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The green credit policy is a crucial tool that the Chinese government adopted to

tackle environmental problems by combining environmental regulation and

credit policy. This study takes the Green Credit Guidelines (GCG) issued in

2012 as a quasi-natural experiment to examine its impact on the export quality

of firms. Using data covering Chinese A-share listed firms and the difference-in-

difference (DID) method, the empirical research shows that the GCG

significantly enhanced the export quality of heavily polluting firms. The

mediation analyses indicate that green innovation plays an intermediate role

in enhancing the export quality of firms. The heterogeneity analysis of firm

characteristics demonstrates that the improvement effect brought by the GCG

is significantly reflected in state-owned firms and firms in financially

underdeveloped areas. The research results provide implications for firms on

how to deal with the green credit policy. In addition, it also serves as an essential

reference for developing economies on the successful implementation of

market-based environmental regulations.
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1 Introduction

Since it acceded to the WTO, China’s export has increased rapidly (Feng et al., 2017).

According to the latest figures released by the Chinese National Bureau of Statistics

(Figure 1), even though the COVID-19 pandemic has had a significant adverse effect on

export (Zhao et al., 2021), China’s gross exports still showed an upward trend. After

reaching remarkable achievements in the scale of its export trade, however, China is now

facing a more crucial issue of sustainable development. On the one hand, the quality of

export products and the domestic value-added in gross exports are still relatively low in

China (Koopman et al., 2014), which will restrict further improvements in China’s

competitiveness in the fierce international competition. On the other hand, export is the

leading cause of the rise in CO2 emissions in China (Weber et al., 2008) and has caused

severe environmental problems. According to the “Statistical Review of World Energy

2021” released by British Petroleum (BP) (Figure 2), China’s carbon dioxide emissions in
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FIGURE 1
1998–2021 China’s gross export. Data source: http://www.stats.gov.cn/.

FIGURE 2
Global share of carbon dioxide emissions by region in 1990, 2000, 2010, and 2020. Data source: http://www.bp.com/statisticalreview.
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2020 accounted for about 31% of global carbon emissions, and

this is nearly three times larger than it was in 1990. In addition,

Figure 2 also indicates that China’s share has been growing since

2010, while that of the United States has started to decline. As a

result, a green and high-quality development model has become

an inevitable choice (Ye et al., 2020; Ye et al., 2022a) for China.

The green credit policy is an important measure taken by the

Chinese government to achieve green and high-quality

development. Given the importance of bank credit for firms,

this policy aims to encourage enterprises to take up

environmental responsibility by linking access to credit loans

and firms’ environmental performance (Bing et al., 2011). The

Green Credit Guidelines (hereafter referred to as the GCG)

issued by the China Banking Regulatory Commission (CBRC)

in 2012 is the first normative document of the green credit policy.

It points out that whenmaking credit decisions, banks should not

only consider financial indicators such as corporate solvency but

also pay close attention to the firm’s environmental risks.

Specifically, it requires banks to strictly control credit issuance

in high pollution and energy consumption industries. In

addition, it also promises to increase credit support for green

projects related to energy conservation, emission reduction, and

technological upgrading. By adding credit constraints to heavily

polluting firms and alleviating the financing burden for green

projects, the GCG serves as an essential supplement to traditional

environmental regulations and a crucial means to encourage

firms to invest in innovation. When non-tariff barriers such as

the green barrier advocating strict environmental standards have

been widely accepted in international trade, the green credit

policy may have amore widespread effect on firms than expected.

This study takes the promulgation of the GCG as a quasi-

natural experiment. It uses the DID method to detect whether the

green credit policy enhances the export quality of firms. The

marginal contribution of this study is as follows. First, to the

best of the author’s knowledge, this article provides the first

empirical evidence on the relationship between the green credit

policy and the export quality of firms. Other studies in this area are

more concerned about the environmental implication of the green

credit policy (Bing et al., 2011; Sun et al., 2019; Xiao et al., 2022).

Since credit constraints placed on firms influence their export

strategy and lead them to produce lower-quality products, as noted

in the literature on financial distress (Phillips and Sertsios, 2013),

the impact of the green credit policy on the export quality of

heavily polluting firms in China is worthy of more deep

exploration. This study enriches the literature on the evaluation

of market-based environmental regulations. Second, this study

uses firm-level data and empirically verifies that heavily polluting

firms are more willing to carry out green innovation and thus

improve their export quality in the face of the green credit policy.

This finding provides a better understanding of the micro

transmission mechanism of the green credit policy.

The remainder of this article is organized as follows: Section 2

provides a literature review about the implementation effect of

the green credit policy and factors affecting China’s export

quality. Section 3 discusses the theoretical mechanism. Section

4 describes the data and introduces the strategy of the empirical

analysis. Section 5 reports the empirical results. The final section

discusses the conclusions and implications.

2 Literature review

The research on China’s green credit policy mainly focuses

on investigating its implementation effect. Bing et al. (2011) have

found that this policy was not fully implemented due to the vague

policy details and unclear implementing standards. Liu et al.

(2019) used the promulgation of the GCG to empirically evaluate

the impact of the green credit policy on the debt financing

capacity of heavily polluting firms. They discovered that this

policy has a significant inhibitory effect on the latter. Wang et al.

(2019) utilized the listed Chinese heavily polluting firms as an

example to empirically study the impact of the green credit policy

on the level of environmental information disclosure and

discovered that this policy improved the level of

environmental information disclosure of firms. Other scholars

employed mediation effect analysis and found that green credit

policy can promote environmental protection by regulating the

behavior of heavily polluting firms (Sun et al., 2019; Yao et al.,

2021; Zhang, 2021), improving the quality of the green

innovation of firms (Wang et al., 2022), or increasing their

environmental investment and energy consumption intensity

(Xiao et al., 2022). In addition, Cui et al. (2022) also found

that the green credit policy can improve firms’ total factor

productivity by promoting technological innovation and

resource allocation efficiency.

Regarding export quality, scholars have examined factors

influencing the improvement of China’s export quality from

various perspectives. Some studies argued that the

improvement of China’s export quality is mainly due to

internal factors such as financing constraints (Phillips and

Sertsios, 2013), the minimum wage standard (Xu and Wang,

2016), the degree of technology market development (Dai, 2018),

the liberalization of foreign entry (Hou et al., 2021), and tax

incentives (Kong and Xiong, 2021). However, the majority of the

literature agreed that the export quality of Chinese firms is

shaped by external factors, such as import (Xu and Mao,

2018), foreign direct investment (Li et al., 2019), the

liberalization of trade (Chen et al., 2017; Shen and Mao,

2017), trade barriers (Zhen and Zhen, 2020), and regional

trade agreements (Sun, 2021). Among the existing literature,

the study investigating the impact of credit constraints on firms’

export quality is the most relevant to this study. Phillips and

Sertsios (2013) examined the relationship between quality

decisions and financial distress in the airline industry and

found a negative relationship. Fan H et al. (2015) verified that

tighter credit constraints would force firms to produce lower-
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quality products both theoretically and empirically. Li and Lu

(2018) constructed an index of the export green-sophistication,

which reflected the export quality of the firm and conducted an

analysis of the effects of financing constraints on it. They found

that the capability of obtaining loans or trade credit helps firms to

improve their export green-sophistication.

Because of the increasing significance of green development,

the impact of environmental regulation on export quality has

recently attracted much attention. After constructing an

environmental regulation index, Ge et al. (2020) demonstrated

that environmental regulation has a significant positive effect on

the green technology content of firms’ export. Xie et al. (2020)

also showed that environmental regulation could significantly

improve the export quality of the manufacturing industry, with

the process and product productivity being two possible impact

channels. Some scholars, however, have found that strict

environmental regulation will transfer pollution control costs

to firms and, thus, reduce their export competitiveness. For

example, Deng et al. (2021) affirmed that export product

quality is negatively affected by the implementation of

pollution reduction targets. Ma (2022) found that China’s

pilot policy about trading carbon emissions is negatively

correlated with the export product quality of enterprises in

the pilot areas.

The green credit policy applied in China is an essential

supplement to traditional environmental regulations and a

combination of environmental regulation and credit policy.

The existing literature investigated the causal effect of credit

policy and environmental regulation on export quality and

derived controversial conclusions, but the relationship

between market-based environmental regulation, that is, the

green credit policy and export quality, is seldom examined.

Therefore, this study attempts to evaluate the impact of the

green credit policy on export quality and examine themechanism

of the effect.

3 Theoretical mechanisms and
hypotheses

3.1 Green credit policy and export quality

The purpose of the green credit policy is to curb the

expansion of energy-intensive and highly polluting industries

to relieve the increasingly prominent contradiction between

economic growth and environmental protection. The policy

requires commercial banks to treat the environmental

compliance of firms as one of the necessary conditions for the

approval of loans and to control credit issuance to projects that

violate environmental laws or industrial policies.

In contrast to traditional regulations released by the

government, the green credit policy is a market-based method

that will further influence other behaviors of firms through

financing constraints. Export firms need external financing for

certain activities such as upgrading the quality of export

products, investing in manufacturing and marketing

capabilities, and maintaining an overseas marketing network.

Financing constraints caused by the green credit policy will make

highly polluting firms unable to obtain adequate loans from

banks, resulting in insufficient funds to continue production and

investment, thus affecting product quality improvement. At the

same time, the green credit policy grants credit facilities for green

projects. It will provide incentives for firms to achieve energy

conservation and emission reduction. Firms affected by this

policy, especially those with high pollution, may, therefore,

prioritize green transformation, reduce the production of less

environmental-friendly products and improve the efficiency of

resource allocation, and, thus, improve the export quality. The

central hypothesis of this study is proposed as follows:

Hypothesis 1. The green credit policy can significantly promote

the export quality of highly polluting firms.

3.2 Mediation effect of green innovation

There are two opposite opinions on the economic effects of

environmental regulation policies. The first is the pollution haven

hypothesis, which holds that developing countries can enhance

their competitive edge in pollution-intensive products by

relaxing environmental regulations, while strictly

implementing environmental regulations will make them lose

their competitive edge and hinder economic growth (Cole et al.,

2010; Hering and Poncet, 2014). The other view, based on

Porter’s hypothesis, asserts that reasonable environmental

regulation can stimulate firms’ technological innovation and

promote the long-term economic growth of the country

(Porter and Vanderlinde, 1995; Song et al., 2019; Xu et al., 2021).

What impact the green credit policy will bring to firms is also

controversial and depends on how firms respond to it. When

facing credit constraints, firms might passively shrink the capital

investment or actively take actions to improve their

environmental performance. Different response strategies will

bring different results to the long-term development of firms.

The goal of the green credit policy is to stimulate the internal

motivation of firms to reduce emissions, and the credit

constraints it imposes on firms are not intended to restrain

their development. Instead, it hopes to make heavily polluting

firms withdraw from projects that may cause severe

environmental problems through credit constraints and

encourage them to develop clean projects and adopt green

and low-carbon production technologies. The second

hypothesis of this study is proposed as follows:

Hypothesis 2. The green credit policy can improve the export

quality of highly polluting firms by promoting green innovation.
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The mechanism of how the green credit policy affects export

quality is shown in Figure 3.

4 Data and method

4.1 Sample selection and core variables

4.1.1 Sample selection
To empirically test the impact of the GCG on the export

quality of listed firms, the sample interval is set from 2003 to

2016. According to Liu et al. (2019) and Wang et al. (2022), the

definition of heavily polluting firms depends on the industry a

firm belongs to. Specifically, if a firm belongs to the thermal

power, steel, petrochemical, cement, nonferrous metals, or

chemical industries, it will be recognized as a heavily polluting

firm according to the “Announcement on the Implementation of

Special Emission Limits for Atmospheric Pollutants” issued by

the Ministry of Environment Protection (MEP) in 2013.

In order to control the financing condition of firms, this

study merged data from the China Customs Database and the

China Stock Market and Accounting Research (CSMAR)

Database to obtain the final sample. Referring to Qi and

Cheng (2022), this study first matches the samples in the two

databases according to the firm’s name and then further matches

the left samples according to their address, legal representative,

postal code, and the last seven digits of the telephone number of

the firm. Since industrial firms with high pollution emissions are

more sensitive to environmental regulation policies and are the

primary force in export, non-industrial firms are deleted from the

sample. In addition, samples with missing data or significant

losses (marked ST or *ST) during the sample period are also

excluded.

4.1.2 Core variables
4.1.2.1 Export quality

In this study, we adopted the methods used by Khandelwal

(2010), Shi et al. (2013), and Fan H C et al. (2015) to measure the

export quality as follows:

qinjt � θγinjt − αpinjt + εinjt , (1)

where qinjt is the quantity of the 8-digit product n exported by

firm i to country j in year t. When the price is fixed, the greater

the consumer demands for imported products, the higher the

product quality is. α is the moving parameter for the demand

curve of the product n, and when the price pinjt is fixed, the

FIGURE 3
Mechanisms that show how the green credit policy affects the export quality.
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demand curve will move outward with the improvement of the

product quality. Parameter γinjt represents the consumers’

vertical evaluation of the quantity, which reflects the

quality that all consumers can intuitively feel and are

willing to pay for. The parameter εinjt represents the

consumers’ horizontal evaluation of quantity, which refers

to the level of product differentiation and explains why some

consumers are willing to pay while some are unwilling to.

өγinjt + εinjt represents other random factors that affect

demand when the price is fixed, such as the time effect,

specific effects of different industries, distance and cultural

differences between the two trade parties, exchange rate

fluctuations, and style differences.

Based on Eq. 1, regressing the export quantity and price of

the product i at the three dimensions of the firm-product-import

country yields the following equation after taking the logarithm:

lnqinjt � lnf − αlnpinjt + tinjt, (2)

where tinjt is the residual term that includes the information on

product quality. When the price is fixed, if the product’s market

share rises, the product’s quality rises correspondingly. In order

to make it more accurate, we translated the formula into

qualitynjt � t̂njt
α − 1

� lnqnjt − lnq̂njt
α − 1

. (3)

After standardizing (3), we obtain the following:

r − qualitynjt � qualitynjt −min qualitynjt

max qualitynjt −min qualitynjt
, (4)

where max qualitynjt and qualitynjt represent the highest and

lowest quality of product n, respectively, and the standardized

quality indicators are located between [0,1]. Finally, the export

quality index of firm i is defined as follows:

qualityit � valueinjt

∑
n∈Ω

valueinjt
× (r − quality)njt , (5)

where n ∈Ω represents all the product portfolios of the firm i, and

valueinjt represents the export volume.

The data used to calculate export quality are from China

Customs Database.

4.1.2.2 Green innovation

In order to investigate the willingness of firms to invest in

green innovation, this study uses the ratio of the number of green

patent applications to the total number of firm patent

applications to measure the level of green innovation gi.

The data on patent applications of listed firms are from

the China Intellectual Property Office (CIPO). Based on

these data, the green patent applications are identified

according to the International Patent Classification (IPC)

code published by the World Intellectual Property

Organization (WIPO).

4.1.2.3 Control variables

According to Li and Lu (2018) and Qi and Cheng (2022), the

control variables included in this study should consist of export

amount, total assets, the number of employees, firm age,

asset–liability ratio, return on assets, and Tobin Q value. Except

for the last three variables, other variables are represented by lnex,

lnasset, lnlabor, and lnage, respectively, after taking the logarithm.

The asset–liability ratio is the ratio of total assets to total liabilities

of the firm and is denoted as dar. The return on assets is the ratio of

the total operating income to total assets and is denoted as roa. The

Tobin Q value is the ratio of the firm market value to capital reset

cost and is denoted as tobinq.

The data on control variables except export amount are

collected from the China Stock Market and Accounting

Research (CSMAR) Database, which contains the financial

data on Chinese listed firms.

The descriptive statistical values for each variable are shown

in Table 1.

4.2 Model setting

4.2.1 Difference-in-difference model
The difference-in-difference (DID) method is a popular

research method for policy evaluation in empirical

econometrics. It was first proposed in natural science and was

introduced into economics by Ashenfelter (1978). The basic idea

of the DID method is to treat a new policy as a natural

experiment exogenous to the economic system. It identifies

the average treatment effect of the policy by comparing the

difference between the treatment group and the control

group. Compared with traditional methods for policy

evaluation, the DID method can effectively alleviate the

problem of endogeneity and the problem caused by omitted

variables.

Much literature has adopted the DID approach within the

field of environmental policy evaluation. For example, Liu et al.

(2019) regarded the promulgation of the GCG as a quasi-natural

TABLE 1 Descriptive statistical values.

Variable Obs Mean Std. dev Min Max

quality 10,225 0.6835 0.2822 0.0805 0.141

lnex 10,225 16.0208 2.6018 1.0986 23.1742

lnage 10,225 1.6561 0 .8279 0 3.2188

lnasset 10,225 21.6269 1.1398 17.8786 29.6532

lnlabor 10,225 5.7128 0.2388 1.0794 9.2227

roa 10,225 0 .0367 0.0971 −3.9944 1.2068

tobinq 10,225 1.973 1.3271 0.7488 48.5053

dar 10,225 0.4141 0.2223 0.0075 4.2762

gi 10,225 0.0249 0.0128 0 0.942
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experiment and conducted a DID analysis; they discovered that

the debt financing capacity of heavily polluting enterprises is

negatively affected by this policy. Ye (2022) conducted an ex-post

policy evaluation of the Ecological Red Lines (ERL) policy on the

improvements of industrial structure and residents’ health based

on the DID model and found a positive effect.

By referring to Liu et al. (2019), this study constructs the DID

model used to examine the impact of the green credit policy on

firm export quality as follows:

qualityit � α0 + α1treati × postt + α2Xit + μi + γt+province × time + sector × time + εit
, (6)

where the subscript i represents the individual (firm), and t

represents the time (year). The explained variable qualityit is

the export quality of the firm i in year t. treati is a dummy

variable which equals 1 if firm i is a heavily polluting firm and

is 0 otherwise. postt is also a dummy variable, and it equals 1 if t ≥
2012 and equals 0 if t < 2012. treati × postt is the core variable of

this study, whose coefficient reflects the impact of the GCG on the

export quality of firms. Xit represents the control variables. μi and

γt denote firm-fixed and time-fixed effects, respectively. Province ×

time indicates province-specific time trends, and sector × time

indicates industry-specific time trends. These two variables can

control factors that will vary with time at the provincial and

industry level. εit is a stochastic disturbance term.

4.2.2 Mediation model
Revealing the relationship between variables is an important

objective of quantitative research. Mediation effect analysis can

help explore how the influence of the independent variable X on

the dependent variable Y is realized through mediator M, and it

has become a critical statistical method in multivariate research.

In evaluating environmental regulation policies, some studies

used the mediation effect analysis and found the micro transmission

mechanisms of these policies. For example, Dai (2018) discovered

that the development of the technology market has significantly

increased the technological complexity of high-tech exports, and this

is realized by the increase in R&D investment. Xiao et al. (2022)

found that the green credit policy can promote environmental

protection by increasing environmental investment.

In order to detect whether the green credit policy can

promote the improvement of the firm export quality by

improving their green innovation, this study refers to Dai

(2018) and sets the mediation models as follows:

giit � β1treati × postt + β2Xit + μi + γt+province × time
+sector × time + εit,

(7)

qualityit � γ0 + γ1treati × postt + γ2Xgiit + γ3Xit + μi + γt
+province × time + sector × time + εit,

(8)
where in the model (7), the explained variable giit is the green

innovation of firm i in year t. Model (8) is similar tomodel (6) but

adds giit as an independent variable. The stepwise regression

method is taken to test the mediation effect. The general steps of

it are as follows: if β1 is not significant in the model (7), it means

the causal relationship between the green credit policy and green

innovation is weak or does not exist, so there would be no need to

regress model (8); if β1, λ1, and λ2 are all significant in both model

(7) and model (8) and λ1 is significantly closer to 0 than α1, it
indicates that green innovation is the mediation variable of the

green credit policy to improve the export quality of firms.

5 Empirical analyses and results

5.1 Benchmark regression results

In order to test Hypothesis H1, the results obtained from the

regression of the GCG on export quality are presented in Table 2.

Column (1) does not include the control variables, province-

specific time trends, and industry-specific time trends, and these

variables are gradually added in columns (2) to (4). The

coefficients of treat × post in columns (1) to (4) are

significantly positive at the 1% level, indicating that after the

implementation of the GCG, the export quality of heavily

polluting firms has been significantly improved. Specifically,

the coefficient of treat × post in column (4) is 0.441, meaning

that the green credit policy increases the export quality of highly

polluting firms (treated group) by 0.441 compared to other firms

(control group). Therefore, Hypothesis H1 is proved.

In terms of control variables, the coefficients of the export

amount and total assets are positive and significant at 5% and 1%

levels, respectively, reflecting that firms with a larger export scale

and more considerable total assets have higher export quality.

The coefficient of the asset–liability ratio is negative at the 1%

level, indicating that the increase of the asset liability of firms is

harmful to the improvement of the export quality of firms. No

statistically significant correlation is observed between other

control variables and export quality.

5.2 Robustness test

5.2.1 Parallel trend test and placebo test
This study tests whether the parallel trend hypothesis is

satisfied in the treatment and control groups before the

implementation of the GCG based on Eq. 1. Columns (1) and

(2) of Table 3 are the regression results, with no control variables

added in column (1) and control variables added in column (2). It

can be seen that the coefficients of treat × post2008, treat ×

post2009, treat × post2010, and treat × post2011 are insignificant,

and the coefficients afterward are significantly positive, which are

consistent with the parallel trend hypothesis.

Subsequently, this study conducts a placebo test, assuming

that the GCG were implemented in 2010 and 2011, respectively,
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and performs DID regression after removing the samples of

2012 and beyond. The regression results are shown in columns

(3) and (4) in Table 3. It is found that the difference in the export

quality between treatment and control groups is insignificant,

indicating the robustness of this study’s results.

5.2.2 Eliminating the impact of energy policies
and environmental regulations

While implementing the GCG, China has also introduced

some energy policies that would also affect the environmental

performance and innovation of firms. These policies may

interfere with the impact of the GCG, so it is necessary to

separate their impact.

China’s energy policies can generally be divided into energy

structure adjustment policies and energy conservation policies

(Deng and Farah, 2020). In terms of energy structure adjustment

policies, there is a strong regional heterogeneity. They can be

subdivided into the policy promoting the transformation of

traditional energy and the policy supporting the development

of clean energy. Since China’s energy production and

consumption have been dominated by coal for an extended

period of time, the government prefers to implement the

policy of promoting the transformation of traditional energy

in major coal-consuming provinces such as Shandong, Hebei,

and Shanxi. On the other hand, provinces in the western region,

such as Ningxia, Qinghai, and Gansu, possess prominent natural

endowment advantages in utilizing clean energy, enabling the

government to implement the policy of supporting the

development of clean energy (Hasanbeigi et al., 2013). As for

energy conservation policies, the Chinese government issued the

“Notice on the Demonstration and Promotion of Energy

Conservation and New Energy Vehicle” in 2009. It has

catered to and provided financial subsidies for energy

conservation and purchasing of new energy vehicles. A total

of 26 cities are selected as pilot cities for this policy (Lo, 2014; Si

et al., 2018).

To effectively strip away the potential impact of energy

policies on export quality, this study drops sample firms that

are from China’s major coal consumption provinces (Inner

Mongolia, Jiangsu, Shandong, Hebei, Shanxi, Shaanxi, and

Henan) and clean energy-producing provinces (Ningxia,

Yunnan, Qinghai, Gansu, and Xinjiang), as well as those

belonging to energy-saving policy cities. Specific estimation

results are shown in column (1) of Table 4, and the DID

TABLE 2 Benchmark regression.

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

Quality Quality Quality Quality

treat×post 0.539*** 0.511*** 0.468*** 0.441***

(0.114) (0.113) (0.114) (0.112)

lnex 0.108** 0.110** 0.113**

(0.0445) (0.0444) (0.0445)

lnasset 0.954*** 0.955*** 0.964***

(0.0863) (0.0861) (0.0860)

lnlabor 0.0138 0.00737 0.00700

(0.0742) (0.0738) (0.0738)

lnage 0.0220 0.0212 0.0220

(0.0197) (0.0200) (0.0199)

dar −1.083*** −1.099*** −1.096***

(0.383) (0.383) (0.384)

roa 0.0260 0.0224 0.0221

(0.0245) (0.0244) (0.0244)

tobinq 0.301 0.335 0.362

(0.309) (0.309) (0.310)

Year fixed effects YES YES YES YES

Firm fixed effects YES YES YES YES

Province-specific time trends NO NO NO YES

Industry-specific time trends NO NO YES YES

Observations 10,225 10,225 10,225 10,225

R-squared 0.797 0.808 0.808 0.808

Note: the coefficients in parentheses in the table are robust standard errors; ***, **, and * indicate the significance levels of 1%, 5%, and 10%, respectively.
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coefficient is significant at the 5% level. This result reflects that

after excluding the potential impact of energy policies, the GCG

can still positively enhance the export quality.

During the sample period, several environmental regulatory

policies were implemented in China. At the urban level, China

adopted and implemented the “Acid Rain Control Area and

Sulfur dioxide Pollution Control Area Plan” in 1998. It limited

the number of sulfur dioxide emissions in certain cities. In 2010,

China implemented a pilot policy for low-carbon cities,

encouraging pilot cities to actively adopt carbon emission

reduction policies for low-carbon transformation and

upgrading. In 2012, China issued the “Ambient Air Quality

Standards (2012).” In order to exclude the influence of

environmental regulation on the results of this study, the

intersection term of city fixed effects and year fixed effects are

included in model (1). The regression results are shown in

column (2) of Table 4. The results present that the DID

coefficient is still significantly positive at the 1% level, which

verifies the robustness of the results.

At the provincial level, the Chinese government

implemented a carbon trading pilot policy in 2013, and the

carbon emissions of seven provinces have been restricted. In

addition, some time-varying factors like the R&D intensity,

TABLE 3 Parallel trend and placebo test.

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

Quality Quality Quality Quality

treat × post 0.314 0.115

(0.462) (0.164)treat × post2008 0.174 0.211

(0.201) (0.287)

treat × post2009 0.189 0.304

(0.293) (0.296)

treat × post2010 0.221 0.256

(0.232) (0.201)

treat × post2011 0.465 0.493

(0.441) (0.432)

treat × post2012 0.651*** 0.603***

(0.132) (0.101)

treat × post2013 0.548*** 0.569***

(0.148) (0.132)

treat × post2014 0.623*** 0.706***

(0.121) (0.135)

treat × post2015 0.644*** 0.609***

(0.208) (0.111)

Controlled variables NO YES YES YES

Year fixed effects YES YES YES YES

Firm fixed effects YES YES YES YES

Province-specific time trends YES YES YES YES

Industry-specific time trends YES YES YES YES

Observations 10,225 10,225 3,824 3,824

R-squared 0.799 0.807 0.813 0.813

Note: the coefficients in parentheses in the table are robust standard errors; ***, **, and * indicate the significance levels of 1%, 5%, and 10%, respectively.

TABLE 4 Eliminating the impact of energy policies and environmental
regulations.

(1) (2) (3)

Quality Quality Quality

treat × post 0.228* 0.436*** 0.459***

(0.128) (0.111) (0.109)

Year fixed effects YES YES YES

Firm fixed effects YES YES YES

Province-specific time trends YES YES YES

Industry-specific time trends YES YES YES

Observations 6,908 10,225 10,225

R-squared 0.82 0.798 0.809

Note: the coefficients in parentheses in the table are robust standard errors; ***, **, and *

indicate the significance levels of 1%, 5%, and 10%, respectively.
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economic development level, and industrial structure in different

provinces may also influence the export quality. Therefore, this

study adds the interaction term of province fixed effects and year

fixed effects to model (1). The specific regression results are

shown in column (3) of Table 4. The main results derived are

barely changed.

5.2.3 Excluding the impact of important events
Some important events like the Global Financial Crisis and

the Beijing Olympics that occurred during the sample period of

this study might interfere with the estimated results.

The global financial crisis of 2007–2009 greatly influenced

China’s economic growth and energy consumption (Yuan et al.,

2010), and it may also affect the export quality of firms. In order

to eliminate the potential impact of the global financial crisis, the

samples of 2008 and 2009 are removed from the sample. The

specific regression results are shown in columns (1) and (2) of

Table 5. It is observed that the DID coefficients are significantly

positive at the 1% level, indicating that the conclusion of this

study is still robust after excluding the interference of the global

financial crisis.

During the Beijing Olympic Games in China, Beijing and its

surrounding provinces and cities jointly implemented the blue-

sky and clean energy construction projects. Therefore, holding

the Olympic Games will enable firms to accelerate green

investment in a short time and reduce pollution emissions

(Wang et al., 2009; Mijling et al., 2009; Okuda et al., 2011).

This will affect the quality of export and interfere with the results

of this study. In order to eliminate the potential impact of the

Beijing Olympic Games, this study removes the samples from

Beijing, Tianjin, Hebei, Shanxi, Inner Mongolia, and Liaoning.

The regression results are displayed in columns (3) and (4) of

Table 5. The results present that the DID coefficients are

significantly positive at the10% level, indicating that the main

conclusions of this study are robust.

5.3 Mediation effect of green innovation

In order to test Hypothesis H2, the mediation effect of green

innovation is analyzed based on Eqs 7 and 8, and the regression

results are displayed in columns (1) and (2) of Table 6.

The explained variable of column (1) is green innovation, and

the estimation result of it shows that the DID coefficient is

significantly positive, indicating that the GCG can significantly

enhance firms’ green innovation level. The explained variable in

column (2) is export quality, and the explanatory variables are gi

and treat × post. The result of it shows that the coefficients of

treat × post and the gi are both significantly positive, and the

value of the former is much smaller than its counterpart in the

benchmark regression, which means that the GCG can improve

the export quality of firms by increasing their green innovation

and, thus, proves Hypothesis H2. One possible explanation

TABLE 5 Excluding the impact of important events.

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

Quality Quality Quality Quality

treat × post 0.614*** 0.576*** 0.281** 0.223*

(0.128) (0.127) (0.127) (0.126)

Controlled variables NO YES NO YES

Year fixed effects YES YES YES YES

Firm fixed effects YES YES YES YES

Province-specific time trends YES YES YES YES

Industry-specific time trends YES YES YES YES

Observations 9,188 9,188 8,689 8,689

R-squared 0.805 0.817 0.804 0.818

Note: the coefficients in parentheses in the table are robust standard errors; ***, **, and * indicate the significance levels of 1%, 5%, and 10%, respectively.

TABLE 6 Mediation effect of green innovation.

(1) (2)

gi Quality

treat×post 0.034* 0.245***

(0.017) (0.0001)

gi 4.106*

(2.217)

Controlled variables YES YES

Year fixed effects YES YES

Firm fixed effects YES YES

City-specific time trends YES YES

Industry-specific time trends YES YES

Observations 10,225 10,225

R-squared 0.492 0.801

Note: the coefficients in parentheses in the table are robust standard errors; ***, **, and *

indicate the significance levels of 1%, 5%, and 10%, respectively.
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behind this result is that the promulgation of the GCG would

limit heavily polluting firms’ access to bank credit. If they want to

apply for credit facilities, they have to perform green

transformation and carry out high-quality green innovation

activities. When the level of green innovation of firms has

been improved, firms can consume fewer resources when

producing products, thus reducing carbon emissions and

production costs. The export quality could be enhanced while

firms also gain a competitive advantage in the export market.

5.4 Heterogeneity analysis

Considering the variation in the property rights structure of

different firms and the variation in the degree of financial

development of different regions (Cull and Xu, 2004; Jing

et al., 2013), it is necessary to further test whether the impact

of the implementation of the GCG on the export quality of firms

varies.

In terms of the type of firm, the samples are divided into

state-owned and non-state-owned groups in this article. In terms

of the degree of regional financial development, the development

degree score of each regional market included in the market

index report of Wang et al. (2018) is utilized to measure the

degree of regional financial development. If a region’s score is

higher than the median of the total sample, it is regarded as a

financially developed region. Otherwise, it will be deemed as a

financially underdeveloped region.

The specific results of the heterogeneity analysis are

displayed in Table 7. It can be seen that the DID coefficient

of column (1) is significantly positive and is greater than the

coefficient in column (2), indicating that the GCG has a greater

impact on the export quality of state-owned firms. This

phenomenon may be because, compared to non-state-owned

firms, state-owned firms possess unique resources from their

government–firm relationship and undertake more social

responsibility in energy conservation and emissions

reduction. Hence, after the implementation of the GCG,

state-owned firms will actively carry out more high-quality

green innovations and improve the quality of exports.

The DID coefficient in column (3) is significantly greater

than that in column (4). This indicates that the GCG has a larger

impact on the export quality of firms in financially

underdeveloped areas. The reason might be that the degree of

regional financial development would also affect the specific

implementation of the green credit policy. When a region’s

financial system is more developed, firms there would have a

wider channel for financing. Therefore, in areas with rich

financial resources, the regulatory role of the green credit

policy will be significantly weakened. However, in areas with

underdeveloped financial systems, firms often face a strict

financing environment and possess limited financing choices.

As a primary financing source, firms depend highly on bank

loans. As a result, for the heavily polluting firms in the areas with

undeveloped financial development, the GCG possess a

substantially stronger effect on improving their export quality.

6 Conclusion and implications

The green credit policy applied in China is an essential

supplement to traditional environmental regulations, which

has successfully achieved the desired objectives in

environmental protection. However, as a combination of the

environmental regulation policy and credit policy, it may also

result in unintended impacts on other aspects of the firms since it

TABLE 7 Heterogeneity analysis.

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

State-owned Non-state-owned Financial
underdeveloped areas

Financial developed areas

Quality Quality Quality Quality

treat × post 0.451*** 0.245 0.512*** 0.437**

(0.163) (0.155) (0.13) (0.207)

Controlled variables YES YES YES YES

Year fixed effects YES YES YES YES

Firm fixed effects YES YES YES YES

Province-specific time trends YES YES YES YES

Industry-specific time trends YES YES YES YES

Observations 4,335 5,890 7,680 2,545

R-squared 0.746 0.848 0.802 0.826

Note: the coefficients in parentheses in the table are robust standard errors; ***, **, and * indicate the significance levels of 1%, 5%, and 10%, respectively.
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has adjusted the difficulty of access to bank loans of different

firms.

Based on the data on Chinese listed firms from 2003 to 2016,

this study takes the promulgation of the GCG as a quasi-natural

experiment and uses the DID method to empirically examine the

impact of the green credit policy on the export quality of firms.

The following conclusions are derived from the investigation.

First, the DID regression results show that after the

implementation of the green credit policy, the export quality

of heavily polluting firms has increased by 0.441 compared with

other firms, and this increment is statistically significant. Second,

the result of the mediation analysis indicates that the influence of

the green credit policy on heavily polluting firms’ export quality

is realized through green innovation. This reflects that the credit

constraint imposed on heavily polluting firms and the credit

facilities granted for green projects by this policy have stimulated

them to invest in and adopt green and low-carbon production

technologies, thus helping improve their export quality. Third,

the enhancement effect on the export quality brought by the

green credit policy is significantly reflected in state-owned firms

and firms in financially underdeveloped areas.

The findings of this study provide some instructions to firms,

banks, and other developing countries’ policymakers. First,

heavily polluting firms should place more emphasis on

sustainable development under the current situation where

environmental protection has received substantial attention.

They should seize the opportunity given by the green credit

policy, increase investment in green projects and carry out high-

quality green innovation activities. The realization of cleaner

production brought by this effort could help them to occupy an

advantageous position in the fierce global competition.

Second, banks should conscientiously implement green

credit policies and take environmental performance as an

important consideration in their credit decision-making

process. Moreover, they should also adopt differentiated

measures for different types of firms to maximize the

effectiveness of this policy. In particular, targeted support

should be given to private firms or firms from financially

underdeveloped regions that are willing to make

environmental investments but lack funds.

Third, other developing countries that are currently in the

stage of rapid economic development but have high energy

consumption and serious environmental pollution could take

China’s green credit policy as a reference. The adoption of a

properly designed market-based environmental policy could

help them to achieve the improvement of the environment

while improving other performances of firms in their

countries.

Although this research study has gained certain results, there

are also some deficiencies. First, the definition of the heavily

polluting firm used in this study is based on its industry category.

However, it has to be noted that even in the same industry, there

is still a certain degree of difference in the environmental

performance of firms. Future studies should consider a more

precise definition of heavily polluting firms. Moreover, this study

uses the export data on Chinese firms to study the impact of the

implementation of the green credit policy on the quality of their

export products. However, it does not further explore whether

there are heavily polluting firms withdrawing from the export

market under the influence of this policy and the number of these

quitted firms. If the green credit policy promotes the

improvement of the export quality of some firms and, at the

same time, causes some firms to withdraw from the export

market, it may also have a short-term adverse impact on

China’s economic development. This question deserves further

study in the future.
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