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Abstract: Based on the data of A-share listed companies in Shanghai and Shenzhen Stock Exchanges
from 2013 to 2017 and the air quality monitoring data released by China Environmental Monitoring
Station, the paper examines the impact of haze on the availability of company debt financing by using
fixed-effects model and quantile regression model. The empirical results show that: Firstly, haze
has a positive impact on the demand of company debt financing, and the positive effect is marginal
increment. Secondly, haze has a negative impact on the availability of company debt financing, and
the negative impact is also marginal increment. Further study found that heavy polluting industry
characteristics weaken the impact of haze on company debt financing availability. The paper analyzes
the influence of air pollution on enterprise management from the perspective of company debt
financing and explains the necessity for companies to implement an environmentally sustainable
development strategy.

Keywords: haze; listed company; sustainability; availability of debt financing; demand of debt
financing.

1. Introduction

Debt financing refers to the integration of funds through loans or bond issuance by banks or
non-bank financial institutions. It is the most important source of capital for companies. In terms of
the ratio of bank credit to GDP, China’s ratio is much higher than other countries in the world. Debt
financing capacity and availability plays an important role in the sustainable development of Chinese
companies. Therefore, Chinese academic circles have been paying great attention to the debt financing
of companies to realize the financial sustainability of companies.

In recent years, the environmental problems in China’s economic development are becoming
much more serious, especially the problem of haze pollution is particularly prominent. Haze is a kind
of air pollution weather that occurs when a large amount of fine particles (PM2.5) are discharged by
economic and social activities of high-density population, which exceed the atmospheric circulation
capacity and carrying capacity, resulting in the continuous accumulation of fine particle concentration,
and at the same time, effected by static and stable weather [1,2]. Haze not only reduces atmospheric
visibility, but also damages people’s physical and mental health [3,4], thus also affecting the production
and operation of companies. “Haze” and a series of pollution problems, which has associated with
the extensive economic growth pattern, are increasingly valued by the public and they require policy
makers to take measures [5,6]. Under the circumstance, the Chinese government began to put haze
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control work on the agenda, the slogan of “resolutely fight a good defense of the blue sky” has been
included in “Report on the work of government on 5 March 2017”. After that, the requirements of
green and sustainable development for companies have been put forward.

Thus, the haze problem has an impact on the development of companies. The focus of relevant
research is mainly on two aspects, one of which focuses on the current situation, causes harm to the
human body of haze pollution [7,8]. Second, attention is paid to the impact of haze pollution on the
production of companies [9,10]. In recent years, more and more studies have concluded that haze
has an impact on the financial situation of companies. For example, some scholars have analyzed the
impact of haze on corporate earnings management [11], on corporate debt financing behavior [12,13].
However, so far, there has been less research focus on the impact of haze on company debt financing,
and few scholars have directly used regional haze data to observe the impact of haze pollution levels
on the availability of company debt financing.

The increase in haze leads to an increase in the political and environmental costs of companies, and
what is more, the poor development of the real economy in recent years in China, the companies have
low operating efficiency and a wide gap in the internal funding; the demand of company debt financing
has increased. Due to the emphasis on environmental protection of government and the introduction
of bank green credit, regional haze has increased the demand of debt financing for companies, but the
availability of debt financing has decreased, especially for heavy polluting companies. According to
the “Guidelines for the Classification of Listed Companies” issued by the CSRC in 2012, the heavy
polluting companies mainly include eight classes, namely extractive industry, food and beverage
industry, paper and printing industry, textile and garment fur industry, petrochemical plastics industry,
metal and non-metal industry, pharmaceutical biological products industry and water and electricity
gas industry. Due to the greater environmental risks, the financing difficulties is more obvious for
heavy polluting companies. Based on the 7637 data from A-share listed companies in the Shanghai and
Shenzhen Stock Exchanges of China and air quality monitoring data issued by China Environmental
Monitoring Station from 2013 to 2017, the paper studies the impact of haze pollution on the availability
of company debt financing, and puts forward three hypotheses. Firstly, haze has a positive impact
on the demand of company debt financing and the positive effect is marginal increment. Secondly,
haze has a negative impact on company debt financing availability, and the negative impact is also
marginal increment. Thirdly, heavy pollution industry weakens the impact of haze on company debt
financing availability.

The conclusions of the paper mobilize the enthusiasm of companies to participate in haze
governance to a certain extent, and reveal the necessity of financial institutions attaching importance to
environmental protection and implementing green credit policies, which provide policy-making basis
for economic sustainable development and environmental conservation. Compared with the existing
literature, the incremental contribution of the paper is concluded as follows. Firstly, by using the air
quality monitoring data released by China Environmental Monitoring Station, the paper captures
the impact of haze on the availability of company debt financing with the natural environmental
change from a dynamic and continuous perspective, and reveals the impact of haze pollution on
the availability of company debt financing in specific areas. Secondly, previous studies have mainly
studied the impact of haze on heavy polluting companies. While the sample of heavy polluting
companies is more typical to reveal the impact of haze, the haze pollution will not only affect heavy
polluting companies, but also affect other non-heavy polluting companies. Therefore, full sample data
including heavy polluting companies that are used to explore impact of haze on the availability of
company debt financing is necessary, which is more representative and the conclusion is more general.
Thirdly, the paper finds that haze has a negative impact on the availability of company debt financing,
and the negative impact is marginal increment. The study can inspire the enthusiasm of companies to
implement environmental sustainable development strategies and make financial institutions realize
the optimal allocation of financial resources.
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The rest of the paper is organized as follows: Section 2 reviews the relevant literature of haze and
company debt financing and develops three hypotheses. Section 3 constructs the empirical model of
haze affecting the availability of company debt financing. Section 4 describes the data sources and
sample selection process. Section 5 reports the empirical results of model estimation. Section 6 is the
robustness test and Section 7 concludes our research results and reveals the policy implications.

2. Literature Review and Hypothesis

2.1. The Impact of Haze on the Demand of Company Debt Financing

Previous studies have shown that haze can have a direct impact on people’s behavior and health
as well as the production and operation activities of companies. In terms of human behavior and
health, haze will endanger human’s physical and mental health [14–19]. On the one hand, haze can
cause lung problems, cardiovascular diseases, metabolic syndrome, and other health problems [20–23].
On the other hand, it can lead to mental symptoms, including anxiety, irritability, emotional disorders
and behavioral changes [24], and significantly increase the risk of depression and other diseases, thus
endangering people’s mental health [25]. Moreover, long-term exposure to a polluted environment
will shorten people’s life expectancy. Research based on U.S. data found that if PM2.5 increased by
10 micrograms per cubic meter, total mortality, cardiopulmonary mortality, and cancer mortality
increased by 4%, 6%, and 8%, respectively [26]. In addition, haze also affects the production and
operation activities of companies and economic development. Because haze increases the cost of
pollution control [16,19,27–29], it has a direct impact on the business behavior of companies, and
negatively affects or even offsets the positive welfare brought about by economic development [30].
Liu (2016) [13] found that the equity financing of heavy polluting companies has not decreased, but
debt financing has decreased and higher debt costs have been paid after the “PM2.5 explosion” incident
based on the data of heavy polluting listed companies. Sheng et al. (2017) [12] found that “PM2.5
explosion” incident had a negative net effect on the financing capacity of heavy polluting companies.
In the process of haze control, the level of environmental information disclosure is required to be
raised, and the cost of disclosure increases [2,31]. With regard to the causes of haze, it has been studied
that the main cause is caused by human factors such as automobile exhaust emissions and the burning
of fossil fuels [7,8,32,33], while pollution in other areas, such as in the neighbors, can also lead to
haze [34–37]. Additionally, these human activities cannot stop immediately in the short term, so the
impact of haze on people’s productive lives will be continuous.

At the same time, serious haze pollution has also aroused the attention of public and medias, which
not only puts a lot of pressure on companies directly, but also force the authorities to implement strict
control, including the formulation of laws and policies, real-time supervision, closure of orders, huge
penalties, criminal law, and so on, resulting in the increase in political costs after the implementation of
the environmental protection law [11,12]. Environmental cost refers to the total outflow of all economic
benefits related to energy conservation and emission reduction, environmental pollution and damage,
environmental protection and governance [38] during the product life cycle of a company with the
goal of sustainable development. Environmental management (EM) and company social responsibility
(CSR) are generally regarded as the commitment of companies to take moral action. However, the
short-term cost-effectiveness of environmental governance will not be highlighted because of the large
financial, time, and resource costs involved, so environmental management (EM) and company social
responsibility (CSR) practices are generally considered expensive [39–42].

After the implementation of the Environmental Protection Law of the People’s Republic of China
in 2015, all of the companies in manufacturing were required to install clean environmental protection
equipment and sewage treatment equipment, policy control in areas with high environmental pollution
will be more stringent, which increased the pressure on environmental protection expenditure of
companies. With the increase of policy requirements for company disclosure, the cost of environmental
protection information disclosure is also increasing year by year. In addition, in order to improve the
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environment in an area, the polluting companies need to change production, relocate, or even close
down in accordance with relevant regulations. In some places, companies that exceed the standard
and discharge pollutants in excess of the total amount face the risk of shouldering high environmental
protection taxes. Company environmental protection and haze control have been intensified [43]. In
addition, in recent years, the real economy has not developed smoothly, the operating efficiency is low,
the income of companies is not enough, and the internal capital gap is very large. The imperfection
of the capital market makes it difficult for companies to obtain equity financing, so the demand of
debt financing for companies presents a marginal increasing effect. Accordingly, our first hypothesis is
described as follows:

Hypothesis 1. Haze has a positive effect on the demand of company debt financing, and the positive effect is
marginal increment.

2.2. The Impact of Haze on the Availability of Company Debt Financing

Debt financing has always been the most important source of capital for companies. Especially
in developing countries, credit constraints in formal financial markets caused by imperfect capital
markets are a universal problem [44]. The scarcity of funds determines the dominant position of
financial institutions in credit contracts. Whether an enterprise can obtain loans from the formal
financial market and the cost of loans depend on the subjective evaluation of the credit status of a
particular borrower by financial institutions [45]. Due to the information asymmetry between the
borrowers and the lenders in the credit contract, which leads to adverse selection and moral hazard,
the formal financial institutions adopt the credit rationing policy to reduce their own credit risk [46],
that is, financial institutions often treat companies differently through differential degrees of credit
restraint [47,48]. As it is not only time-consuming, but also expensive for financial institutions build to
be fully independent information collection system to identify the risks of companies, so in the credit
decision-making process, it is mainly based on the financial information provided by companies and
the supporting information of third parties to carry out credit rating to companies. The information
provided by the companies to the financial institution mainly reflects the financial situation of the
companies, the operating results and the cash flow finance information. Usually the better the financial
performance of a company, the higher the credit rating, the easier it is to get loans [49]. Third-party
supporting information includes audit opinions, social evaluation, environmental assessment, and
so on. With the attention of the whole society to environmental issues and the implementation of the
“green credit” policy, financial institutions are also increasingly valuing the environmental performance
of enterprises when conducting credit assessments of companies.

The availability of company debt financing is the proportion of true debt financing that the
company actually obtains in the case of the debt demand of the company. For companies with
greater risks, financial institutions usually adopt a credit restriction policy. As the haze worsens,
public voices increase, the medias begin to report and the government imposes an environmental
tax, so financial institutions in the credit assessment expect that polluting companies might face high
environmental compensation costs [9], capital costs [50], and environmental liability liabilities [51],
which are associated with higher operational risk in the future [10].

Therefore, with the increase of haze, the financing demand of companies is increasing, while the
amount of financing acquisition is difficult to improve, the financing availability of companies will
decline. Additionally, with the increasing of the haze, the demand of debt financing increases more
and more rapidly, the negative impact on the availability of debt financing will also increase. Based on
the above analysis, our second hypothesis is described as follows:

Hypothesis 2. Haze has a negative impact on the availability of company debt financing, and the negative
impact is marginal increment.
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2.3. Moderating Effect of Heavy Polluting Industries

Industrial production of the company is the culprit and main responsible person of haze,
especially heavy polluting companies. Based on the perspective of public pressure, people’s
awareness of environmental protection is growing, and social media begins to pay close attention to
environmental pollution and environmental protection. At the same time, environmental supervision
departments have also made positive guidance to the environmental protection of companies.
Environmental protection has become a widely recognized stable and influential social norms by
social members [52,53]. So that, companies in polluted areas are more vulnerable to external attention
and regulation. For the companies in crisis, they suffer tremendous pressure from public opinion,
are condemned by members of the community, and are more vulnerable to public supervision and
market discipline. Firstly, some of the sanctions will come from the regulatory authorities. When
heavy polluting companies apply for refinancing, they will be strictly supervised and restricted by
the government due to increased public pressure. Financial institutions will be more cautious about
refinancing heavy polluting companies. From another side, public opinion and media coverage caused
by environmental pollution have increased, and these negative signals are transmitted to financial
institutions, affecting their decision-making. Therefore, we expect that, as public pressure increases,
the financing of companies with severe haze in the region will be greatly limited and debt financing
will be reduced.

In recent years, banks have introduced a “green-credit-policy”, which takes compliance with
environmental testing standards, pollution control effects and ecological protection as an important
prerequisite for credit approval. Green credit is often referred to as Sustainable Finance or
Environmental Finance. The financial institution can guide capital-oriented industries and companies
in favor of environmental protection through differential pricing, which can effectively promote
sustainable development. At the same time, it strengthens the financial ability of the institutions to
control risks, create conditions to actively promote green credit, and it is also conducive to get rid of
the shadow of “bad debts” and “dead debts”, which have been puzzled for a long time in the past,
thus improving the operational performance of commercial banks [54]. Environmental protection
information has become an important factor for financial institutions to assess the risks of companies
or projects, especially in heavy polluting industries [55]. During the haze generation period, heavy
polluting companies face a large amount of environmental costs, including the cost of purchasing
environmental protection facilities, the cost of cleaning emissions, the cost of improving production
processes and other environmental control costs, which results in cash outflow [56], thus the credit
rating of financial institution for heavy polluting companies has declined, reducing the credit for heavy
polluting companies. Based on the above analysis, the third hypothesis is described as follows:

Hypothesis 3. The characteristics of heavy pollution industries have a negative moderating effect on the
relationship between haze and company debt financing availability.

3. Model

In order to test the effect of haze on the availability of company debt financing, the paper
establishes the following four multiple regression models. Among them, model (1) is used to test the
relationship between haze and the demand of company debt financing, and the model (2) is used
to test the relationship between haze and the availability of company debt financing. Model (3) and
model (4) add intersection items of haze and whether it is polluting companies (PM2.5it*POLLUTEit)
to test the moderating effect of heavy polluting industry characteristics on the relationship between
haze and the availability of company debt financing.

IFTG_ASSETit = α0 + α1PM2.5it +
15

∑
k=2

αkCVkit + ∑ YEAR + ∑ INDU + ∑ CITY + ε (1)
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LOAN_AVAILit = α0 + α1PM2.5it +
15

∑
k=2

αkCVkit + ∑ YEAR + ∑ INDU + ∑ CITY + ε (2)

IFTG_ASSETit = α0 + α1PM2.5it + α2PM2.5it∗POLLUTEit +
16
∑

k=3
αkCVkit

+∑ YEAR + ∑ INDU + ∑ CITY + ε
(3)

LOAN_AVAILit = α0 + α1PM2.5it + α2PM2.5it∗POLLUTEit +
16
∑

k=3
αkCVkit

+∑ YEAR + ∑ INDU + ∑ CITY + ε
(4)

where, there are two dependent variables, they are demand of company debt financing (IFTG_ASSETit)
and availability of company debt financing (LOAN_AVAILit). Among them, the demand of company
debt financing (IFTG_ASSETit) is expressed as (cash dividend paid + working capital increase + capital
expenditure - cash flow of after-tax business activities) / total assets at the end of the year [57–59]. In
order to reflect the level of credit constraints faced by enterprises, the availability of company debt
financing (LOAN_AVAILit) is the total scale of the loan that a company obtains divided by the demand
of company debt financing. Among them, the total scale of loan is calculated by (short-term bank loans
at the end of the year + long-term loans due one year at the end of the year + long-term bank loans
at the end of the year). The independent variable is haze (PM2.5it), which is based on the air quality
monitoring data released by China Environmental Monitoring Station.

In order to reduce the impact of other factors, 13 control variables are selected. Where CVkit is the
control variable of company i in the fiscal year t. Among them, the paper takes SIZEit as the control
variable in order to eliminate the impact of the company’s scale on company performance, which is
the logarithm of the total assets of the company. GROWit is the growth of the company i in the fiscal
year t. Companies with better growth are more likely to be trapped. There are tight financial chain
conditions and high financial distress costs. The growth rate of business income REVit indicates the
profitability of the company, which is represented by the nature logarithm of the revenue items in
the income statement. ROAit is the asset profitability of the company i in the fiscal year t, and the
companies with stronger profitability have stronger incentives to use the tax shield of the debt [16].
QUICit indicates internal liquidity as the quick ratio, a better liquidity, a faster company cash flow, and
less demand for external funds. STATE it is the property right nature of the company i in the fiscal
year t. In terms of internal governance variables, the paper also selects five typical control variables,
they are ownership concentration (TOP10it), number of independent directors (INDEit), CEO duality
(DIR_CEOit), executive compensation (EXCPit), and executive shareholding ratio (MGTit). In addition,
the control variables to enter the model include industry dummy variables, year dummy variables,
and city dummy variables.

The fixed-effects regression model is used to estimate the models (1) to (4). However, the
fixed-effects regression model can only estimate the average influence of each factor on the dependent
variable, but it is not possible to analyze the distribution law of the influence of each factor on the
availability of company debt financing. The quantile regression model which proposed by Koenker
and Bassett in 1978 can solve this problem. The quantile regression model can analyze the influence of
independent variables on dependent variable at different quantile points, so the analysis results will
be more comprehensive and in-depth. In order to investigate the influence of haze on the availability
of company debt financing at different quantiles, the quantile regression model is further used to test
models (1) to (4).

Finally, we use the sample data of listed companies in China to estimate models (1) to (4) and
observe the directions and significance of the coefficients of α. All the Variables are defined in Table 1.
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Table 1. Variable definition.

Variable Description

IFTG_ASSETit

The demand of company debt financing, which can be calculated as: (cash dividend
payment + capital expenditure + net increase in working capital - cash flow from
operating activities after tax)/total assets at the end of the year.

LOAN_AVAILit

The availability of debt financing, which equals the scale of company debt financing/the
demand of company debt financing, where the scale of company debt financing can be
calculated as (short-term bank borrowings at the end of the year + long-term bank
borrowings due within one year at the end of the year + long-term bank borrowings at the
end of the year).

PM2.5it
Haze, which equals PM2.5 air quality monitoring data released by China Environmental
Monitoring Station.

POLLUTEit A dummy variable, which equals 1 if it is a high polluting companies, 0 otherwise.
SIZEit Size, which equals the natural logarithm of the total assets at the end of the year.

GROWit Amount of increased revenue in current year/total amount of revenue in last year.
REVit Revenue, which equals the natural logarithm of total revenue in the profit statement.
ROAit Return of asset, which equals total profit/total assets.

QUICit
Quick ratio, which equals the difference between current assets and inventory divided by
current liabilities.

DEBT_RATIOit Debt asset ratio, which equals average total liabilities/average total assets.
STATEit A dummy variable, which equals 1 if it is state-owned companies and 0 otherwise.

TOP10it
Equity concentration, which is the sum of the shareholdings of the top 10 largest
shareholders.

INDEit Number of independent directors.
DIR_CEOit A dummy variable, which equals 1 if the two positions are separated and 0 otherwise.

EXCPit
Manager salary, which is the natural logarithm of the top three remuneration figures
of executives.

MGTit Executive shareholding ratio, which is the ratio of executive ownership to total equity.
GDP_DIVit Regional GDP, which is the natural logarithm of city GDP.

YEARit
A dummy variable, which equals 1 when the company belongs to the year t, and
0 otherwise.

INDUit
A dummy variable, which equals 1 when the company belongs to industry m, and
0 otherwise.

CITYit A dummy variable, which equals 1 when the company belongs to city n, and 0 otherwise.

4. Data

4.1. Sample Selection

The sample of the paper is A-share listed companies in the stock markets of Shanghai and
Shenzhen Stock Exchange in China from 2013 to 2017. The financial statements data of listed companies
is derived from Chinese Stock Market and Accounting Research Database (CSMAR). CSMAR databases
are widely used in Chinese accounting research, like COMPUSTAT/CRSP in the US [60], and the haze
pollution data are from the air quality monthly reports of 74 cities in China from 2013 to 2017 issued by
China Environmental Monitoring Station. Due to the impact of the "PM2.5 explosion" incident in 2012,
under the pressure of strong public opinion, the Chinese government began to attach importance to
haze monitoring and control work. As the China Environmental Monitoring Station began to disclose
air pollution monitoring data in 2013, the sample range of this paper began in 2013. The initial sample
consists of 18204 annual records of companies. After excluding the listed companies in the financial
sector, ST (Special Treatment) companies, the listed companies in which the air pollution data were not
disclosed and the listed companies whose relevant variables were missing. The final sample consists
of 7637 observations. The sample selection process is shown in Table 2. At the same time, in order to
eliminate the interference of outliers, all continuous variables are winsorized at the level of 1%. The
data are processed by SPSS20 and Stata12.0.
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Table 2. Sample selection process.

Sampling Procedure Observations

All observations from 2013 to 2017 18204
Less observations of B share companies (434)
Less financial and insurance industry (245)
Less observations of ST companies (344)
Less observations with missing air quality monitoring data (4089)
Less observations with missing and duplicate data, outliers (3914)

Tail processing (1541)
Observations in the final sample 7637

4.2. Descriptive Statistics

Table 3 reports descriptive statistics of relevant variables of listed companies. From Table 3, we
can see that the minimum value of debt financing demand (IFTG_ASSETit) is –5.910, the maximum
value is 11.486, the mean value is 9.014, the mean value is greater than 0, which shows that there is an
internal financing gap in China’s companies as a whole and there is a large financing demand in most
companies. The mean value of availability of company debt financing (LOAN_AVAILit) is 0.135, which
shows that overall debt financing demand of companies are greater than the loans they receive from
financial institutions. The standard deviation is 13.392, which shows that the availability of company
debt financing varies greatly among companies. The minimum value of haze (PM2.5it) is 20.083, the
maximum value is 160.070, the mean value is 54.636, which shows that the overall air pollution in
China is in the state of light pollution. The average value of heavy polluting industries (POLLUTEit) is
0.151, which indicates that the heavy polluting industry accounts for 15% of the entire industry.

Table 3. Descriptive statistics.

Variable N Mean Std. Dev. Min Max

IFTG_ASSETit 7637 9.014 0.597 −5.910 11.486
LOAN_AVAILit 7637 0.135 13.392 −265.037 1,134.350

PM2.5it 7637 55.975 20.757 20.083 160.070
POLLUTEit 7637 0.151 0.358 0.000 1.000

SIZEit 7637 9.729 0.580 7.503 12.381
GROWit 7637 9.184 675.366 −10.161 59,411.550

REVit 7637 9.394 0.683 0.000 12.459
ROAit 7637 0.244 1.063 -0.928 41.462
QUICit 7637 1.495 1.699 0.000 35.787

DEBT RATIOit 7637 0.482 0.757 0.038 63.971
STATEit 7637 0.416 0.493 0.000 1.000
TOP10it 7637 1.738 0.130 1.094 2.005
INDEit 7637 3.208 0.601 0.000 7.000

DIR_CEOit 7637 1.733 0.471 0.000 2.000
EXCPit 7637 6.242 0.372 0.000 7.560
MGTit 7637 0.059 0.129 0.000 1.095

GDP_DIVit 7637 5.511 0.730 0.000 5.918

4.3. Correlation Analysis

In the Pearson correlation coefficient and Spearman correlation coefficient of the variables, the
correlation coefficients of all independent variables and control variables are less than 0.5 (excluding
autocorrelation). What is more, from Table 4, we can also see that PM2.5it and IFTG_ASSETit are
significantly positively correlated, PM2.5it and LOAN_AVAILit are significantly negatively correlated,
preliminarily confirming the previous conjecture of the relationship between variables. Further research
finds that variance inflation factors (VIF) are all less than two, and the mean value is 1.149. There is no
serious multicollinearity problem for the model.
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Table 4. Variance inflation factors test.

Variable VIF 1/VIF

MGTit 1.410 0.710
STATEit 1.360 0.736

DIR_CEOit 1.230 0.812
EXCPit 1.210 0.830
REVit 1.160 0.862

TOP10it 1.150 0.867
INDEit 1.150 0.868
QUICit 1.140 0.877
SIZEit 1.110 0.901

PM2.5it 1.080 0.927
GDP_DIVit 1.040 0.961

ROAit 1.030 0.967
DEBT RATIOit 1.020 0.969

GROWit 1.000 0.999
Mean VIF 1.149

5. Empirical Results

5.1. The Impact of Haze on Company Debt Financing Demand

After controlling the impact of year (YEARit), industry (INDUit), and region (CITYit), the paper uses
the fixed-effects model and full-sample data to estimate the model (1) to test the impact of haze pollution
on the demand of company debt financing. The results are shown in fixed-effects model of Table 5, the
Chi-square statistics with the degree of Hausman test is 219.170, which exceeds the critical value at the
1% significance level (P Value = 0.000). Therefore, we reject the null hypothesis and conclude that the
fixed-effects model approach performs. We can see that PM2.5it is significant positive at 1% level, and the
coefficient is 0.951, which indicates haze pollution has a positive impact on the demand of company debt
financing, and the higher haze pollution, the more demand of company debt financing.

In order to further test the influence of haze on company debt financing demand under the
different haze pollution levels, the paper uses the quantile regression model to analyze the influence of
haze on debt financing demand at different quantile points, the results are shown in quantile regression
model of Table 5. From the regression results, we can first see that at the 30% quantile level, the P value
of coefficient is greater than 0.1, which indicates that the quantile regression coefficient at the front
of conditional distribution is insignificant. The regression coefficients of PM2.5it are all significant
positive at the quantile range of 50%, 70%, and 90% level, which indicates that haze has a positive
impact on the demand of company debt financing. Secondly, comparing the regression coefficients of
PM2.5it of different quantiles, which are rising steadily from −0.318 to 1.094. On the 50% quantile, the
regression coefficient of PM2.5it is 0.090. On this quantile, each one unit increase of haze will increase
the demand of company debt financing by 9 × 10−5 unit. The regression coefficient of PM2.5it is 1.094
in the 90% quantile. At this quantile, the demand of company debt financing will increase 1.094 × 10−3

unit for every one unit increase in haze. This shows that there is a marginal increment trend of the
positive effect between haze and demand of company debt financing, which confirms H1.

In addition, in the control variables, the regression coefficient of SIZEit is significantly positive,
indicating that the larger the company size, the greater company debt financing demand. The
regression coefficient of REVit is significantly negative, which indicates total revenue reduces the
company debt financing demand. Among the governance variables, the regression coefficients of
INDEit and STATEit are significantly negative, indicating that debt asset ratio and equity nature reduce
the company debt financing demand. The regression coefficient of TOP10it is significantly positive,
indicating that the higher the concentration of equity, the greater company debt financing demand.
The other variables are not significant in the model, and it is difficult to judge the specific impact effect.
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Table 5. Result of the impact of PM2.5 on demand of company debt financing.

IFTG_ASSETit × 1000 Fixed-Effects Model
Quantile Regression Model

QR_10 QR_30 QR_50 QR_70 QR_90

PM2.5it
0.951 *** −0.318 ** −0.038 0.090 ** 0.232 *** 1.094 ***
(5.165) (−2.554) (−0.840) (2.367) (3.105) (4.584)

SIZEit
42.405 *** −196.550 *** 23.834 *** 149.923 *** 315.250 *** 710.027 ***

(3.148) (−10.189) (3.871) (15.106) (19.249) (15.568)

GROWit
−0.002 −0.010 −0.017 −0.020 −0.023 −0.034

(−0.927) (−0.105) (−0.056) (−0.035) (−0.014) (−0.024)

REVit
−47.523 *** 21.354 *** 17.744 *** 3.070 −27.108 *** −122.198 ***

(−4.875) (2.865) (3.367) (0.703) (−2.824) (−6.067)

ROAit
2.169 11.883 *** 5.474 *** 1.745 −4.443 −16.275 ***

(1.403) (5.055) (2.873) (0.543) (−1.341) (−3.266)

QUICit
52.285 *** 1.458 14.276 *** 23.094 *** 26.531 *** 41.534 ***
(35.580) (1.392) (6.644) (7.748) (8.508) (4.015)

DEBT RATIOit
−57.886 *** −196.534 *** −75.091 *** −18.642 7.701 370.919 ***
(−25.356) (−7.867) (−3.258) (−0.646) (0.329) (3.835)

STATEit
−40.065 ** −37.711 *** −22.962 *** −15.778 *** −12.596 *** −23.301
(−2.189) (−4.282) (−8.013) (−5.574) (−3.203) (−1.628)

TOP10it
3.150 *** −1.399 *** −0.228 ** 0.164 * 0.566 *** 2.751 ***
(12.997) (−5.637) (−2.562) (1.656) (4.743) (7.066)

INDEit
1.671 −24.013 *** −15.173 *** −8.207 *** −4.368 35.052 **

(0.306) (−3.090) (−5.367) (−2.841) (−0.895) (2.215)

DIR_CEOit
3.275 17.436 *** −0.168 −3.862 ** −6.775 ** −45.760 ***

(0.644) (3.335) (−0.085) (−2.193) (−2.080) (−3.500)

EXCPit
10.155 95.817 *** 26.718 *** 20.831 *** 14.042 45.850 ***
(1.251) (7.762) (5.002) (3.381) (1.299) (2.694)

MGTit
46.173 40.897 ** −11.871 * −9.959 −19.405 −102.004 ***
(1.607) (2.498) (−1.817) (−1.303) (−1.570) (−2.723)

GDP_DIVit
5.426 35.570 ** 10.023 ** 8.839 * 2.563 −19.171

(0.608) (2.432) (2.127) (1.711) (0.359) (−0.675)

Constant
−138.868 1016.905 *** −496.044 *** −1500 *** −2800 *** −5900 ***
(−1.263) (8.665) (−9.124) (−23.679) (−24.335) (−17.560)

YEARit control control

INDUit control control

CITYit control control

N 7637 7637

adj.R2 0.102 0.077 0.027 0.057 0.115 0.213

F 194.583 —— —— —— —— ——

Hausman test
(P Valve)

219.17
(0.000) —— —— —— —— ——

Note: ***, ** and * represent statistically significant at the 1%, 5%, and 10% levels, respectively; brackets are t values.
In order to increase the effective number of bits of the coefficient of the IFTG_ASSETit and LOAN_AVAILit, this
paper multiplies the dependent variable by 1000 times based on the original data, and is the same as follows.5.2 The
Impact of Haze on the Availability of Company Debt Financing.

After controlling the impact of year (YEARit), industry (INDUit), and region (CITYit), the paper
uses fixed-effects model and full-sample data to estimate the model (2) and tests the impact of haze on
the availability of company debt financing. The results are shown in fixed-effects model of Table 6,
the Chi-square statistics with degree of Hausman test is 356.25, which exceeds the critical value at the
1% significance level (P Value = 0.000). Therefore, we reject the null hypothesis and conclude that the
fixed-effects model approach performs. Through the regression results, we can see that the coefficient
of PM2.5it is significantly negative at 5% level, which indicates that haze pollution has a negative
impact on the availability of company debt financing.

In order to further test the influence of haze on company debt financing availability under different
haze pollution levels, this paper uses the quantile regression model to analyze the influence of haze
on debt financing availability at different quantile points, the results are shown in Table 6. From the
regression results, firstly, we can see that the P value of coefficients are greater than 0.1 at the 10% and
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90% quantile level, which indicates that the quantile regression coefficient at the front of conditional
distribution and at the end of conditional distribution are insignificant. The regression coefficients of
PM2.5it are significant negative at the quantile range of 30%, 50%, and 70% level, which indicates that
haze has a negative impact on the availability of company debt financing. Secondly, comparing the
regression coefficients of PM2.5it of different quantiles, which are rising steadily from −0.937 to −3.097.
On the 30% quantile, the regression coefficient of PM2.5it is −0.937 and significant at 5% level, which
means at this quantile, every one unit increase of haze will decrease the availability of company debt
financing by 9.47 × 10−4 unit. The regression coefficient of PM2.5it is −3.097 in the 90% quantile, which
means that, at this quantile, the availability of company debt financing will decrease 3.097 × 10−3) unit
for every one unit increase in haze. This shows that there is a marginal increment trend of the negative
effect between haze and availability of company debt financing, which confirms H2.

Table 6. Result of the impact of PM2.5 on availability of company debt financing.

LOAN_AVAILit × 1000 Fixed-Effects Model
Quantile Regression Model

QR_10 QR_30 QR_50 QR_70 QR_90

PM2.5it
−0.712 ** −3.223 −0.937 ** −1.070 *** −1.207 ** −3.097
(−2.469) (−1.373) (−1.996) (−3.393) (−2.260) (−1.275)

SIZEit
16.653 ** −1600.000

*** −125.990 ** 119.673 * 138.621 ** 535.754 **

(2.414) (−6.307) (−2.532) (1.656) (2.012) (2.466)

GROWit
0.680 0.025 −0.023 −0.034 −0.043 −0.087

(0.119) (0.055) (−0.025) (−0.146) (−0.073) (−0.049)

REVit
37.538 *** 1129.424 *** 70.911 −39.114 −29.204 −170.204

(5.430) (4.709) (1.480) (−1.397) (−0.659) (−1.216)

ROAit
16.318 82.543 * 21.735 36.095 * 15.571 −14.823
(0.810) (1.777) (0.862) (1.776) (0.989) (-0.580)

QUICit
−6.857 −54.067 ** −19.906 *** −34.008 −22.171 17.754

(−0.896) (−2.074) (−2.577) (−1.496) (−1.189) (1.178)

DEBT RATIOit
305.447 *** −510.000 *** −215.021 615.793 1867.620 *** 6749.437 ***

(5.900) (−7.740) (−1.006) (1.638) (4.807) (11.153)

STATEit
−8.516 −630.527 *** −204.204 *** −138.587 *** −102.870 *** 63.417

(−0.141) (−2.812) (−5.365) (−7.135) (−3.241) (0.516)

TOP10it
1.351 ** 3.316 −0.846 −2.059 *** −2.283 *** 1.223
(2.216) (1.134) (−0.929) (−2.709) (−3.037) (0.516)

INDEit
−46.059 *** −337.072 *** −161.463 *** −57.030 *** −52.721 *** −63.554

(−3.031) (−3.212) (−3.082) (−2.961) (−3.159) (−1.043)

DIR_CEOit
11.364 −124.732 −23.553 −5.769 4.989 −23.038
(0.681) (−1.595) (−1.100) (−0.340) (0.183) (−0.402)

EXCPit
−12.792 305.471 ** 250.760 *** 22.536 −28.603 −546.824 ***
(−1.571) (2.041) (6.159) (1.580) (−1.135) (−3.309)

MGTit
−48.385 −215.819 −45.365 3.723 33.117 −59.180
(−0.470) (−1.617) (−1.077) (0.083) (0.430) (−0.259)

GDP_DIVit
(4.426) (1.645) (1.691) (0.583) (−0.150) (0.080)

−381.209 *** 3008.044 ** −517.240 −464.063 −447.098 −543.424

Constant
(−3.098) (2.163) (−1.402) (−1.147) (−0.886) (−0.290)
−0.712 ** −3.223 −0.937 ** −1.070 *** −1.207 ** −3.097

YEARit control control

INDUit control control

CITYit control control

N 7637 7637

adj.R2 0.178 0.312 0.268 0.256 0.250 0.234

F 10.82 —— —— —— —— ——

Hausman test
(P Valve)

356.25
(0.000) —— —— —— —— ——

Note: ***, ** and * represent statistically significant at the 1%, 5%, and 10% levels, respectively; brackets are t values.
In order to increase the effective number of bits of the coefficient of the IFTG_ASSETit and LOAN_AVAILit, this
paper multiplies the dependent variable by 1000 times based on the original data, and is the same as follows.
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In the control variables, the regression coefficient of SIZEit is significantly positive, indicating that
the larger the company size, the greater company debt financing availability. The regression coefficient
of REVit is significantly positive, which indicates total revenue increases the company debt financing
availability. Among the governance variables, the regression coefficients of DEBT_RATIOit and INDEit

are significantly negative, indicating that the debt asset ratio and number of independent directors reduce
the company debt financing availability. The regression coefficient of TOP10it is significantly positive,
indicating that the higher the concentration of equity, the greater company debt financing availability.
The other variables are not significant in the model, and it is difficult to judge the specific impact effect.

5.2. The Moderating Role of Heavy Polluting Industries

After controlling the impact of year (YEARit), industry (INDUit) and region (CITYit), the paper
uses fixed-effects model and adds interaction term of PM2.5it *POLLUTE it to estimate the model (4)
and model (5) to test the characteristics of heavy polluting industries to haze and company debt. The
moderating effect of the company debt financing relationship is shown in the Table 7, the Chi-square
statistics with degree of Hausman test are exceeded by the critical value at the 1% significance level
(P Value = 0.000). Therefore, we reject the null hypothesis and conclude that the fixed-effects model
approach performs.

When talking about impact of haze on company debt financing demand, we can see that the
coefficient of haze PM2.5it is significant positive at the 1% level, and the coefficient is 1.436. After
introducing the interaction of PM2.5it *POLLUTEit, the coefficient of interaction is significantly negative
at a 1% level, and the coefficient is −0.727, indicating that the characteristics of heavy polluting
industries have an inhibitory effect on the positive relationship between haze and the demand of
company debt financing, that is, the characteristics of heavy polluting industries inhibit the positive
impact of haze on the demand of company debt financing.

When talking about impact of haze on company debt financing availability, we can see that
coefficient of haze PM2.5it is 0.112, which is positive and significant at 1% level. After introducing the
interaction of PM2.5it *POLLUTEit, the coefficient of interaction is significant negative at the 5% level,
and the coefficient is −0.024, indicating that the characteristics of heavy pollution industries have an
inhibitory impact on haze and company debt financing availability. In summary, H3 is supported by
sample data.

In the control variables, the regression coefficient of SIZEit is significantly positive, indicating that
the larger the company size, the greater company debt financing demand and availability in heavy
polluting industries. The regression coefficient of REVit is significantly positive in model 1 and not
significant in model 2, which indicates that total revenue only increases the company debt financing
demand in heavy polluting industries. The governance variables are not significant in the model, and
it is difficult to judge the specific impact.
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Table 7. Result of moderating effects of heavy polluting industries.

Fixed-Effects Model IFTG_ASSETit × 1000 LOAN_AVAILit × 1000

PM2.5it
1.436 *** 0.112 ***
(5.248) (6.002)

PM2.5it × POLLUTEit
−0.727 ** −0.024 **
(−2.397) (−1.183)

SIZEit
44.360 *** 31.333 ***

(3.288) (34.194)

GROWit
−0.002 −0.000

(−0.955) (−0.118)

REVit
−47.858 *** −0.882

(−4.911) (−1.332)

ROAit
2.106 −0.039

(1.363) (−0.368)

QUICit
52.326 *** −2.768 ***
(35.620) (−27.739)

DEBT RATIOit
−57.831 *** 0.699 ***
(−25.341) (4.510)

STATEit
−39.830 ** 2.154 *
(−2.177) (1.733)

TOP10it
3.181 *** −0.096 ***
(13.112) (−5.855)

INDEit
1.593 0.422

(0.292) (1.139)

DIR_CEOit
3.087 0.581 *

(0.607) (1.683)

EXCPit
9.893 −0.843

(1.220) (−1.530)

MGTit
46.206 2.789
(1.609) (1.430)

GDP_DIVit
5.952 0.839

(0.667) (1.384)

Constant
−158.823 −94.493 ***
(−1.441) (−12.618)

YEARit control control

INDUit control control

CITYit control control

N 7637 7637

adj.R2 0.321 0.388

F 182.143 244.248

Hausman test
(P Valve)

362.22
(0.001)

317.33
(0.000)

Note: ***, ** and * represent statistically significant at the 1%, 5% and 10% levels respectively; brackets are t values.

6. Robustness Test

6.1. Use Air Quality Level (AQLit) Instead of PM2.5 to Test the Impact of Haze on Company Debt Financing

The comprehensive index of ambient air quality calculated and published by China Environmental
Monitoring Station is as follows:
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AQLit = air quality level
= ∑(

SO2 Monitoring value (average)
SO2 Secondary standard value

+
NO2 Monitoring value (average)
NO2 Secondary standard value

+
PM10 Monitoring value (average)
PM10 Secondary standard value

+
CO Monitoring value (average)
CO Secondary standard value

+
O38h Monitoring value (average)
O38h Secondary standard value

+
PM2.5 Monitoring value (average)
PM2.5 Secondary standard value )

(5)

In the paper, PM2.5 is replaced by the monitoring data of air quality level (AQLit) issued by China
Environmental Monitoring Station as an dependent variable to test the impact of haze. The O38h is
ozone, in the ambient air quality standard (GB3095-2012), O38h is a major pollutant and the standard
limits are given. From fixed-effects model of Table 8, we can see that the coefficient of AQLit is 8.017
and it is positive and significant at the level of 5%, which shows that haze has a positive impact on the
demand of company debt financing, the results are consistent with the result of Table 5.

Table 8. Result of the impact of AQL on the demand of company debt financing.

IFTG_ASSETit × 1000 Fixed-Effects Model
Quantile Regression Model

QR_10 QR_25 QR_50 QR_75 QR_90

AQLit
8.017 *** 5.867 6.712 ** 7.981 *** 9.315 *** 10.132 ***
(4.416) (1.383) (2.111) (3.828) (3.748) (3.016)

SIZEit
12.611 *** 27.026 21.362 12.858 3.914 −1.560

(5.723) (1.514) (1.597) (1.464) (0.374) (−0.110)

GROWit
2.333 3.833 3.244 2.358 1.427 0.858

(1.273) (0.699) (0.789) (0.875) (0.444) (0.197)

REVit
0.550 1.738 1.271 0.570 −0.167 −0.618

(0.249) (0.129) (0.126) (0.086) (−0.021) (−0.058)

ROAit
21.169 *** 1.945 9.499 20.840 ** 32.767 *** 40.068 **

(3.290) (0.095) (0.616) (2.059) (2.719) (2.459)

QUICit
75.243 *** 85.517 *** 81.480 *** 75.419 *** 69.045 *** 65.143 ***
(30.758) (6.055) (7.699) (10.854) (8.344) (5.824)

DEBT RATIOit
−205.176 *** −72.774 −124.800 −202.906 *** −285.056 *** −335.338 ***

(−12.402) (−0.665) (−1.521) (−3.760) (−4.442) (−3.867)

STATEit
−36.060 * −59.692 −50.406 −36.465 −21.803 −12.828
(−1.868) (−0.894) (−1.008) (−1.112) (−0.558) (−0.243)

TOP10it
1.603 *** 1.464 * 1.519 ** 1.601 *** 1.687 *** 1.740 ***
(8.230) (1.801) (2.493) (4.007) (3.542) (2.702)

INDEit
10.842 ** 3.912 6.635 10.723 15.023 * 17.655
(2.232) (0.267) (0.604) (1.490) (1.751) (1.522)

DIR_CEOit
2.504 2.004 2.200 2.495 2.805 2.995

(0.470) (0.103) (0.151) (0.261) (0.246) (0.194)

EXCPit
−0.651 −4.667 −3.089 −0.720 1.773 3.298

(−0.250) (−0.376) (−0.332) (−0.118) (0.244) (0.335)

MGTit
41.924 37.352 39.149 41.846 44.682 46.419
(1.273) (0.432) (0.605) (0.986) (0.883) (0.679)

GDP_DIVit
−6.660 ** −9.594 −8.441 * −6.710 ** −4.890 −3.775
(−2.304) (−1.510) (−1.773) (−2.149) (−1.314) (−0.751)

Constant
−51.470 −11.25 −5.604 1.294 0.718 −0.0887
(−1.286) (−0.70) (−0.19) (1.27) (0.92) (−0.06)

YEARit control control

INDUit control control

CITYit control control

N 7637 7637

adj.R2 0.102 0.077 0.027 0.057 0.115 0.213

F 194.583 —— —— —— —— ——

Note: ***, ** and * represent statistically significant at the 1%, 5%, and 10% levels, respectively; brackets are t values.
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Quantile regression model is used to estimate the marginal effect of haze on company debt
financing availability. The results are shown in Quantile Regression of Table 8. The model controls
the impact of year (YEARit), industry (CITYit), and region (INDUit). In the panel quantile model, five
representative loci are selected: 10%, 25%, 50%, 75%, and 90%.

In quantile regression of Table 8, the regression coefficients of AQLit are all significant positive at
the quantile range of 25%, 50%, 75%, and 90% level, which indicates that haze has a positive impact on
the demand of company debt financing. Comparing the regression coefficients of AQLit of different
quantiles, which are rising steadily from 5.867 to 10.132. This shows that there is a marginal increment
trend of the positive effect between haze and demand of company debt financing, which confirms H1.

From fixed-effects model of Table 9, we can see that the coefficient of AQLit is significantly
negative at the level of 5%, and the coefficient is –1.931, which shows that haze has a negative impact
on the availability of company debt financing, the results are consistent with Table 7.

Table 9. Result of the impact of AQL on availability of company debt financing.

LOAN_AVAILit × 1000 Fixed-Effects Model
Quantile Regression Model

QR_10 QR_25 QR_50 QR_75 QR_90

AQLit
−1.931 *** −0.671 −1.203 −1.887 *** −2.467 *** −2.450 **

(−3.40) (−0.863) (−1.517) (−3.279) (−4.267) (−2.196)

SIZEit
1.666 ** 7.375 *** 16.131 *** 15.730 *** 8.914 ** 4.498 **
(2.42) (7.900) (16.373) (4.258) (2.097) (2.197)

GROWit
0.066 −1.207 −1.315 −3.466 *** −5.280 *** −4.401 **
(0.12) (−1.523) (−1.135) (−4.258) (−4.676) (−2.112)

REVit
3.761 *** −0.566 −3.019 ** −4.608 −10.517 * −18.124 ***

(5.44) (−0.556) (−2.370) (−1.347) (−1.915) (−3.540)

ROAit
1.556 2.901 −4.664 −10.339 *** −12.196 ** −22.575 ***
(0.77) (1.533) (−1.404) (−2.852) (−2.222) (−3.307)

QUICit
−0.747 −7.499 *** −9.510 *** −10.117 *** −9.037 *** −9.865 ***
(−0.98) (−7.670) (−8.105) (−8.470) (−8.491) (−4.245)

DEBT RATIOit
30.130 ** 111.890 *** 263.369 *** 411.625 *** 539.378 *** 612.912 ***

(5.82) (16.238) (25.667) (50.779) (38.620) (30.204)

STATEit
−0.815 −13.337 *** −18.594 *** −12.490 *** 5.566 * 15.846 **
(−0.14) (−4.612) (−6.609) (−3.512) (1.803) (2.474)

TOP10it
0.136 ** −0.277 *** −0.364 *** −0.244 *** −0.249 * 0.109
(2.23) (−3.687) (−3.720) (−2.612) (−1.919) (0.597)

INDEit
−4.549 ** −5.348 *** −3.152 −3.630 0.278 2.859
−2.99 (−3.177) (−1.193) (−1.089) (0.101) (0.876)

DIR_CEOit
1.215 2.291 2.666 3.091 0.972 −9.649 *
(0.73) (1.589) (0.972) (0.854) (0.258) (−1.941)

EXCPit
−1.231 0.609 −1.902 1.284 3.053 −2.458
(−1.51) (0.311) (−0.679) (1.611) (1.603) (−0.730)

MGTit
−4.317 16.895 *** 21.794 * 16.083 6.620 −27.034
(−0.42) (2.633) (1.694) (1.429) (0.504) (−1.447)

GDP_DIVit
3.944 ** 0.860 −1.584 −1.351 3.025 ** 3.897 *
(4.36) (0.759) (−0.957) (−0.768) (2.118) (1.775)

Constant
−32.650 ** −39.957 *** −77.337 *** −75.557 *** 15.901 167.450 ***

(−2.61) (−2.594) (−3.207) (−3.9997) (0.396) (3.594)

YEARit control control

INDUit control control

CITYit control control

N 7637 7637

adj.R2 0.0759 0.074 0.1666 0.2674 0.3119 0.3044

F 11.22 —— —— —— —— ——

Note: ***, ** and * represent statistically significant at the 1%, 5% and 10% levels respectively; brackets are t values.

In quantile regression of Table 9, the regression coefficients of AQLit are significantly negative at
the quantile range of 50%, 75%, and 90% level, which indicates that haze has a negative impact on the
availability of company debt financing. Comparing the regression coefficients of AQLit of different
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quantiles, which are decreasing steadily from −0.671 to −2.450, which shows that there is a marginal
increment trend of the negative effect between haze and availability of company debt financing and
confirms the H2.

From Table 10, we can see that when talking about impact of haze on company debt financing
demand, coefficient of AQLit is significantly positive at the 1% level, and the coefficient is 20.132. The
coefficient of AQLit *POLLUTEit is significantly negative at 5% level, and the coefficient is −6.461.
This indicates that the characteristics of heavy polluting industries have a negative impact on the
relationship of haze and the company debt financing demand. That is to say, the characteristics of
heavy polluting industries inhibit the positive impact of the demand of company debt financing, the
results are consistent with Table 7.

Table 10. Result of moderating effects of heavy polluting industries.

Fixed-Effects Model IFTG_ASSETit ×1000 LOAN_AVAILit ×1000

AQLit
20.132 *** 21.197 ***

(4.436) (6.886)

AQLit×POLLUTE it
−6.461 ** −7.636 **
(−1.232) (−2.147)

SIZEit
45.396 *** 316.255 ***

(3.382) (34.734)

GROWit
−0.002 −0.000

(−0.922) (−0.098)

REVit
−48.653 *** −9.978

(−4.991) (−1.509)

ROAit
2.182 −0.360

(1.413) (−0.344)

QUICit
52.279 *** −27.694 ***
(35.599) (−27.803)

DEBT RATIOit
−57.836 *** 7.032 ***
(−25.348) (4.544)

STATEit
−40.732 ** 20.738 *
(−2.226) (1.671)

TOP10it
3.154 *** −0.972 ***
(13.025) (−5.919)

INDEit
1.578 4.123

(0.289) (1.114)

DIR_CEOit
3.031 5.613

(0.596) (1.627)

EXCPit
9.950 −8.539

(1.227) (−1.553)

MGTit
47.276 * 28.951
(1.647) (1.487)

GDP_DIVit
−12.660 −9.944 *
(−1.513) (−1.752)

Constant
−82.267 −887.009 ***
(−0.819) (−13.022)

YEARit control control

INDUit control control

CITYit control control

N 7637 7637

adj.R2 0.103 0.194

F 182.376 246.382

Note: ***, ** and * represent statistically significant at the 1%, 5%, and 10% levels, respectively; brackets are t values.
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When talking about impact of haze on company debt financing availability, we can see that
the coefficient of AQLit is significantly positive at 1% level, the coefficient of AQLit *POLLUTEit is
significantly negative at 5% level, and the coefficient is −7.636. This indicates that the characteristics of
heavy polluting industries have an inhibitory impact on the relationship of haze and the company
debt financing availability. That is, the characteristics of heavy polluting industries inhibit the impact
on availability of company debt financing, and the results are consistent with of Table 7.

6.2. Propensity Score Matching

According to the Environmental Kuznets curve, there is an inverted-U-shaped relationship
between environmental pollution and income, the environmental pollution increases up to a certain
level as income goes up, then decrease. It can be seen, there is a certain endogenous nature between
air pollution and the operating conditions of companies from the macroeconomic point of view.
Therefore, in order to further eliminate the endogenous problem between air pollution and the
availability of company debt financing, we use the propensity score matching method (PSM) in
this paper learning from the research of Lim et al. [61]. As the World Health Organization (WHO)
believes that a PM2.5 of less than 10 is a safe value. For developing countries, WHO has developed
guidelines for three different stages. According to the provisions of the WHO and the actual situation
in China, we define PM2.5 greater than 50 as pollution in the paper. In this method, the groups
that PM2.5 is less than 50 (IF_ HAZEit = 0) are as control group and those that PM2.5 is greater than
50 (IF_ HAZEit = 1) are as treatment groups, which are used to test whether there were significant
differences between the companies without regional haze pollution and those with regional haze
pollution. The characteristics of the matching control group are designed to mitigate (but not eliminate)
interference with non-random selection. In the process of matching, logistic regression is used to
calculate the tendency value, we choose radius matching, and then the balance after matching is
evaluated to calculate the average intervention impact.

Table 11 shows that the statistical characteristics of control group and treatment group variables
are not significant after matching. This test further confirms the effectiveness of the matching strategy
in the paper. Table 12 reports results based on PSM samples. The table shows that the normalized
deviation (% bias) of most variables after being matched is less than 10, while most t-tests do not reject
the assumption that there is no systematic difference between the treatment group and the control
group. The standard deviation of most variables has been greatly reduced. This model further proves
that our empirical results are robust.
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Table 11. Covariate balance diagnosis.

Variable Unmatched Matched
Mean

% Bias % Reduct Bias
t-Test

V(T)/V(C)
Treated Control t p > t

SIZEit
Unmatched 9.509 9.553 −3.0 −1.30 0.194 1.22 *

Matched 9.521 9.510 0.7 76.1 0.34 0.737 1.05 ***

GROWit
Unmatched 0.458 0.453 0.5 0.22 0.825 1.02 ***

Matched 0.457 0.480 −2.2 −337.8 −0.99 0.321 0.81 *

REVit
Unmatched 9.174 9.247 −5.1 −2.21 0.027 1.38 *

Matched 9.199 9.180 1.4 73.6 0.61 0.539 0.93 *

ROAit
Unmatched 0.166 0.193 −9.3 −4.08 0.000 0.93 ***

Matched 0.166 1.673 −0.2 97.8 −0.10 0.917 1.25 ***

QUICit
Unmatched 1.341 1.399 −5.2 −2.27 0.023 0.97

Matched 1.343 1.364 −1.9 63.7 −0.88 0.381 0.90 *

DEBT
RATIOit

Unmatched 0.465 0.454 5.4 2.33 0.020 1.08 *
Matched 0.465 0.459 2.9 45.4 1.37 0.170 1.04 ***

TOP10it
Unmatched 55.675 55.962 −1.8 −0.76 0.447 1.08 *

Matched 55.704 55.327 2.3 −31.3 1.07 0.284 0.99

INDEit
Unmatched 3.200 3.152 7.8 3.39 0.001 1.04

Matched 3.198 3.215 −2.8 64.5 −1.27 0.205 0.90 *

DIR_CEOit
Unmatched 1.757 1.698 12.6 5.51 0.000 0.85 *

Matched 1.757 1.739 3.9 69.0 1.91 0.056 0.99

EXCP it
Unmatched 6.113 6.137 −2.6 −1.15 0.249 0.82 *

Matched 6.116 6.135 −2.1 20.2 −1.02 0.310 0.86 *

MGT it
Unmatched 0.050 0.056 −5.1 −2.24 0.025 0.97

Matched 0.050 0.054 −3.1 38.9 −1.47 0.142 0.95 ***

GDP_DIV it
Unmatched 5.469 5.567 −13.6 −5.85 0.000 1.44 *

Matched 5.469 5.482 −1.9 85.9 −0.85 0.393 1.12 *

Note: ***, ** and * represent statistically significant at the 1%, 5%, and 10%, levels respectively; brackets are t values.

Table 12. PSM results of the effect of haze on company debt financing.

Outcome variable = IFTG_ASSETit Mean Difference t-Statistics

IF_HAZEit = 1 0.093 0.014 2.100 **
IF_HAZEit = 0 0.079

Outcome variable = LOAN_AVAILit Mean Difference t-Statistics

IF_HAZEit = 1 1.886 0.246 3.040 ***
IF_HAZEit = 0 2.132

Note: ***, ** and * represent statistically significant at the 1%, 5% and 10% levels respectively; brackets are t values.

7. Conclusions

This paper takes the annual reports of A-share listed companies in Shanghai and Shenzhen Stock
Exchanges from 2007 to 2016 as a sample to test the relationship between haze and company debt
financing availability and founds that: First, haze has a positive impact on the demand of company
debt financing, and the positive effect is marginal increment. This shows that the haze pollution
increases excessive cash outflows and increases the capital demand of companies in China. Second,
haze has a negative impact on the availability of company debt financing, and the negative impact
is marginal increment, which shows that under the haze pollution, the companies take on large
amount of environmental compensation costs, capital costs, environmental liability liabilities, and high
operational risks, thus companies face a higher level of credit constraints. Third, the characteristics of
heavy polluting industries have weakened the impact of haze on company debt financing. During the
haze generation period, heavy polluting companies take on more environmental costs, which results
in cash outflow of companies, so that the bank’s credit evaluation of heavy polluting companies will
be reduced, and the debt financing of heavy polluting companies will be reduced.

Environmental problems have become increasingly serious in China, especially the problem of
haze pollution. This paper analyzes the influence of air pollution on enterprise management from
the perspective of companies debt financing and proved the availability of company debt finance
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has been accelerating and declining in the face of haze pollution especially in the heavy polluting
enterprise, which has issued an early warning to companies and requires companies to participate in
environmental protection and take the road of sustainable development. What’s more, this paper also
explains the reasons that companies participate in haze governance in some extent, and reveals the
necessity of financial institutions to implement green credit policy. Through this article, we can get
the following enlightenment. From one side, in order to improve debt financing capacity and realize
the sustainable development, companies should undertake environment responsibility actively and
improve the air quality proactively. Secondly, for financial institutions, the implementation of the green
credit policy should be carried out effectively, the environmental performance of companies should be
emphasized in the evaluation system, so that the companies with good environmental performance
can reduce the credit constraint level, and play a role in the supervision of the bank’s haze governance.

While this research provides a novel insight into the relationship between haze and the availability
of company debt financing, it has limitations which future studies are encouraged to overcome. First,
the paper is a new attempt to replace regional haze data as the company’s sewage data, but this
indicator also has limitations. Future research can consider using the environmental performance
disclosed by each company as a more precise indicator of corporate sewage data. In addition, how to
choose better control variables and how to innovate research methods are worthy of further study.
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