
Does Green Credit Policy Move the
Industrial Firms Toward a Greener
Future? Evidence From a
Quasi-Natural Experiment in China
Zumian Xiao, Lu Yu, Yinwei Liu, Xiaoning Bu* and Zhichao Yin

School of Finance, Shandong University of Finance and Economics, Jinan, China

How to utilize financial instrument to deal with environmental issues has been a focal topic.
Taking the introduction of green credit program as a “quasi-natural experiment,” the
propensity score matching and difference-in-difference approach (PSM-DID) are used to
investigate the impact of the green credit policy implemented by Chinese government on
firm-level industrial pollutant emissions. The estimation results indicate that the green credit
policy significantly reduces corporate sulfur dioxide emissions. Heterogeneity analysis
shows this impact is more pronounced for large-scale enterprises and enterprises located
in the eastern region. The estimated mediation models reveal that after the implementation
of the green credit policy, reduction in sulfur dioxide emissions can be attribute to the
increased environmental investment and improved energy consumption intensity.
Moreover, the green credit policy is also significantly effective in mitigating the
discharge of other common industrial pollutants. Our findings highlight the importance
of green credit policies in achieving greener industrial production and more sustainable
economic development.
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1 INTRODUCTION

As the largest developing country, China’s booming economy development accounts for a large
proportion of the world’s energy consumption and pollutant emissions (Yan and Toshihiko, 2009). It
is well known that air pollutant emissions impose a negative impact on both human health and
environmental quality (Hollingsworth et al., 2021) and a strong spatial spillover effect, which leads to
a wider range of harm to the society (Liu et al., 2017). Therefore, air pollution has caused major
concerns (Wang L. et al., 2021). Achieving environmental sustainability is urgent issue especially for
emerging and developing economies (Nawaz et al., 2020). Level of air pollutant emissions depend on
many factors, including energy consumption, financial development, transportation infrastructure,
etc. (Nawaz et al., 2020; Umar et al., 2020). Shen et al. (2020) noted that China’s air pollution mainly
comes from its large consumption of fossil energy, such as coal and fuel oil. Previous studies also find
that both international export and interprovincial trade exacerbate the health burdens of air
pollution in China’s less developed interior provinces (Wang et al., 2017). In addition,
population density is also an important factor affecting air pollution in China (Chen et al.,
2020). Therefore, it can be inferred that air pollution is caused by a combination of many factors.

It is the common responsibility of all countries in the world to promote the green and sustainable
development of the global economy. Ma and He (2016) have found that a license plate-based traffic
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control measure implemented in Beijing in 2008 has effectively
improved air quality, though the long-term impacts of this policy
remain controversial. Davis and Lucas (2017) have evaluated the
effects of traffic control in Mexico City, note that there is little
evidence supports that the program has improved air quality. On
the contrary, air pollution becomes more serious on weekends.
Kumar and Foster (2015) have studied the impact of New Delhi’s
air quality control on the distribution of air pollutants. They find
that the air quality in New Delhi has been improved, while is
deteriorated in the surrounding areas. The reason for this
deterioration is that environmental regulations have caused the
high-polluting industries in New Delhi to move to the
surrounding areas. The air quality in those areas has thus
become worse. These studies have explored the relationship
between command-control environmental regulation and air
quality, but ignored the discussion of market-oriented
environmental regulation tools. Wu et al. (2017) also have
found that the strict environmental policy accelerates the
transfer of pollution, which may cause worse damage to the
more fragile ecosystem in the western provinces. In initial studies,
the focus was on using SO2 emissions and energy consumption to
measure environmental impact (Kihombo et al., 2021), relevant
research has been gradually enriched in recent years.

The green credit policy is an important part of China’s
national environmental governance system. It supplements the
traditional environmental regulation toolbox (Zhang et al., 2021).
This policy was formally implemented in 2007. The literature has
studied the impacts of this policy on economic development
(Wang Y. et al., 2021) and corporate investment (Liu et al., 2015).
And, several studies have found that the green credit policy
imposes positive impact on environmental quality (Sun et al.,
2019). Nevertheless, prior researches are insufficient in
investigating the mechanisms that how the green credit policy
works. In fact, the fossil fuel energy consumption and green
investment have significant impact on air quality (Rafindadi et al.,
2014). Our study attempts to fill this research gap andmake an in-
depth analysis on the mechanisms that how green credit policy
affect pollutant emissions. Our findings are designated to provide
reference for developing countries to reduce industrial pollutant
emissions.

We chose sulfur dioxide (SO2) emissions as our explained
variable for the following reasons: first, sulfur dioxide is a typical
air pollutant, and regulation for SO2 emission has become a key
policy agenda in China (Kim and Lee, 2015; Chen and Yan, 2020).
Second, SO2 imposes a negative impact on human health and
environmental quality (Yan and Wu, 2017). Third, compared
with other air pollutants, the dataset of SO2 emission contains
much less missing values. SO2 emission has been chosen as
explained variable to ensure robust empirical results. In
addition to our main empirical analysis, the effects of green
credit policy on other industrial pollutants are also examined.

Our study is motivated by the implementation of green credit
policy in China. We aim to explore whether the green credit
policy imposes SO2 emission reduction effect on industrial firms.
To identify the relationship between the implementation of green
credit policy and level of SO2 emissions, we apply a PSM-DID
approach to a dataset contains 121,163 Chinese industrial firms

during the period of 1999–2013. We have found that the green
credit policy can significantly reduce SO2 emissions in high-
polluting industries, implying this policy is highly effective in
improving air quality. The results also suggest that green credit
policy affects SO2 by curbing energy consumption, such as
reducing the use of fuel and coal. At the same time, it also
enhances the motivation of enterprises to take environmental
responsibility and promotes the upgrading of production
technology.

The contribution of this research lies in the following three
aspects: first, we construct a unique dataset by matching survey
data of polluting firms with the annual survey of industrial firms.
The dataset includes more than 120,000 industrial enterprises in
China. Therefore, it is possible to excavate deeper into the
relationship between the green credit policy and SO2

emissions. More rigorous conclusions can be drawn from our
empirical analysis. Second, green credit policy is market-oriented,
which is different from traditional environmental regulations.
Our study enriches the literature on the evaluation of
environmental protection policies. Finally, based on China’s
institutional background, we thoroughly analyze the two
channels through which the green credit policy takes effect.
Our mechanism analysis provides better understanding of the
channels through which green credit policy change the level of
firm SO2 emissions.

The remainder of this paper is organized as follows. Section 2
introduces background and develops our hypotheses. Section 3
discusses our research design and provides the descriptive sample
statistics. Section 4 reports the empirical results. Finally, Section
5 concludes our paper.

2 LITERATURE REVIEWANDHYPOTHESES

2.1 Green Credit Policy and SO2 Emission
In 2007, the State Environmental Protection Administration and
the China Banking Regulatory Commission adopted green credit
to curb the expansion of high-pollution and energy-intensive
industries and promulgated the “Opinions on Implementing
Environmental Protection Policies and Regulations to Prevent
Credit Risks.” Green credit policy integrates economic decisions
with environmental decisions to arrive at optimally beneficial
outcomes (Wang and Zhi, 2016). Wang Y. et al. (2021) note that
the implementation of green credit policies can improve
economic performance and reduce pollutant emission, which
is an effective way to achieve sustainable economic development.
The green credit policy incorporates environmental risks into the
credit management framework, and more credit funds are
invested in low-carbon green industries (Cao et al., 2021).

Green credit is an important supplement to the traditional
administrative environmental regulations. It affects sulfur dioxide
emissions in two ways. On one hand, the green credit policy has a
punitive effect on enterprises sulfur dioxide emissions.
Enterprises with high energy consumption intensity and level
of pollution usually face tight financing constraints. The green
credit policy curbs investment in industries that consume large
amount of energy (Liu et al., 2015). These industries are also
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under strict environmental regulations. On the other hand, the
green credit policy creates incentives for enterprises to realize
energy conservation and emission reduction. Sun et al. (2019)
note that to obtain credit, companies are motivated to adopt
green and low-carbon production techonologies. Our main
research hypothesis is as follows:

H1: Green credit policies can significantly reduce the SO2

emissions of enterprises.

2.2 The Mediation Effect of Energy
Consumption Intensity
In recent years, with its rapid economic development, China’s energy
consumption has been rising quickly. As a result, air pollution has
become a serious problem (Shen et al., 2020). Jiang et al. (2019) note
that coal use, population, area, and thermal power can significantly
increase national air pollution. Among these, coal consumption has
had the biggest impact on national SO2 concentration. It is possible
that replacing traditional energywith renewable energy is an effective
measure for controlling environmental pollution (Su et al., 2021a).
Moreover, the transition to renewable energy is beneficial to the
energy supply and reduce geopolitical risks (Su et al., 2021b). The
green credit policy mainly adjusts the energy consumption structure
of enterprises through resource credit rationing. If companies do not
restrict the consumption of non-renewable energy, such as coal and
fuel oil, they will face higher financing constraints. After the
implementation of the green credit policy, companies are more
inclined to reduce fossil energy consumption. Therefore, the green
credit policy will impose strict credit constraints on high-polluting
companies, forcing them to reduce energy consumption and
investment and convert to energy-saving and environmentally
friendly practices. Based on the discussion above, we hypothesize
the following:

H2: Energy consumption intensity mediates the reduction effect
of green credit policy on SO2 emissions.

2.3 The Mediation Effect of Corporate
Environmental Investment
Studies have documented that environmental policies affect
corporate behavior (Albrizio et al., 2017; Ji et al., 2017). Green
credit policy influence corporate environmental investment
through the channels of credit supply and financial constraint.
Green credit policy puts enterprises under greater financial
pressure regarding environmental governance. Polluting
companies will face tight financing constraints, which can only
be eased for the companies to increase green investment. The
government subsidies and credit supply create incentives for
companies’ environmental investment. As a result,
technological innovation can be carried out, which will impose
a positive impact on environment (Ran et al., 2021). A large
number of literatures emphasize the important role of
technological innovation in improving the environment (such
as Samargandi, 2017; Yu and Du, 2019). However, it is ignored
that the environmental investment is necessary condition for
technological upgrades. Although corporate environmental
protection investment has increased costs in the short-term,
this environmental governance behavior can generate greater
social and environmental benefits and has won the support of
stakeholders including capital market investors. Managers
anticipate investors’ reaction and thus overwhelmingly disclose
their investment and tend to focus their disclosure on the societal
benefits of the investment rather than on the cost to the company
(Martin and Moser, 2016). Sun et al. (2019) note that the green
credit policy is an important tool to drive companies to assume
environmental responsibility. Therefore, we have developed the
third hypothesis as follows:

FIGURE 1 | Mechanisms that how green credit policy affect SO2 emission.

TABLE 1 | Variable description and data sources.

Variable name Variable description Data source

SO2 Natural logarithm of sulfur dioxide emission in million tons Annual Environmental Survey of Polluting Firms
Lev Total liabilities divided by total assets (ten thousand yuan) National Bureau of Statistics of China
Age Natural logarithm of a company’s age National Bureau of Statistics of China
Roa Net income divided total assets National Bureau of Statistics of China
Far Fixed asset investment (billion yuan) National Bureau of Statistics of China
Admin Management expenses divided by gross revenue National Bureau of Statistics of China
State Takes the value of 1 if a firm is a state-owned enterprise, and 0 otherwise National Bureau of Statistics of China
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H3: Corporate environmental investment mediates the reduction
effect of green credit policy on SO2 emissions.

Based on the above discussion, we hypothesize that green
credit policy affects SO2 emission through energy consumption
intensity and environmental investment. The specific impact
paths are depicted in Figure 1.

3 METHODOLOGY AND DATA

3.1 Model Specification
3.1.1 Propensity Score Matching
We choose the one-to-one nearest neighbor approach to match
the sample firms according to the propensity score value.
Moreover, we selected the financial leverage, company age,
return on assets, fixed assets, management expense as the
matching characteristic variables. A logit regression has been
constructed to perform the propensity score matching as follows:

Logit(duit � λ) � α + βXit + εit (1)

In model (1), duit is the dummy variable of the planning.
When λ � 1, the firm is located in the city with the green credit
policy implemented, and 0 otherwise. The covariates Xit were the
characteristic variables mentioned above. Individuals in the same
value range were matched after using the one-to-one nearest
neighbor approach.

3.1.2 Difference-in-Difference Estimation
To investigate the effects of the green credit policy on SO2

emission, we estimate the following Difference-in-Difference
model:

SO2 emissionit � α + βPolicy × Time + γXit + μt + ηi + εit (2)

The dependent variable is SO2 emissionit, the subscript i and t
denote firm and year, respectively. Policy is an indicator variable
equal to 1 if the firm is located in the city implementing the green
credit policy, and 0 otherwise. In 2007, the State Environmental
Protection Administration and the China Banking Regulatory
Commission used green credit to curb the expansion of high-
pollution and energy-intensive industries and promulgated the
“Opinions on Implementing Environmental Protection Policies
and Regulations to Prevent Credit Risks.”1 The green credit policy

mainly targets six high-pollution and high-energy-consuming
industries,2 and has no or minimal impact on clean industries.
Therefore, we divide the samples into experimental groups (heavily
polluting industries) and control groups (non-heavily polluting
industries). Time is a dummy variable equal to 1 after 2007, the
time of implementation of the green credit policy, and equal to 0
otherwise. Before we conduct DID estimation according to model
(1), a one-on-one propensity scorematching procedure is performed
to disentangle the treatment effect and selection effect of the green
credit policy on SO2 emissions based on observable characteristics.
The coefficient β captures the effect of the green credit policy on SO2

emissions with the implement of the green credit policy. The variable
Xit is a vector of control variables, including corporate financial
leverage (Lev), return on assets (Roa), the proportion of fixed assets
in total assets (Far), the proportion of management expenses to
operating income (Admin), and enterprise nature (State). The
variable μt and ηi represent time and individual fixed effect. εit is
the error term.

3.2 Variable Definition
3.2.1 Dependent Variable
The dependent variable in this research is sulfur dioxide emissions,
which are calculated by the natural logarithm of sulfur dioxide
emissions from industrial enterprises. The data comes from the
Annual Environmental Survey of Polluting Firms (AESPF) of China.

3.2.2 Independent Variable
The independent variable is the green credit policy, which is an
indicator to reveal whether the firm’s industry has implemented
the green credit policy. Policy � 1 if the firm’s industry has
implemented the green credit policy, and Policy � 0 otherwise.

3.2.3 Control Variables
According to Xing et al. (2020), the control variables in this paper
include corporate financial leverage, return on assets, corporate
age, the proportion of fixed assets in sales revenue, the proportion
of management expenses, and the company’s properties. These
data are obtained from the National Bureau of Statistics. Table 1
reports the variable description and our data sources.

3.3 Data Sources
3.3.1 Firm Level Pollution Data
The data on firms’ pollution emissions comes from Annual
Environmental Survey of Polluting Firms (AESPF).3 Established
by theMinistry of Ecology and Environment (formerly known as the
Ministry of Environmental Protection) in the 1980s in a bid to
document the state of environmental pollution and abatement in
China, AESPF provides information on firms’ environmental
performance, including the emission of main pollutants, pollution
treatment equipment and information of energy consumptions.

TABLE 2 | Descriptive statistics.

Variable N Mean Sd Min p50 Max

SO2 499,070 2.923 2.261 −6.908 2.975 14.59
Lev 637,091 0.606 0.294 0.023 0.610 1.551
Age 402,529 2.475 0.957 0.000 2.485 7.606
Roa 637,062 0.078 0.177 −0.225 0.026 0.942
Far 632,987 0.396 0.218 0.015 0.375 0.914
Admin 636,655 0.074 0.082 0.002 0.050 0.529
State 694,835 0.181 0.385 0.000 0.000 1.000

1Source: http://jjckb.xinhuanet.com/wzpd/2007-07/30/content_60171.htm.

2The six major industries include: petrochemical, chemical, building materials,
steel, non-ferrous and power industries.
3Lacking of an official English name, this dataset was also called as China
Environmental Statistics dataset (CESD) (Zhang et al., 2018) or Environmental
Statistics Data (ESD) (Wu et al., 2017).
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3.3.2 Other Firm-Level Data
We match AESPF dataset with the Annual Survey of Industrial
Firms (ASIF), which is one of the most comprehensive and widely
used Chinese firm-level dataset maintained by the National
Bureau of Statistics of China (NBSC). ASIF dataset surveys
industrial firms with annual sales above 5 million RMB. It
contains detailed financial and characteristical information.
After eliminating outliers and excluding records which violate
the accounting standards, we obtain a panel of 455,902
observations for 121,163 unique firms.4

3.4 Descriptive Statistics
The descriptive statistics of variables are reported in Table 2. The
mean value of the SO2 emissions is 2.923, and the standard
deviation is 2.261, indicating that there are significant differences
among firms.

4 EMPIRICAL RESULTS

4.1 Main Results
Table 3 reports the results of the PSM-DID regression of the main
analysis. Column (1) shows that the coefficients on the
interaction between Policy and Time (Policy*Time) are
significantly negative at a 1% level without adding any control
variables. After gradually adding variables that may affect SO2

emissions, and controlling time, industry, and regional effects,
estimation results showthat the coefficients of Policy*Time are
significantly negative in all settings. The implementation of the
green credit policy reduced SO2 emissions from industrial firms

in China. Firms in areas where the green credit policy has been
implemented show better environmental performance. Our
results consistent withUmar et al. (2020). They argue that
financial development can reduce carbon dioxide emissions. It
is noted that financial resources should be allocated to
environmentally-friendly sectors of the economy. Green
technologies are long-term projects that require financing,
especially the support from green finance.

4.2 Test for Assumption of Parallel Trend
The necessary precondition for the validity of the PSM-DIDmodel is
that the treatment group and the control group are assumed to have
a parallel trend before treatment effect takes place. Instead of one
discrete policy dummy, we instantiate a series of pre- and post-
treatment dummies. The model is set as follows:

SO2 emissionit � μt + ηi + δi,t−3dt−3 + δi,t−2dt−2 + δi,t−1dt−1 + δi,tdt

+ δi,t+1dt+1 + δi,t+2dt+2 + δi,t+3dt+3 + γXit + εit

(3)

where dt is the immediate effect of the exposure for all firms to the
treatment. To be clear, the immediate or instantaneous effect is
equal to 1 for a treated firm in the initial adoption year (i.e., the
year of change). The control firms, on the other hand, remain
consistently equal to 0 in all periods. The “lags” investigate how
effects have evolved since the initial adoption year (e.g., dt−1, dt−2,
and dt−3). It should be noted that each policy dummy is the
product of a treatment indicator with a series of pre- and post-
exposure year dummies. Again, the interaction is implicit in the
coding of each policy variable; thus, no explicit multiplicative
term is required in the model formula. The constituent elements
of the interaction term are not required either as the relevant
information is already captured by the fixed effects.

TABLE 3 | Baseline results: the green credit policy and SO2 emissions.

Variables (1) (2) (3) (4) (5) (6)

SO2 SO2 SO2 SO2 SO2 SO2

Policy×Time −0.1843*** −0.1921*** −0.1955*** −0.1914*** −0.2074*** −0.2055***
(−16.16) (−15.78) (−16.06) (−15.71) (−17.05) (−17.02)

Lev 0.2585*** 0.1881*** 0.2657*** 0.2809*** 0.2014***
(25.68) (17.92) (24.96) (26.40) (18.92)

Roa −0.4367*** −0.4398*** −0.2695*** −0.1368***
(−23.64) (−23.73) (−14.23) (-7.24)

Far 0.8297*** 0.8035*** 0.7074***
(57.76) (55.96) (49.68)

Admin −1.7447*** −1.8223***
(−46.31) (-48.31)

State 0.7352***
(81.18)

Constant 2.4138*** 2.2230*** 2.2633*** 1.8193*** 2.0076*** 1.5910***
(10.75) (9.92) (10.07) (8.07) (8.95) (7.39)

Year YES YES YES YES YES YES
Ind YES YES YES YES YES YES
Regional YES YES YES YES YES YES
Observations 499,070 459,742 459,490 456,558 455,902 455,902
R-squared 0.261 0.264 0.265 0.271 0.271 0.284

Note: *, **, and *** indicate significance at 10, 5 and 1% level, respectively.

4We exclude firms with missing values in SO2 emissions.
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The trends of sulfur dioxide emissions for the treatment group
and the control group are shown in Figure 2. Indeed, it is not feasible
to identify a common trend before the implementation of the
green credit policy from the visual representations of the data.
We estimate model (3) to test against the hypothesis of
existence of parallel trend. The estimation results are
presented in Figure 3.

As shown in Figure 3, the dot represents the value of the
estimated coefficient, while the vertical line represents the
confidence interval. It is documented that the curves of the
treatment group and the control group of the full sample were
almost parallel before policy implementation. However, the
SO2 emissions of the treatment group were lower than that of
the control group, and the gap between the two trends
increased noticeably. This result proves that the PSM-DID

model is an appropriate method to test the impact of the green
credit policy on SO2 emissions.

4.3 Heterogeneity
4.3.1 Regional Heterogeneity
In China, there are obvious differences in the natural
environment, social development, and economic level in
different regions. Therefore, this research further analyzes

FIGURE 2 | Trends of sulfur dioxide emissions during 1999–2013
(Million tons).

FIGURE 3 | Test results for the assumption of parallel trend. Notes: d0
represents the year in which green credit policy implemented. d_3, d_2, d_1
represent three, two and 1 year before the policy is implemented, respectively.
d3, d2, and d1 represent one, two and 3 year after the policy is
implemented, respectively.

TABLE 4 | The green credit policy and SO2 emissions: regional heterogeneity.

Variables (1) (2) (3)

Eastern region Central region Western region

SO2 SO2 SO2

Policy×Time −0.2959*** −0.0924*** −0.1493***
(−18.75) (−4.06) (−4.40)

Lev 0.2545*** 0.1322*** 0.1739***
(17.42) (7.05) (6.51)

Roa 0.0301 −0.3729*** −0.1894***
(1.17) (−11.79) (−3.47)

Far 0.7485*** 0.6373*** 0.5225***
(38.82) (24.88) (14.31)

Admin −2.1573*** −1.3151*** −1.8691***
(−42.60) (−19.76) (−18.31)

State 0.6859*** 0.7967*** 0.8101***
(51.20) (52.59) (37.96)

Constant 0.8027*** 1.4129*** 2.5326***
(11.65) (6.46) (34.85)

Year YES YES YES
Ind YES YES YES
Regional YES YES YES
Observations 246,198 130,465 79,239
R-squared 0.297 0.283 0.265

Note: *, **, and *** indicate significance at 10, 5 and 1% level, respectively.

TABLE 5 | The green credit policy and SO2 emissions: corporate size.

Variables (1) (2)

SEMs Large enterprises

SO2 SO2

Policy×Time −0.0821*** −0.3586***
(−5.01) (−16.55)

Lev 0.2066*** 0.3149***
(16.56) (16.94)

Roa 0.0148 −0.2672***
(0.56) (−10.16)

Far 0.6185*** 0.7605***
(35.97) (32.34)

Admin −1.4543*** −1.7084***
(−30.78) (−28.97)

State 0.3893*** 0.8794***
(38.46) (50.77)

Constant 1.4996*** 1.5388***
(6.56) (3.24)

Year YES YES
Ind YES YES
Regional YES YES
Observations 276,921 178,981
R-squared 0.298 0.342

Note: *, **, and *** indicate significance at 10, 5 and 1% level, respectively.
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and compares the regional differences in the impact of green
credit policies on SO2 emissions. Table 4 reports the impact of
green credit policies on SO2 emissions in these three regions.
Columns (1) to (3) contain coefficients estimates for the

three regions respectively. The coefficients of SO2 emissions
in all columns imply that the green credit policy imposes
significant inhibitory effects on SO2 emissions across the
three regions. By comparing the absolute value of the
coefficients, we find that the SO2 emission reduction
effect the green credit policy is strongest in the eastern
region and weakest in the central region. One possible
reason for this difference is that the financial
infrastructure in the eastern region is ideal, which has
created a strong foundation for the implementation of the
green credit policy. However, the economic growth pressure
in the central region is high, so green credit has less effect in
restraining the flow of funds to high-polluting enterprises.
Thus, the effect of green credit on reducing industrial
environmental pollution is small.

4.3.2 Corporate Size Heterogeneity
Companies of different sizes have large differences in
operating efficiency, internal control, and financing
capabilities, which in turn affects the impact of green credit
policies on SO2 emissions. This study divides the full sample
into two sub-sample groups of small and medium-sized
enterprises and large enterprises. Table 5 reports the
regression results. The results show that the green credit
policy has a significant inhibitory effect on sulfur dioxide
emissions in the two sub-sample groups, and the impact on
large enterprises is more significant. This difference may be
attributed to the fact that the business strategies and
management of large enterprises are often more susceptible
to the overall interests of the government, and they can actively
cooperate with the implementation of government policies and
better meet the environmental requirements than smaller

TABLE 6 | Mediation effect estimation results: energy consumption as mediator.

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

Econsumption Econsumption SO2_emission SO2_emission

Policy×Time −0.0154*** −0.0141*** −0.0825*** −0.0554***
(−4.93) (−3.60) (−5.90) (−3.49)

Econsumption 0.8493*** 0.7660***
(4.55) (4.27)

Lev 0.0290*** 0.0864***
(10.30) (6.18)

Roa −0.0396*** −0.0720***
(−8.63) (−2.75)

Far 0.1208*** 0.5803***
(31.68) (21.15)

Admin −0.0240** −1.6346***
(−2.57) (-35.18)

State −0.0042* 0.7971***
(−1.89) (69.28)

Constant 0.8813*** 0.8133*** 1.5136*** 0.9854***
(42.68) (38.51) (5.58) (3.91)

Year YES YES YES YES
Ind YES YES YES YES
Regional YES YES YES YES
Observations 268,141 235,411 266,675 234,027
R-squared 0.130 0.129 0.294 0.323

Note: *, **, and *** indicate significance at 10, 5 and 1% level, respectively.

TABLE 7 | Mediation effect estimation results: environmental investment as
mediator.

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

Ginvest1 Ginvest2 SO2_emission SO2_emission

Policy×Time 0.0305*** 0.0413*** −0.1740*** −0.1154***
(12.90) (7.39) (−10.09) (−5.88)

Ginvest1 −0.0698***
(-4.57)

Ginvest2 −0.0171*
(−1.80)

Lev −0.0308*** −0.0170*** 0.1793*** 0.1033***
(−13.62) (−4.05) (12.46) (7.16)

Roa 0.0053 −0.0709*** −0.0585** 0.0832***
(1.45) (−8.38) (−2.07) (2.62)

Far 0.1070*** 0.2636*** 0.7554*** 0.7606***
(35.66) (44.62) (38.89) (38.49)

Admin −0.2337*** −0.5974*** −1.9917*** −1.9566***
(−31.46) (−38.86) (−36.08) (−34.39)

State 0.1497*** 0.2724*** 0.7375*** 0.7090***
(70.00) (77.23) (65.12) (63.22)

Constant 0.4025*** 0.3783*** 1.9452*** 2.2251***
(9.52) (4.66) (7.00) (8.81)

Year YES YES YES YES
Ind YES YES YES YES
Regional YES YES YES YES
Observations 493,698 373,401 256,046 224,405
R-squared 0.175 0.213 0.297 0.296

Note: *, **, and *** indicate significance at 10, 5 and 1% level, respectively.
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enterprises. This corroborates with the work of Woo et al.
(2014) who argued that large firms implement environmental
activities more than small ones.

4.4 Mechanisms
The benchmark regression shows that the green credit policy
leads to lower SO2 emissions. In this section, we further
explore the possible mechanism behind this relationship.
According to the above theoretical analysis, enterprises
mainly achieve reductions in SO2 emissions by reducing
energy consumption intensity and increasing environmental
investment.

According to Fan et al. (2021), the first stage is to verify the
impact of the green credit policy on the two major effects. A
mediation model is constructed to test the effects of policy
variables on mediating variables, see model (4).
Econsumptionit and Ginvestit represent energy consumption
intensity and environmental investment respectively. If β1 is
significant, it means the policy impacts the mediating
variables, and the second stage will be entered. First stage
regression performed as follows:

Econsumptionit(Ginvestit) � α + β1Policy × Time + γXit + μt

+ ηi + εit

(4)

The second stage is to verify the effect of two major effect of
the green credit policy on SO2 emissions by setting up a
comprehensive model (5) based on the mediating model (4). It
takes a certain amount of time for environmental protection
investment to turn into real capital, which contributes to firm

emission reduction. So, the mediator Ginvest enters the
regression with one period lag. If β3 is significant, there exists
mediating effect, regardless of whether β2 is significant. If β2 is
insignificant, it indicates that the mediating variable is the only
transmission path of the policy effect to SO2 emissions.
Otherwise, other transmission paths exist. Second stage
regression performed as follows:

SO2 emissionit � α + β2Policy × Time

+ β3Econsumptionit(Ginvesti,t−1) + γXit + μt

+ ηi + εit

(5)

4.4.1 Energy Consumption Intensity
Using Korean data, Park and Lee (2011) find that energy
consumption seems to be the most significant variable in
explaining air pollution. Indeed, industrialized production and
corresponding energy consumption in China are also the main
sources of sulfur dioxide emission (Jiang et al., 2019). We use coal
consumption intensity (total coal consumption/total industrial
output value) as proxy indicators of energy consumption
intensity to test the intermediary effect of energy
consumption. Table 6 reports the regression results. Columns
(1) and (2) show that the green credit policy can significantly
decrease SO2 emissions whether control variables are added or
not. In columns (3) and (4), The coefficient of Policy×Time is
significantly negative while the coefficient of Econsumptionit is
significantly positive, suggesting that the green credit policy has
significantly reduced the consumption of coal, thereby achieving
the effect of reducing sulfur dioxide emissions. Our results are

TABLE 8 | The green credit policy and other pollutant emission.

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

smoke_emission cod_discharge NH3_N_discharge dust_discharge

Policy×Time −0.0898*** −0.0974*** −0.3397*** −0.3677***
(−7.32) (−7.01) (−16.21) (−6.77)

Lev 0.2123*** 0.0826*** 0.1793*** 0.2034***
(18.96) (6.41) (9.50) (7.51)

Roa −0.0573*** −0.0062 −0.0692** −0.0685
(−2.94) (−0.26) (−2.18) (-1.14)

Far 0.6768*** 0.8101*** 0.9645*** 0.6690***
(45.48) (46.50) (38.39) (17.57)

Admin −1.6376*** −1.7052*** −1.9017*** −1.2878***
(−42.03) (−37.98) (−30.27) (−11.69)

State 0.6188*** 0.9253*** 1.0445*** 0.3714***
(67.81) (88.50) (59.59) (16.65)

Constant 2.0833*** 2.1599*** −1.0231** 5.3445***
(7.97) (9.06) (−2.14) (11.02)

Year YES YES YES YES
Ind YES YES YES YES
Regional YES YES YES YES
Observations 441,615 413,016 204,099 84,697
R-squared 0.286 0.242 0.228 0.445

Note: *, **, and *** indicate significance at 10, 5 and 1% level, respectively.
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consistent withWang K.-H. et al. (2021), who believes that reduce
oil dependence and renewable energy development are very
important to alleviate environmental pressures in China. In
addition, Shen et al. (2020) also point out that reducing the
proportion of traditional fossil energy consumption and
increasing investment in renewable energy are important for
air quality improvement.

4.4.2 Corporate Environmental Investment
Research by Yu and Du (2019) showed that technical equipment
upgrade is closely related to the reduction of carbon emissions.
Similarly, Samargandi (2017) pointed technological innovations
in production actives has made more significant contributions to
the reduction of pollutant emissions. We use log difference of the
number of wastewater treatment facilities and the number of
waste gas facilities as proxy variables for corporate environmental
investment. The regression results are reported in Table 7. The
positively significant coefficients of treatment variable in columns
(1) and (2) imply that the green credit policy raises the corporate
environmental investment. Columns (3) and (4) test the effect of
environment investment on SO2 emissions. The coefficients of
Ginvestit are significantly negative, suggesting that the green
credit policy will encourage companies to strengthen pollution
control.

4.5 The Green Credit Policy and Other
Pollutant Discharges
This research mainly focuses on the impact of green credit
policy on sulfur dioxide emission. However, we are also
interested in the question that whether green credit policy
also imposes mitigating effect on other industrial pollutants. In
line with Huang (2012), this paper further investigates the
impact of green credit policies on other pollutant discharges,
including industrial smoke, industrial dust, ammonia nitrogen
compounds, and chemical oxygen demand (COD). COD is a
measure for the amount of organic pollutants in wastewater,
while other pollutant discharges are sources of air pollution.
The empirical model is as follow:

Pollutionit � α + βPolicy × Time + γXit + μt + ηi + εit (6)

Estimation results are presented in Table 8. The estimated
coefficients for all pollutants mentioned above are negative with a
significant level at the 1%. Results imply that the green credit
policy also imposes a significant mitigating effect on other
pollution discharges.

5 CONCLUSION AND IMPLICATIONS

This paper investigates whether China’s green credit policy
contributes to the reduction of firms’ SO2 emissions. We
hypothesize that the implementation of green credit
policies can negatively affect SO2 emissions. To establish
causality, we employ aPSM-DID method to explore the
impact of the green credit policy on SO2 emissions based
on the data of Chinese industrial enterprises. Our estimation

indicates the implementation of the green credit policy has
successfully reduced firm level SO2 emissions. The effects of
the green credit policy on SO2 emissions are more pronounced
for large enterprises and enterprises in the eastern region. We
also find that the green credit policy reduces SO2 emissions by
reducing energy consumption and encouraging
environmental investment.

Our results provide several policy implications. First, faced
with the challenge of reducing polluting gas emissions in
absolute terms, the Chinese government should formulate
green financial policies based on local conditions and
provide credit resources to favor environmentally-friendly
companies. With the deepening of China’s market-oriented
reforms, green credit policies will play a greater role in
improving environmental quality. For financial credit
institution, they should strictly implement green credit
standards and modify financial products and services.
Traditional environmental regulations may not achieve the
expected environmental protection and emission reduction
effects. Future environmental policies should focus on market-
oriented emission reduction methods, and use market tools to
restrict pollution emissions.

Secondly, it is very important to strengthen the
coordinated economic development of different regions, the
construction of financial infrastructure in the central and
western regions needs to be improved, to maximize the
energy saving and emission reduction of the green credit
policy. At the same time, the local authorities should
provide a fair competitive external environment for small
and medium-sized enterprises. Specifically, policy makers
should design differentiated green credit policies for
companies of different sizes, which will help them actively
assume environmental responsibility and eliminate outdated
production capacity.

Finally, energy structure and energy consumption intensity
directly affect sulfur dioxide emissions of industrial
enterprises, so it should vigorously promote the
development of clean energy industries and reduce the use
of fossil fuels. An effective measure is to allocate more
financial resources to the environmental-friendly industry
through the green credit policy. When companies receive
external financial support, they are more motivated to
carry out green innovations and improve pollution
treatment capabilities.

Although this paper has discovered and discussed the negative
relationship between green credit policy and industrial pollutant
emissions, further investigation is necessary. Future research may
aim to answer the question that how financial institutions can
help facilitating green credit and promoting the green
development of economy.
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