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Green finance is considered an effective way to promote economic development
and environmental protection. TheChinese government has formulated the green
financial reform and innovation policy to change the energy consumption
structure (ECS) and achieved the goal of economic development and
environmental protection. This paper considers the pilot zones for green
finance reform and innovation (PZGFRI) set up in 2017 as a quasi-natural
experiment, and we adopt the synthetic control method (SCM) to evaluate the
possible policy effects of the PZGFRI on the ECS based on panel data from
30 provincial-level administrative regions from 2013 to 2019. The empirical results
reveal that the PZGFRI setup plays a key role in influencing the ECS. The PZGFRI
policy significantly optimizes the ECS in both Zhejiang Province and Guizhou
Province, and the investigative result of Guizhou Province is better than that of
Zhejiang Province. Meanwhile, the placebo test and robustness tests are still valid.
This study contributes to a better understanding of the effectiveness of China’s
PZGGRI policy on the ECS and also provides a reference for the country’s green
finance to promote the adjustment of the ECS.
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1 Introduction

Green financial policies have become an important tool to accelerate innovation in the
green financial system and promote environmental protection and governance. In order to
enhance the role of finance in improving the ecological environment and achieving the
efficient use of resources, the green finance sector carries out investment and financing
activities in project areas such as energy-saving products, clean energy, and green buildings.
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China is the world’s largest energy consumer, accounting for
26% of the global energy consumption in 2020 (Sun and Chen,
2022). Consequently, China puts great emphasis on environmental
protection and pollution control. Therefore, it is necessary for China
to adjust its current coal-based energy consumption structure (ECS)
to decrease the proportion of fossil fuel energy consumption and
increase the percentage of clean energy consumption. The final goal
is to optimize the current ECS, reduce pollution emissions, and
improve environmental quality. Unfortunately, the traditional ECS
has hardly changed, and coal and fossil fuel energy consumption is
still dominant.

In recent years, green finance has been proven to contribute to
adjusting and solving the ECS to promote environmental protection
and economic development (Lee and Lee, 2022; Hu and Zhang,
2023), thereby ensuring high-quality transformation (Lamperti
et al., 2021). Compared to Western nations, green finance in
China started later but developed rapidly. Between 2017 and
2022, the Chinese government built pilot zones for green
financial reform and innovation (PZGFRI) in Zhejiang,
Guangdong, Guizhou, Xinjiang, and Jiangxi Provinces. The
eighth PZGFRI was set up in Chongqing more recently. All these
PZGFRI play an important role in optimizing the ECS and
promoting sustainable development in the environment. This
context creates a unique opportunity to study the effectiveness of
PZGFRI on the ECSs in emerging markets, such as China.

Many studies have investigated the importance of PZGFRI in
improving environmental protection and decreasing air pollution;
however, empirical evidence on the impact of the PZGFRI on the
ECS in China remains scarce. Many previous studies have
corroborated the relationships between the PZGFRI and
environmental effects (Huang and Zhang, 2021), energy
consumption intensity (Su et al., 2022), enterprise development
(Yu et al., 2023), green innovation effect (Liu and Wang, 2023; Tang
et al., 2023), air pollution (Zhang et al., 2022) and urban green
development (Zhang et al., 2023). According to the above-
mentioned literature, few studies have focused on the impact of
the PZGFRI on the ECS. Therefore, the main objective of this study
is to scrutinize the possible impact of the PZGFRI on the ECS by
utilizing panel data, including economic information from
30 provinces from 2013 to 2019, assuming the pilot zone set up
since 2017 as a representative case.

This study was also motivated by literature exploring the
correlation between green finance and the ECS using the
Generalized Method of Moment (GMM) model (Gu et al.,
2023) and threshold effect model (Wang et al., 2019; Sun and
Chen, 2022). However, even though this study extends the range of
investigations of recent literature, its scope differs in the following
aspects: it is different from previous studies in that our study
utilized the synthetic control method (SCM) to address this issue.
Additionally, the empirical results indicate that the green finance
pilot policy poses a significant impact on the change of the ECS; in
particular, the PZGFRI policy can significantly optimize the ECS
between Zhejiang and Guizhou Provinces, while the policy effect in
Guizhou Province is stronger than that in Zhejiang Province. This
paper provides new empirical evidence and enriches the related
literature. These findings also provide useful policy implications
for understanding the role of the PZGFRI in ECS optimization in
China.

Themarginal contributions of this study are as follows: First, this
article examines the policy effects of PZGFRI on the ECS and
enrichens relevant experimental studies on PZGFRI; second, to
avoid subjective selection to construct a control unit, the SCM is
used instead of the difference-in-differences (DID) method to
exploit the possible impact of the PZGFRI on the ECS; third, this
article is helpful in providing a reference for China’s green finance to
promote the adjustment of the ECS.

The remainder of this article is organized as follows: Section 2
introduces the PZGFRI evolution in China. Section 3 provides a
literature review. Section 4 presents the research design. Section 5
reports the empirical results. Section 6 provides the robustness
checks. Section 7 provides the conclusions and policy implications.

2 Pilot zone for green finance reform
and innovation in China

The Chinese government has positively balanced the
relationship between industrial development and environmental
protection in recent years and has made great efforts to lessen
the indirect impact of environmental pollution on the sustainable
green economy (Lamperti et al., 2021). Therefore, reducing high-
pollution industries and changing energy structures are of strategic
significance. Government awareness regarding green finance is a
viable way to alleviate energy consumption pressure and accelerate
ecological and environmental improvement, thereby providing a
convenient and efficient financing channel for addressing the ECS
problem in China.

In 2017, the State Council in China began to build PZGFRI in
five provinces—Guangdong, Zhejiang, Jiangxi, Guizhou, and
Xinjiang—to investigate the green finance experience. In these
pilot zones, five major reform pilot missions were implemented,
and its detailed tasks seek that 1) Pilot zones fully support financial
institutions to build green financial departments or green sub-
branches; 2) the financial institutions in the pilot zones totally
promote the development of green credit. The average annual
rate of green credit is up to 21% in the pilot zones, which
exceeds that of the whole country; 3) the pilot zones try to
explore the establishment of environmental rights and interests
trading markets; 4) the governments in pilot zones provide
convenient government service channels with priority for green
projects; 5) the institutions in the pilot zones construct financial risk
prevention mechanisms. Since the establishment of the PZGFRI, a
large number of policies, measures, and designed incentive
mechanisms have been proposed to promote green finance
development. Each pilot zone has special features regarding the
economic structure, environmental protection, natural resources,
and other aspects and executes its own unique pilot policy. In view of
this, the central and local governments can implement different
green finance policy orientations in different pilot zones. For
instance, in cooperation with the Guangdong–Hong
Kong–Macao Greater Bay Area, Guangdong promoted the new
energy industry through green bond finance. In Zhejiang,
banking financial institutions issued special financial products to
construct a diversified green financial service system, which
accelerated the transformation and upgrading of the traditional
chemical industry. Jiangxi established a comprehensive green
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financial system and offered energy savings, emission reductions,
and clean energy through green credit. Guizhou’s pilot policy
successfully promoted local economic transition. Relying on the
advantages of big data technology, many cities and areas in Guizhou
alleviated and eliminated poverty through a green finance policy,
and in Xinjiang, a green project database management system was
established to support the development of modern agriculture and
clean energy using green insurance.

Figure 1 shows the regional distribution of the five pilot
provinces in China. The geographical differences between these
five provinces are easily distinguishable. In the five pilot provinces,
pilot cities/districts were selected. Guangzhou was selected as the
pilot city in Guangdong Province; Huzhou and Quzhou were
selected as the pilot cities in Zhejiang Province; Jiangxi Province
selected Ganjiang’s new district; Guizhou Province selected Guian’s
new district; and the Xinjiang Autonomous Region selected Hami,
Changji, and Karamay.

3 Literature review

In the following section, we enhance our understanding of the
PZGFRI in China by extending, integrating, and enriching several
lines of work, including green finance policy and the ECS.

3.1 Green finance policy

Green finance is the product of financial innovation and a low-
carbon economy that relies on financial instruments to achieve
ecological and environmental protection (Cowan E, 1998; Salazar,
1998). Some viewpoints have indicated that the essence of green
finance is the optimization and improvement of relevant financial
products through the many financial solutions to guide firms
toward an energy-saving and sustainable development model
(Sonia L., 2007). Eventually, economic development and
environmental protection reach a balanced state. Other
researchers believe that green finance emerges from the

realization that the development of finance needs to be linked
to the environmental and climate risks faced by the real economy
(Xu et al., 2023). Some earlier opinions concluded that the current
mainstream green finance research places more emphasis on the
short- and long-term impacts of sustainable financial practices
focusing on environmental protection (Ma et al., 2023). They also
concluded that green finance policies can improve corporate green
innovation by guiding banks and financial institutions to use
various factors, such as pollutant emissions and environmental
pollution, as criteria for credit allocation (Wang, 2023).

The establishment of the PZGFRI marks a new stage of
development in China’s green finance, beginning with a
combined model of top-down design and bottom-up regional
exploration (Irfan et al., 2022). Financial reforms, which
indirectly influence the environment through technological
innovation (Dehdar et al., 2022) by promoting economic and
financial agglomeration, are new tools for the current
governance of the environment (Zhang and Chen, 2023).
Empirical evidence has elucidated the impact of the PZGFRI
implementation on green innovation activities and found that
the policy boosted the quantity and quality of corporate green
innovation by promoting R&D investments and credit size, which
in turn improved the quantity and quality of corporate green
innovation (Zhang and Li, 2022). However, others have also found
that the PZGFRI implementation effectively reduces the debt
financing cost of heavy polluters, while a mechanism analysis
indicated that the policy encourages heavy polluters to assume
social responsibility and establish a good corporate image to obtain
lower debt financing rather than promoting an innovation
compensation effect (Shi et al., 2022).

3.2 ECS

Some findings have primarily indicated the ECS in terms of
economic growth, urbanization, technological progress, and
industrial structure (Koengkan and Fuinhas, 2020). Energy
consumption is the driving force of economic growth, and
economic development generates a large amount of energy
demand (Koengkan et al., 2020). Many researchers have also
found a causal relationship between economic growth and
energy consumption (Jahangir Alam et al., 2012; Dogan and
Turkekul, 2015; Saidi and Hammami, 2015; Dehdar et al.,
2022). Native literature has attempted to explain the
relationship between energy consumption and urbanization in
China (Wu et al., 2019). Using a dynamic threshold panel
model, these researchers empirically found that the relationship
between energy consumption and urbanization is non-linear, with
energy consumption having a facilitating effect on Chinese cities at
this stage; however, the facilitating effect decreases when energy
intensity and the consumption scale increases. Other studies found
that the technology level is positively correlated with energy
consumption (Ferreira Neto et al., 2014). An optimization
model based on the input–output model was developed to
assess the impact of the industrial structure on energy
consumption and carbon emissions and revealed that industrial
restructuring had sizable energy-saving and carbon-reducing
effects (Mi et al., 2015).

FIGURE 1
The five pilot zones in this study.
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3.3 Impact of green finance policy on
the ECS

There has been relatively little discussion on green finance
policies and the ECS. Green finance development has a positive
effect on the ECS transformation, which is revealed through the
construction of the intermediary effect and threshold effect
models (X. Gu et al., 2023). Using panel data from
30 provinces in China (except the Tibet Autonomous Region)
from 2007 to 2020 to analyze the relationship between green
finance development and energy consumption restructuring
through a sys-GMM model, it was found that improvement in
green finance development will effectively promote energy
consumption restructuring (Sun and Chen, 2022). A
difference-in-differences model was utilized to explore the
effect of the green finance pilot zone policy on the energy
consumption intensity of Chinese A-share listed firms, and it
was found that the policy can reduce the energy consumption of
firms (Su et al., 2022).

Based on the practical level of emphasis on green finance in
China, empirical evidence on the impact of the PZGFRI on the ECS
remains limited. Therefore, with this study, we further explore this
impact through the SCM.

4 Research design

4.1 Selection of variables and data sources

The variables used in this study have been grouped into
explanatory and control variables. Summary statistics of these
variables are presented, referring to earlier studies (X. Gu et al.,
2023; Sun and Chen, 2022; S. Wang et al., 2019).

4.1.1 Kernel explanatory variable
The ECS mainly reflects the proportional relationship between

clean energy consumption (such as natural gas and wind power)
and total energy consumption (including coal and petroleum).
Referring to prior research (X. Gu et al., 2023; Sun and Chen, 2022;
S. Wang et al., 2019), this study uses the ratio of natural gas
consumption to coal consumption as a proxy variable to represent
the ECS level in each province, which reflects the impact of the
PZGFRI.

4.1.2 Control variable
Based on the existing literature (Chen et al., 2019; Sun and Chen,

2022; S; Wang et al., 2019), the control variables include the economic
development level (PGDP—per capita GDP) (PGDP) (Sun and Chen,
2022; S. Wang et al., 2019), urbanization level (U) (Chen et al., 2019;
Sun and Chen, 2022), energy price (EP) (Sun and Chen, 2022),
innovation ability (PAT) (Ferreira Neto et al., 2014; W. Gu et al.,
2019; B. Wang and Wang, 2018), and industrial structure (IOS) (Sun
and Chen, 2022), whose definitions are given in Table 1.

This study focuses on the years between 2013 and 2019, with the
PZGFRI being issued in 2017, which allows for the effective analysis
of the changes in the annual ECS before and after the province
joined the PZGFRI. The main reason why this time period has been
chosen is to consider the “Green credit policy”, which was issued in
2012, and because a new pilot zone in Lanzhou province was built
after 2019. There is little information from the Lanzhou new district,
and it is scarcely used by our study. Tibet has been excluded from the
analysis owing to insufficient data. The study focuses on a total of
210 samples from 30 provinces (autonomous regions) and
municipalities within the 7-year period. Data sources mainly
comprise the “China Energy Statistical Yearbook”, provincial or
municipal statistical yearbooks, wind financial platform, and
national economy and social development statistical bulletins
from various regions.

4.2 Synthetic control method

4.2.1 Background analysis using the SCM
The synthetic control method (SCM) can be used to understand

the weight of each unaffected area in a control group, and it can
construct a “counterfactual” control group of each policy
intervention object with a weighted average of several control
groups, as previously used in evaluating smoking policy in
California (Abadie et al., 2010), Cuban immigration in Florida,
and the integration of East and West Germany (1990 German
reunification) (Abadie et al., 2015).

Earlier literature mainly utilized the DIDmethod (Su et al., 2022;
Zhang et al., 2022; Yu et al., 2023), PSMmethod (Huang and Zhang,
2021), and SCM (Tang et al., 2023) to estimate the influence of green
financial policy. However, if the identifying assumptions in the DID
method, including the parallel trends assumption, are not supported
by the data, the DID method is inappropriate for evaluating policy

TABLE 1 Definitions of variables.

Variable Variable name Abbreviation Variable definition

Explanatory
variables

Energy consumption
structure

ECS ECS = natural gas consumption/coal consumption (tons of standard coal)

Control variables Development level PGDP Measured in terms of GDP per capita by region

Urbanization level U Measured by the proportion of the urban non-agricultural population to the total population

Energy price EP Measured by the regional fuel price index using the base period of 2000

Innovation ability PAT Expressed by the number of regional annual patent applications

Industrial structure IOS Measured by the proportion of the added value of the regional secondary and tertiary industries
in GDP
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effects. Additionally, the PSM method is also inapplicable if the
number of treatment units is small, which creates sample loss and
affects the analysis results.

The State Council decided to establish the PZGFRI in 2017,
which positively impacted financial products, environmental index
assessments, and capital market development in the pilot areas.
Moreover, the policy itself has certain exogenous characteristics that
meet the exogenous conditions in the SCM. In addition, because of
the limited number of samples in the treatment unit, the parallel
assumption may not be satisfied if a differential analysis method is
used. Hence, the SCM is more suitable for this analysis. Therefore,
this study uses an analytical method (A. Abadie et al., 2010), chooses
the first five provinces that joined the PZGFRI as the treatment unit
and the other provinces (except the Tibet Autonomous Region) as
the control unit, and excludes the other four treatment units when
each synthesis control unit is generated to analyze the impact of the
PZGFRI on the ECS in the five selected provinces.

4.2.2 Basic concept of the SCM
The SCM can be utilized to structure the weight of each unaffected

area in the control unit. Unaffected areas contribute to a
“counterfactual” event based on the similarity of their data features,
and the similarity between the control and treatment units is judged
using predictive variables before the event occurs; that is, synthesizing
control objects that are not subject to policy intervention (Abadie and
Gardeazabal, 2003; Li et al., 2020; Song et al., 2022; Wen et al., 2023). In
addition, compared with the PSM and DID methods, the SCM can
overcome the endogeneity problems caused by selection bias and other
factors that occur when selecting the control unit.

It is assumed that the ECS in K+1 provinces during period
t∈[1,T_0] can be observed, assuming that the first province i (where
i = 1) is taken as the treatment unit of the PZGFRI impact, and the
other provinces k (where i > 1) unaffected by PZGFRI constraints
are defined as the control unit.

ECSDit is set as the impact of the PZGFRI policy on the ECS in
province k during period t with t = 1,. . ., H+1, and t = 1,. . ., T0.
Assuming that ECScit is the ECS index unaffected by the PZGFRI policy
in period t, ECSDit is the ECS index affected by PZGFRI during period t.

ECSit = ECScit + Ditαit, where ECScit is the outcome variable
unaffected by the PZGFRI policy in province i during period t. Dit is
the dummy variable affected or unaffected by the PZGFRI policy. If the
impact of the PZGFRI policy on the ECS exists in province i during
period t, the variable equals 1; otherwise, it equals 0. For the provinces
unaffected by the PZGFRI policy, ECSit � ECScit; subsequently, when i =
1, the effect of the PZGFRI policy on province i can be expressed as
αit � ECSZit − ECScit � ECSit − ECSCit , where ECSit is the actual
observation required to estimate only ECScit. The factor model is used
to construct the “counterfactual variable” representing ECScit. In this
study, the impact factors are extracted by referring to Abadie et al. (2010):

ECScit � θtZt + γtμi + δt + εit (1)
where θt is the unknown parameter (1 × r) dimensional vector;Zt is
a vector of the control variables U, EP, PAT, and IOS; μi is the
(F × 1) dimensional vector for unobservable region fixed effects; γt
is the unobservable common (1 × F) dimensional vector; γtμi is the
individual annual fixed effect; δt represents the time-fixed effects;
and εit is the error term.

Simultaneously, theweight vectors of all the unaffected provinces in the
control unit must be synthesized for the ECScit: ω � (ω2,ω3, ...,ωk+1‘),
satisfying any K,Wk ≥ 0, and ω2,ω3, ...,ωk+1‘ � 1. Then, after weighing
the two sides of Eq. 1, the sum is

∑
K+1

k�2
ωkECS

c
kt � θt ∑

K+1

k�2
ωkZk + γt ∑

K+1

k�2
ωkμk + δt + ∑

K+1

k�2
ωkεkt (2)

It is assumed that in the previous year of T0, there exists a weight
combination (ω2

*,ω3
*. . . ωk+1*), such that

∑
K+1

k�2
ω*
kECS

N
k1
� ECS11, . . . ,∑

K+1

k�2
ω*
kECSkT0

N � ECS1T0,∑
K+1

k�2
ω*
kZk � Zk

(3)
According to Abadie et al. (2010), if there is a non-singular

matrix ∑T0

n�1λ
′
nλn, for any t ≤T0,

ECSD1t − ∑
K+1

k�2
ω*
kECSkt � ∑

K+1

k�2
ω*
k∑
T0

s�1
λt(∑

T0

n�1
λ′nλn)−1λ′s εjs − ε1s( )

− ∑
K+1

k�2
ω*
k εkt − ε1t( ) (4)

If the two sides of Eq. 4 approach 0, the ECS of the provinces in the
treatment unit can be fitted with the ECS of the provinces in the control
unit during period t (t ≤T0). It can be considered that there is a set of
weight matrices for the values of provinces k, for which the ECSs in both
the treatment and control units are similar before the policy impact
emerges.

Based on the above analysis, we solve the following equation:

X1‖ −X0W‖ � �����������������������
X1 −X0W( )¡V X1 −X0W( )√

(5)
where X1 is a matrix formed by the control variables of treatment
units;X0 is a matrix composed of the control variables of the synthetic
units;W is the weight matrix; andV is a semi-positive definite matrix

FIGURE 2
Methodology strategy (the authors created this figure).
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calculated following A. Abadie et al. (2010). By determining V, the
mean square error of the SCM in the estimation is minimized.
Therefore, the best weight matrix, W*, is obtained, which is used
as the weight assigned to each province in the synthetic unit.

W* � ω2
*,ω3

*, . . . ,ωk+1*( ) (6)
According to the proof, the estimated effect of the green finance

reform and innovation pilot policy during period t on the ECS is

τ1t � ECSD1t −∑K+1
k�2 ω

*
kECS

N
kt (7)

4.3 Methods

The following methodology has been employed to carry out this
empirical research (as illustrated in Figure 2 below) (Koengkan et al.,
2020).

4.3.1 Preliminary tests
Before conducting the main regression, several preliminary tests

need to be executed, including descriptive statistics test, the variance
inflation factor (VIF) test, correlation test, and Winsor test. The
program of the detailed test will be provided in Section 5.

TABLE 2 Descriptive statistics of the main variables.

Variable Number of data Mean Standard deviation Minimum Maximum

ECS 210 0.3634 1.6592 0.0081 19.2919

PGDP 210 5.5761 2.6658 2.2 16.18

U 210 0.5939 0.1191 0.3789 0.8957

EP 210 100.0557 6.6171 83.5 112.8

PAT 210 89,730.05 120,327 1099 600,306

IOS 210 0.8995 0.0771 0.0904 0.9972

TABLE 3 Correlation test of the main variables.

Variable ECS PGDP EP U PAT IOS VIF

ECS 1.000

PGDP 0.472*** 1.000 5.59

EP 0.034 0.114* 1.000 1.02

U 0.329*** 0.652*** 0.080 1.000 4.22

PAT 0.124* 0.569*** 0.037 0.334*** 1.000 1.07

IOS 0.162** 0.517*** 0.076 0.488*** 0.324*** 1.000 1.39

TABLE 4 Comparison of the predictive variables.

Real
Zhejiang

Synthetic
Zhejiang

Real
Jiangxi

Synthetic
Jiangxi

Real
Guangdong

Synthetic
Guangdong

Real
Guizhou

Synthetic
Guizhou

Real
Xinjiang

Synthetic
Xinjiang

PGDP 7.123 5.434 3.628 3.633 7 7.005 2.678 3.272 3.913 4.489

U 0.657 0.625 0.515 0.515 0.691 0.675 0.417 0.447 0.477 0.659

EP 95.48 98.78 96.05 96.05 94.38 96.51 97.38 97.18 97.83 96.54

PAT 313964 39310 34990 34770 212647 78269 5664 15773 11197 39330

IOS 0.9575 0.9113 0.8972 0.8973 0.9560 0.9301 0.8553 0.8570 0.8464 0.8853

ECS
(2013)

0.0746 0.0773 0.0345 0.0346 0.135 0.135 0.011 0.011 0.167 0.176

ECS
(2014)

0.1053 0.1016 0.0378 0.0381 0.146 0.147 0.015 0.015 0.197 0.180

ECS
(2016)

0.1172 0.1149 0.0489 0.0501 0.194 0.195 0.023 0.023 0.129 0.143
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4.3.2 SCM empirical experience
After the preliminary test, this article uses the SCM to perform

the empirical research. A detailed illustration of the SCM has been
provided in Section 4.2.

This study uses the econometric software Stata 16.0, and the
Stata commands include sum, winsor, pwcorr, vif, synth with option
constant reg, and rmspe. These commands have been used to realize
the preliminary tests and the model estimations.

5 Empirical results

5.1 Preliminary test

Descriptive statistics for the variables are shown in Table 2. Based
on the indicator statistics, the ECS ranges from 0.0081 to 19.2919, with
an average value of 0.3634, indicating that there is higher ECS variability
during the sample period. The average PGDP is 55,761 yuan, and there

is also a regional gap issue, which is in line with the findings of Tang
et al. (2023). In terms of the other variables, the gap between the
different regions is more obvious. Table 3 provides the correlation
matrix among all key variables in the synthetic control analysis. No
other correlation coefficient has an absolute value higher than 0.7,
which implies that there is unlikely to be a multicollinearity issue. The
diagnosis of multicollinearity implies that the estimated values of
variance inflation factors (VIFs) for all explanatory variables (as
shown in the last column of Table 3) are also below the threshold
of 10. This evidence shows that no multicollinearity issue exists. At last,
we winsorize all variables at the 1st and 99th percentile levels.

5.2 Synthetic control results

5.2.1 Comparison of the SCM predictive variables
This study uses data on the PGDP, urbanization level, energy

price, innovation capability, industrial structure in 2016, and ECS

TABLE 5 Synthesized provinces and weights.

Synthetic Zhejiang Synthetic Jiangxi Synthetic Guangdong Synthetic Guizhou Synthetic Xinjiang

Beijing 0.001 0.012

Tianjin 0.003 0.013

Hebei 0.616 0.003 0.003 0.048

Shanxi 0.461 0.003

Neimenggu 0.003 0.085 0.054

Liaoning 0.137 0.041 0.055 0.026 0.876

Jilin 0.01 0.001

Heilongjiang 0.008 0.003

Shanghai 0.247 0.003 0.171

Jiangsu 0.002 0.011

Anhui 0.004 0.004

Fujian 0.009 0.603

Shandong 0.075 0.002

Henan 0.033 0.002

Hubei 0.005 0.001

Hunan 0.013 0.004

Guangxi 0.136 0.07 0.003 0.08

Hainan 0.005 0.001 0.124

Chongqing 0.004 0.005

Sichuan 0.003 0.005

Yunnan 0.205 0.002 0.79

Shaanxi 0.008 0.004

Gansu 0.017 0.003

Qinghai 0.002 0.003

Ningxia 0.012
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level in 2013, 2014, and 2016 as matching variables. A difference test
has been conducted for the predictor variables. The differences in
the predictor variables are shown in Table 4.

Table 4 reveals a small difference in the predictor variables
between the five pilot cities and the synthesis cities. For instance,
Guangdong Province exhibits a large difference in the balance of the
innovation capability index compared to those of the other
provinces, mainly because of its strong innovation capability.
Simultaneously, there is a good matching result between the five
provinces and the synthetic provinces regarding the ECS index,
indicating that the characteristics of the treatment and control units
are similar and parallel, and using the SCM could eliminate the
inherent differences of the economic variables between the
provinces.

5.2.2 Synthesizing provinces and weights with
the SCM

The weight matrix of the treatment unit has been resolved using
the STATA 16 software. The weights of the different provinces have
been determined using the SCM. Table 5 shows that the five
provinces in the treatment unit and the synthesized provinces
have certain similarities regarding the economic development
indicators and geographical locations. For example, Guizhou
Province is synthesized by Yunnan, Neimenggu, Guangxi, Hubei,
and Liaoning. Among these five provinces, Yunnan and Liaoning

have the greatest and smallest weights, respectively (0.790 and 0.026,
respectively), indicating that the highest similarity is between
Yunnan and Guizhou in terms of ECS; however, little similarity
exists between Liaoning and Guizhou. Furthermore, Guizhou is
located in the southwestern region, which is close to Yunnan (weight
of 0.790) in terms of a similar economic environment. Guangdong
mainly matches with Fujian (weight of 0.603), having a high level of
economic development. Zhejiang is chiefly matched by Hebei
(weight of 0.616) and Shanghai (weight of 0.247), which are
geographically adjacent, and it is reasonable to choose them as
matching provinces. Xinjiang is located in Northwest China, where
the level of regional economic development has a certain gap with
respect to that of Mainland China. The economic development is
similar to that of Hainan (weight of 0.124) and Liaoning (weight of
0.876).

5.2.3 Empirical results of the SCM fitting of each
pilot province

Figures 3–7 show the comparison of the ECSs of the real and
synthetic in each pilot province from 2013 to 2019. Among these five
figures, Figures 3A–7A illustrate the ECSs trend of the real and
synthetic in each pilot province. Figures 3B–7B reveal the difference
(gap) in the ECS between the synthetic and real pilot province. In

FIGURE 3
Comparison of the ECSs of the real and synthetic in Zhejiang.

FIGURE 4
Comparison of the ECSs of the real and synthetic in Jiangxi.
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Figures 3A–7A, the solid curve represents the ECS of the pilot
province, the dotted curve represents the ECS of the synthetic
province, and the vertical dotted line represents the
implementation period of the pilot policy. The left side of the
dotted curve on the time axis is the period before the
implementation of the PZGFRI (in 2017). The right side is the
period after the implementation of the pilot policy. On the right side,
if the position of the solid line is higher than that of the dotted line,
this illuminates that the optimized effect of the ECS in the pilot
province becomes stronger. On the contrary, the optimized effect
is weak.

In Figures 3B–7B, the solid curve represents the gap in ECS
between the synthetic and real pilot provinces. The horizontal dotted
line is a zero value of axis, which represents the difference in the ECS.
The vertical dotted line represents the implementation period of the
pilot policy. Figures 3B–7B can distinctly describe the policy effect of
the PZGFRI on the ECS in the five pilot zones. If the value of the gap
in the ECS is positive, this illustrates that the ECS in this pilot
province becomes optimized significantly. Reversely, if the value of
the gap in the ECS is negative, this means that the optimization of
the ECS in this pilot province is weak.

On the whole, according to the graphic illustrations from
Figures 3A–7A, the synthetic control analysis supported by the
SCM shows that the real ECSs of Zhejiang, Jiangxi, Guangdong, and
Guizhou are similar to their respective synthetic ECSs, which
indicates that there was no significant difference between the

ECSs of the pilot provinces and the ECSs of their synthetic
provinces before the PZGFRI policy performs. In contrast, there
is a pronounced difference between the ECS of Xinjiang and that of
its synthetic province. The possible main reason for this is that
Xinjiang has rich energy resources and, therefore, more choices
regarding energy consumption goods, and it is difficult to fit the
predictor variables of other provinces. Since the PZGFRI policy was
implemented in 2017, the policy effects in the five different pilot
provinces show diversity. We will discuss this diversity later in detail.

In terms of policy effect, according to the graphic illustrations
from Figures 3B–7B, the PZGFRI policy creates an obvious
optimization effect on the ECSs in both Zhejiang and Guizhou,
with the policy effect of Guizhou being better than that of Zhejiang,
indicating that the proposed influence of the PZGFRI policy on the
ECS is valid. However, we have also found that several provinces,
such as Jiangxi, Guangdong, and Xinjiang, have failed to optimize
their ECSs significantly since the policy implementation in 2017.

Now, we concretely analyze the different policy effects shown in
Figures 3–7. Figure 3A shows the ECS indicator of Zhejiang rising
rapidly after the policy implementation in 2017, whereas the ECS
indicator of the synthetic Zhejiang increases slowly. The ECS
indicator of Zhejiang being higher than that of the synthetic
Zhejiang indicates that the PZGFRI policy implementation
played a key role in the ECS optimization in Zhejiang. We also
can find in Figure 3B that the gap in the ECS after 2017 is positive,

FIGURE 5
Comparison of ECSs of the real and synthetic in Guangdong. FIGURE 6

Comparison of the ECSs of the real and synthetic in Guizhou.
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the highest point of the gap happens in 2018, and then it decreases
slowly.

Similarly, in Figure 6A, the ECS indicator of Guizhou shows an
obvious upward trend since the policy implementation in 2017, with the
ECS gap between Guizhou and the synthetic Guizhou gradually
increasing from Figure 6B, implying that the policy implementation
has been valid since 2017, and the ECS of Guizhou has been significantly
optimized. Different from the ECS gap in Zhejiang province, the gap in
ECS in Guizhou province shows an upward trend from 2017 to 2019,
which reaches the peak in 2019. In this case, we can determine that the
value of ECS gap inGuizhou province exceeds that in Zhejiang province
according to the value of the ordinate axis; in this case, the policy effect
of Guizhou is better than that of Zhejiang.

Figure 4A indicates that before the PZGFRI policy implementation,
the difference between the ECS indicator of Jiangxi and that of the
synthetic Jiangxi is not significant, with the latter successfully fitting the
ECS trend of Jiangxi. Although there is a brief increase after the PZGFRI
implementation, the optimization effect does not continuously improve.
The main reason for this is that natural resources in Jiangxi are
insufficient, and energy production is mainly dominated by coal
resources. More than 90% of the coal demand and nearly 100% of
the natural gas demand depend on energy input from other provinces,
meaning that energy consumption in Jiangxi is seriously influenced by
the energymarket, and the PZGFRI policy has little effect on the ECS in
Jiangxi. We also can see from Figure 4B that the ECS gap is negative
after 2017, and especially after 2018, the ECS gap drops dramatically,

which means that the optimized effect of the ECS in Jiangxi Province
does not achieve the intended goal.

Figure 5A shows that the ECS gap between Guangdong and the
synthetic Guangdong is small on the left side of the vertical dotted
line. However, the ECS indicators of Guangdong and the synthetic
Guangdong show upward trends on the right side of the vertical
dotted line. This gap gradually increases, indicating that the impact
of the PZGFRI policy on the ECS in Guangdong is weaker. A
possible reason for this is related to the ECS of Guangzhou, whose
ECS is mostly going to be dominated by coal and oil in the future. In
Figure 5B, the ECS gap is negative and drops dramatically after 2017,
which illustrates that the policy effect is not obvious.

Figure 7A shows that the PZGFRI policy has had little influence
on the ECS in Xinjiang, where the declining trend of the ECS
indicator remains unaffected. Natural resources in Xinjiang, such as
coal, oil, and natural gas, are abundant; however, coal consumption
remains dominant because of its large reserves, shallow burial, good
mining conditions, and low development cost. Figure 7B also
indicates that the ECS gap is negative. In summary, as
demonstrated in Figures 4B, 5B, 7B, the impacts of the PZGFRI
policy on the ECSs in Jiangxi, Guangdong, and Xinjiang are weak.

6 Robustness test

6.1 Placebo Test-RMSPE test

Placebo studies can be utilized to confirm if the differences in the
ECS between real and synthetic provinces were caused by the
PZGFRI policy rather than other elements, that is, whether the
authentic estimation was statistically notable.

This paper follows the practices of Abadie et al. (A. Abadie et al.,
2010); we assume that the control unit (non-pilot provinces) was also
affected by and evaluated with the PZGFRI policy and used the SCM to
construct the synthetic control units of each non-pilot province. Then,
we compare the differences of the policy impact of the PZGFRI on the
ECS from the placebo study with the differences from the empirical
analysis. If the differences between the pilot provinces in the empirical
analysis far exceed the differences in the placebo study, then the
PZGFRI policy effect is credible and significant.

According to the practice of Abadie et al. (A. Abadie et al., 2010), if
the Root Mean Square Prediction Error (RMSPE) value in the synthetic
province is bigger before the PZGFRI policy implementation, the effect
of the PZGFRI policy can be considered invalid.

Based on the above analysis, we conduct a placebo test for Zhejiang,
Guizhou, Jiangxi, Guangdong, and Xinjiang; meanwhile, the provinces
whose RMSPE values were greater than five times those of the pilot
provinces before policy implementation are excluded from the placebo
test. Thus, 12 provinces are removed from the Zhejiang control unit
(Guizhou, Jiangxi, Xinjiang, Guangdong, Beijing, Qinghai, Jiangsu,
Hebei, Liaoning, Jilin, Tianjin, and Hainan), 12 provinces removed
from theGuizhou control unit (Zhejiang, Jiangxi, Guangdong, Xinjiang,
Beijing, Hebei, Liaoning, Jiangsu, Jilin, Hubei, Chongqing, and
Sichuan), 12 provinces removed from the Jiangxi control unit
(Zhejiang, Guizhou, Guangdong, Xinjiang, Beijing, Tianjin, Hainan,
Shanghai, Henan, Sichuan, Ningxia, and Qinghai), 11 provinces
removed from the Guangdong control unit (Zhejiang, Jiangxi,
Guizhou, Xinjiang, Beijing, Tianjin, Hainan, Sichuan, Qinghai,

FIGURE 7
Comparison of the ECSs of the real and synthetic in Xinjiang.

Frontiers in Environmental Science frontiersin.org10

Cui et al. 10.3389/fenvs.2023.1216110

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1216110


Ningxia, and Fujian), and 10 provinces removed from the Xinjiang
control unit (Zhejiang, Guangxi, Guizhou, Jiangxi, Hainan, Beijing,
Tianjin, Qinghai, Ningxia, and Sichuan).

Figures 8A–E show the changes in the mean values of RMSPE
between the pilot provinces and the synthetic provinces. The black solid
line represents the estimated difference of the ECS between the pilot
provinces and the synthetic provinces, the dotted gray line represents the
difference of the ECS between the non-pilot province and their synthetic
provinces, and the red dotted line represents the implementation period of
the PZGFRI policy. Before 2017, the fluctuation of the ECS gap between

the pilot provinces and other provinces was not very large, except in
Xinjiang province, which illustrates that the ECS gap between the pilot
provinces and other provinces is little. However, after 2017, the fluctuation
of theECSgap shows a significant increase betweenZhejiang province and
Guizhou Province, which indicates that the PZGFRI policy optimized the
ECSs of Zhejiang and Guizhou. Their placebo studies included 18 (30-12)
provinces, and the estimated probability of the results can be considered to
be only 1/18 (i.e., 5.5%), which is statistically significant. Therefore, the
effect of the PZGFRI policy on the ECS optimization in Zhejiang and
Guizhou is significant at the 10% statistical level.

FIGURE 8
Gap of the ECS level in the five pilot provinces [(A) Zhejiang, (B)Guizhou, (C) Jiangxi, (D)Guangdong, and (E) Xinjiang] and placebo gap in the control
provinces from 2013 to 2019.
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6.2 Robustness test- regional robustness
test

The robustness of the policy effect is examined for the region
where the PZGFRI policy has been implemented. The method is as
follows: The provinces with the largest synthetic weight in the control

unit are selected as the virtual treatment unit, the real treatment unit is
selected as the virtual control unit, and a counterfactual test is
conducted. Zhejiang, Guizhou, Jiangxi, Guangdong, and Xinjiang
have been selected for the analysis. The maximum synthetic
weight in Zhejiang is Hebei, the maximum synthetic weight in
Guizhou is Yunnan, the maximum weight in Jiangxi is Shanxi, the

FIGURE 9
Comparison the ECS between real and synthetic in the provinces [(A)Hebei, (B)Guizhou, (C) Shanxi, (D) Fujian, and (E) Liaoning) from 2013 to 2019.
Will Green Financial Policy Influence the Energy Consumption Structure? Evidence from the Pilot Zones for Green Finance Reform and Innovation in
China.
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maximum synthetic weight in Guangdong is Fujian, and the
maximum synthetic weight in Xinjiang is Liaoning.

The detailed results are presented in Figures 9A–E. Where the
solid curve is the ECS of the real province, the dotted curve is the
ECS of the synthetic province, and the vertical dotted line represents
the implementation period of the pilot policy. The left side of the
dotted curve on the time axis is the period before the
implementation of the PZGFRI (in 2017). The right side is the
period after the implementation of the pilot policy.

After 2017, the change in the ECS along the synthetic object in
Hebei did not show the same rapid increase as that in Zhejiang. The
change in the ECS in Yunnan was always slower than that in the
synthetic province, and the ECS gap gradually increased. The test
has once again proved that the PZGFRI policy is an important
reason for the ECS optimization in Zhejiang and Guizhou.

7 Conclusion, policy suggestions, and
future directions

7.1 Conclusion

In 2017, the State Council in China began to build PZGFRI in five
provinces—Guangdong, Zhejiang, Jiangxi, Guizhou, and Xinjiang—to
investigate the green finance experience. The PZGFRI policy is helpful
for realizing a low-carbon economy and environmental protection. This
research utilizes the SCM to evaluate the PZGFRI policy effect on the
ECS using panel data from 30 province-level administrative regions in
China (except the Tibet Autonomous Region) from 2013 to 2019. The
corresponding research findings in this study indicate the following: 1)
The PZGFRI establishment can significantly influence the ECS, and the
results of policy effect test indicate that the policy effect persists over
time. These findings still hold under a series of tests, including the
placebo test and robustness tests; 2) the PZGFRI significantly affected
the ECSs of both Zhejiang and Guizhou Provinces, which indicates that
the investigation result is better in Guizhou Province than in Zhejiang
province. Compared with the published research, our results are in line
with the earlier views, namely, that the PZGFRI has significantly
improved the development level of green finance in China. It is also
found that the PZGFRI has different effects on the ECS in different
regions.

Reversely, In Jiangxi, energy production is mainly dominated by
coal resources. More than 90% of the coal demand and nearly 100%
of the natural gas demand depend on energy input from other
provinces, meaning that energy consumption in Jiangxi is seriously
influenced by the energy market, and the PZGFRI policy has little
effect on the ECS in Jiangxi.

7.2 Policy suggestions

This study proposes an empirical test for the PZGFRI and the
related ECS optimization, which makes a significant contribution to the
development of the PZGFRI in China. Each pilot zone has its own
unique characteristics in terms of the economy, environment, resources,
and other aspects. The PZGFRI support effective methods to address
the challenges related to the ECS. Based on the aforementioned
conclusions, the following suggestions can be made: First, the

PZGFRI scope should gradually be expanded to eventually cover the
entire country. Additionally, the government should encourage
financial institutions to cooperate as they can provide significant
financial support for addressing regional disparities. Second, variants
of this policy should be implemented in different regions. For example,
in the Xinjiang Autonomous Region, the PZGFRI effect on the ECS is
poor compared to those in other eastern regions. In this case, it is crucial
to maintain the current ECS and accelerate the green transformation of
industrial structures in the future.

7.3 Future directions

Finally, although this article fills the possible gap in the extant
research on the effect of the PZGFRI on the ECS in China, some
potential questions remain unanswered and should be specified,
offering other directions for future research. First, the limitation
arises from the period collection. The last year in the sample is
2019; however, in 2020, a new pilot zone was built in Lanzhou new
district in Gansu province. In this case, the information available is not
sufficient, which might affect the estimated quality. To obtain a more
complete evaluation on the PZGFRI, it would also be interesting to
explore the possible empirical evidence from after 2019. Second,
another possible shortcoming is the measurement of the ECS.
Other studies use the ratio of natural gas consumption to total
consumption as a proxy variable to represent the ECS. Thereby,
the estimating results might be different if we use a new ECS proxy
variable. Third, this paper makes a comprehensive evaluation of the
PZGFRI from the macrocosmic perspective; however, the study does
not consider the heterogeneity test. Future research might consider
the different policy impact on firms with property rights from the
microcosmic perspective, More andmore new pilot zones will be built
in the future, and how to evaluate the policy impact of the PZGFRI has
become a new topic of academic research in recent years. Future
research could further consider this issue to enrich the literature on
green finance policy.
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