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Abstract
The Green Financial Reform and Innovation Pilot Areas (GFRIPA) policy is a key institutional arrangement that enables 
China’s green finance to advance from theory to practice. Few studies have quantitatively evaluated the policy’s environmental 
performance. This study uses a generalized synthetic control method (GSCM) alongside panel data from Chinese prefecture-
level cities since 2007 to assess the effects of the GFRIPA policy on energy consumption and pollution emissions and to 
pinpoint the underlying mechanisms. Results show that establishing the GFRIPA significantly reduces energy consumption 
and pollution emissions, and that the effect emerges immediately in the policy’s issuance year. Possible mechanisms consist 
of the increase in urban green innovation, the ease of financing constraints, the optimization of industrial structure, and the 
enhancement of environmental governance. Heterogeneity analyses reveal that policy effects are more profound in cities with 
a higher degree of marketization and a higher level of education. The findings provide valuable insights into consistently 
promoting the GFRIPA policy to meet environmental goals for energy conservation and pollution reduction and ultimately 
advance green economies in developing nations.

Keywords Green Financial Reform · Energy consumption · Pollution emissions · The generalized synthetic control method 
(GSCM)

Introduction

Developing a green financial system is crucial for transform-
ing the mode of economic development and fostering the 
creation of a resource-efficient and environment-friendly 
society. It is an inevitable step toward advanced economic 
development (Ronaldo and Suryanto 2022; Liu and Wang 
2023). Green finance is gaining widespread approval as a key 
tool for advancing modern environmental governance and 
green development, due to its dual role in market-oriented 
environmental regulation and resource allocation within 

the financial sector. In recent years, there has been notable 
progress in China’s green financial policy framework and 
institutional system, resulting in impressive development 
achievements within the green financial market. Accord-
ing to the People’s Bank of China, China’s green loan bal-
ance has ranked first in the world in terms of stock size. It 
reached RMB 20.9 trillion by the end of the third quarter of 
2022, marking an increase of 41.4% compared with the cor-
responding period last year and China has also the second 
largest green bond market globally. The issuance of green 
bonds saw a surge of 180% year on year to RMB 600 billion 
in 2021. Moreover, multi-level green financial products such 
as green stocks, green funds, green insurance, and carbon 
finance are continuously burgeoning.

It must be acknowledged that China’s present green finance 
practices face numerous challenges. The awkward predica-
ment resembles a blockbuster movie with poor box-office 
returns. The synergy is inadequate between the central gov-
ernment’s green financial initiatives and local economic devel-
opment. Efficient coordination and beneficial cooperation are 
also challenging to be achieved between financial institutions 
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and enterprises, resulting in resource waste and inefficient 
investments. Moreover, the supply and demand of green 
capital are mismatched, as are the targets of green finance 
and the assessment indicators used by financial institutions. 
These issues not only erode financial institutions’ intrinsic 
motivation to promote green finance, but also frustrate firms’ 
eagerness to engage in green investments and financing.

For instance, with the full implementation of China’s 
green credit policy, commercial banks strictly enforce 
the one-vote veto rule for environmental protection when 
evaluating credit businesses. This measure helps to cut off 
funding for high energy-consuming and high-polluting 
(“two-high”) enterprises, preventing their reckless expan-
sion. However, it can impede enterprises with an eagerness 
to transform and effective techniques to achieve low-car-
bon transformation to acquire sufficient financial backing, 
resulting in delayed or thwarted transformation. Concerning 
the Chinese economic reality, “two-high” industries play 
critical roles in local economic growth. Their transforma-
tion and development require significant attention (Lin and 
Zhang 2023). Additionally, green investment schemes’ 
environmental performance evaluation by financial insti-
tutions is problematic. The absence of evaluation criteria 
and analysis systems for green projects leads to inconsist-
ent evaluation standards of third-party certification agen-
cies. Incomplete information disclosure further exacerbates 
the lack of cross-sectional comparability of green project 
information and erodes the credibility of the green market. 
These issues facilitate greenwashing behaviors of banks and 
enterprises, posing potential risks of “bad money drives out 
good.” Therefore, the focus of integrating environmental 
and financial policies shifts toward effectively utilizing 
financial markets’ green resource allocation function to 
realize the economy’s green transformation.

The promotion of green transformation in the economy 
hinges on revolutionary changes in economic develop-
ment patterns. China’s rapid economic growth over the past 
40 years has yielded notable achievements, positioning it as 
the world’s second-largest economy. Unfortunately, long-
term reliance on unsustainable development modes has led 
to a surge in energy consumption, as well as an increasingly 
critical emission issue. According to BP’s World Energy Sta-
tistics Yearbook, China constituted 26.5% of global energy 
consumption in 2021, exhibiting growing energy usage of 
7.1% and consistently topping the globe. The dominance of 
fossil fuels in the energy consumption structure has adverse 
environmental implications, ranging from heightened natu-
ral resource depletion to air pollution and climate change. 
To achieve green development in China, it is key to boost 
energy efficiency, regulate pollution emissions, and hasten 
the process of energy conservation and pollution control.

Supportive policies and strategies drive the development 
of green finance, serving as crucial institutional innovations 

and policy tools. These efforts aim to accelerate the creation 
and enhancement of China’s circular economic development 
system that is green and low carbon. In June 2017, the State 
Council Executive Conference decided to build distinctive 
Green Financial Reform and Innovation Pilot Areas (GFRIPA) 
in eight regions of five provinces, including Zhejiang, Jiangxi, 
Guangdong, Guizhou, and Xinjiang. The GFRIPA strategy 
intends to tap into local government initiative to create an 
innovative green finance industry, and gradually bolster a 
consolidated management platform. Green finance in China 
has entered a new development stage, combining top-down 
design and bottom-up regional exploration. Has the GFRIPA 
policy contributed to the green transformation of the regional 
economy? Can the economic growth pattern be fundamentally 
reversed to achieve integration between high-quality develop-
ment and environmental protection? Current research lacks 
clarity in answering these questions.

Previous studies have mostly evaluated the effect of Chi-
nese green financial policies via the lens of green credits. 
They find that green credit policies significantly affect mac-
roeconomic transformation, environmental quality improve-
ment, corporate investment and financing, and credit deci-
sions of commercial banks. One view on the macroeconomic 
level suggests that the green credit is beneficial to green eco-
nomic growth (Zheng et al. 2022). The effective and accept-
able green credit policy incentives, such as government-sub-
sidized interest rates, targeted downgrades, and refinancing, 
help improve the economic structure (Hu et al. 2020). These 
incentives mitigate negative impacts on total economic out-
put and employment, resulting in a win–win situation for 
both the economy and environment (Al Mamun et al. 2022). 
Another point holds that green credit policies are relatively 
effective in curbing investment in energy-intensive indus-
tries, but unsatisfactory in restructuring industries (Liu et al. 
2017). The annual alternation of tight and loose green credit 
policies leads to fluctuations in green economic growth and 
unsustainable progress in energy conservation and pollution 
reduction (Xie and Liu 2019; Lin and Zhou 2022).

The micro-level evidence reveals that green credit poli-
cies can improve corporate cash holdings (Yuan and Gao 
2022) and hasten the shift of corporate environmental gov-
ernance from end-of-pipe management to front-end preven-
tion (Sun et al. 2019). The credit-granting process involves 
an enterprise environmental risk assessment mechanism 
and strict monitoring of credit allotment to environmen-
tally unfriendly firms (Zhang et al. 2021). This could urge 
“two-high” enterprises to promote green transition (Lu et al. 
2022) and facilitate a push toward corporate emission reduc-
tion (Fan et al. 2021). On the other hand, while banks adopt 
naturally market-oriented mechanisms following the Equator 
Principles, China’s green credit policy holds banks account-
able for environmental hazards. Bank performance may be 
negatively affected by the environmental access thresholds 
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and the one-size-fits-all approach during implementation 
(Fan et al. 2021). This results in an asymmetric impact on 
debt costs among enterprises of varying kinds (Xu and Li 
2020) and subsequently affects firm output and investment. 
Wen et al. (2021) uncover that green credit policies raise 
funding costs for “two-high” firms and inhibit their R&D 
investment in green technology. Falmmer (2021) argues that 
green enterprises might engage in greenwashing by avoid-
ing substantial green innovation following the acquisition of 
low-cost financing. To determine whether significant reduc-
tions in regional energy consumption and pollutant emis-
sions are possible, it necessitates clarifying the role of green 
financial policies in environmental governance.

Accurately identifying the pure effects of green financial 
policies is crucial. The GFRIPA policy is another significant 
step toward developing green finance since the promulgation 
of the Green Credit Guidelines in 2012. It clearly defines 
the policy targets and reduces the likelihood of biased esti-
mation results caused by misidentification. This stands 
in contrast to the vague guidance provided by the Green 
Credit Guidelines. We use the generalized synthetic control 
method (GSCM) to assess the effects and mechanisms of the 
GFRIPA policy on energy consumed and pollution emitted 
in Chinese prefecture-level cities from 2007 to 2020.

The contribution of this paper is threefold. Firstly, it adds 
to the existing literature on the efficacy of green financial 
policies through investigating the GFRIPA policy’s effect on 
energy consumption and pollution emissions. Prior studies 
have mainly focused on how green credit policies impact 
corporate cash holdings (Yuan and Gao 2022), corporate 
investment and financing (Fan et al. 2021), export trade (Gao 
2022), environmental quality improvement (Zhang et al. 
2021; Su et al. 2022), green innovation (Chen et al. 2022), 
and green transformation (Lu et al. 2022). Few studies have 
examined the impact of the GFRIPA policy as a novel green 
finance reform institution on corporate investment efficiency 
(Yan et al. 2022), debt financing cost (Shi et al. 2022), and 
green innovation (Liu and Wang 2023) in pilot areas. Despite 
potential benefits, there is insufficient debate on whether the 
GFRIPA policy can efficiently reduce urban energy use and 
pollution emissions and fundamentally alter the extensive 
economic growth mode. By exploring this theme, the paper 
expands the research scope on green finance policies and 
establish a foundation for deepening the financial sector’s 
supply-side structural reform in China. It also offers refer-
ences to policy makers seeking to effectively use financial 
instruments to conserve energy, cut pollution, and promote 
urban green development in developing countries.

Secondly, the GSCM is employed to empirically study the 
energy-saving and pollution-reducing effect of the GFRIPA 
policy. This approach effectively addresses endogeneity and 
small treated sample concerns. Prior studies mostly apply the 
difference-in-differences (DID) technique to evaluate the effect 

of green credit policies. Due to the unclear policy targets of the 
Green Credit Guidelines, existing studies have primarily relied 
on differences in the effects of green credit policies for pollut-
ing and clean industries to distinguish the treated and control 
groups (Lee et al. 2022; Zhao et al. 2023). This identification 
method is susceptible to subjectivity and potential endogeneity 
issues. When scrutinizing green credit qualifications, banks 
often ignore the inadequacy of large state-owned enterprises 
(SOEs). This leads to some non-high-polluting SOEs being 
mistakenly classified into the treated group. Moreover, the 
reliability of the DID method depends on adequate total and 
treated group sample size. Otherwise, estimator efficiency may 
be doubted and estimation bias can occur (Conley and Taber 
2011). In our study, only 8 cities, accounting for 3.8% of the 
total number of cities, were piloted in the GFRIPA policy. To 
address these concerns, we regard the establishment of the 
GFRIPA as a policy shock and use the GSCM to investigate 
the effectiveness of the green finance reform in promoting 
urban energy conservation and reducing pollution.

Thirdly, this study thoroughly sorts out the micro and macro 
mechanisms underlying the effect of the GFRIPA policy on 
regional energy consumption and pollution emissions. It is 
suggested that the policy reduces urban energy consumption 
and pollution emissions by enhancing green innovation, eas-
ing financing constraints, optimizing industrial structure, and 
strengthening environmental governance. Moreover, following 
our evaluation of the policy effects in different regions, the 
government should fully consider regional endowments, factor 
structures, and comparative advantages of targeted cities while 
issuing and implementing the GFRIPA policy. The findings 
provide novel perspectives and empirical evidence that deepen 
our understandings on how the policy benefits environment, 
and how to unleash policy potential and expand the pilot areas.

The remainder of this paper is organized as follows. The 
“Policy background and hypothesis development” section 
includes background of the policy and hypothesis develop-
ment. The “Methodology, variables, and data” section intro-
duces GSCM, data, and variable definitions. The “Empirical 
analysis” section presents empirical studies and robustness 
tests. The “Mechanism analysis” section reports mechanism 
analyses. The “Heterogeneity analysis” section discusses het-
erogeneity and the “Conclusion” section concludes the paper.

Policy background and hypothesis 
development

Policy background

China has entered a new normal stage in economic devel-
opment, prioritizing structural optimization and environ-
mental friendliness over sheer economic scale and growth 
rate. However, China remains the world’s largest consumer 

119097



Environmental Science and Pollution Research (2023) 30:119095–119116

1 3

of primary energy and has yet to fundamentally alter its 
way to economic development at the cost of energy con-
sumption and environmental pollution. According to the 
China Energy Statistics Yearbook, power consumption 
per GDP in 2016 was 0.621 kWh/$, significantly above 
the world average of 0.299 kWh/$. The coal-based energy 
consumption structure not only causes low energy effi-
ciency, but also poses serious challenges to environmental 
pollution management. Statistics on particulate and  SO2 
concentration reveal that China is one of the most polluted 
countries worldwide. To address environmental issues, 
the Chinese government proposed conserving energy and 
reducing pollution in the 2006 11th Five-Year Plan. The 
subsequent 13th Five-Year Plan in 2016 sets dual targets 
to control total energy consumption and energy consump-
tion per GDP. The 14th Five-Year Plan, which began in 
2021, has incorporated policies and actions to tackle cli-
mate change. The plan also aims to expedite the green 
transformation of the development mode by improving the 
overall resource utilization efficiency, creating a resource 
recycling system, vigorously developing a green economy, 
and establishing a green policy system.

The transformation to green economic development 
necessitates cooperation from the financial sector. Green 
finance plays a crucial role in supporting the construction 
of an ecological civilization and in promoting the devel-
opment of a green economy in China. The proposal to 
establish national pilot areas for green financial reform 
and innovation is a critical step toward furthering green 
financial reform. In August 2016, the People’s Bank of 
China, the Ministry of Finance, and five other ministries 
coauthored the “Guidance on Building a Green Financial 
System.” This marked China as the first developing nation 
to promote green financial reforms by means of official 
policy initiatives and government coercion. This guid-
ance specifically proposes encouraging the development of 
green finance in pilot regions. Local governments are sug-
gested to consider local contexts and address prominent 
ecological and environmental problems through proactive 
exploration. In June 2017, the State Council approved the 
first eight pilot zones for green financial reform and inno-
vation in five provinces. They are Quzhou and Huzhou in 
Zhejiang, Huadu District of Guangzhou in Guangdong, 
Gui’an New District in Guizhou, Ganjiang New District 
in Jiangxi, Hami, Changji, and Karamay in Xinjiang. 
Lanzhou New District in Gansu and Chongqing City were 
approved as the pilot zones in December 2019 and August 
2022, respectively.

The GFRIPA intends to undertake five main tasks. The 
first task is to aid financial institutions in establishing green 
finance departments or sub-branches, and encourage partici-
pation in green finance businesses by micro-credit compa-
nies and financial leasing companies. It also seeks to attract 

venture capital, private equity funds, and other national and 
international capital for green investments. The second task 
is to incentivize green credit development, and explore mort-
gage and pledge financing that takes environmental rights 
and interests such as concessions, project yield rights, and 
pollution rights as the underlying matter. It also entails has-
tening green insurance development, and creating novel 
ecological and environmental liability-based green insur-
ance products; encouraging green enterprises to raise funds 
through bond issuance and listing, and assisting small and 
medium-sized enterprises in issuing green collective bonds; 
and increasing investments in green finance for constructing 
green buildings and infrastructure in distinctive small- and 
medium-sized cities and towns. The third task is to roll out 
pilot markets for trading pollution, water, and energy rights, 
and build a platform for disseminating information on corpo-
rate emissions and environmental violations. It also includes 
formatting a green credit system, promoting green payment 
tools like e-money orders and mobile payments, and driv-
ing the creation of financial infrastructure based on green 
ratings and indices. The fourth task is to offer finance, taxa-
tion, land, and talent-related policy support for green indus-
tries and projects. It also suggests enhancing support for 
green public welfare projects via local government bonds, 
and liberalizing market access and public service pricing 
to improve risk sharing mechanisms of benefit and cost. 
The fifth task is to build a green financial risk prevention 
mechanism, perfect the accountability system, establish risk 
compensation mechanisms for green project investment and 
financing in accordance with the law, and foster a healthy 
development model for green finance.

The GFRIPA policy is market-oriented and supplemented 
by government guidance, with the aim to enhance continu-
ously local green financial construction capacity. Each pilot 
zone also has its own priorities. Specifically, Quzhou and 
Huzhou in Zhejiang focus on innovating green finance ser-
vices for the transformation and upgrading of traditional 
industries. The Huadu District of Guangzhou in Guangdong 
is committed to creating a new development model whereby 
green financial reform and economic growth are mutually 
supportive. The three Xinjiang cities employ “the Belt and 
Road” to showcase the building of the Green Silk Road with 
a demonstration and radiation effect. The Gui’an New Dis-
trict in Guizhou and Ganjiang New District in Jiangxi, both 
abundant in ecological resources, seek to embrace green 
finance to avoid “exerting control after pollution.” By the 
end of 2020, the balance of green loans in these pilot areas 
reached RMB 236.83 billion, accounting for 15.1% of total 
loan balances and exceeding the national average 4.3 per-
centage points. The balance of green bonds grew by 66% 
compared to the same period last year, amounting to RMB 
135.05 billion. Some successful experiences in the reform 
and innovation of green finance have already been promoted 
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in certain areas. Among these, Huzhou in Zhejiang realized 
mutual benefits for environmental and economic develop-
ment through ecologically resourceful transformation, sci-
entific and technological support, and collaboration between 
central and local policies. The Huadu District of Guang-
zhou achieved remarkable gains in the development of green 
financial products and markets. Its trading volume in the 
environmental equity market has achieved a steady ranking 
of first place in China, reaching an impressive RMB 3.51 
billion.

To sum up, the incentive measures outlined in the 
GFRIPA policy generate positive outcomes with the synergy 
of central and local efforts. Guided by the overall develop-
ment of the GFRIPA program, pilot zones have made great 
strides in constructing green financial systems, developing 
product lines, refining organizational structures, establishing 
service platforms, and enhancing security systems.

Hypothesis development

The GFRIPA policy features both market-oriented and 
command-and-control environmental regulation. It entails 
constructing a green financial institutional environment, 
developing green financing products and services system, 
and reinforcing guarantees for green financial reform and 
innovation. These practices would affect credit allotment 
among enterprises in a region, capital investment direction, 
and green technological innovation, resulting in a twofold 
effect on energy consumption and pollution emissions.

The first perspective relates to the construction of a 
green financial institutional environment. Establishing the 
GFRIPA helps accomplish the guidance effect of the insti-
tutional system and promote corporate environmental aware-
ness and sustainable development notion through a signaling 
mechanism. Compared with the strong greenness status in 
developed nations, China’s green development is still in its 
early stage. Many firms lack awareness of environmental 
and social responsibilities and a mature system for environ-
mental disclosure (Zhang et al. 2011). The GFRIPA policy 
aims to build criteria for the green financial system, and 
coordinate cross-regional, cross-sector, and cross-institu-
tional mechanisms of accountability, checklist, roadmap, 
and policy evaluation. In this regard, special guidance is 
released in accordance with actual regional circumstances to 
create a green financial ecology and improve the assessment 
on local green enterprises and green projects. According to 
the institutional theory, institutions can constrain and shape 
organizational behavior. The GFRIPA policy, as an institu-
tional arrangement that facilitates the green economic transi-
tion, is inevitably bound to affect the behaviors of producers. 
It conveys governmental approval and certification of green 
producers and releases a strong signal of the insistence on 
economic green transformation. Specifically, the pilot policy 

guides producers to build a green production development 
strategy and take the initiative to cleaner production. Green 
certification and other similar identities would also force 
producers to improve production methods and raise energy 
utilization efficiency.

The second perspective pertains to the development of 
a diversified green financial market system in the GFRIPA. 
The differential treatment strategy underlain in this system 
helps address the externalities associated with environmental 
projects, alleviate information asymmetry, and internalize 
negative pollution emission externalities. Specifically, green 
finance aligns financial activities with producers’ environ-
mental risks and promotes optimal allocation of financial 
resources in both environmental and economic sectors. The 
GFRIPA policy defines clearly green financial support pri-
orities and requires financial institutions to establish crite-
ria for identifying greenness and specifying green financial 
service targets. More credit support should be provided 
to energy-efficient and eco-friendly enterprises and green 
projects in fields such as new energy, new materials, green 
building, and energy-saving renovation of public buildings. 
This support includes access to loans with reduced interest 
rates, as well as reduced barriers for bond issuance and list-
ing. Conversely, punitive high-interest loans are offered to 
“two-high” enterprises and non-green projects in the iron 
and steel, non-ferrous metals, paper making, printing, and 
dyeing sectors. This would force these businesses to upgrade 
their sewage treatment equipment and improve energy usage 
and pollution management efficiency. To mitigate adverse 
selection and moral hazard, the authorities also urge green 
loan recipients to disclose more environmental information. 
All these initiatives serve to reconcile the conflicting needs 
of financial resource allocation and environmental project 
externalities. Due to the optimized resource allocation, they 
hasten the exit of “two-high” enterprises (Li and Chen 2022) 
and encourage enterprises to implement strategies for green 
innovation development (Tan et al. 2022). The established 
identification criteria promote investment in green projects 
at the same capital price and enable information-driven real-
location of financial resources (Al Mamun et al. 2022), lead-
ing to energy conservation and pollution reduction.

The third perspective involves the financial incentives 
and supervision measures introduced by the GFRIPA 
policy. Such safeguards motivate market participants to 
engage actively in green finance, resulting in positive 
effects on energy conservation and pollution reduction 
through notable structural adjustments and compre-
hensive governance cycles. The conventional financial 
mode lacks effective appraisal of environmental friendli-
ness and supervision of investment flows, blurring the 
advantages of green enterprises in the credit market. By 
building platforms like the information project libraries 
and introducing diversified participants like third-party 
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certification agencies, the GFRIPA policy can dismantle 
obstacles to information barriers and improve the effi-
ciency of green investment and financing. The plurality 
of participants enables strict monitoring and inspection 
on firms by professional institutions in the areas of pro-
duction procurement, energy consumption, and pollution 
emissions. This in turn inspires enterprises to proactively 
assume environmental responsibilities and dedicate them-
selves in adopting and developing eco-friendly technolo-
gies (Chen et al. 2022; Liu and Wang 2023). Additionally, 
the policy offers enterprises interest discounts and tax 
incentives to upgrade their green technological innova-
tion, improve energy input structure, and promote energy 
conservation and pollution reduction. Based on the above 
analyses, we propose hypothesis 1 as follows:

Hypothesis 1: Implementing the GFRIPA policy con-
tributes to substantial reductions in energy consump-
tion and pollution emissions.

Mechanism analyses on the GFRIPA policy’s 
energy‑saving and pollution‑reducing effect

The economic green transformation signifies a revolution 
that entails the complete greening of corporate production 
processes at the micro level, as well as the emergence 
and growth of green industries at the macro level. Green 
financial reform is a crucial policy tool for contemporary 
environmental governance and eco-friendly economic 
transition. It impacts the decision-making of financial 
institutions and enterprises (Xu and Li 2020; Liu et al. 
2019; Wen et al. 2021), alters the energy structure (Ren 
et al. 2020), and promotes a mutually beneficial outcome 
for economic growth and environment protection (Sun 
et al. 2019; Nabeeh et al. 2021). The GFRIPA policy is a 
significant effort by the Chinese government to advance 
green financial reform, spearhead the development of 
green low-carbon industries, and promote environmen-
tal protection. The policy has the potential to conserve 
energy and reduce pollution emissions through four out-
lined mechanisms below.

Green innovation mechanism

Green innovation is what propels economic green trans-
formation, energy efficiency improvement (Okushima and 
Tamura 2010), and the achievement of energy conserva-
tion and pollution reduction goals. High uncertainty and 
environmental externalities are main barriers to corporate 
green innovation (Tang et al. 2020). Due to market failure 
in the R&D market, it is challenging to obtain a socially 
optimal level of clean technological R&D through market 

incentives alone (Popp 2002). This highlights the impor-
tance of government incentives. To begin with, establish-
ing the GFRIPA reinforces market expectations for green 
transformation and sends a signal to increase firms’ pollu-
tion-control expenses and production costs. This channels 
resources to eco-friendly businesses and projects and pro-
motes corporate green innovation to increase competitive 
advantages, offsetting the costs of environmental regulations 
(Porter and Van der Linde 1995). Second, the GFRIPA pol-
icy helps coordinate the conflict between corporate social 
responsibility and profit maximization under the traditional 
financial framework. It also reallocates financial resources 
by developing a scarcity environmental product market 
that offers firms more market information on technological 
advancements (Goulder and Parry 2008). This will lessen 
the uncertainty in green innovation and inspire corporate 
green innovation. Third, the policy includes special funds 
and financial subsidies for energy conservation and pollution 
control in pilot areas. Funding supports and direct incen-
tives may attract companies to conduct green technological 
R&D and renovation. When green innovation and a green 
economy thrive, a positive feedback mechanism arising from 
the positive externalities of green industries will emerge 
within the GFRIPA policy. This will enable the coexistence 
of economic interests and environmental effects, leading to 
a win–win situation for energy conservation and pollution 
reduction. Hypothesis 2 is thus proposed as:

Hypothesis 2: Establishing the GFRIPA encourages green 
innovation to promote urban energy conservation and pol-
lution reduction. Specifically, green innovation increases 
with the implementation of the GFRIPA policy. This 
reduces in turn urban energy consumption and pollution 
emissions.

Financing constraint mechanism

The realization of energy conservation and pollution reduc-
tion depends greatly on significant environmental investment 
and capital redistribution among enterprises and industries. 
Rajan and Zingales (1998) have found that financing con-
straints confronting firms are significantly influenced by 
regional financial development in addition to their own 
internal factors. The GFRIPA policy has the potential to 
enrich the green financial product system and advance green 
financial institutions and platform organizations in quantity 
and quality. Green financing will be then more sufficiently 
supplied in the pilot areas. Moreover, the diversified green 
financial market system and the collaboration mode of “pro-
fessional institutions + governments + financial institutions” 
brought by the policy can largely ease information asym-
metry between banks and enterprises. This enables reduced 
transaction costs in the financial market and decreased risks 
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for green financial institutions. For example, Ganjiang New 
District in Jiangxi has developed standardized green Pub-
lic–Private-Partnership (PPP) projects to support the devel-
opment of clean energy and rail transportation. This incen-
tive has prompted financial institutions to offer financing 
modes like intellectual property pledge, energy performance 
contracting, and green asset securitization, thereby expand-
ing corporate financing channels. In the context of ever-more 
strict and improved modern environmental governance, 
reduced financing costs encourage firms to invest more in 
environmental pollution control. This in turn enhances the 
efficient use of environmental resource. Studies indicate that 
green finance policies have significantly increased the exit 
risk of high-polluting firms, while simultaneously boosting 
incumbent firms’ market share (Li and Chen 2022). Green 
credits improve environmental quality by influencing firm 
financing and investment (Zhang et al. 2021; Lu et al. 2022). 
Therefore, we propose hypothesis 3:

Hypothesis 3: Establishing the GFRIPA alleviates corpo-
rate financing constraints to promote urban energy con-
servation and pollution reduction. Specifically, financing 
constraints eases with the implementation of the GFRIPA 
policy. This reduces in turn urban energy consumption 
and pollution emissions.

Industry structure mechanism

As backbone of an economic system, industries affect both 
the utilization and efficiency of production factors, as well 
as the resulting pollution emissions’ scope and type (Chen 
et al. 2021a). The GFRIPA policy plays a key role in promot-
ing an optimized industrial structure and fostering resource-
saving and eco-friendly development patterns. At the micro 
level, the policy will affect resource allocation and induce 
structural adjustments in credit flow. This will subsequently 
impact how the industry structure evolves. Given the strong 
support for green finance, financial institutions may use green 
regulations and the profit-seeking principle to restrict funding 
to businesses and projects that violate industrial policies and 
environmental rules. This action helps to curb the unregulated 
expansion of “two-high” firms (Liu et al. 2017). Conversely, 
enterprises and projects that meet green financial requirements 
can access low-interest loans. This policy tilt encourages more 
firms to engage in green projects, upgrade their current tech-
nologies, and conduct green technological innovation. The 
resulting industry structure is more environmentally sustain-
able (Hu et al. 2020). At the macro level, the policy can break 
institutional barriers that hinder green development, expand 
the range of financial services, and promote the flow and coor-
dinated allocation of factors such as knowledge, technologies, 
talents, and funds. It also facilitates industrial restructuring and 
cleanliness through the novelty policy implementation mode of 

“government guidance and market dominance.” Consequently, 
the following hypothesis is proposed:

Hypothesis 4: Establishing the GFRIPA optimizes the 
industry structure to promote urban energy conservation 
and pollution reduction. Specifically, the industry struc-
ture optimizes with the implementation of the GFRIPA 
policy. This reduces in turn urban energy consumption 
and pollution emissions.

Environmental governance mechanism

The success of environmental governance requires a large 
amount of green investment that generates strong positive 
externalities. Nevertheless, these externalities cannot be 
fully internalized as environmental investments are chal-
lenging to convert into immediate economic benefits. Gov-
ernments’ intervention is necessitated to adjust green invest-
ments to a socially optimal level. Since the implementation 
of the GFRIPA policy, local governments in pilot zones have 
introduced subsequently various special policies on green 
finance as well as fiscal and taxation policies. These policies 
aim to foster investment in green infrastructure and promote 
ecologically sustainable development. The strengthening of 
environment governance will raise fiscal spending on green 
infrastructure and directly enhance the overall governance 
efficacy in regional energy conservation and pollution reduc-
tion. Moreover, preferential measures such as one-time 
bonus and financial subsidies will induce the lowland effect. 
This effect has the potential to change investor preferences, 
increase an economy’s environmental capital stock, drive 
innovation in production paradigms, and eventually curb 
energy consumption and pollution emissions. In line of this 
logic, we propose hypothesis 5:

Hypothesis 5: Establishing the GFRIPA enhances 
regional environmental governance to promote urban 
energy conservation and pollution reduction. Specifi-
cally, environmental governance strengthens with the 
implementation of the GFRIPA policy. This reduces in 
turn urban energy consumption and pollution emissions.

All in all, Fig. 1 displays the theoretical framework of 
this paper.

Methodology, variables, and data

Generalized synthetic control method

It is crucial to find an appropriate method to evaluate the 
effect of the GFRIPA policy regarding energy conservation 
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and pollution reduction. Prior studies have frequently 
employed the DID technique to appraise policy effects. This 
method relies on the parallel trend assumption that the out-
comes of both the treated and control groups would have run 
parallel in the absence of policy intervention. To ensure the 
validity of the estimated coefficients, it also requires the total 
sample size, as well as the observations of the treated group 
exposed to exogenous policy shocks to be substantially large 
(Conley and Taber 2011). Nevertheless, unobserved time-
varying confounders may cause the parallel trend assump-
tion to fail (Xu 2017). The fact that the GFRIPA policy 
involves only eight pilot cities, accounting for 3.8% of all 
cities, also poses a challenge.

Abadie and Gardeazabal (2003) propose a synthetic 
control method (SCM) within a counterfactual estimation 
framework to address the issues above. The method creates a 
synthetic control group to serve as the counterfactual for the 
treated group by optimizing weights assigned to cities in the 
control group and employing pretreatment periods as criteria 
to underlie sound matches. Although it could offer explicitly 
objective weights to the control cities and compare transpar-
ently between the treated and synthetic control groups, the 
SCM applies solely to the case of a single treated city, and 
the provided uncertainty estimates are not easily interpret-
able. Since the GFRIPA policy covers eight treated cities, we 
draw on Xu (2017) to combine the SCM with the interactive 
fixed effects (IFE) model and use the generalized synthetic 
control method (GSCM) to assess the energy-saving and 
pollution-reducing effect of the GFRIPA policy. Accord-
ing to Bai (2009), IFE models feature an interaction term 
between time-varying coefficients (labeled as latent factors) 

and unit-specific intercepts (labeled as factor loadings), of 
which the DID model is a special case. Gobillon and Mag-
nac (2016) highlight the superiority of IFE models over the 
SCM in DID settings when no common support is shared in 
factor loadings of the treated and control groups.

Theoretically, the GSCM is in the spirit of the SCM 
since it is essentially a reweighting scheme that regards 
pre-treatment treated outcomes as benchmarks for assign-
ing optimal weights to control cities and predicts treated 
counterfactuals by analyzing cross-sectional correlations 
between the treated and control groups (Xu 2017). The 
method differs from the SCM by conducting dimension 
reduction before reweighting and allowing for the smooth-
ing of weights assigned to control units. It is also a bias 
correction technique for IFE models when treatment effects 
are heterogeneous across units. By treating counterfactu-
als of treated cities as missing data, the method draws on 
the IFE model to conduct out-of-sample predictions for 
post-treatment treated outcomes. Overall, the GSCM gen-
eralizes the SCM to cases of multiple treated objects. It 
avoids repeated searches for matches of control units for 
each treated one by one and improves algorithm efficiency 
by obtaining treated counterfactuals in a single run of the 
IFE model. Table 1 visually compares the DID method, the 
SCM, and the GSCM for policy effect assessment.

Detailed GSCM settings are as follows. Assume that there 
exists N sample regions in the whole sample period T, among 
which Ntr regions are approved to implement the GFRIPA 
policy in the period T0, while the remaining Nco regions do 
not introduce the policy. The observable outcome variable yit 
for any region i in period t is written as an IFE model:

Fig. 1  Theoretical framework
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where Dit identifies whether a region i has been approved 
to implement the GFRIPA policy in period t, and takes the 
value 1 if the answer is yes and 0 otherwise. δit denotes the 
heterogeneous treatment effect of the policy. xit is a p × 1 
dimensional observable control variable set, and β is the 
pertinent p × 1 dimensional parameters. ft is an r × 1 dimen-
sional unobservable time-varying common factor vector, and 
λi is the corresponding 1 × r dimensional unknown factor 
loading vector. �it is a random error term with zero mean.

For presentation convenience, we rewrite Eq. (1) as the 
following vector form:

Then, the data generation process for the outcome vari-
able of the control group can be expressed as:

where Yco = (Y1, Y2, ..., YNco
) and �co = (�1, �2, ..., �Nco

) are 
T × Nco dimensional matrices; Xco is a T × Nco × p dimen-
sional matrix; and Λco = (�1, �2, ..., �Nco

) is a Nco × r dimen-
sional matrix.

Theoretically, for any period t ∈ [T0, T] and for Dit ∈ {0, 1}, 
the outcome variable has two possibilities for region i, i.e., 
yit(1) = �it + xit

�� + �i
�ft + �it and yit(0) = xit

�� + �i
�ft + �it . 

Then, the policy effect of establishing GFRIPA in region i 
at period t is:

(1)yit = �itDit + xit�� + �i
�ft + �it

(2)Yi = �iDi + Xi� + F�i + �i

(3)Yco = Xco� + FΛco
� + �co

(4)�it=yit(1) − yit(0)

The problem with Eq. (4) is that we can only observe yit(1) 
when region i has been implementing the GFRIPA policy at 
t > T0, but not yit(0) for the counterfactual case where region 
i is assumed to have not been approved to implement the 
GFRIPA policy at t > T0. In the GSCM, Xu (2017) suggests 
the following steps to acquire a proper estimate of yit(0).

First, it embeds a leave-one-out cross-validation method to 
compute the mean square prediction error (MSPE) for differ-
ent numbers of factors. The optimal factor number r∗ in ft is 
then identified by minimizing the previously calculated MSPE.

Second, the control group data is employed to estimate 
the IFE model. Latent factors are derived through minimiz-
ing the objective function (5).

Based on the estimated parameters �̂  and F̂0 from Eq. (5), 
the treated group data is employed to estimate factor load-
ings �̂i for each treated region by minimizing MSPE of the 
treated group before implementing the GFRIPA policy. If we 
use the superscript 0 to indicate the periods before the imple-
mentation of the GFRIPA policy, �̂i is presented as follows.

Then, the outcome variable of the counterfactual syn-
thetic control group after policy implementation can be 
calculated as:

(5)

(�̂, F̂, Λ̂co) = argmin
∑

i∈co(Yi − Xi�̃ − F̃�̃i)
� × (Yi − Xi�̃ − F̃�̃i)

s.t.F̃�F̃∕T = Ir and Λ̃
�
co
Λ̃co = diagonal

(6)

�̂i = arg min
∑

i∈tr

(Y0

i
− X0

i
�̂ − F̂0�̃i)

� × (Y0

i
− X0

i
�̂ − F̂0�̃i)

= (F̂0
�

F̂0)−1F̂0
�

(Y0

i
− X0

i
�̂)

Table 1  Comparison of the DID method, the SCM, and the GSCM for policy effect assessment

Methods Basic principle Application premise Characteristics and/or potential issues

DID Differencing twice the outcomes between 
the treated and control groups before and 
after treatment

• Parallel trend assumption
• Stable unit treatment value assumption

• Allowing for the presence of unobserved 
time-invariant confounders

• Endogeneity and selection bias problems
SCM Conditioning on characteristic vectors to 

create counterfactuals for the treated and 
differencing the outcomes between the 
treated and its counterfactual

• A single treated unit
• A long span of periods before treatment

• Allowing for the presence of unobserved 
time-varying confounders

• Explicitly objective weights for control 
units

• Lack of easily interpretable uncertainty 
estimates

GSCM • Unifying the SCM with the IFE model 
under a framework

• Drawing on the IFE model to impute 
counterfactuals for the treated and differ-
encing the outcomes between the treated 
and its counterfactual

A long span of pre-treatment periods • Allowing for the presence of unobserved 
time-varying confounders

• Applicable of multiple treated objects
• Avoiding repeated searches for matches of 

control units through estimating the IFE 
model only once

• A bias correction procedure for IFE mod-
els when heterogeneous treatment effects 
exist across units

• Efficient frequentist uncertainty estimates 
under a bootstrap procedure
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Finally, we take ŷit(0) as an unbiased estimator for yit(0) 
and get the policy effect for the treated region i at period 
t through Eq.  (4). The average treatment effect on the 
treated (ATT), i.e., the policy effect, for each period t can 
be expressed as:

where a boostrap technique is employed to estimate the 
standard error of ÂTTt . The overall ATT is obtained through 
�ATT =

∑

t>T0
�ATTt.

Variable definition

The dependent variables

This paper regards the energy consumption intensity and 
pollution emission intensity to be the dependent variables. 
Energy consumption intensity is a widely used indicator, 
which assesses an economy’s overall energy utilization 
efficiency and provides information on the resource and 
environmental costs related to economic development. A 
reduction in energy consumption intensity indicates the 
energy-saving effect to be explored in our study. We measure 
energy consumption intensity (Engy) by the natural loga-
rithm of total energy consumption per RMB 10,000 of GDP. 
China’s coal-based energy consumption structure and ther-
mal power-reliant traditional industrial development mode 
determine that its air pollution is  SO2-dominant soot-type 
pollution (Chen et al. 2021a).  SO2 is also an air pollutant 
felt most directly by the public. China has included  SO2 
reduction as its key aim of pollution control strategies since 
1998. So, a reduction in  SO2 emission intensity indicates the 
pollution-reducing effect to be examined in our study. We 
select the natural logarithm of  SO2 emission per industrial 
output to proxy for pollution emission intensity (PoluEmisn).

The main independent variable

This paper considers the green financial reform proxied 
by the GFRIPA policy as the main independent variable. 
We denote it by D = treat × after, where treat is a grouping 
dummy identifying whether a city belongs to the treated 
group. The treated group entails the eight aforementioned 
regions in Zhejiang, Jiangxi, Guangdong, Guizhou, and Xin-
jiang. If the answer is yes, 1 is assigned to treat; otherwise, 
0 is assigned. Given that Lanzhou New District in Gansu 
province and Chongqing are approved as the GFRIPA in 
December 2019 and August 2022, respectively, these two 

(7)�yit(0)=X�it �𝛽+�𝜆i��ft;t > T0

(8)ÂTTt =
1

Ntr

∑

i∈tr

(yit(1) − ŷit(0)) =
1

Ntr

∑

i∈tr

�̂it

pilot cities are not included in the treated group in our study. 
after is a time dummy identifying whether a year falls within 
the policy implementation period. If a specified year is after 
2017, 1 is assigned to after; otherwise, 0 is assigned.

Mechanism variables

Theoretical analyses suggest four mechanism variables 
in this paper. Among them, we refer to Yang et al. (2021) 
and determine green innovation (GrnInov) by the ratio of 
urban green patent applications to overall patent applica-
tions. Financing constraints (FC) are measured by the firm 
size-weighted SA index of a city’s A-share listed companies, 
where the SA index is calculated following Hadlock and 
Pierce (2010), and the greater the index, the more severe the 
financing constraints confronting a specified city. As with 
Chen et al. (2021b), industry structure (IndStru) is measured 
by the natural logarithm of the ratio of the tertiary industry’s 
output value to the secondary industry’s in a city. Following 
Chang et al. (2019), environmental governance (EnvirGov) 
is defined as the proportion of urban government investment 
expenditure on pollution control to GDP.

Control variables

Following the existing literature, we control for control 
variables that may affect energy consumption and pollution 
emissions. These variables include the level of economic 
development (lngdp), measured by the natural logarithm 
of a city’s GDP; population density (lnpopint), measured 
by the natural logarithm of population size per administra-
tive district area; urbanization level (urban), measured by 
the ratio of urban population to total population; openness 
(open), measured by the ratio of foreign direct investment 
to GDP; green coverage (greening), measured by the pro-
portion of green area to the built-up area; transportation 
facilities (lnfras), measured by the natural logarithm of the 
ratio of road passenger traffic to total population; the level 
of industrial development (lnind), measured by the natural 
logarithm of the industrial added value; and consumption 
level (consum), measured by the total retail sales of con-
sumer goods as an percentage in GDP.

Data description

This paper selects panel data of 209 prefecture-level cities 
in China from 2007 to 2020 to investigate how and through 
what mechanisms the green financial reform impacts energy 
consumption and pollution emissions. The reason for choos-
ing such a sample period lies in that governments of all 
levels began to thoroughly disclose energy consumption 
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per RMB 10,000 of GDP in 2007 and that the statistical 
yearbooks were updated to 2020. Moreover, the concept of 
green finance was formally introduced into China in 2007 
and the GFRIPA policy was officially issued in 2017. This 
indicates that our research sample covers information on the 
whole stages of introduction, testing, and promotion of green 
finance.1 Such a comprehensive data helps unify the assess-
ment of the GFRIPA policy under a uniform green finance 
concept and confirms the representative of our research 
theme. All the original data used in the paper is from China 
Statistical Yearbook, China City Statistical Yearbook, China 
Energy Statistical Yearbook, provincial and city statistical 
yearbooks, and local government statistical bureaus. The 
descriptive statistics of variables are listed in Table 2.

Empirical analysis

Baseline results

Panel a of Fig. 2 depicts how energy consumption and pol-
lution emission intensities evolve in the treated and coun-
terfactual groups. It shows that before the GFRIPA policy 
was issued in 2017, the counterfactual group closely matches 
the treated group in energy consumption and pollution emis-
sion intensities. This is also verified by the insignificant pre-
treatment ATT estimates in panel b of Fig. 2.

However, after 2017, the treated group lies constantly 
below the counterfactual groups concerning both the energy 
consumption intensity and pollution emission intensity. This 
is also confirmed by the significantly negative ATT estimates 
at a 5% confidence level. It is estimated that the GFRIPA 
policy’s overall ATT is − 0.1189 for the energy consumption 
intensity and − 0.0487 for pollution emission intensity, with 
the respective p values of 0.0027 and 0.0088. These find-
ings indicate that establishing the GFRIPA can effectively 
conserve energy and reduce pollution emissions. Hypothesis 
1 is accordingly proved.

Additionally, the GFRIPA policy’s energy-saving 
and pollution-reducing effects feature a significant 

“ahead-of-policy” feature. This is underlain by the evidence 
that the ATT estimates emerge significantly different from 0 
at a 5% confidence level in 2017 when the proposal to build 
the GFRIPA was formally released. The result is practically 
intuitive. In order to qualify as a pilot zone constructer, local 
governments typically engage in pre-planning activities to 
develop green financial systems, product systems, and ser-
vice platforms. Such measures transmit governments’ green 
development strategy signals to the market and catalyze eco-
nomic agents’ awareness of environmental protection and 
sustainable development. More resources would be then 
directed toward green enterprises and green projects. The 
urban energy-saving and pollution-reducing benefits are 
activated upon official designation of the specified region 
as a pilot area.

Robustness tests

Placebo test

To address the possibility that the GFRIPA policy’s 
energy-saving and pollution-reducing effect is driven 
by random factors, this paper creates a fake policy vari-
able through a random sampling and reuses the GSCM to 
conduct a placebo test. The sampling procedure involves 
randomly grouping cities into the treated and control 
groups 500 times and randomly designating a year within 
2014–2016 as the policy issuance year 500 times. We 
then re-employ the GSCM to estimate the ATT of the 
fake policy. Figure 3 displays the kernel density distribu-
tion of the fake policy’s overall ATT estimation. The fake 
policy’s ATT estimates are primarily distributed around 
0, and the actual policy’s ATT estimates gotten from the 
baseline analysis are outliers.

Table 2  Descriptive statistics

Variable Observations Mean S.D Min Max

Engy 2873 0.5555 0.2598 0.0212 1.6070
PoluEmisn 2873 0.3660 0.4697 0.0001 5.7884
GrnInov 2873 0.2007 0.2473 0.0000 0.6931
FC 2873  − 3.7333 0.1725  − 4.3703  − 2.8012
IndStru 2873 0.6332 0.2298 0.0901 1.8482
EnvirGov 2873 0.0135 0.0080 0.0011 0.1504
lngdp 2873 25.6922 1.0044 22.5452 28.9843
lnpopint 2873 5.9563 0.8112 2.9683 9.0858
urban 2873 0.5159 0.1665 0.1404 0.9954
open 2873 0.0229 0.0287 0.0000 0.3473
greening 2873 0.3582 0.0624 0.1271 0.6243
lnfras 2873 2.6146 0.8194 0.0279 6.4472
lnind 2873 16.7132 1.2549 11.0387 19.8596
consum 2873 0.3197 0.0780 0.0003 0.7993

1 China began to develop green finance nationwide in 2007. This 
practice was influenced by both domestic and international factors at 
that time. Concerning the international development of green finance, 
the European Investment Bank (EIB) issued the world’s first green 
bond in 2007. This aroused the Chinese government’s comprehensive 
recognition of the significance of adopting green practices in finance. 
So, concerning domestic situation, in July 2007, the Ministry of Ecol-
ogy and Environment of China, the People’s Bank of China, and the 
China Banking Regulatory Commission jointly issued a brand-new 
credit notice—“Opinions on the Implementation of Environmen-
tal Protection Policies and Regulations for the Prevention of Credit 
Risks.” This marked the entry of green credit, an important tool of 
green finance, into China’s main battlefield of pollution management.
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Permutation test

Another concern argues that other unobserved factors may 
contribute to energy conservation and pollution reduction. 
To ensure the validity of the policy effect, we reference 
the permutation test proposed in Abadie et al. (2010) and 
examine whether comparable results would arise when the 
pilot zones were selected out of the original control group. 
The procedure entails assuming sequentially all areas in the 
control group enacted the GFRIPA policy in 2017, creating 
a counterfactual group for each hypothetical treated group, 
estimating the pertinent policy effect for each assumed case 
with the GSCM, and contrasting the policy effects between 
the hypothetical scenarios and the actual GFRIPA policy. 
As it is unfeasible to enumerate all C8

209−8
= 5.7383 × 10

13 
cases of the hypothesized pilot zones, we employ a random 
sampling generator and get 500 hypothesized cases for inves-
tigation. The GSCM requires that the counterfactual group 
fit well with the treated group in pre-treatment outcomes. So, 
if the two groups were poorly fitted in energy consumption 

intensity and pollution emission intensity before 2017, the 
prediction of post-treatment outcomes would be incred-
ible. Following Abadie et al. (2010), we use the root mean 
squared error (RMSE) of the pre-intervention periods and 
eliminate hypothetical cases with a larger RMSE than that 
of the actual policy case. This results in a respective exclu-
sion of 66 and 16 investigation cases for permutation tests 
related to energy consumption intensity and pollution emis-
sion intensity. Figure 4 reports the ATT estimates (presented 
as dashed curves) for the remaining hypothetical cases, 
together with the actual ATT estimators (shown in a solid 
curve). There were no evident ATT discrepancies between 
the hypothetical scenarios and the actual GFRIPA policy 
case before 2017, whereas the discrepancies escalated after 
2017. Since then, the actual ATT for the GFRIPA policy 
has been distributed far below the ATTs of the hypotheti-
cal cases. The possibilities to choose a randomly designated 
group of pilot zones with a greater policy effect than the 
actual GFRIPA policy effect in terms of energy savings and 
pollution reduction can be estimated as 0.23% (= 1/434) and 

(a) Energy consumption intensity for the treated and counterfactual groups and the associated ATT estimates.

(b) Pollution emission intensity for the treated and counterfactual groups and the associated ATT estimates.

Note: The shaded area of the left panel represents the implementation period of the GFRIPA policy, and the shaded

area of the right panel denotes the 95% confidence interval for the ATT of the policy  

Fig. 2  Evolutionary trends of the treated and counterfactual groups’ energy consumption intensity and pollution emission intensity, as well as 
the associated ATT estimates
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0.21% (= 1/484), respectively. These findings confirm the 
significance and validity of the baseline results.

Exclusion of interference from other policies

Given that the policy effect may be interfered by other green 
initiatives, we collect some important policies and events 
which may impact economic agents’ environmental behaviors 
and examine whether the GFRIPA policy’s energy-saving and 
pollution-reducing effect survives after controlling for these 
policies. One key policy is the pilot project introduced in 2008 
to build innovative cities. It aims to achieve an organic inte-
gration of environmental protection and innovation-driven 
development (Li et al. 2021; Yu et al. 2022; Yang et al. 2022). 

Another initiative involves the pilot policy formally released 
by China’s Ministry of Housing and Urban–Rural Develop-
ment in 2012 to construct smart cities. It identifies the inten-
sive, green, low-carbon, and intelligent development charac-
teristics as the intrinsic requirements of smart cities to achieve 
sustainable urban development (Cui and Cao 2022; Song et al. 
2022). Apart from the aforementioned policies, the Chinese 
government has also strengthened emphasis on environmental 
protection in the past decade through practices such as linking 
credit grants with environmental risks and issuing guidance on 
green credits. The variables of innovative city policy, smart 
city policy, and government concerns are thus successively 
added into the baseline model to address potential policy inter-
ference. Figure 5 presents the ATT estimates. It is evident that 

(a) Placebo test related to energy consumption intensity (b) Placebo test related to pollution emission intensity

Note: The vertical dashed line in the left panel represents the actual overall ATT for the GFRIPA 

policy’s effect on energy consumption intensity (i.e., − 0.1189), and the vertical dashed line

in the right panel depicts the actual ATT for the GFRIPA policy’s effect on pollution emission

intensity (i.e., − 0.0487).       

Fig. 3  Robustness tests: placebo test

(a) Permutation test related to energy consumption intensity (b) Permutation test related to pollution emission intensity

Note: The solid black curves in panels a and b display respectively the evolution of the actual ATT for the
GFRIPA policy’s effect on energy consumption intensity and pollution emission intensity, and the dashed gray
curves in the two panels display the evolution of fake ATT estimated out of the permutation test     

Fig. 4  Robustness tests: permutation test
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(a) ATT for energy consumption intensity after controlling for additional policy and event disturbances

(b) ATT for pollution emission intensity after controlling for additional policy and event disturbances

Note: The shaded portion represents the 95% confidence interval for the ATT of the GFRIPA policy 
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even after controlling for other policies’ interference, we still 
observe significantly negative estimated ATT estimates at the 
1% or 5% confidence level.

Alternative measurement for indicators

To address possible concerns caused by different indica-
tor measurement ways, we re-examine the policy effect 
by defining the energy consumption intensity and pollu-
tion emission intensity as the natural logarithm of energy 
consumption per capita and the natural logarithm of  SO2 
emissions per capita, respectively. The ATT estimates are 
reported in Fig. 6, where we find insignificant zero-centered 
ATT estimates before 2017 and significantly negative ATT 
estimates since 2017. As calculated, the policy’s overall 
ATT for energy consumption intensity and pollution emis-
sion intensity is − 0.2322 and − 0.1021, with the respective 
p values of 0.0027 and 0.0127.

Summary of robustness tests

To sum up, the results of the robustness tests are quantita-
tively similar to the baseline results. The non-randomness, 
validity, and robustness of the baseline findings are con-
firmed through a placebo test, permutation test, exclusion of 
interference from other policies, and alternative measures for 
energy consumption and pollution emissions.

Mechanism analysis

This section applies a mediation model to empirically test 
possible mechanisms through which the GFRIPA policy 
contributes to energy conservation and pollution reduction.

Green innovation mechanism

Table 3 reports the estimated results of the green inno-
vation mechanism, where columns (1) to (3) are esti-
mates without control variables, and columns (4) to (6) 
are estimates with control variables. The coefficients for 
D in columns (1) and (4) are significantly positive at a 
5% confidence level, while the coefficients for GrnInov 
in the remaining columns are significantly negative at a 
1% or 5% confidence level. These results indicate that no 
matter whether the control variables are controlled for, 
implementing the GFRIPA policy can raise urban green 
innovation, which promotes in turn the exertion of urban 
energy-saving and pollution-reducing effects.

This is practically intuitive. Green innovation generally 
features environmental protection technological advance-
ment, which is crucial to conserving energy and lower-
ing pollution emissions. By creating a market for trad-
ing scarce environmental products and directing financial 
resources to green firms and green projects, the GFRIPA 
policy incentivizes companies to engage more in green 
technological innovation. This accelerates the exhibition 
of the energy-saving and pollution-reducing effect.

Financing constraints mechanism

Table 4 reports the estimated results of financing constraints 
mechanism. We find from columns (1) and (4) that the coeffi-
cients for D are significantly negative at a 1% confidence level, 
indicating that the GFRIPA policy helps to alleviate financing 
constraints. In columns (2), (3), (5), and (6), the coefficients for 
FC are significantly positive at a 10% or 5% confidence level, 
suggesting that financing constraints alleviation is beneficial to 
the intensity decrease in energy use and pollution emissions. 
That is, the GFRIPA policy promotes energy conservation and 
pollution reduction by easing financing constraints.

This may be in that the GFRIPA policy expands urban sup-
ply of green financing services. In addition to addressing the 
information asymmetry between banks and companies, the 
multi-dimensional information platform built by the GFRIPA 
also lowers financial market frictions, boosts investor con-
fidence, decreases financing costs for local companies, and 
brings new incentives to corporate green investments in pol-
lution control. With the ongoing improvement of modern 
environmental governance system, enterprise financing costs 
reduction would enhance the use of excess funds in technolog-
ical R&D, production equipment upgrading, and environment-
friendly projects investment, and form a positive feedback 
mechanism for energy-saving and pollution-reducing effect.

Industry structure mechanism

Table 5 reports the estimated results of industry struc-
ture mechanism. As can be seen, the coefficients for D 
in columns (1) and (4) are significantly positive at a 5% 
confidence level, while the coefficients for IndStru in the 
remaining columns are significantly negative. This indi-
cates that no matter whether the control variables are con-
trolled for, industry structure optimization is a key media-
tion of the GFRIPA policy’s efforts to curb both energy 
consumption and pollution emissions.

Intuitively, the industry structure largely determines the 
pattern of energy consumption and the type of pollution 
emissions in the operation of the regional economy. By 
altering the flow of credit resources and limiting polluting 
companies’ access to credit, the GFRIPA policy drives such 

Fig. 5  Robustness tests: exclusion of interference from other policies◂
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(a)ATT for alternative energy consumption intensity indicator (b)ATT for alternative pollution emission intensity indicator

Note: The shaded areas represent the 95% confidence intervals for the GFRIPA policy’s ATT estimates

Fig. 6  Robustness tests: alternative indicator measurement

Table 3  Green innovation 
mechanism

t statistics corresponding to robust standard errors are shown in parentheses. *p < 0.10; **p < 0.05; 
***p < 0.01

(1)
GrnInov

(2)
Engy

(3)
PoluEmisn

(4)
GrnInov

(5)
Engy

(6)
PoluEmisn

D 0.0771**  − 0.1647**  − 0.1179** 0.0661**  − 0.1625**  − 0.1235**
(2.37) (− 2.29) (− 2.04) (2.49) (− 2.19) (− 2.32)

GrnInov  − 0.0709***  − 0.0567**  − 0.0864**  − 0.0485**
(− 3.10) (− 2.46) (− 2.36) (− 2.22)

Controls No No No Yes Yes Yes
City FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
N 2873 2873 2873 2873 2873 2873
Adj. R2 0.1936 0.7882 0.3647 0.2021 0.7964 0.4303
F 20.2726 210.6784 18.8913 14.7306 151.7809 19.0746

Table 4  Financing constraints 
mechanism

t statistics corresponding to robust standard errors are shown in parentheses. *p < 0.10; **p < 0.05; 
***p < 0.01

(1)
FC

(2)
Engy

(3)
PoluEmisn

(4)
FC

(5)
Engy

(6)
PoluEmisn

D  − 0.0461***  − 0.1693**  − 0.1179***  − 0.0396***  − 0.1672**  − 0.1223**
(− 2.94) (− 2.31) (− 2.67) (− 3.09) (− 2.22) (− 2.33)

FC 0.0199** 0.096*** 0.0241* 0.1107**
(2.44) (2.87) (1.85) (2.14)

Controls No No No Yes Yes Yes
City FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
N 2873 2873 2873 2873 2873 2873
Adj. R2 0.2339 0.7885 0.3651 0.2428 0.7965 0.4304
F 55.2949 209.5229 18.9661 37.9010 151.3119 18.8736
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industries to change and promotes a greener, cleaner, and 
more ecologically and environmentally friendly regional 
industry structure. All these practices lead to the reduction 
in the intensity of energy use and pollution emissions.

Environmental governance mechanism

Table 6 reports the estimated results of environmental gov-
ernance mechanism, where we observe that the GFRIPA 
policy-induced enhancement of environmental governance 
leads to energy conservation and pollution reduction. Spe-
cifically, we know from columns (1) and (4) that the coef-
ficients for D are significantly positive at a 1% confidence 
level, implying that the policy raises local governments’ 
attention on the environment and their investment in envi-
ronmental governance. The remaining columns demonstrate 
that the coefficients for EnvirGov are significantly negative, 
indicating that strengthening environmental governance is 

conducive to the intensity reduction of energy consumption 
and pollution emission of the treated group.

Environmental resource is a non-exclusive but competi-
tive public good with significant externalities that require 
government regulation. As market mechanisms alone can-
not fully internalize externalities, government intervention 
is needed to accomplish energy conservation and pollution 
reduction targets. The GFRIPA policy provides a supervision 
and guarantee mechanism for the green transformation of the 
economy. This entails offering enterprises financial subsidies, 
vigorously developing green infrastructure, and encouraging 
participation of multiple entities. It also establishes a thorough 
governance cycle and thereby creates healthy external condi-
tions for energy saving and pollution reducing in cities.

Summary of mechanism analysis

To sum up, implementing the GFRIPA policy contrib-
utes significantly to urban energy conservation and pol-
lution reduction. This policy-induced energy-saving and 

Table 5  Industry structure 
mechanism

t statistics corresponding to robust standard errors are shown in parentheses. *p < 0.10; **p < 0.05; 
***p < 0.01

(1)
IndStru

(2)
Engy

(3)
PoluEmisn

(4)
IndStru

(5)
Engy

(6)
PoluEmisn

D 0.0269**  − 0.1653**  − 0.1179** 0.0222**  − 0.1633**  − 0.1226**
(2.46) (− 2.40) (− 2.19) (2.05) (− 2.44) (− 2.37)

IndStru  − 0.1805**  − 0.1637***  − 0.2199***  − 0.1839*
(− 2.03) (− 3.27) (− 2.80) (− 1.78)

Controls No No No Yes Yes Yes
City FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
N 2873 2873 2873 2873 2873 2873
Adj. R2 0.5570 0.7903 0.3794 0.7024 0.7994 0.4334
F 61.5219 206.4274 19.9973 78.2097 149.2462 19.1825

Table 6  Environmental 
governance mechanism

t statistics corresponding to robust standard errors are shown in parentheses. *p < 0.10; **p < 0.05; 
***p < 0.01

(1)
EnvirGov

(2)
Engy

(3)
PoluEmisn

(4)
EnvirGov

(5)
Engy

(6)
PoluEmisn

D 0.0556***  − 0.1285**  − 0.0847*** 0.0341***  − 0.1422**  − 0.106**
(2.89) (− 2.27) (− 3.02) (2.62) (− 2.19) (− 2.30)

EnvirGov  − 0.7501**  − 0.6768**  − 0.7638***  − 0.6083**
(− 2.32) (− 2.55) (− 3.03) (− 2.16)

Controls No No No Yes Yes Yes
City FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
N 2873 2873 2873 2873 2873 2873
Adj. R2 0.0713 0.7883 0.3649 0.1021 0.7963 0.4312
F 9.2255 216.2144 18.9764 10.2344 159.9538 18.8416
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pollution-reducing effect is achieved through the policy’s 
prominent role in increasing urban green innovation, easing 
financing constraints, optimizing industrial structure, and 
enhancing environmental governance.

Heterogeneity analysis

In this section, we further investigate whether the GFRIPA 
policy’s energy-saving and pollution-reducing effect is het-
erogeneous among cities with distinct marketization degree 
and education level.

Marketization level

Pilot cities vary greatly in the marketization process. Since 
marketization is key for the policy to function effectively, we 
divide cities into high and low marketization regions to exam-
ine the heterogeneous policy effects. The marketization index 
in Wang et al. (2021) is used to quantify marketization degree.

Figure 7 illustrates that the GFRIPA policy’s energy-
saving and pollution-reducing effect are noticeable in cities 
with a high degree of marketization, and this effect emerges 
in the year the policy is enacted. Although the GFRIPA 
policy can somewhat reduce energy consumption and pol-
lution emissions in cities in the treated group that are less 
market-oriented, the energy-saving and pollution-reducing 
effect is not satisfactory. It is estimated that the overall ATT 
of the treated group with high marketization is − 0.1326 for 
the energy consumption intensity and − 0.0771 for pollution 
emission intensity, with p values of 0.0080 and 0.0050. On 
the other hand, the corresponding overall ATTs for the low 
marketization group are − 0.0818 and − 0.0108, and insig-
nificant at p values of 0.3395 and 0.5931, respectively.

The findings are intuitive. A non-mature market in cities 
with low marketization is often indicated by the obvious 
government involvement in the banking and business sec-
tors, along with the relatively low participation of market 
mechanisms in the dominant resource allocation. This pre-
sents a challenge for the government to identify corporate 
green investments and offer enterprises green financial sup-
ports. The distortion of capital allocation across firms caused 
by low marketization may disincentivize firms to treat pol-
lution and promote green innovation and transformation, 
ultimately weakening the GFRIPA policy’s environmental 
governance effect.

Education level

Financial literacy and environmental consciousness of the 
population are directly associated with their education lev-
els. This part examines whether policy effects differ across 
education levels. We measure the urban education level as 

a proportion of educational expenditure to general public 
budget, and group cities based on the median education level.

Figure 8 reflects that the overall ATT of the treated group 
with higher levels of education is − 0.1535 for energy con-
sumption intensity and − 0.1068 for pollution emission 
intensity. Both values are statistically significant at the 1% 
level. The overall ATT values for the treated group with 
lower levels of education are − 0.0220 for energy consump-
tion intensity and − 0.0208 for pollution emission intensity, 
but they are statistically insignificant. These findings reveal 
that compared to cities with a low education level, cities with 
a high education level witness a better policy effect in terms 
of energy conservation and pollution reduction.

A potential explanation resides in that people in highly 
educated cities tend to be more environmentally conscious 
and are consequently more likely to pay for environmental 
governance. Their enhanced financial knowledge and invest-
ment experiences could also stimulate their participation in 
green financial activities. This may extend to purchasing 
green financial products and prioritizing attention to busi-
ness environmental disclosures. Firms in this situation may 
take the initiative to invest in environmental social responsi-
bility and show a stronger inclination toward green innova-
tion to bolster their reputation. Another reason refers to the 
stock of human capital and knowledge, which plays a vital 
role in the development of a green economy. High human 
capital, brought on by high education levels, can elevate fac-
tor efficiency, spur new green technologies, and propel green 
development in cities. Thus, the GFRIPA policy’s energy-
saving and pollution-reducing effect can be more prominent 
in cities with higher levels of education and more advanced 
human capital.

Conclusion

China’s economic development is changing from a crude mode 
that prioritizes economic scale and growth rate to a connotative 
one that emphasizes structural optimization and environmen-
tal friendliness. The GFRIPA policy, a representative regional 
green financial reform policy, provides a new perspective on 
how to address the issues of energy consumption and pollution 
emissions. This paper regards the GFRIPA policy launched in 
China in 2017 as a quasi-natural experiment and employs the 
GSCM to assess the green financial reform’s energy-saving 
and pollution-reducing effect, as well as the pertinent medi-
ating mechanisms, with Chinese prefecture-level panel data 
from 2007 to 2020. The results show that the GFRIPA policy 
significantly reduces the intensity of energy consumption and 
pollution emissions in the treated cities and that this effect has 
an “ahead-of-policy” feature that manifests itself in the year the 
policy is issued. Mechanism analyses indicate that the policy 
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promotes cities to meet the policy goals of energy conservation 
and pollution reduction through improving green innovation, 
easing financing constraints, optimizing industrial structure, 
and strengthening environmental governance. Heterogene-
ity discussion implies that the GFRIPA policy has a stronger 
energy-saving and pollution-reducing effect in cities with a 
higher marketization degree and education level.

The above findings have important policy implications for 
China to further upgrade its green finance policy and fully 
exploit the energy-saving and pollution-reducing benefits 
of green finance.

First, an institutional long-term mechanism for support-
ing green economic development should be established to 
enhance the GFRIPA policy’s energy-saving and pollution-
reducing effect. Government guidance and financial market 
foundation are two crucial elements to guarantee the role 
of the green financial reform policy in conserving energy 
and lowering pollution. As China’s green finance market 
expands, the government should continuously improve the 
protection system for implementing green financial system, 

define responsibility boundary between the government and 
market in policy implementation, speed up the transition of 
government environmental policies from the command-and-
control type to the market-incentive type, and create a much 
thorough market-oriented condition for the green financial 
system’s effective operation.

Second, the officials should base on experiences of the 
current pilot cities to expedite the policy’s rollout across 
the nation while considering disparities among cities in 
institutional environments and resource endowments. The 
heterogeneity results in this paper suggest that local gov-
ernments should actively learn from pilot cities’ successful 
experiences and introduce corresponding policy toolkits that 
take into account the actual situation of local marketization 
degree and education level. Specific policies include deepen-
ing local governments’ reform of administration simplifica-
tion and power delegation, combination of decentralization 
with control, and improvement of service awareness and 
functions, activating the enthusiasm of various market enti-
ties, and encouraging market-dominant resource allocation. 

(a) Policy ATT for energy consumption intensity under different degrees of marketization

(b) Policy ATT for pollution emission intensity under different degrees of marketization

Note: The shaded portion represents the 95% confidence interval for the ATT of the GFRIPA policy 

Fig. 7  Policy ATT for energy consumption intensity and pollution emission intensity under different degrees of marketization
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Instead of slavishly replicating the growth trajectory of a 
pilot city, local governments should scale back their direct 
economic intervention, boost supportive infrastructure con-
struction, intermediary organizations and service institu-
tions development, and professional personnel training, and 
gradually promote the green finance reform.

Third, in order to further extend the GFRIPA policy’s 
energy-saving and pollution-reducing effect, the government 
needs to promote green innovation initiatives, create diver-
sified financing channels, and induce more market entities 
into the green financial system that aims at improving energy 
efficiency, altering energy structure, and governing envi-
ronmental pollution. Local governments can develop green 
financial policies that encourage the creation of environmen-
tally friendly financial products, generate a more simplified 
financing mechanism, and address the issue of green invest-
ment caused by financial constraints. Moreover, it is neces-
sary to strengthen the departmental and regional coordina-
tion mechanism that is compatible with green development. 
The accountability system and long-term mechanism of 

supervision for ecological environmental protection should 
also be improved to create good external conditions for the 
regional energy-saving and pollution-reducing effect through 
increasing the communication and cooperation with green 
financial intermediary service institutions.
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