefore, the scale of
green financial reform and innovation pilot zones should be
actively expanded, and the pilot experience should be grad-
ually extended to the whole country. Secondly, under the
policy incentives and guidance, financial institutions should
conscientiously implement and enforce the green finance
policy. Considering the economic and environmental ben-
efits of the projects, the government should strictly limit the
investment of credit funds to the “two high” enterprises and
increase the support for environmental protection investment
projects and actively give credit support. Meanwhile, the
government should improve the information disclosure func-
tion of green finance to alleviate the information asymme-
try of green technology innovation and guide social capital
to flow into green technology innovation projects. Third, a
series of actions should be implemented by the government,
including building a regional financial development pattern,
establishing an inter-regional green financial information
sharing mechanism, strengthen communication and coordi-
nation in policy implementation and execution, giving full
play to the spillover effect of green financial reform policies,
and promoting low-carbon economic transformation. Fourth,
a low-carbon industrial system should be established to cre-
ate high-end manufacturing industries. In the mechanism
test, we found that the green financial policy inhibits the
development of secondary industries. China’s energy struc-
ture has a large share of coal, and heavy industry accounts
for a large percentage of the total economy. The central gov-
ernment should formulate policy details according to the
country’s actual situation to minimize the negative impact of
green financial policies on the real economy. Governments
at all levels should make joint efforts to build low-carbon
industrial chains and green industrial projects while promot-
ing the development of high-end manufacturing industries.
Policymakers also need to explore synergistic development
paths for low-carbon development and economic growth
based on regional factor endowments and use green finan-
cial services to help backward production capacity achieve
technological upgrading and green transformation.
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