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Green credit and PM2.5: a time-varying perspective of
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aSchool of Business, Wuchang University of Technology, Wuhan, China; bHuangdao Custom,
Qingdao, China

ABSTRACT
The causal link between green credit (GC) and particulate matter
2.5 (PM2.5) is discussed this paper for the case of China using the
bootstrap rolling-window Granger causality test. The fresh empir-
ical results show that GC had both positive and negative influen-
ces on PM2.5 in two separate sub-sample periods. In turn, PM2.5

positively and consistently affected GC in two sub-sample periods.
In addition, time periods without causalities were also found in
the sample. These inconsistent conclusions do not provide strong
support for the hypothesis that GC and PM2.5 would affect each
other throughout the whole sampling period. Government inter-
vention, public environmental awareness, the domestic economic
situation, and other factors were fully considered in interpreting
the deviations in certain periods. Thus, the major contribution of
this study is that the linear assumption of causality was relaxed,
which is more in line with China’s realities. Some policies are sug-
gested to further strengthen the construction of the GC frame-
work and establish a multiparticipant GC system. Moreover, PM2.5

is an important reference and can be incorporated into enter-
prises’ green financing strategy.
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1. Introduction

This paper aims to discuss the time-varying and dynamic causal relationship between
green credit (GC) and particulate matter 2.5 (PM2.5) from the perspective of China.
The issue of PM2.5 has become an important problem (Song et al., 2022; Tao et al.,
2022), as it negatively affects human physical and mental health, e.g., through respira-
tory diseases, cardiovascular disease, and impaired brain function (Chen et al., 2020;
Song et al., 2022; Yang et al., 2022). Meanwhile, its influences have spread to the
economy, including economic development (Hao et al., 2018), labor supply (Li & Li,
2022), financial markets (Song et al., 2022), and firm performance (Tan et al., 2021).
Thus, PM2.5 reduction is an urgent issue. Nevertheless, environmental activities need
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financial support and capital investment (Zhang et al., 2022a). In environmental gov-
ernance, the effect of economic means has become increasingly important in recent
years, among which green finance plays a pivotal role.

Green credit is an innovative financial instrument that adopts a noncoercive approach
to balance ecological protection and economic development (Wang et al., 2021).
Commonly, GC policy preferentially guides financial resources to green firms while
reducing or even stopping the granting of loans to high-pollution firms. The environ-
mental influences and changes triggered by GC can be summarized in the following
aspects. From a micro perspective, the preference for green credit intensifies the financ-
ing dilemma for high-pollution firms, decreasing their capacity to extend production
and reducing production (Liu et al., 2019), passively decreasing pollutant emissions.
Moreover, GC accelerates the innovation of green technology and thus reduces pollutant
emissions (Cai et al., 2020). From a macroscopic perspective, GC is able to promote and
optimize the industrial structure and develop environmentally friendly industries, which
are conducive to environmental protection. The causalities are not limited to the effect
of GC on PM2.5 emission; the opposite direction is also worth discussing. Increasing
PM2.5 emission has aroused widespread concern from the public and government.
Under the strong pressure of reduction, enterprises, especially those with high pollution
levels, pursue GC to invest in environmentally friendly projects, processes, and technolo-
gies. Therefore, we hypothesize that GC can reduce PM2.5 emission, and in turn, PM2.5

emission increases the demand for green credit.
China has experienced rapid economic development in recent decades (Wang

et al., 2022a), and some features make it an interesting case. First, China faces serious
pollution of PM2.5. China’s average PM2.5 concentration was approximately 39lg/m3

in 2019, whereas the standard of the WHO is only 10 lg/m3. This value is higher
than that of developed countries, such as the U.S. and the U.K., as well as developing
countries, such as Brazil and Malaysia. Second, China is striving to improve the pol-
icy framework of green credit. In 2012, Green Credit Guidelines were proposed,
which is a fundamental document that marks the arrival of the GC era (Li et al.,
2022a). In 2016, China published the 13th Five-Year Plan and emphasized the role of
GC in pursuing sustainable development, attracting more attentions from firms and
authorities (Chai et al., 2022). The market for GC has great potential to expand, even
though GC in China began later than that in developed countries. In 2021, China’s
GC stock scale rose to the top ranking worldwide (Tan et al., 2022a). Last, China still
faces some difficulties. Even though it has experienced rapid development, GC still
occupies a small percentage of society’s whole credit, which is basically less than 10%
(Lian et al., 2022). Furthermore, the urgency and proportion of pollution control are
low in the GC market, and it is important to discuss how to establish an established
and long-term GC system in environmental management.

This study assesses the dynamic causalities between green credit and PM2.5 during
the period from 2013:M01 to 2022:M05. The method combination, including full
sample causality test, parameter stability test and rolling window causality test, is uti-
lized in the paper. Those tests investigate the hypothesis that GC and PM2.5 can affect
each other in the full sample. The results find that causal links and influencing direc-
tions between these two variables change with time, which does not always support
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the mentioned hypothesis. The deviations may result from China’s economic new
normal, government intervention, public environmental protection awareness, imper-
fect incentive system and other factors.

Thus, some contributions are added to the previous literatures. First, under the
guidance of a national sustainable development strategy, GC has become a relatively
important business for banks and is incorporated into banking assessment systems
(Hu et al., 2020). Meanwhile, the concentration of PM2.5 in 2020 has decreased
noticeably compared with 2013 (Su et al., 2021). Thus, the topic is interesting and is
worth discussing based on time-varying aspects, which are significant for constructing
a green economic system. Second, the feedback effect from PM2.5 emission to GC is
considered, which is based on the negative externality of environmental pollution. In
contrast to previous studies that focus on the unidirectional influence of GC on
PM2.5 and other environmental issues (Zhang et al., 2021a), this article reports an
impact of PM2.5 on GC. PM2.5 is regarded as an important factor that drives GC,
which provides useful information for banks to establish a virtuous relationship
between the environment and GC. Third, dynamic and time-varying causalities are
captured for PM2.5 and GC. Although some studies have shown the effects of GC on
reducing PM2.5 emission (Wang et al., 2021; Zhang et al., 2021a), no consensus has
been reached. The divergence comes from the simple and linear assumption of the
effect of GC policy. In addition, when suffering external shocks, the causalities would
also change. Thus, we fill this research gap by using the bootstrap subsample rolling-
window causality approach, taking the time-varying factor into account.

The remaining parts are as follows. Part 2 presents the literature review, and Part
3 shows the theoretical basis and hypothesis for GC and PM2.5. The methods are
introduced in Part 4, and details of the data are provided in Part 5. Part 6 displays
the main empirical results, and Part 7 shows the conclusions and policy suggestions.

2. Literature review

2.1. Green credit definition and practices

Green credit is an interdisciplinary concept, which incorporates environmental pro-
tection into financial instruments, especially commercial loans (Xi et al., 2022; Zhao
& Chen, 2022). Its features can be summarized from the following angles. The first is
environmental financing. Financial institutions need to comprehensively conduct
environmental assessments and then decide whether to grant commercial loans to
firms (Luo et al., 2021). The second is social responsibility. Green credit strengthens
not only firms, especially those with heavy pollution, but also commercial banks’
social responsibility for protecting the environment (Wang et al., 2019a). The third is
sustainable financing. Firms’ environmentally friendly projects are conducive to
achieving sustainable and green development and granting preferential access to
credit loans (Zhang et al., 2021a). Apart from firms, financial institutions, especially
banks, also need to consider sustainable development strategies in their daily opera-
tions (Zhang et al., 2021b).

Green credit is commonly discussed with green bonds, green securities, and other
instruments in Western countries (Bhatnagar & Sharma, 2022). In 2003, the “Equator
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Principles” were signed by the world’s top 10 banks for dealing with green financial
issues (Mngumi et al., 2022). In 2010, more than 190 countries agreed to set up green
climate funds, and since then, green finance has frequently appeared on international
platforms (Zhang et al., 2019). In 2017, the ‘One Planet Summit’ was held in France,
and global major banks and important financial market participants achieved consen-
sus in developing and adopting eco-financed products (Wang et al., 2022b). In 2019,
the United Nations formally launched the ‘Financing Roadmap for Achieving
Sustainable Development Goals’, which is regarded as an important guide in pursuing
sustainable development through financial resource allocation (Su et al., 2022a).

By contrast, China owns a bank-dominated financial system, making green credit
the most fundamental and important financial instrument. GC is commonly regarded
as an important financial tool in pursuing green development (Xi et al., 2022), energy
conservation (Wang et al., 2022b), and emission reduction (Su et al., 2022a), and it
has been vigorously promoted by China’s government (Tan et al., 2022b). In 2007,
the People’s Bank of China (PBC) launched the “Opinions on Implementing
Environmental Protection Policies and Regulations to Prevent Credit Risks”, marking
the start of the green credit era (Ma et al., 2021). In 2012, the PBC launched the
“Green Credit Guidelines”, which has become the basic document and criterion for
banks to develop GC (Zhang et al., 2022b). In 2013, China issued the “Green Credit
Statistics System”, which further accelerated the process of developing green credit,
and the green credit system has become increasingly mature (Luo et al., 2021). In
2016, China strove to cultivate and develop green industries in the 13th Five-Year
Plan by strengthening green credit and other financial resource support (Hu et al.,
2020). In 2021, China issued the 14th Five-Year Plan, which set long-term develop-
ment objectives, focused on accelerating the green transformation of the economy
and actively developing green credit. Based on the rapid development, Zhang et al.
(2021b) argued that the increasingly sophisticated GC policy in China can meet inter-
national criteria and can achieve good effects.

2.2. Green credit and the environment

With the extensive practices of various countries, the environmental influences
brought about by GC have attracted increasing attention (Hu et al., 2021; Liu et al.,
2017). Kang et al. (2020) indicated that South Korea’s GC policy is an environmen-
tally friendly measure that enables firms to decrease pollutant emissions. Liu and He
(2021) showed that green credit has an obvious environmental welfare effect and is
able to reach a balance between economic growth and environmental protection.
Zhang et al. (2021a) discovered that GC is beneficial for China’s total environment,
but the emission-reduction effect is more obvious in areas with high financial levels.
Zhang et al. (2021b) also proved that GC policy promotes environmental quality by
reducing credit issuance for firms with high energy consumption and high pollution
levels. Zhang (2021) showed that GC obviously decreases pollutant emissions and
promotes cleaner production, which ultimately increase green total factor productiv-
ity. Song et al. (2021) indicated that GC policy can increase China’s energy utilization
efficiency under the constraints of environmental protection. Lei et al. (2021) proved
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that GC is able to promote local green development while producing a positive spatial
spillover effect in surrounding areas. Zhang et al. (2022b) found that GC obviously
decreases carbon emissions, and the reduction effect gradually strengthens over time.
Liu et al. (2022a) demonstrated that GC promotes environmentally induced innov-
ation activities and thus accelerates China’s low-carbon transition. Guo et al. (2022)
proposed that GC development promotes green transformation and emphasized its
role in modern environmentally friendly development systems. Hu and Zheng (2022)
argued that GC is considered an effective measure in China to reduce carbon emis-
sions and achieve economic low-carbon transformation. Li et al. (2022b) found that
green finance, especially green credit, is an important financial instrument in pursu-
ing the sustainable goals of high-quality economic development and environmental
protection. However, as shown by Taghizadeh and Yoshino (2019), GC is accompa-
nied by high risk and low return characteristics. Meanwhile, state-owned firms with
heavy pollution still prefer to obtain credit from banks (Dong et al., 2020). Therefore,
GC is difficult to produce significant influence on reducing pollution and improving
environment in the short time (Su et al., 2022a).

3. Theoretical basis and hypothesis

In this paper, mainly subsample rolling-window causality test, supplemented by full
sample causality and parameter stability test, are employed to deeply investigate the
following hypothesis between GC and PM2.5. As shown in the hypothesis, GC and
PM2.5 are related tightly, and they keep single and unchanged influencing directions.

3.1. The influence of green credit on PM2.5

Green credit is a commercial, nonmandatory, voluntary, and green oriented instru-
ment that inspires firms to take on their social responsibilities by allocating limited
financial resources (Bai et al., 2022). It has significant influences on PM2.5 emission
through the following channels. First, green credit promotes investment in green
technological innovation. In China, debt financing from banks is still an important
exogenous financing channel (Zhang & Kong, 2022); thus, green credit will be an
influential factor in green technology innovation. Benefitting from the positive
externalities brought about by technological progress, enterprises emit fewer PM2.5.
Second, green credit preferentially supports low-emission and green projects. Banks
can optimize their credit structure by, on the one hand, granting more credit to
green projects and, on the other hand, decreasing loans to high-pollution projects
(Cui et al., 2022). A higher percentage of green projects would decrease PM2.5 emis-
sion. Third, green credit can adjust credit resource allocation and offer different lev-
els of interest rates to promote industrial structure upgrades and optimization
(Cheng et al., 2022). GC not only limits the activities of high-pollution firms but
also offers support for development of the green industry, which is beneficial for
PM2.5 reduction. Last, green credit has a signal role for the society. China is pursu-
ing green and sustainable development and implements many policies to balance
economic growth and ecological protection. Therefore, green credit policy was
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formally enacted in 2012, which reflects the state’s determination in reducing PM2.5

emission by directly allocating financial resources (Xing et al., 2021). Thus, we pre-
sent the following hypotheses:

H1: Green credit significantly reduces PM2.5.

3.2. The influence of PM2.5 on green credit

The issue of PM2.5 has become a hot topic in China and is attracting increasing
attention. Its impacts are not limited to people’s health, but also spreads to economic
activities. First, the increasing concern for PM2.5 emission has forced China to launch
strict environmental regulations, which impose additional financial constraints on
corporate production, sales, and management (Zhang et al., 2022c). With the purpose
of eliminating difficulties, firms must seek green credit from banks to maintain nor-
mal operations and adopt green technology to achieve environmental requirements.
Second, with the awakening of environmental awareness of PM2.5 reduction, the pub-
lic increases the demand for green products and services (Wu et al., 2022).
Enterprises are market oriented and always try to cater to consumer preferences.
Thus, they inevitably need external financing to update equipment and optimize
processes to meet new consumption trends, which leads to increasing demand for
green credit. Therefore, we present the second hypothesis.

H2: PM2.5 increases the demand for green credit.

4. Methodology

This paper utilizes the collocation of methods, including full-sample causality test,
Parameter Stability Test, and subsample rolling-window causality test, to investigate
the relationship between GC and PM2.5. The internal logic is described as follows.
The first step, according to the hypothesis, this paper builds the VAR model for GC
and PM2.5, as shown in Equation (2), to check whether exists causalities in the full
sample. Through full-sample causality test, we obtain the corresponding results.
However, the results may be incredibility, because the test assumes the causalities
between GC and PM2.5 are unidirectional and linear. In other word, the test assumes
the parameters in the VAR model is constant. That ignores the influence from struc-
tural breaks triggered by government intervention, policy adjustment, and other fac-
tors, on the causalities. The second step, in order to verify the conjecture, the
parameter stability tests of Exponential-F, Supremum-F and Mean-F, as presented in
Equations (3)–(5), are subsequently applied in our paper. When their statistics are
significant, we obtain that the parameters in the VAR model are not constant, and
change with time. The third step, if pass the parameter stability tests, the subsample
rolling-window causality test is further employed to investigate the dynamic and
time-varying causalities. Depending on a fixed window size and rolling technique,
this test can capture causalities in each sub-samples, and recognize the influencing
direction, such as positive or negative, which can provide more valuable results for
the link between GC and PM2.5. To sum up, full-sample causality test preliminarily
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explores the relationship, parameter stability tests verify that whether the conclusion
is credible, and subsample rolling-window causality test further recognizes causalities
in each subsample.

4.1. Bootstrap Full-sample causality test

The discussion of the causality between GC and PM2.5 is based on the framework of
the vector autoregression (VAR) model. Balcilar et al. (2010) clearly defined Granger
causality as one variable having the ability to affect another variable’s forecasted val-
ues. The Wald and likelihood ratio (LR) tests are commonly applied to examine
Granger causalities. Both tests have a precondition that variables or time series need
to be stationary. If the premise does not hold, variables may present nonstandard
asymptotic distributions and can cause difficulties in estimation (Toda & Phillips,
1994). In addition, Shukur and Mantalos (1997) proved that the Wald test performs
well for small- and medium-sized samples.

Some studies have been done to make up for these deficiencies. Shukur and
Mantalos (2000) presented the modified LR test, which performed well regardless of
the sample size. Shukur and Mantalos (1997) utilized the residual-based bootstrap
(RB) method to improve the estimation of critical values. In addition, Mantalos
(2000) showed that the bootstrap technique can maintain good performance without
considering cointegrated or non-cointegrated processes.

Combining the advantages of the above methods, this paper applies a bootstrap
RB-based modified LR test to recheck the Granger causalities between green credit
and PM2.5. Relying on the bivariate VAR model, we construct the following equation:

yt ¼ u0 þ u1yt�1 þ u2yt�2 þ . . .þ upyt�p þ et, t ¼ 1, 2 . . .T (1)

where yt denotes the variable. et is a white noise process. p is the optimal lag length.
Because two variables are considered, we obtain the following form:

GC1t

PM2:5t

� �
¼ u10

u20

� �
þ u11ðLÞ u12ðLÞ u13ðLÞ

u21ðLÞ u22ðLÞ u23ðLÞ
� � GC1t

PM2:5t

FDI3t

2
4

3
5þ e1t

e1t

� �
(2)

where GC, PM2.5 and FDI indicate green credit, particulate matter 2.5, and foreign
direct investment, respectively. In addition, uijðLÞ ¼

Ppþ1
k¼1 uij, kL

k, i¼ 1, 2 and j¼ 1,
2, 3. L is the lag operator. To test the Granger causality between GC and PM2.5, the
null hypothesis of u21ðLÞ ¼ 0 and u12ðLÞ ¼ 0 is imposed in Equation (2). Thus, once
the null hypothesis is rejected, causalities are proven to exist.

4.2. Parameter Stability test

The precondition of unchanged parameters exists in the conventional VAR model
during the full sample period. However, this presumption is vulnerable when suffer-
ing shocks, and original causal links may deviate (Balcilar & Ozdemir, 2013; Cristea
et al., 2022; Pirtea et al., 2019; Su et al., 2022b). To check whether the parameters are
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stable, Exponential-F (Exp-F), Supremum-F (Sup-F) and Mean-F tests were conducted
in this study. Consider a time series wt , and t¼ 1, 2, … , i, … , n. b is a parameter
and is assigned to b1 and b2 when t < i and t > i, respectively. Fi is employed to
examine the hypothesis of b1 ¼ b2 for a given i: If the hypothesis is rejected, struc-
tural breaks exist, and the parameter is not stable. In turn, if no structural breaks
exist, the parameter is stable. When i is located in the interval i1, i2½ �, the tests of
Exp-F, Sup-F, and Mean-F are as follows:

Sup� F ¼ sup
i1�i�i2

Fi (3)

Mean� F ¼ 1
i2 � i1 þ 1

Xi2
i¼i1

Fi (4)

Exp� F ¼ ln
1

i2 � i1 þ 1

Xi2
i¼i1

exp
1
2
Fi

� � !
(5)

Although these tests were employed to examine the stabilities of the parameters,
different hypotheses exist. The Sup-F test assumes that there is no one-time sharp
change in the parameters. Mean-F and Exp-F assume that the parameters do not fol-
low a random walk process and are not time-varying features.

4.3. Subsample Rolling-window causality test

Because the results from the full-sample Granger causality were not convincing, this
paper adopted a rolling-window bootstrap test to investigate time-varying causalities
in different subsamples. We first set a fixed window width, which contained m obser-
vations. The window moved sequentially from the start to the end of the sample,
which can be described as s�mþ 1, s�m… , T for s ¼ m, mþ 1… , T. Next, the
p values in each subsample were calculated to assess whether causalities existed
between variables. Considering the advantages of the RB-based modified-LR causality
test, we applied it in our study. N�1

b

Pp
k¼1 u

_ �
12, k describes the influence of GC on

PM2.5, and Nb is the number of bootstraps. In turn, N�1
b

Pp
k¼1 u

_ �
21, k represents the

impact of PM2.5 on GC. In addition, a 90% confidence interval was estimated, where
the upper limit was the 0.95 quantile and the lower limit was the 0.05 quantile.

A key issue during the estimation process is how to choose the window size. A
window width that is too large or too small would influence the estimation results.
Thus, we need to choose a moderate trade-off. In general, a large window width
increases estimation accuracy while decreasing the representativeness of subsamples
that are split by the rolling-window technique. In contrast, a small window width
improves representativeness while reducing estimation accuracy. According to experi-
ence and suggestions from Pesaran and Timmermann (2005) and Wang et al.
(2022c), a window size exceeding 20 is better when a time series frequently suffers
structural breaks.

8 X. LI ET AL.



The rolling window technique means that through a fixed window size, multiple
subsamples can be obtained by moving sequentially by adding one observation from
the forward direction and removing one from the end. After division into multiple
subsamples, the causalities can be tested in each subsample. Meanwhile, the positive
and negative influences are also captured. The influential direction is not unidirec-
tional, which means that positive causality, negative causality, and noncausality are
possible using the full sample. Due to the advantages of the method, it has been
applied to many fields, such as green finance (Wang et al., 2022b), environmental
protection (Su et al., 2021), the labor market (Su et al., 2022c), and the energy market
(Khan et al., 2022).

5. Data sources and descriptive analysis

Monthly data from 2013:M01 to 2021:M12 were used in this study. The CBIRC1 pub-
lished the Green Credit Statistics System in 2013, which is the first official document
and is commonly regarded as a cornerstone in the development of GC. In the same
year, the Ministry of Ecology and Environment of China started to monitor PM2.5 in
74 cities. Therefore, our sample began in 2013:M01. Three variables were considered
in this study. The first variable is green credit (GC). Referring to the work of Chen
and Chen (2021), this paper utilizes the same index to measure GC. The index con-
sists of two parts, six high-pollution industries’ interest expenditure (HIE) and total
interest expenditure for all industries (TIE), and is described as GC ¼ 100-
(HIE/TIE)�100. The second variable is PM2.5. According to Shi et al. (2017) and Su
et al. (2021), PM2.5 is a key target affecting air quality and a prominent symbol of air
pollution hazards. The last variable is foreign direct investment (FDI), which is also
regarded as a control variable. In 2011, China surpassed the U.S. and became the
largest global destination for FDI (Feng et al., 2022). Since then, the amount of FDI
flowing into China has consistently ranked at the forefront worldwide and reached
163 billion U.S. dollars in 2020. The massive capital flows unavoidably have signifi-
cant impacts on China’s economy and environment. Multiple impacts of FDI are
summarized as follows: pollution increases because FDI brings financial support and
stimulates economic activities (Hille et al., 2019). Meanwhile, FDI aggravates the
environmental problems of the host country through pollution transfer (Liu et al.,
2022b). In addition, FDI fosters technological innovations and promotes industrial
structure adjustment, which can reduce pollution to some extent (Liu et al., 2021a).

Figure 1 depicts the fluctuating trends of GC and PM2.5. It is seasonal, lower val-
ues commonly appear in summer, and higher values usually emerge in winter. In
2015, China made strong efforts to reduce emissions, and decreases the monthly aver-
age values of PM2.5 to less than 100. In 2016, the PBC2 launched The Guiding
Opinions on Building a Green Financial System, which is only a framework document
(Zhang, 2022). In 2018, the PBC published The Guidance on Evaluating Green Bank,
which focuses on utilizing differentiated interest rates to develop green credit. By
June 2019, twenty-one major commercial banks in China had 10.6 trillion RMB of
green credit, nearly twice as much as that in 2013 (Lian et al., 2022). By the end of
2020, the amount of GC further increased to 11.6 trillion RMB (Chai et al., 2022). In
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summary, the scale of GC presented an upward trend, while PM2.5 showed seasonal
and fluctuating downward trends.

Table 1 shows descriptive statistics for GC, PM2.5 and FDI. The mean values of
GC, PM2.5 and FDI were 0.533, 50.018 and 114.461, respectively. Moreover, the skew-
ness values of PM2.5 and FDI exceeded 0; thus, these two variables were right-skewed.
In contrast, the GC value was �0.133, i.e., left-skewed. The kurtosis values for PM2.5

and FDI were 4.576 and 3.812, respectively; thus, they followed a leptokurtic distribu-
tion. The kurtosis value of GC was 2.038, i.e., lower than 3, and followed a platy-
kurtic distribution. In addition, the statistics of the Jarque-Bera test for all three
variables were significant at the 1% and 10% levels; thus, they followed a nonnormal
distribution. Referring to Qin et al. (2021), this paper also used logarithmic process-
ing and the first difference for GC, PM2.5 and FDI to avoid potential heteroscedastic-
ity and to ensure time series stability.

6. Empirical findings

In terms of Equation (3), the VAR model was employed to examine full-sample caus-
ality between GC and PM2.5. FDI was chosen as a control variable and was examined
to overcome the effect of endogeneity. The optimal lag length was 4, which was
determined by the Schwarz information criterion (SIC). The results of the bootstrap
full-sample Granger causality test are shown in Table 2. Based on the statistics and p
values, GC did not affect PM2.5, and PM2.5 could influence GC. The results are not
completely consistent with our hypothesis. Based on the bivariate model, the causality
results will be reliable if the parameters in the model are invariable. However, because

Figure 1. The trends of GC and PM2.5.
Source: Author’s calculation

Table 1. Descriptive statistics.
Max Min Mean Skewness Kurtosis Jarque-Bera

GC 0.576 0.489 0.533 �0.133 2.038 4.611�
PM2.5 130.000 17.000 50.018 1.063 4.576 32.411���
FDI 220.200 65.000 114.461 0.976 3.812 20.687���
Notes: � and ��� indicates significance at the 10% and 1% levels.
Source: Author’s calculation.
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of the existence of structural variations, the parameters had difficulty remaining stable
(Su et al., 2022a), which resulted in unreliable causality between GC and PM2.5 in the
full sample. Therefore, parameter stability is needed to determine whether structural
breaks exist.

The Sup-F, Ave-F and Exp-F tests (Andrews, 1993; Andrews & Ploberger, 1994)
were employed in this paper. The results are shown in Table 3, demonstrating sudden
structural changes between GC and PM2.5 at the 1% significance level. In other
words, the causal linkage was unstable between GC and PM2.5. Because of the time-
varying features of the parameters, the possibility of an unreliable Granger causality
experiment was proven in the full sample. Thus, utilization of the bootstrap sub-
sample rolling-window causality experiment to explore the two-way connection
between GC and PM2.5 became more significant. However, it is meaningful that the
selection of the window width requires taking the optimal width into full consider-
ation. Although a larger width yields more precise empirical conclusions, it is not
conducive to improving the rolling frequency. Based on the conclusion of Pesaran
and Timmerman (2005), we should set the width to 20 or higher in the testing pro-
cess. Therefore, we chose a width of 24months to ensure reliable conclusions in this
paper.

Figure 2 indicates the p values of the influence of GC on PM2.5. Figure 3 shows
the direction of the effect. Based on these two figures, GC positively affected PM2.5 in
the period 2015:M05-2017:M07. The positive coefficient of influence indicated that
GC had an adverse effect on reducing PM2.5 emission. This phenomenon can be
summarized in the following aspects. First, banks lack motivation. Although the gov-
ernment strives to utilize the potential of banks to decrease emissions and promote
sustainable development, it made no significant contributions to ecological promotion
in the short term, particularly in 2015 and 2016. One of the reasons for inadequate
policy implementation is the separation of policymakers and implementers (Zhang
et al., 2016). Second, asymmetric information exists between banks and firms, espe-
cially green information. High-pollution firms always disclose as little information as
possible, thus pushing banks to spend more time investigating the truth, which

Table 2. Full-sample Granger causality test.
H0: GC does not Granger cause PM2.5 H0: PM2.5 does not Granger cause GC

Statistics p-values Statistics p-values

Bootstrap
LR test

2.219 0.114 3.975�� 0.022

Notes: �� indicate significance at the 5% level.
Source: Author’s calculation.

Table 3. Parameter stability tests.
GC equation PM2.5 equation

Statistics p-value Statistics p-value

Sup-F 94.371��� 0.000 42.208��� 0.000
Ave-F 30.044��� 0.000 27.837��� 0.000
Exp-F 44.307��� 0.000 17.671��� 0.000

Notes: ��� denotes significance at 1%.
Source: Author’s calculation.
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reduces credit allocation efficiency (Wen et al., 2021). More seriously, some firms
illegally obtain loans through false advertising, which prevents green firms with real
financing demand from obtaining GC (Lazzarini, 2015). Third, the effect of GC
depends largely on banks’ actions. The main target of these banks is self-profitability,
and their profits are negatively influenced by the execution of GC policy in the short
term (Su et al., 2022a). Once green credit policy is adopted by banks as a criterion,
these financial institutions face higher costs in a short time and may reduce credit
supply (Scholtens & Dam, 2007). Banks need to ensure that interest and principal are
recovered from high-pollution firms and to reduce new credit amounts for them.
Fourth, the credit financing channel of high-pollution firms may be cut due to the
GC policy, but other channels, such as trade credit, may solve the financing dilemma
and provide financial support for production. These firms’ production activities are
important factors that result in ecological deterioration (Yuan et al., 2020).

Figure 2. Bootstrap p-values of rolling-window test statistic testing the null hypothesis that GC
does not Granger cause PM2.5.
Source: Author’s calculation

Figure 3. Bootstrap estimates of the sum of the rolling-window coefficients for the impact of GC
on PM2.5.
Source: Author’s calculation
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However, in the period of 2021:M10-2022:M03, the causal relationship became
negative, demonstrating that GC was able to reduce PM2.5 emissions. GC emphasizes
social responsibility for protecting the environment through financial tools, which
tightly integrate the government, banks, and enterprises (Rupp, 2011). From the per-
spective of the government, in 2019, the Green Industry Guidance Directory was
jointly published by the PBC, the CBIRC, and the NDRC,3 which was the first official
document and laid the foundation for green industry development (Huang et al.,
2021). Subsequently, the 14th Five Year Plan was published in 2021, which strength-
ens legal and policy guarantees for green development and develops green finance.
Under the policy framework, financial institutions, especially banks, ought to reduce
and even stop issuing loans for those enterprises with high pollution and environ-
mental damage. Meanwhile, the Ministry of Ecology and Environment is required to
join in the work of GC policy and is empowered to punish projects and enterprises
that lack environmental protection permits (Zhang et al., 2021b). From the aspects of
banks, in China, banks are the most representative financial institutions, are in a
dominant position, and have huge capital deposits. This determines that banks have
the ability to improve the ecology and environment by allocating credit resources
(Dong et al., 2020). China is pursuing green and sustainable development (Hu et al.,
2022), and the pressures from the government and the public have forced banks to
grant more credit to green enterprises. Meanwhile, banks can obtain better returns
from green credit and can further optimize the structure of assets; thus, they have a
voluntary preference for green credit (Cui et al., 2018). From the aspect of credit
demanders, enterprises that belong to high-pollution industries have to pay higher
costs for obtaining loans and even suffer financing dilemmas. Thus, these enterprises
have difficulty expanding production and possibly even reduce production, which
indirectly decreases pollutant emissions (Hochberg et al., 2007). In addition, GC pro-
vides financial support for research and development (R&D) activities, especially for
green firms, and increases the green innovation level, which directly reduces pollutant
emissions (Hong et al., 2021; Liu et al., 2021b). Thus, GC is able to improve environ-
mental quality and has gradually achieved the set target.

Figure 4 depicts the p value of the effect of PM2.5 on GC. Figure 5 indicates the
direction of the influence. Based on these two figures, we found that PM2.5 positively
influenced the promotion of GC during the period of 2018:M04-2018:M10. Hazy
weather hinders businesses’ ability to thrive, which has an impact on banking institu-
tions’ credit policies. Due to serious pollution of PM2.5, high-pollution firms are more
vulnerable to significant environmental risks, such as the risk of incurring environ-
mental forfeiture costs, legal trouble, and bad debt. The danger of joint and partial
culpability increases dramatically when banking institutions lend money to these
high-pollution businesses. To mitigate the aforementioned risks, banks are willing to
grant credit for green businesses, which encourages GC to grow in scope. When fac-
ing high PM2.5, the government must improve its regulations and policy to address
this issue. In July 2018, to spur banks’ interest in conducting GC business, the gov-
ernment published a series of documents, such as Opinions on Building up Statistical
System for Green Credits. These regulations incentivize banks to offer GC to environ-
mentally friendly businesses and look for additional profit margins. The media also
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actively report pollution incidents, which creates great pressure for the government
and banks and forces them to solve the pollution of firms. From the aspect of social
responsibility (He et al., 2019), firms should take into account the effects of their rou-
tine operations on the social and natural environment and their own financial and
operational conditions. Banks are eager to offer more GC to prove their strong sense
of social responsibility and build a positive image of environmental protection. In
conclusion, the extension of the GC scale will be impacted by the rising PM2.5

emission.
Similarly, we found another positive causality in the period of 2021:M10-

2022:M03. In February 2022, Beijing, the capital of China, held the 24th Winter
Olympic Games. To successfully host these games, China’s government adopted
many measures. In general, serious PM2.5 pollution commonly appears in winter and

Figure 5. Bootstrap estimates of the sum of the rolling-window coefficients for the impact of
PM2.5 on GC.
Source: Author’s calculation

Figure 4. Bootstrap p-values of rolling-window test statistic testing the null hypothesis that PM2.5

does not Granger cause GC.
Source: Author’s calculation
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spring, which is attributed to weather, heating periods and other factors. However,
the values of PM2.5 in 2022 were much lower than they were at the same period of
previous years. The potential reasons are summarized as follows. First, China’s gov-
ernment closed small coal mines, steel factories, and thermal power plants located
near Beijing. The major purpose was to reduce PM2.5 emission and create good con-
ditions for athletes who participated in the Olympic Games. Second, relying on the
opportunity of the Olympic Games, China pursued green and sustainable develop-
ment while also working to foster green innovation. At the same time, some support-
ing policies, such as Opinions on guiding green finance for banking and insuring
industries, were offered to ensure the achievement of emission reduction targets. The
awakening public consciousness of environmental conservation and the determination
of government not only require banks to increase the percentage of green loans but
also stimulate enterprises to borrow green credit. Thus, the level of PM2.5 was consist-
ent with GC and is an important indicator of the latter.

In summary, it cannot be said that GC always contributes to a decrease in PM2.5.
Especially during the initial stages of GC policy adoption, due to environmental
information asymmetry, a lack of incentives for banking institutions, and the other
financing channels chosen by enterprises (Wang et al., 2019b; Zhang et al., 2021a),
GC does not achieve the expected environmental effect. However, the role of GC in
reducing PM2.5 emission gradually gains prominence when policy and regulations are
improved, which conforms to the interaction mechanism and hypothesis. It is import-
ant to identify the issues that arise throughout the GC policy implementation process
to improve the GC system. Additionally, it was found that PM2.5 had a beneficial
impact on GC in the subsample, which is conducive to making PM2.5 an important
reference for understanding bank credit preferences in advance and promoting the
creation of a system that balances economic benefits and environmental protection.

7. Conclusions

The causality relationship between PM2.5 and GC is regarded as an entry point to
verify how much GC has contributed to the increase in environmental quality since
the adoption of the policy. First, we conducted empirical studies on the full-sample
and subsample Granger causal connection between PM2.5 and GC. The result showed
that during the initial stages of adoption, GC had no beneficial impact on PM2.5.
Then, we analyzed the reasons for the inadequate execution of the GC policy from
the perspectives of policymakers, banking institutions and target enterprises. The fact
that GC had a detrimental effect on PM2.5 concentration was found as a result of the
system’s ongoing improvement. This suggests that GC can be used effectively for
environmental control, which conforms to the GC and PM2.5 interplay mechanism.
Therefore, GC requires a more comprehensive policy as well as the collaboration of
banking institutions and businesses to ensure it contributes positively to improving
environmental quality. Finally, we also obtained evidence that PM2.5 had a feedback
impact on GC, which indicates that when PM2.5 increases, environmental conserva-
tion policies become more stringent, and banking institutions issue more GC. With
the improvement of residents’ requirements for reducing PM2.5 emission and the
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enhancement of environmental awareness, the supervision from society is bound to
promote the role of banking institutions in the implementation of GC.

Through understanding the environmental effect of GC and how GC interacts
with PM2.5, we believe that GC has the ability to affect the environment from the fol-
lowing angles. First, there should be stronger regulation of the environmental infor-
mation that businesses disclose. This improves the effectiveness of how GC funds are
allocated and ensures that credit resources are used to support green businesses and
environmental conservation. In addition, the government can increase the pay struc-
ture for banks to issue GC, which avoids the declining profitability brought on by the
policy’s initial introduction and affects the practice effect of GC policy. Banks and
other financial institutions may receive favorable tax treatment and other financial
incentives to pique their interest in contributing to the construction of a green finan-
cial system. Third, GC-related laws and policies need to be continually improved by
legislators. One of the reasons the effect of the policy is not what was anticipated is
the lack of legal compulsion and the deterrent force of GC policy. Currently, the
majority of policies have more of a guiding influence than a formal legal enforcement
effect. There is no legal basis for enforcement measures against high-pollution busi-
nesses if they employ GC in violation of the policy. Finally, PM2.5 emission might act
as a signal for decision-makers to implement regulations. Although serious pollution
reduces the investment activities of enterprises, the government should not relax reg-
ulations. Meanwhile, banks can monitor PM2.5 to assess the effectiveness of GC policy
and determine whether to continue to grant credits. With the help of this assessment,
a positive feedback loop between the conservation of GC resources and the reduction
of emissions can be created, which promotes the growth of a sustainable economy.
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