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Abstract: As an innovative and efficient approach, green finance unlocks the potential to achieve
China’s carbon peak and neutrality goals. This study takes China’s Green Finance Pilot Scheme as a
quasi-natural experience and adopts the synthetic control method to evaluate the carbon intensity
reduction effects of the Green Finance Pilot Policy (GFPP) based on the city-level panel data in
China from 2008 to 2019. We find that the GFPP significantly reduces the carbon intensity of pilot
cities in eastern China, such as Guangzhou, Huzhou, and Quzhou. However, implementing GFPP
does not achieve the desired reduction effect in Nanchang and Guiyang situated in central and
western China. After multiple robustness tests, it can be proved that the preceding conclusions are
robust. The mechanism analysis results show that the GFPP can promote carbon intensity reduction
through financial agglomeration and green innovation. This study is conducive to assessing the
policy effectiveness of China’s GFPP and provides empirical evidence for promoting green finance
system construction in China.

Keywords: synthetic control method; green finance pilot policy; policy evaluation; carbon
intensity reduction

1. Introduction

Environmental degradation caused by global warming has become increasingly seri-
ous in recent years. In addition to sea level rise, glacier melting, and other surface effects,
global warming has also led to species extinction, land desertification, crop reduction, and
other derivative fatal problems, which are mainly caused by a surge in carbon emissions [1].
According to data from the World Bank, China has been the world’s largest carbon emitter
since 2005. To increase national contribution to climate change mitigation, the Chinese
government announced that “China will adopt more powerful policies and measures,
strive to achieve the peak of carbon emissions before 2030 and achieve carbon neutrality
before 2060” in September 2020. Therefore, we chose Chinese cities as research subjects to
investigate an innovative approach to reducing carbon emissions.

As a pioneer in green finance, the Chinese government has promulgated a quantity
of preemptive green finance policies. In August 2016, the People’s Bank of China (PBC)
issued “Guiding Opinions on Building a Green Finance System”, stating that green finance
is an institutional arrangement to support the transition to a green economy through
various financial instruments such as green loans, bonds, and insurance. In June 2017,
the Chinese government introduced the Green Finance Pilot Policy (GFPP) in eight areas
across five provinces: Guangzhou, Guangdong Province; Guian New Area (consisting of
Guiyang and Anshun), Guizhou Province; Ganjiang New Area (consisting of Nanchang
and Jiujiang), Jiangxi Province; Huzhou and Quzhou, Zhejiang Province; and Karamay,
Hami, and Changji, Xinjiang Uygur Autonomous Region. Following the first batch of pilot
cities, Lanzhou New Area and Chongqing were designated as pilot cities in November
2019 and August 2022, respectively.

Sustainability 2023, 15, 11571. https://doi.org/10.3390/su151511571 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su151511571
https://doi.org/10.3390/su151511571
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://doi.org/10.3390/su151511571
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su151511571?type=check_update&version=2


Sustainability 2023, 15, 11571 2 of 21

The GFPP is a good example of “bottom-up” innovation-driven [2]. As a pilot policy,
the GFPP exhibits characteristics of experimental and flexibility. The Chinese govern-
ment encourages the pilot cities to develop different tasks for green finance innovation
based on the local economic conditions. Since the implementation of GFPP, the pilot cities’
progress in green finance innovation has attracted wide concern from the government and
researchers. The existing literature concerning the GFPP mostly focuses on corporate in-
vestment efficiency [3], green innovation [4–6], as well as regional green development [7,8].
Most studies assess the policy effect of all pilot cities in their entirety using the difference-in-
differences (DID) method [9–11]. However, few studies have directly discussed the effect
of GFPP on carbon intensity. The powerful green finance policies can result in a virtuous
cycle of carbon emission reduction, a stable financial sector, and high economic growth [12].
Therefore, this study uses the synthetic control method (SCM) to accurately evaluate the
carbon intensity reduction effect of a single pilot city. It is helpful to obtain inspiration from
the implementation effect of GFPP and guide other cities to develop green finance.

The main contributions of this study are as follows. First, this study is the first to
introduce the SCM to examine the effect of GFPP on carbon intensity. Compared with
previous research concerning GFPP, which assesses the policy effect of all pilot cities in their
entirety, this study applies the SCM to accurately evaluate the carbon intensity reduction
effect of a single pilot city. Second, we find that the effect of GFPP on carbon intensity has
regional heterogeneity, which is overlooked in previous research. Specifically, the GFPP
significantly reduces the carbon intensity in pilot cities situated in eastern China, such
as Guangzhou, Huzhou, and Quzhou. However, the carbon intensity reduction effect of
GFPP is insignificant in Nanchang and Guiyang situated in central and western China.
Multiple robustness tests prove that the preceding conclusions are robust. Third, this study
deeply discusses the mechanism by which GFPP affects carbon intensity. The findings show
that GFPP significantly reduces carbon intensity via financial agglomeration and green
innovation. The remainder of this paper is organized as follows: Section 2 is a literature
review. Section 3 contains theoretical analysis and hypotheses. Section 4 describes the data
and model building. Section 5 contains the empirical results, the robustness tests, and the
mechanism analysis. Section 6 shows the discussion. Section 7 presents conclusions.

2. Literature Review
2.1. Green Finance and Carbon Intensity

Several studies have explored the impact of green finance on carbon intensity. Most
researchers believe green finance is adversely and significantly correlated with carbon
intensity. Kapa et al. [13] investigated six countries that account for 61% of global carbon
emissions and discovered that green finance contributes to a remarkable reduction in carbon
intensity. Zhang and Ke [14] found that every 1% increase in green finance development
results in a 2% decrease in carbon intensity. Du [15] confirmed that both short and long-
term estimates of green finance significantly reduce carbon intensity using the quantile
autoregressive distributed lag (QARDL) model. However, Li and Fan [16] found that green
finance development curbs the carbon intensity in local areas, while raises the carbon
intensity of surrounding areas.

Some studies have focused on the impact of different green financial instruments
on carbon intensity. Wang et al. [17] revealed that green credit has a stronger impact on
reducing carbon intensity than green equity investments. According to Zhang et al. [18],
implementing the green credit policy has a significant impact on carbon intensity reduction
in heavily polluting industries. Similarly, Xu et al. [19] proved that the green credit policy
can effectively reduce the carbon intensity of enterprises by strengthening environmental
supervision. Xu and Li [20] found that issuing green bonds significantly reduces the carbon
intensity of cities, especially in economy-developed cities. Huang et al. [21] constructed
a comprehensive index of green financial development and found that all components of
green finance have a significant impact on decreasing carbon intensity, except for green
investment tools.
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2.2. The Effect of GFPP

Researchers have gradually explored the effect of GFPP in recent years. The GFPP can
effectively eliminate information asymmetry, thus guiding capital flows and promoting
the agglomeration of financial resources [22]. Yan et al. [23] found that raising the levels
of financial agglomeration is accompanied by the law of marginal decreasing carbon
intensity tendency. After implementing GFPP, Lv et al. [24] found that pilot areas such
as Zhejiang, Jiangxi, and Xinjiang, have a higher degree of green finance development
than other non-pilot provinces. Yuan et al. [25] believed that financial agglomeration
improves environmental quality by expanding the financial scale, optimizing the financial
structure, and improving financial technology levels. Implementing GFPP also leads to a
more adequate supply of capital to green industries, thus contributing to a reduction in
carbon intensity [26].

Several studies have investigated the impact of GFPP on green innovation. The imple-
mentation of GFPP drives the demand of enterprises for green technology innovation [27].
Irfan et al. [5] found that the number of green patents in pilot areas is much higher than that
in non-pilot areas. By raising loan requirements and decreasing the investment willingness
of external investors, implementing GFPP forces high-polluting enterprises to carry out
technological innovation [28], thus decreasing carbon intensity [29]. Another aspect, the
GFPP motivates green enterprises to engage in green innovation by strengthening talent
support and increasing government subsidies [30]. Ge et al. [31] found that the GFPP
promotes environmentally friendly technological progress, which contributes to improv-
ing energy efficiency and reducing carbon emissions. Su et al. [32] also confirmed that
implementing GFPP has a significant energy-saving effect on enterprises in pilot areas. The
findings showed that the GFPP significantly lowers enterprises’ energy intensity through
green innovation.

In summary, studies on the relationship between green finance and carbon intensity
suggest the carbon reduction effect of green finance. However, the literature in this area
still leaves room for expansion. Almost no literature directly focuses on the effect of green
finance on carbon intensity from a policy perspective. On the other hand, previous studies
concerning GFPP mostly assess the policy effect using the DID method, which does not
allow for an accurate evaluation of the impact of GFPP on a single pilot city. This sets the
stage for further research in this study with the help of the exogenous shock from policy
as well as the SCM model. Therefore, this study adopts China’s prefectural-level panel
data to accurately evaluate the effect of GFPP on carbon intensity by using the SCM model,
making the research results more credible.

3. Theoretical Analysis and Hypotheses

The pilot cities take institutional innovation as their core task and reshape green finance
policies depending on the local economic conditions. Instead of releasing a policy package
directly, the Chinese government encourages pilot cities to explore innovative measures
for green finance reform. Therefore, we summarize six types of innovative measures for
the GFPP: green finance risk compensation, talent subsidies, infrastructure construction,
digitalization transformation, green enterprise and project identification standards, and
green financial institution evaluation standards. Table 1 presents the specific innovation
measures in pilot cities.

Table 1. Innovative measures in pilot cities for GFPP.

Green Finance Reform Innovative Measures of Pilot Cities

Green finance
risk compensation

1. Guangzhou provides risk compensation for 20% of the loss to financial institutions
that engage in green financial business.
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Table 1. Cont.

Green Finance Reform Innovative Measures of Pilot Cities

Green finance
talent subsidies

1. The pilot cities introduce talent subsidies and preferential policies related to green
finance, attracting the agglomeration of professional talents.

Green finance
infrastructure construction

1. The pilot cities build green industrial demonstration parks, attracting clusters of
green enterprises.

Green finance
digital transformation

1. Huzhou establishes a green financial credit information platform, effectively
reducing the transaction costs of both supply and demand.

2. Huzhou and Quzhou establish green finance data statistics regulations, including
green credit, insurance and bonds.

Green enterprise and project
identification standards

1. The pilot cities issue “the green enterprises and projects identification standards”,
avoiding the additional identification procedures by financial institution.

Green financial institution evaluation
standards

1. Huzhou and Quzhou develop “green financial institution evaluation standards”,
encouraging financial institutions to innovate green financial products,

From the perspective of promotion incentives for local officials, being designated
as a pilot city for the GFPP unlocks the possibility of promotion for local government
officials. Local government is always required to achieve targets for both economic growth
and carbon emissions reduction. Carbon intensity, as a prominent assessment criterion,
reflects the dependence of economic development on energy consumption. The effect of
environmental competition motivates local officials to strengthen environmental regula-
tion [33], thus effectively reducing carbon intensity [34]. Accordingly, Hypothesis 1 is
proposed as follows:

Hypothesis 1 (H1). GFPP can reduce the carbon intensity of pilot cities.

Figure 1 shows the theoretical mechanism by which GFPP affects carbon intensity.
Furthermore, this study argues that the GFPP reduces carbon intensity through financial
agglomeration and green innovation. First, GFPP can promote financial agglomeration in
the following ways.

(1) Pilot cities such as Guangzhou have created a risk compensation mechanism for green
finance, indicating that the government provides risk compensation for 20% of the loss
to financial institutions that engage in green financial business. Before the implemen-
tation of GFPP, financial institutions were not actively expanding the green finance
business, since investments in green projects entail a long payback period and are
unable to provide stable returns. In addition, pilot cities have established “the green
enterprise and project identification standards”, avoiding additional identification
procedures by financial institutions. This is conducive to reducing the operating costs
of financial institutions and improving their economic benefits, thus encouraging
financial institutions to set up green finance divisions in pilot cities.

(2) Pilot cities have introduced talent subsidies and preferential policies, attracting the
agglomeration of green finance professionals. Developing green finance businesses
requires professional support, such as green finance product pricing, and quantitative
analysis of green projects’ environmental costs. The scarcity of professionals makes it
difficult for financial institutions to carry out the green finance business. Consequently,
pilot cities provide a favorable institutional environment for the agglomeration of
financial resources, such as capital and labor forces, thus promoting the development
of green finance. Furthermore, this study proposes Hypothesis 2.
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Figure 1. The theoretical analysis of GFPP on carbon intensity reduction.

Hypothesis 2 (H2). GFPP can reduce carbon intensity through financial agglomeration.

Second, the GFPP can reduce carbon intensity by enhancing enterprises’ green innova-
tion ability. The specific analysis is as follows:

(1) Pilot cities have strengthened the infrastructure construction of green finance. For ex-
ample, pilot cities have built green industrial demonstration parks, attracting clusters
of green enterprises including electronic information, renewable energy, and high-tech
industries. In addition, pilot cities have strengthened the digital construction of green
finance, such as the green project database and green enterprise financing platform.
Strengthening the digital construction of green finance can help emerging enterprises
make technological advancements and enhance innovation abilities, thereby reduce
the carbon intensity [35,36]. This innovative green financing mode combines on-
line and offline financing, thus reducing transaction costs on both the supply and
demand sides.

(2) Pilot cities have formulated “green financial institution evaluation standards”, encour-
aging financial institutions to provide various green finance products, such as green
credit, bonds, and insurance, thus motivating enterprises’ green technology innova-
tion [29]. Due to the long R&D cycle and great capital demand, it is challenging to
gain direct economic benefits in a short time, which makes green enterprises often face
the problem of “difficult and costly financing” [37]. However, implementing the green
credit policy decreases loan interest rates for green enterprises, which can reduce
their debt costs, thus leading to an incentive effect on green innovation activities [38].
Simultaneously, to enrich financing ways for enterprises, pilot cities encourage en-
terprises to issue a range of green debt instruments, such as directional financing
instruments and asset-backed notes. Issuing green bonds can provide stable and
long-term financial support to emerging enterprises and improve their technological
innovation ability [39,40].

In addition, pilot cities such as Guangzhou, have issued a green insurance subsidy
policy that provides 30% premium subsidies to encourage enterprises to buy green insur-
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ance. The technological innovation activities carried out by enterprises are accompanied by
high risks. The complexity of R&D technology and uncertainty in the research environment
may lead to technological innovation failure [41]. Owning insurance enables enterprises to
maintain a low amount of liquid capital and concentrate on research on emission reduction
technologies, enhancing their capital productivity and technological innovation ability [42].
Therefore, Hypothesis 3 is proposed based on the preceding analysis.

Hypothesis 3 (H3). GFPP can reduce carbon intensity through green innovation.

4. Methodology
4.1. Model Building

The SCM was first proposed by Abadie and Gardeazabal [43], and has recently been
used to evaluate the carbon reduction effect of low-carbon policies [44,45]. Compared
to other policy evaluation methods, the SCM has clear advantages in identifying the
policy effects. First, the SCM adopts a transparent data-driven procedure for creating a
counterfactual group, which effectively solves the endogeneity problem. Second, the effect
of implementing the policy can be demonstrated by comparing the differences between the
treatment and synthetic counterfactual groups.

Import the relevant data of the N + 1 city in the time tε[1, T], assuming that there is
only one city (i = 1) designated as a pilot city of the GFPP at the time T0, this city is defined
as the treatment group. The other cities comprise the control group. Yit represents the real
carbon intensity observed by city i at time t. YN

it represents the indicator observation value
of city i(i = 1, · · · , N + 1) at time t when the GFPP is not implemented. Y I

it represents
the indicator observation value of city i(i = 1, · · · , N + 1) at time t when the GFPP is
implemented, and we formulate the following model:

Yit = YN
it + αitDit (1)

Dit is the dummy variable. If city i is designated as a pilot city at time t, Dit = 1;
otherwise, Dit = 0. For all i, the carbon intensity in this city is not affected by the GFPP
during tε[1, T0], that is, Yit = YN

it = Y I
it. When i = 1 and t > T0, α1t = Y1t −YN

it = Y I
it −YN

it ,
indicating a treatment effect in the analysis. YN

1t is a counterfactual indicator that cannot be
observed. To estimate the YN

1t of the pilot cities when the GFPP is not implemented, this
study used the factor model proposed by Abadie and Gardeazabal [43].

YN
1t = δt + θtZi + λtµi + εit (2)

δt is the time fixed effect, Zi is a group of predictor variables, θt is the unknown vector
of parameters, µi is an unobservable individual fixed effect, λt is the unobservable vector of
the public factor, and εit is an error term, E(εit) = 0. Assuming a K× 1 dimensional vector
weights W =

(
w2, w3, · · · , wj+1

)
, satisfied wj ≥ 0 and w2 + w3 + · · ·+ wj+1 = 1. Thus, the

outcome variable of the synthetic control group can be formulated as follows:

N+1

∑
j=2

wjYjt = δt + θt

N+1

∑
j=2

wjZj + λt

N+1

∑
j=2

wjµj +
N+1

∑
j=2

wjεit (3)

Suppose there is a weight vector group W∗ =
(
w∗2 , · · · , w∗N+1

)
, the following can

be formulated:

N+1

∑
j=2

w∗j Yj1 = Y11,
N+1

∑
j=2

w∗j Yj2 = Y12, · · · ,
N+1

∑
j=2

w∗j YjT0 = Y1T0 ,
N+1

∑
j=2

w∗j Zj = Z1 (4)
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If ∑T0
t=1 λt

′λt is non-singular, then

YN
1t −

N+1

∑
j=2

Wt
∗Yjt =

N+1

∑
j=2

Wt
∗

T0

∑
s=1

λt

(
T0

∑
n=1

λn
′λn

)−1

λs
′(ε js − ε1s

)
−

N+1

∑
j=2

Wt
∗(ε jt − ε1t

)
(5)

Abadie et al. [46] demonstrated that the right side of the mean general formula
converges to zero, that is, Formula (4) approaches zero. We use ∑N+1

j=2 wj
∗Yjt as the unbiased

estimation of YN
1t . Therefore, the estimator of the policy treatment effect is as follows:

α̂1t = ˆgap1t = Y1t −
N+1

∑
j=2

wj
∗Yjt (6)

We can define X1 =
(
Z1, Y1

1 , · · · , Ym
1
)

as a feature vector before implementing GFPP.
X0 is a matrix that combines the feature vectors of all non-pilot cities before implementing
GFPP. V is a symmetric positive semidefinite matrix that can be obtained using a data-

driven approach. By minimizing the distance function
√
(X1 − X0W)′V(X1 − X0W), we

can obtain the solution of W∗, and then the processing effect estimator α̂1t can be determined.
By calculating the Root Mean Square Prediction Error (RMSPE), we can evaluate the

difference between the real and synthetic carbon intensities. Before implementing GFPP, if
RMSPE is close to zero, it indicates that the synthetic carbon intensity YN

1t is reliable:

RMSPE =

[
1

T0 − 1 + 1

T0

∑
t=1

(
Y1t −YN

1t

)2
] 1

2

=

(
1
m

T0

∑
t=1

ˆgap1t
2

) 1
2

(7)

4.2. Data and Variable Description

Depending on the first batch of “China’s green finance reform and innovation pilot
scheme” issued in June 2017, Guangzhou, Huzhou, Quzhou, Guiyang, and Nanchang are
designated as the treatment groups. This study uses Guiyang and Nanchang to represent
the Guian New Area (consisting of Guiyang and Anshun) and Ganjiang New Area (con-
sisting of Nanchang and Jiujiang), respectively. And Karamay, Changji, and Hami are
excluded due to data availability.

Carbon intensity is the outcome variable, which is the ratio of carbon emissions to
real gross domestic product (GDP) (at 2000 constant prices). The data on carbon emissions
are derived from the China Carbon Emission Accounting Data (CEADs). Referring to
Shan et al. [47], this data is calculated using the energy supply statistics of 17 fossil fuels.
Moreover, by taking the GDP of 2000 as the base period, real GDP is used to eliminate the
impact of inflation. We divided nominal GDP by the GDP deflator, then we obtained the
real GDP of each city. The GDP deflators are derived from the China Statistical Yearbook
for each city. As the data on carbon emissions are up to 2019, the sample period used in
this study is from 2008 to 2019.

Abadie et al. [46] believed that a prerequisite of the SCM is that the control group
should not interfere with similar policies after implementing the policy. After implementing
the GFPP, many Chinese cities issued local green finance policies to follow it, thus we
excluded cities that issued local green finance policies from the control group during the
period of implementing GFPP (i.e., 2017–2019). The data on these local green finance
policies were hand-collected and arranged based on the announcements obtained from the
local government’s official website. Finally, the control group contains 62 cities, and the list
of cities in the control group is presented in Table A1 (Appendix A).

As illustrated in Figure 2, the treatment and control groups exhibit a declining trend
in average carbon intensity. Before implementing the GFPP, the decline rate of emission
intensity in the treatment group was slower than that of the control group. However, the
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trends rapidly shift after implementing the GFPP, the decline rate of emission intensity in
the treatment group is markedly faster than that of the control group.

Figure 2. Comparison of average carbon intensity trends of cities in the treatment and control groups.

According to existing literature, the carbon intensity of cities is influenced by economic
level, industrial structure, urbanization level, population size, and market development.
Therefore, the predictor variables are selected from five dimensions as follows. In terms of
economic level [48], there is real GDP per capita (PGDP). In terms of economic structure [49],
there is a proportion of secondary industry (ES). In terms of urbanization level [50], there is
urbanization rate (UB); In term of population size [51], there is urban population density
(POP); In term of market development [52–56], there are industrial enterprise structure (IE),
service industry level (SI), fiscal dependence (FS) and opening level (OP). Additionally,
the pre-intervention carbon intensity for five years in the period 2008-2016 is designed as
predictor variables. The data on these predictor variables are derived from the China City
Statistical Yearbook and the China Statistical Yearbook for each city.

The mechanism variables are selected as follows. (1) financial agglomeration is mea-
sured by the ratio of the year-end loan balances of financial institutions to GDP [57];
(2) green innovation is measured by the number of green invention patents granted per
10,000 individuals [58]. The data are derived from the China City Statistical Yearbook and
Chinese Research Data Services Platform (CNRDS). The details of all variables are shown
in Table 2.
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Table 2. Descriptive statistics.

Variable Abbreviation Definition Obs Mean SD Min Max

Carbon intensity CI Ratio of carbon emissions to real
GDP (tons/104 yuan) 804 3.13 3.04 0.42 25.03

Economic level PGDP Real GDP per capita (104 yuan) 804 4.14 2.35 0.77 12.41
Economic
structure ES Proportion of secondary industry in

the GDP (%) 804 47.30 9.49 16.51 74.73

Urbanization rate UB Ratio of urban population to total
population (%) 804 57.75 13.52 22.32 89.6

Population density POP
Ratio of year-end total population

to urban area (person/km2)
804 498.04 337.20 45.87 2316.67

Fiscal dependence FS Ratio of general public budgetary
expenditure to GDP 804 0.08 0.03 0.03 0.24

Industrial
enterprise
structure

IE Natural logarithm of number of
industrial enterprises (pcs) 804 7.12 1.02 4.74 9.84

Service industry
level SI Proportion of tertiary industry in

the GDP (%) 804 43.37 9.96 23.09 79.23

Opening level OP Ratio of actual use of foreign direct
investment to GDP 804 0.02 0.02 0.00 0.13

Financial
agglomeration FI Ratio of the year-end loan balances

of financial institutions to GDP 804 1.12 0.70 0.12 7.45

Green innovation GI Green invention patents granted
per 10,000 individuals (pcs) 804 0.61 0.73 0.00 5.24

5. Empirical Results
5.1. The Impact of GFPP on Carbon Intensity

Differing from the previous studies that evaluate the policy effects of all pilot cities
in their entirety, we construct a corresponding synthetic control group for pilot cities that
reflects the policy effect of GFPP in a single pilot city. As illustrated in Table 3, most
of the synthetic values of predictors are close to the real values of predictors, indicating
that synthetic control groups can effectively simulate the real values of pilot cities before
implementing GFPP.

Table 3. Comparison of real values and synthetic values of predictors before implementing GFPP.

Predictor
Variable

Guangzhou Huzhou Quzhou Guiyang Nanchang

Real
Value

Synthetic
Value

Real
Value

Synthetic
Value

Real
Value

Synthetic
Value

Real
Value

Synthetic
Value

Real
Value

Synthetic
Value

PGDP 8.76 4.69 4.45 4.45 3.18 2.59 2.53 2.74 4.71 4.82
ES 34.84 38.32 52.86 48.14 51.74 49.30 41.08 40.89 55.23 53.09
UB 84.66 71.64 55.01 56.40 46.47 46.93 70.48 56.52 68.31 68.85

POP 1109.1 594.8 449.7 450.1 286.3 311.0 466.3 469.7 687.2 577.3
FS 0.08 0.09 0.08 0.08 0.07 0.06 0.13 0.10 0.08 0.08
IE 8.54 6.78 7.94 7.70 6.95 6.63 6.31 7.05 7.02 7.79
SI 63.59 56.42 40.06 40.10 39.94 34.85 54.27 47.79 39.74 42.37

FDI 0.02 0.04 0.04 0.04 0.00 0.01 0.02 0.02 0.05 0.03
CI (2008) 1.22 1.22 2.70 2.68 4.73 4.78 3.79 3.53 1.15 1.19
CI (2010) 1.09 1.10 2.04 2.06 4.39 4.41 3.14 3.09 1.12 1.08
CI (2012) 0.87 0.88 1.58 1.60 3.69 3.72 2.69 2.69 0.98 0.93
CI (2014) 0.84 0.85 1.38 1.44 3.77 3.75 2.49 2.10 0.75 0.84
CI (2016) 0.82 0.81 1.27 1.26 3.15 3.15 2.16 2.16 0.65 0.67
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Figure 3 shows the paths of carbon intensity between real and synthetic pilot cities.
The vertical dashed line represents the year when each pilot city takes to implement
GFPP. The solid black and dashed gray lines represent the real and synthetic carbon
intensities from 2008 to 2019, respectively. As shown in Figure 3, the solid and dashed
lines of Guangzhou, Huzhou, and Quzhou almost overlap before implementing GFPP,
indicating that the synthetic control group can effectively simulate the real carbon intensity
of these pilot cities. However, the solid and dashed lines of Guiyang and Nanchang exhibit
significant differences before implementing GFPP, indicating that the simulation results of
corresponding synthetic control groups are undesirable.

Figure 3. Comparison of carbon intensity paths between real and synthetic pilot cities.

For a few years after implementing GFPP, the solid lines of Guangzhou, Huzhou,
Quzhou, and Guiyang were remarkably lower than the corresponding dashed line. This
indicates that implementing GFPP leads to a significant decrease in carbon intensity in
Guangzhou, Huzhou, Quzhou, and Guiyang. However, the solid line of Nanchang is
higher than the dashed line, indicating that the performance of GFPP does not achieve the
desired effect in Nanchang. As a result, we conclude that the GFPP leads to a remarkable
reduction in carbon intensity in Guangzhou, Huzhou, Quzhou, and Guiyang, but not
in Nanchang.

5.2. Validity Test

According to Abadie et al. [49], we used a ranking method to test the significance of
the carbon intensity reduction effect in Guangzhou, Huzhou, Quzhou, and Guiyang. The
basic idea of this test is as follows: a non-pilot city in the control group is assumed to as
a pilot city, and a placebo test is conducted using the SCM. After conducting the placebo
test on all non-pilot cities in the control group, we can compare the differences between the
treatment effect and placebo effect. If the placebo effect is smaller than the treatment effect
or their signs (positive or negative) are opposite, indicating the policy effect of GFPP is
significant. If the fitting effect of the synthetic control unit is not good before implementing
GFPP, it will show a large pre-RMSPE, where pre-RMSPE represent the value of RMSPE
before the implementing GFPP. This indicating the placebo effect is unreliable, therefore,
this study excluded control cities whose pre-RMSPE is more than twice that of the treatment
group according to Olper et al. [59].
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Figure 4 presents the result of the validity test. The solid orange line represents the
treatment effect of pilot cities (i.e., the difference between the real and synthetic carbon
intensity of pilot cities). The dashed gray line represents the placebo effect of cities in
the control group (i.e., the difference between the real and synthetic carbon intensity of
cities in the control group). As illustrated in Figure 4, suppose that a control unit is
randomly selected for estimation, the probability that the placebo effect of the control unit
is no less than the treatment effect of Quzhou is 1/37 (2.70%), indicating that the GFPP
significantly impacts the reduction in carbon intensity in Quzhou at the 5% level. Similarly,
the probabilities that the placebo effect of the control unit is no less than the treatment
effect of Guangzhou, Huzhou, and Guiyang are 0/1(0%), 1/22(4.55%), and 6/52(11.54%),
respectively. Therefore, the GFPP significantly impacts the reduction in the carbon intensity
of Guangzhou and Huzhou at the 1% and 5% levels, respectively. However, Guiyang does
not pass the significance test at the 10% level.

Figure 4. Annual carbon intensity gaps in pilot cities and placebo gaps in control group cities.

By conducting the validity test, we find that the carbon intensity reduction of the
GFPP has regional heterogeneity. GFPP significantly affects the decline in carbon intensity
in Guangzhou, Huzhou, and Quzhou. However, implementing GFPP in Nanchang and
Guiyang does not achieve a significant carbon intensity reduction effect. Therefore, this
conclusion partially confirms Hypothesis 1.
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5.3. Robustness Test
5.3.1. In-Time Placebo Test

To ensure the credibility of the preceding conclusions, we conducted the “in-time
placebo test” according to Abadie et al. [60]. Specifically, this study sets policy shock
times to 2013, then we reran the SCM using the same sample of cities in the control group.
Figure 5 presents the results of the “in-time placebo test”. For 2008–2016, the solid black
and dashed gray lines represent the real and synthetic carbon intensities, respectively.
The vertical dashed line represents the time for implementing GFPP. After implementing
the GFPP, the solid line is higher than the dashed line, indicating that the assumption of
implementing the GFPP in 2013 does not lead to a reduction in carbon intensity. Therefore,
we believe that implementing the GFPP in 2017 has a significant impact on carbon intensity,
rather than any other unexpected factor.

Figure 5. Placebo implementing the GFPP in 2013—comparison of carbon intensity paths between
real and synthetic pilot cities.

5.3.2. Compare the Ratios of the Post-RMSPE to Pre-RMSPE

Further, we define ratio = post-RMSPE/pre-RMSPE, where pre-RMSPE and post-
RMSPE represent the values of RMSPE before and after implementing the GFPP, respec-
tively. If this ratio of the treatment group is larger than that of cities in the control group, it
indicates that the GFPP significantly impacts carbon intensity for pilot cities. As illustrated
in Figure 6, the ratio of the post-RMSPE to pre-RMSPE for Guangzhou is 12.32, much higher
than most of the control cities. If a city is randomly chosen as a pilot city, the probability
that the policy effect of this control unit is not less than that of the treatment group is
3/62 (4.84%). Similarly, the ratios of the post-RMSPE to pre-RMSPE for Huzhou, Quzhou,
and Guiyang are 9.70, 13.14, and 1.69, respectively, if a city is randomly designated as a
pilot city, the probabilities that the policy effect of the control unit is not less than that
of the treatment group are 5/62 (8.06%), 4/62 (6.45%), and 38/62 (61.29%), respectively.
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Therefore, we conclude that the GFPP significantly affects the decline in carbon intensity in
Guangzhou, Huzhou, and Quzhou at the 5%,10% and 10% level, respectively. However,
Guizhou does not pass the significance test at the 10% level.

Figure 6. Ratios of post-RMSPE to pre-RMSPE for pilot cities and control group cities.

5.3.3. Replace the Carbon Intensity Calculation Method

According to Xu et al. [61], we recalculate the cities’ carbon emissions by using the
consumption data of natural gas, liquefied petroleum gas, electricity, and heat. The specific
is as follows:

CEi = αEni + βEpi + γEei + δEhi (8)

CEi represents the carbon emissions of city i. Eni, Epi, Eei, Ehi, which represent the
consumption of natural gas, liquefied petroleum gas, electric energy, and heat energy in city
i, respectively. α, β, γ, and δ are the relevant carbon emission calculation factors provided by
the Intergovernmental Panel on Climate Change (IPCC). The data on energy consumption
are derived from the China Energy Statistics Yearbook and China City Statistical Yearbook.
Carbon intensity is measured as the ratio of carbon emissions to real GDP (at constant
2000 prices).

As shown in Figure 7, the vertical orange line represents the year in which the GFPP
was implemented. The solid black and dashed gray lines represent carbon intensity paths
between real and synthetic pilot cities from 2008 to 2019, respectively. Before implement-
ing the GFPP, the solid and dashed lines almost overlap, indicating that the synthetic
control units have a good fit for the corresponding treatment group. The solid lines of
Guangzhou, Huzhou, and Quzhou are lower than their dashed lines after implementing
GFPP. However, the solid and dashed lines of Guiyang do not diverge gradually during
the policy implementation period. Therefore, we conclude that GFPP significantly reduces
carbon intensity in Guangzhou, Huzhou, and Quzhou, whereas Guiyang does not achieve



Sustainability 2023, 15, 11571 14 of 21

a desirable reduction effect. After we replace the carbon intensity calculation method, this
conclusion remains valid.

Figure 7. Comparison of carbon intensity paths between real and synthetic pilot cities after replacing
the carbon intensity calculation method.

5.3.4. The SCM-DID Method

According to Arkhangelsky et al. [62], this study uses the SCM-DID method to test
the robustness. This method combines the advantages of SCM and DID, avoiding the strict
conditions of the DID method and effectively solving the endogeneity problem [63]. The
specific is as follows. First, this study applies the SCM to calculate the weights of each
pilot city. Second, we can obtain the variable values of the synthetic pilot cities by using
the weights. Third, we use the DID model to assess the treatment effects by calculating
the difference between real pilot cities and synthetic pilot cities. This model is formulated
as follows.

CI = β0 + β1didit + β2controlit + µi + λt + εit (9)

In Formula (9), CI is the explained variable that represent the value of carbon intensity
of a city. didit is a core explanatory variable that represents treati × postt. i and t represent
the city and year, respectively. The coefficient β1 represents the policy effect of GFPP. postt
is a time dummy variable, if t represents 2017 and subsequent years, it equals 1; otherwise,
it equals 0. treati is a group dummy variable, if i represents Guangzhou, Huzhou, Quzhou,
or Guiyang, it equals 1; and the corresponding synthetic pilot cities use the value of 0.
controlit is a vector of control variables. µi represents the city fixed effect and λt represents
the year fixed effect. εit is the error term.

Table 4 presents the regression results of the SCM-DID method. First, the coefficient of
didit in Column (1) without considering control variables is −0.754 and is significant at the
1% level. After adding control variables, the coefficient of didit in Column (2) is −0.425 and
is significant at the 1% level, indicating that GFPP significantly reduces the carbon intensity
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of the pilot cities. After using the SCM-DID method, we can confirm that the effect of GFPP
on carbon intensity reduction is robust.

Table 4. Robustness testing using the SCM-DID method.

Variables (1) (2)

CI CI

did −0.754 *** −0.425 ***
(0.163) (0.093)

PGDP 0.182 ***
(0.044)

ES -0.132
(0.087)

UB 0.000
(0.038)

POP 0.001
(0.002)

FS 1.426
(1.093)

IE −0.498
(0.400)

SI −0.166
(0.107)

FDI −7.546
(4.474)

_cons 2.295 *** 19.051
(0.020) (11.268)

Year FE No Yes
City FE No Yes

Observations 96 96
Adj. R-Square 0.207 0.874

Notes: *** indicates significance at 1%.

5.4. Mechanism Analysis

Further, this study uses the DID model to examine the mechanism by which the GFPP
promotes carbon intensity reduction. This model is formulated as follows.

Mit = β0 + β1didit + β2controlit + µi + λt + εit (10)

i and t represent the city and year, respectively. Mit are mechanism variables that
represent financial agglomeration and green innovation. didit is a core explanatory vari-
able that represents treati × postt. treati is a dummy variable; if i represents Guangzhou,
Huzhou, Quzhou, Guiyang, or Nanchang, it equals 1; otherwise, it equals 0. postt is a
dummy variable for the implementation of GFPP, which takes the value of 1 for the current
and subsequent years (i.e., 2017–2019) and 0 for the years before GFPP implementation
(i.e., 2008–2016). controlit is a vector of control variables. µi and λt represent the city and
year fixed effects, respectively. εit is the error term.

Table 5 shows the results of testing the effects of GFPP on financial agglomeration and
green innovation. First, the coefficient of didit in Column (1) without considering control
variables is 0.221 and is significant at the 5% level. After adding control variables, the
coefficient of didit in Column (2) is 0.292 and remains significant at the 1% level, indicating
that the GFPP has a significant impact on promoting the level of financial agglomeration
in pilot cities. The pilot cities have introduced various policy tools, such as government
subsidies, risk compensation, and tax deductions [2], attracting the agglomeration of
financial institutions, thus promoting green finance development and reducing carbon
intensity. Therefore, this study confirms Hypothesis 2.
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Table 5. Mechanism analysis: the effects of GFPP on financial agglomeration and green innovation.

Variables
Financial Agglomeration Green Innovation

(1) (2) (3) (4)

did 0.221 ** 0.292 *** 0.919 *** 0.749 ***
(0.109) (0.104) (0.253) (0.197)

PGDP −0.070 *** 0.318 ***
(0.020) (0.062)

ES −0.019 ** −0.002
(0.008) (0.011)

UB 0.005 0.002
(0.004) (0.005)

POP 0.000 0.001
(0.001) (0.001)

FS −0.462 −1.238
(0.891) (1.209)

IE −0.063 0.027
(0.085) (0.095)

SI −0.014 0.000
(0.009) (0.014)

FDI −2.538** −3.228
(1.009) (2.461)

cons 1.114 *** 3.075 *** 0.590 *** −1.074
(0.002) (0.832) (0.005) (1.038)

Year FE Yes Yes Yes Yes
City FE Yes Yes Yes Yes

Observations 804 804 804 804
Adj. R-Square 0.824 0.829 0.767 0.836

Notes: *** and ** indicate significance at 1% and 5%, respectively.

Second, the coefficient of didit in Column (3) without control variables is 0.919 and
is significantly positive at the 1% level. After adding the control variables, the coeffi-
cient of didit in Column (4) is 0.749 and remains significantly positive at the 1% level,
indicating that the GFPP significantly increases the green patents of pilot cities by 74.9%.
Liu and Wang [64] also conclude that green patents of enterprises in pilot cities have a faster
growth rate than those in non-pilot cities. The regression results show that the green innova-
tion ability of enterprises in the pilot cities has been rapidly improved since implementing
GFPP, thus decreasing carbon intensity. Therefore, this study verifies Hypothesis 3.

6. Discussion

According to the empirical analysis presented above, we conclude that the GFPP
significantly reduces the carbon intensity of pilot cities in eastern China, such as Guangzhou,
Huzhou, and Quzhou. However, implementing GFPP in Nanchang and Guiyang situated
in central and western China does not achieve the desired reduction effect. The reasons for
the preceding conclusions can be summarized as follows.

First, the pilot cities in eastern China pay more attention to attracting more financial
institutions to set up green finance divisions. As is shown in Table 6, the number of green
finance divisions in Huzhou and Quzhou in eastern China is much higher than that in
Nanchang and Guiyang in central and west China. The pilot cities in eastern China have
a higher level of economic development, the municipal government is more likely to
implement diversified policy tools to reach the target of reducing carbon intensity. For
instance, in Guangzhou, policy tools such as government subsidies and tax deductions are
frequently used to incentivize the engagement of green enterprises and financial institutions
in green finance development. Chen and Zhao [65] found that pilot cities in eastern China
concentrate on the construction of digitalization systems, effectively improving the risk
management level of green finance. In contrast, the pilot cities in central and western China
have fewer economic incentives, which makes them difficult to attract the agglomeration of
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financial resources. Qu et al. [66] found that financial agglomeration significantly improves
urban energy efficiency, especially in eastern China.

Table 6. Green finance divisions in the pilot city.

Pilot City The Number of Green Finance Divisions

Huzhou 34 banks set up green finance division and 1 insurance company set
up green insurance division.

Quzhou 47 banks set up green finance division and 8 insurance companies set
up green insurance division.

Guangzhou 10 banks set up green finance division and 1 insurance company set
up green insurance division.

Guiyang 12 banks set up green finance division and 1 insurance company set
up green insurance division.

Nanchang 8 banks set up green finance division and 3 insurance companies set
up green insurance division.

Notes: Collected from public new reports, data are up to 2019.

Second, the pilot cities are committed to developing different tasks for green innova-
tion. For the developed eastern region, the pilot cities pay more attention to supporting
the structural transformation of the local economy to reach the targets of high-quality eco-
nomic development. For instance, Guangzhou strives to explore the innovation of financial
products for new energy automobiles [67]. Huzhou and Quzhou focus on promoting the
transformation of traditional high-polluting industries [68].

By comparison, for the underdeveloped pilot cities in central and western regions, the
municipal governments put more emphasis on the development of green agriculture due
to their abundant agricultural resources. As an example, Nanchang and Guiyang focus on
exploring innovative green agricultural financial products, supporting agricultural projects
such as organic ecological agriculture, modern urban agriculture, and agricultural sewage
treatment [2]. Several studies indicated that the transformation of industrial structure
significantly reduces the carbon intensity in the eastern region, but has limited contribution
to the central and western regions in China [69].

7. Conclusions
7.1. Main Conclusions and Policy Recommendations

Climate change has becoming one of the most prominent global problems. As the
largest carbon emitter, the Chinese government has introduced powerful green finance
policies to achieve the carbon peak and neutrality goals. Considering the heterogeneity
of pilot cities, this study adopts the SCM model to accurately assess the carbon intensity
reduction effect of GFPP in five pilot cities based on China’s prefecture-level panel data
from 2008 to 2019.

The major conclusions of this study are as follows. We find that the significantly
reduces carbon intensity in pilot cities situated in eastern China, such as Guangzhou,
Huzhou, and Quzhou. However, the implementation of GFPP does not have a significant
effect in Nanchang and Guiyang situated in central and western China. We conduct
multiple robustness tests; all of the results prove that the preceding conclusions are robust.
The mechanism analysis shows that financial agglomeration and green innovation are
two channels by which GFPP promotes carbon intensity reduction.

This study proposes the following policy recommendations. First, the implemen-
tation effect of GFPP in eastern China is significant; therefore, the Chinese government
should continue to expand the scope of pilot cities in the eastern region to promote the
transformation and upgradation of traditional industries. On the other hand, to improve
the carbon intensity reduction effect of pilot cities in the central and western regions, the
government can develop a communication and cooperation system to help them learn
successful experiences from other pilot cities.
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Second, the pilot cities should emphasize the importance of financial agglomeration
and green innovation in promoting GFPP. The mechanism analyses indicate that they are
key in releasing the policy effect of GFPP. The pilot cities should strengthen policy support
for financial institutions, such as direct subsidies, and tax breaks, to encourage them to
innovate green financial products. In addition, the pilot cities can provide subsidies to green
enterprises through investment subsidies, loan discount interest, and insurance subsidies
to improve their technological innovation ability.

Third, the Chinese government should take the initiative to engage in international
cooperation in green finance. In many developing countries, such as Brazil and India,
the development of green finance is highly policy-driven [2]. The success of GFPP is a
good example of innovation-driven. Therefore, the Chinese government should take full
advantage of GFPP’s successful experiences, to help other developing countries promote
the development of green finance and solve climate change problems.

7.2. Limitations and Further Research

This study has some limitations that may lead to further research. First, due to data
limitations, we only focus on the first batch of pilot cities for GFPP. Subsequent studies can
further explore the effects in the second and third batches of pilot cities for GFPP. Second, as
enterprises are the main agents in green innovation, future research can concentrate on the
micro firm level, to explore the impact of the GFPP on enterprises’ environmental, social,
and governance (ESG) performance. Third, more detailed data on green credit, insurance,
and bonds can help us to better investigate the effects of GFPP, which is the direction of our
study in the future.
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Appendix A

Table A1. The sample of cities in the control group.

Baotou Hangzhou Lianyungang Shangrao Xiangyang
Bengbu Harbin Linyi Shenyang Xianning
Binzhou Hefei Lishui Siping Yancheng

Changchun Hohhot Liupanshui Suqian Yangquan
Changde Huaihua Longyan Suzhou Yantai
Changsha Huangshi Luoyang Taiyuan Yuncheng
Changzhi Jiaxing Mudanjiang Taizhou Zhengzhou

Changzhou Jinan Nanning Tangshan Zhenjiang
Chifeng Jingmen Ningbo Tongliao Zhoushan
Dalian Jingzhou Pingdingshan Tongling Zibo

Dezhou Jining Qiqihar Weihai
Ganzhou Jinzhong Sanmenxia Wuhan
Haikou Jixi Shanghai Wuhu
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