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Air pollution, an influencing factor for decision-making behavior, is closely
related to company risk-taking, which affects high-quality economic
development. Based on a fixed effect model, using the panel data of non-
financial listed companies from China’s A-share markets from 2011 to 2019, this
study empirically analyzes the influence of air pollution on company risk-taking
and the moderating role of digital finance. The benchmark regression results
reveal that air pollution has a significantly negative impact on company risk-
taking. Mechanism analysis reveals that digital finance that is not “green
development-oriented” can strengthen such relationship. The results of the
heterogeneity analysis demonstrate that the negative impact of air pollution on
risk-taking is more significant within private companies and those located in the
eastern and central regions. Digital finance impacts companies with strict
financing constraints more significantly. This study provides a reference for
reducing the negative impact of air pollution on high-quality economic
development.
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1 Introduction

The traditional economic development in China continues to heavily rely on the
consumption of petrochemical resources. This leads to serious air pollution, threatens
the human living environment, and hinders high-quality economic development.
According to the 2021 China Ecological Environmental Status Bulletin, only 64.3%
of 339 cities reach the country’s air quality standards. Air pollution seriously affects
people’s physical health and mental health (Feng et al., 2019; Dhimal et al., 2021; Sun C.
et al,, 2022; Zhang G. et al., 2022b; Lin et al., 2022). The World Health Organization
ranked air pollution at the top of the Ten Human Health Threats in 2021. Air pollution
can further impact consumption (Agarwal et al., 2021; Du et al, 2022), income
distribution (Zhou and Li, 2021), property prices (Sun and Yang, 2020), labor
welfare, and labor supply (Wang et al, 2021; Li and Li, 2022) at the
macroeconomic level. At the microeconomic level, companies form an important
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part of the social economy and have been affected by air
pollution in many aspects. Examples include debt financing
capacity (Tan J. et al, 2022b), company cash holdings (Tan
etal., 2021), location choices (Tang and Dou, 2021), and market
value (Su et al., 2017). Certain scholars focus on the influence of
air pollution on company management decisions from the
insights of innovation, capital-labor ratio, and investment
(Busch and Hoffmann, 2007; Li et al.,, 2021a; Liu B. et al.,
2021; Sun Y. et al., 2022). In the process of China’s economic
transition from the mode of traditional extensive growth to
high-quality development, it has become an important issue to
explore the mechanisms of how air quality affects micro
company decision-making behavior.

A company’s risk-taking level is a result of decision-
making behavior. The risk-taking level embodies the
willingness and tendency of a company to pay the price for
pursuing high profits and further reflects a company’s
preference for venture investment projects (Lumpkin and
Dess, 1996; Steul, 2006). An improvement in risk-taking
means that the company tends to choose high-risk
investment projects, rather than foregoing projects with
positive net present value (NPV) and risks (Shahzad et al,
2019; TanJ. etal., 2022). Reasonable risk-taking can improve a
company’s core competitiveness, which is conducive to long-
term healthy and high-quality economic development (Vural-
Yavas, 2020). Existing literature extensively investigates the
internal and external influencing factors of company risk-
The
mechanisms (John et al, 2008; Jiraporn et al., 2015),

taking. former includes corporate governance
manager characteristics (Faccio et al., 2016; Teoddsio et al.,
2021), and company characteristics (Teodora, 2010; Faccio
et al., 2011); the latter comprises uncertainty (Tran, 2019),
cultural tradition (Li et al., 2013; Diez-Esteban et al., 2019),
macro policy (Ljungqvist et al., 2017; Langenmayr and Lester,
2018), and institutional environment (Boubakri et al., 2013b).
In the current stage of seeking high-quality economic
development, environmental problems are increasingly a
concern. Some scholars have studied the problems of
the of the
environment (Feng et al., 2017; Song et al., 2019; Zhang L.
et al., 2021; Zhang G. et al., 2022; Zhu and Xu, 2022; Lin and

Wu, 2022). However, to the authors’ knowledge, there are few

company management from perspective

studies on the change of company risk-taking from the
perspective of air quality. This study is focused on this
knowledge gap.

The willingness of a company for risk-taking is closely
associated with its financing channels and capabilities (Wen
et al, 2021). Digital finance is more technical than traditional
finance (Gomber et al., 2017). It assesses the characteristics of
companies in all respects through machine learning and other
algorithms, which reduces the financing costs caused by the
imperfection of the traditional financial market mechanism and
information asymmetry (Yang and Zhang, 2020; Liu Z. et al,,
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2021c). Digital finance, which helps address many of the
financing difficulties of companies (Ozili, 2018), has a
certain impact on company risk-taking. In addition, the
existing literature study the impact of digital financial on air
that digital
development inhibits air pollution (Zhao et al., 2021; Wang
F.etal, 2022), but others indicated that the influence of digital
finance on air pollution varies with its different levels, and

pollution. Some scholars found financial

shows an inverted U—shaped relationship (Li et al., 2021¢).
Therefore, the impact of digital finance on air pollution is still
controversial. To guide digital finance to play a positive role in
the

and  greenization,

coordinated
the
government has issued various policies. For example, the

improving air quality, and promote

development of digitalization
14th Five-Year Plan points out that green low-carbon, and
digital development should be accelerated. This paper further
explores the regulatory role of digital finance in the relationship
between air pollution and company risk-taking.

We use a fixed-effect panel data model to examine the impact of
air pollution on company risk-taking, and explore the moderating role
of digital finance on the relationship between air pollution and
company risk-taking. Robustness tests were performed to ensure
the robustness and reliability of the regression results. Considering the
differences in companies’ pollution degree, the economic
development levels where the companies are located, and
companies’ ownership attributes, the heterogeneity of air pollution
on the risk-taking level is discussed and analyzed.

This study makes three main contributions: 1) The influence
mechanism of company risk-taking is analyzed from the
perspective of an external environmental phenomenon—air
pollution, which supplements previous studies mainly focusing
on environmental regulation, green finance, and other
environmental policies (Zhou et al, 2018; Yan et al, 2021;
Chen and Zhao, 2022; Zhang Z. et al., 2022; Li et al, 2022;
Peng and Zheng, 2021). By examining the impact of air pollution
on risk-taking, this study provides important theoretical support
for improving air quality and promoting the coordinated
development of the environment and economy. 2) We adopt
a relationship framework between air pollution, digital finance,
and company risk-taking. It is shown that digital finance plays an
important role in regulating the relationship between air
pollution and company risk-taking. Our research focuses
more on the role of “green development-oriented” digital
finance in improving air quality and enhancing the level of
company risk-taking, which makes up for the deficiency of
traditional finance in this aspect. 3) The heterogeneity of the
impact of air pollution on company risk-taking is discussed and
analyzed based on the difference in companies’ pollution degree,
the economic development levels where the companies are
located, and companies’ ownership attributes. The research
results can provide a practical basis for improving air quality,
balancing resource endowment among different regions, and
formulating differentiated ownership policies.
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2 Literature review and research
hypothesis

2.1 Air pollution and company risk-taking

Air pollution mainly affects company risk-taking through
two aspects. First, air pollution can affect a manager’s emotion
and cognition, cause behavioral decision-making biases (Jo et al.,
2022), and then affect the level of company risk-taking. In the
long run, the healthy operation and development of companies
will be compromised. As far as the impact of air pollution is
concerned, rational executives exhibit the risk-averse tendency
and reduce investment in high-risk projects, inhibiting a
company’s risk-taking intentions. Jiang et al. (2022) showed
that air pollution affects earnings management by reducing
labor productivity and exacerbating negative emotions, leading
companies to shift real earnings management to accrual earnings
management to reduce financial risks. Tan et al. (2021) indicated
that air pollution can increase pessimism and weaken
management cognitive ability, which leads to poor company
operation. Therefore, companies tend to increase cash holdings
to prevent risk. There is also a negative association between air
pollution and the quality of financial reports, which reduces the
level of company risk-taking (Hu et al., 2021).

Second, air pollution reduces the level of company
innovation by increasing labor force capital, which further
lowers the risk-taking level. Risk-taking is an orientation of
decision-making behavior, and an intermediate process of
realizing innovation-driven development (Garcia-Granero
et al, 2015). Company innovation is essentially a venture
investment project (Tan, 2001). A company with a strong
innovation capacity usually has a high risk-taking level. People
presumably seek work in less polluted areas favorable to their
health and emotional well-being (Xue et al., 2021). Air pollution
has a significantly positive influence on executive payments
(Zhang L. et al., 2021a). In this case, the company often needs
more capital and replaces more low-quality laborers with fewer
high-quality laborers, to increase the capital-labor ratio and
maintain market competitiveness (Liu B. et al, 2021a). An
increase in labor force capital leads to a reduction in R&D
investment. Under the effect of human capital, a company’s
technological innovation ability and level of risk-taking are
reduced (Wang and Wu, 2020; Tan and Yan, 2021). Based on
the above two aspects, air pollution limits the risk-taking level of
companies. Therefore, we arrive at Hypothesis H1:

Hypothesis H1. Air pollution inhibits company risk-taking.

2.2 The moderating effect of digital
finance

With the development of the digital economy, digital finance
is an innovative financial model linking traditional finance and
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information technology. Digital finance encompasses a wide
range of financial services, financial products, financial
software, and novel channels of customer communication
provided by financial fintech and service companies (Ozili,
2018; Hasan et al, 2020). Digital finance plays an important
role in addressing companies’ risk problem (Liu B. et al., 2021).
Digital finance can offer more financial support to companies
through innovative, inexpensive, high-quality, and fast service
content and forms (Ravikumar, 2019). Sufficient financial
support is a necessary condition for a company to invest in
high-risk projects (Deng and Liu, 2019; Wang, 2022). The
willingness of a company to take risks is directly determined
by the financing constraints. Digital finance can ease the
financing constraints faced by companies, and then affect the
level of risk-taking (Cao et al, 2021; Lu et al, 2022). If the
financing constraint is weak and the availability of credit funds is
strong, a company will prefer to invest in high-risk projects, thus
elevating the level of company risk-taking (Ferris et al., 2017). In
addition, digital finance can also prevent liquidity imbalance and
capital structure problems (Yang and Zhang, 2020), promote
company innovation (Hsu et al., 2014; Pan et al., 2022; Zhao and
Wang, 2022), and increase information transparency and reduce
financial leverage (Ji et al., 2022) to enhance the level of company
risk-taking. It can be seen that digital finance has a positive
impact on company risk-taking. Therefore, we arrive at
Hypothesis H2:

Hypothesis H2. The development of digital finance promotes
company risk-taking.

Studies show that digital finance lowers the emission of
and PM2.5
technological innovation, capital allocation, and structural
adjustment (Muganyi et al., 2021; Zhao et al,, 2021; Shahbaz
et al,, 2022). Digital finance shortens the time and distance to

carbon dioxide, sulfur dioxide,

through

conduct financial activities, improve operation efficiency, and
simultaneously generates environmental benefits (Yang et al.,
2022). Shi et al. (2022) indicated that with the enhancement of
digital finance development, environmental pollution can be
effectively alleviated. Li et al. (2021¢) found that in the early
stage of digitization, carbon dioxide emissions continue to
increase, and when digitization reaches a higher level, carbon
dioxide emissions begin to decline. Chang (2022) believed that
digital finance can reduce agricultural carbon emissions through
its impact on farmers’ entrepreneurship and agricultural
technological innovation. Wan et al. (2022) indicated that
there is a significant negative correlation between digital
finance and pollutant emissions and the impact varies in
different regions. Yang et al. (2021) showed that there is a
certain threshold for the influence of digital finance on the
PM2.5 concentration. When the development of digital
finance is lower than the threshold, it has an inhibitory effect
on PM2.5 concentration; when the development of digital
finance exceeds a certain level, pollution will be reduced.
Wang et al. (2022b) pointed out that digital finance is
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conducive to haze reduction by enhancing regional innovation
capacity. Thus, there is no clear conclusion about the effect of
digital finance on air pollution.

To guide digital finance to play a positive role in improving
air quality and promote the coordinated development of
digitalization and greening, the government has issued various
policies. For example, the 14th Five-year Digital Economy
Development Plan points out that green development should
be promoted in the process of digital transformation. The 14th
Five-year National Informatization Plan puts forward leading the
greening with digitization. Studies have confirmed that if digital
finance can be oriented to improve environmental problems, it
can achieve the effect of reducing pollutant emissions and
improving company risk levels (Hong et al., 2021; Xing et al,
2021; Wang F. et al,, 2022; Chen et al., 2022). Therefore, if digital
finance development is “green development-oriented,” the
improvement in the digital finance development level will
weaken the inhibitory impact of air pollution on a company’s
risk-taking level. Conversely, digital finance will reinforce such a
relationship. Therefore, we propose Hypotheses H3a and H3b.

Hypothesis H3a. If the digital finance development is “green
development-oriented,” digital finance will weaken the inhibitory
impact of air pollution on company risk-taking level.

Hypothesis H3b. If the digital finance development is not
“green development-oriented,” digital finance will strengthen the
inhibitory impact of air pollution on company risk-taking level.

3 Research design
3.1 Data source and sample selection

Considering the availability of data related to air pollution,
development of digital finance, and company risk, we adopt the
panel data of non-financial listed companies' from China’s
A-share markets from 2011 to 2019 as the sample. We
eliminated ST- and *ST-listed companies, and companies with

1 According to category J (financial industry) of the National Economic
Industry Classification (GB/T4754-2011), financial companies are
divided into monetary financial services, capital market services,
insurance, and other financial services. Monetary financial services
are divided into monetary banking services and non-monetary
banking services. Other financial services are divided into financial
trust and management services, holding company services, and
other financial sectors not included. According to the economic
nature, money banking service financial companies are classified as
banking deposit financial institutions. Non-monetary banking service
financial companies are divided into banking non-deposit financial
institutions, loan companies, petty loan companies, and pawnshops.
Capital market service financial companies were classified as securities
financial institutions. Insurance financial companies were classified as
insurance financial institutions. Other financial companies were divided
into trust companies, financial holding companies, and other financial
institutions except pawnshops. Then the companies not in category J
(financial industry) were identified as non-financial listed companies.
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major variables missing. The air pollution index uses provincial-
level panel data from the Atmospheric Composition Analysis
the
PM2.5 concentrations on the earth’s surface. Digital finance

Group at Washington University to measure
adopts the Peking University Digital Financial Inclusion Index
of China at the provincial level. The data obtained from CSMAR
are calculated to measure company risk-taking. Data on the
nature of property rights are derived from the CCER database.
The industry to which the company belongs refers to the industry
code and industry category code in the Guidelines on Industry
Classification of Listed Companies stipulated by CSRC (revised
in 2012). To alleviate some endogeneity problems, this paper
matches the macroscopical air pollution and digital finance with
the microscopical company risk-taking to verify the impacts of
air pollution and the development level of digital finance on
company risk-taking.

The original samples were cleaned as follows: 1) we deleted
companies in finance industries since their supervision system
and reporting structure differ greatly from those of other
industries’; 2) we excluded ST and *ST companies because
their financial situation and transaction mechanisms are
abnormal; 3) some companies that have key variables missing,
including innovation, digital finance, and manager’s ability, were
abandoned; 4) samples with an asset-liability ratio higher than
100% (insolvency) were excluded; 5) to avoid the influence of
abnormal values on regression analysis, all the continuous
variables were 1% level winsorized. Statal5 was used to
conduct regression analysis on the screened sample of

12,545 companies.

3.2 Variable selection

3.1.1 Explained variable: Company risk-taking

A company’s level of risk-taking mainly refers to the ability to
take operational and financial risks. To date, the main
approaches used to measure company risk-taking level are
returns volatility and volatility of stock returns (Boubakri
et al., 2013b). Some scholars also adopted the debt ratio, the
possibility of company survival, R&D expenditure and capital
expenditure (Coles et al., 2006; Faccio et al., 2011). Return
volatility is the most classical method used in the academic
community to measure company risk-taking. Therefore, this
study referred to Acharya et al. (2011), the volatility (Risk1)

2 The financial statement preparation principles of financial listed
companies are different from those of real companies. Their
financial statement structure and major accounting items are
industry-specific. In addition, there are high capital flows in financial
companies, and the leverage ratio is high. But they do not create real
wealth. If they are compared and analyzed together with non-financial
companies, results are biased. Therefore, financial companies are
excluded and non-financial companies are used in the study.
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and range (Risk2) of return on total assets adjusted by the
industry average values during 3-year observation period were
used to measure company risk-taking. The specific calculation
process is as follows:

EBIT; 1 (& EBIT,
adjROA; = = 27‘ (1)
avgAssety nj Pt avgAsset;
= ] It 2

Riskl = \ﬁ ) adjROA ., ~ = ;adeOA,m T=3
(2)

Risk2 = Max (adjROA;, ad jRO A1, ad jROA;s1r-1)
—Min(adjROAy,ad jROA;.1,ad jROAr-1), T =3 (3)

Whereby, adjROA;; represents the returns of total assets adjusted
by the industry average values of company i in the tth year. EBIT,
represents the earnings before interest and tax of company i in
the th year. avgAsset;, represents average assets of company i in
the tth year, namely the average of the sum of assets at the
beginning and the end of the tth year. j represents the industry to
which company i belongs. n; represents the number of
companies in industry j to which company i belongs in the
tth year. T represents the observation period. This study selected
a 3-years observation period, namely T = 3.

3.1.2 Explanatory variable: Air pollution

The central explanatory variable is the level of air pollution.
The existing studies mainly used PM2.5 concentration and air
quality index (AQI) to evaluate the level of air pollution.
Considering the data availability and the robustness of the
conclusions, data from the Atmospheric Composition
Analysis Group at Washington University were applied to
weigh the PM2.5 concentrations of the earth’s surface. The
level of air pollution was measured by the population-weighted
annual average of PM2.5 concentration. In the robustness tests,
the of

PM2.5 concentration was used to measure the level of air

geography-weighted annual average

pollution.

3.1.3 Moderating variable

The moderating variable is digital finance. The digital finance
at the provincial level from 2011 to 2019 that was compiled by the
Institute of Digital Finance of Peking University, was adopted to
weigh digital finance (Guo et al., 2020). It builds a digital finance
system from the digital financial depth, coverage, and the support
of services three dimensions, and has a wide range of use. In the
regression analysis, the development index of digital financial
inclusion was reduced 100 times.

3.1.4 Control variables

Following Li et al., 2021a the following five control variables
that affect company risk-taking in the regression analysis were
selected: 1) the variable Size reflects the company scale
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characteristics, and weighed by the form of the natural
logarithm of total company assets; 2) Growth represents the
increase rate of revenue and the variable Tobin represents Tobin
Q value. Both Growth and Tobin reflect the solvency of the
company; 3) Topl represents ownership concentration and
reflects the situation of company governance, and is measured
by the ratio of shareholding of the largest shareholder; 4) Indb
reflects the proportion of independent directors, which is
measured by the number of independent directors dividing to
the whole directors; 5) Dum reflects the nature of the company. If
the company is not state-owned, Dum = 0; otherwise, Dum = 1.
In addition, the industry fixed effect and year fixed effect were
controlled. Table 1 demonstrates the relevant variables.

3.3 Model specification

According to the theoretical mechanism analysis, it can be
seen that air pollution may be a key factor affecting company
risk-taking. However, whether this conclusion is tenable in
the current stage of economic development needs further
investigation. The sample data adopted in this paper are panel
data; the results of the Hausman test indicate that a fixed
effects model is needed (Hausman, 1978). Due to the different
situations of each province and industry, there may be either
missing variables that do not change with time or missing
variables that do not change with the industry. Therefore, a
fixed effect model (FE) with fixed industry and time is
considered. For testing the impact of air pollution on
company risk-taking, we adopt the EF model as follows:

Risk;; = ay + a; x AirPoll; + Z a; x Control;; + Z year

+ z ind + & (4)

Whereby i represents the company’s serial number, and ¢
represents the year’s serial number. The variable Risk

represents company risk-taking. AirPoll is the core
explanatory variable. Control represents the set of control
variables, including company scale (Size), ownership

concentration (Topl), increase rate of revenue (Growth),
Tobin Q value (Tobin),
directors (Indb), and company nature (Dum). ind and year

proportion of independent

represent industry fixed effect and year fixed effect. «
represents the intercept item. ¢ is the random interference
term. In view of the fact that the more serious the air
pollution, the more managers are inclined to make short-
sighted decisions, which results in a reduction in the level of
risk-taking. Therefore, we expect «a; in Model (1) to be
significantly negative.

Additionally, this paper continues to explore whether digital
finance moderates the association between air pollution and
of the
development level of digital finance has an important

company risk-taking. Regardless air  quality,
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TABLE 1 Description of variables.

10.3389/fenvs.2022.988450

The three-period rolling standard deviation of assets return ratio adjusted by industry
The three-period rolling range of assets return ratio adjusted by industry

The population-weighted annual average of PM2.5 concentration

The geography-weighted annual average of PM2.5 concentration

Referring to the digital financial inclusion index at the provincial level compiled by the Institute of Digital Finance of

The form of the natural logarithm of total company assets

The number of independent directors divides into the whole directors

Variables Meanings Measurements
Risk1 Company risk-taking
Risk2 Company risk-taking
Popw Air pollution
Geom Air pollution
Difi The digital financial inclusion index
Peking University

Size Company scale
Growth Revenue growth rate Annual growth ratio of revenue
Topl Ownership concentration The ratio of shareholding of the largest shareholder
Tobin Tobin Q value Tobin Q value
Indb The proportion of independent

directors
Dum Company nature

relationship with the financing constraints, which is closely
related to the growth of companies. Generally, the higher the
development level of digital finance, the lower the financing
constraints. The direct impact on company risk-taking is mainly
reflected in the capital needed to improve the level of company
risk-taking. However, when environmental factors are taken into
account, the digital finance development may lead to the loss of
core technical talents in company innovation. With that in mind,
the following model is constructed:

Risk;; = oy + oy x AirPolly + a, x Di fi;
+as x AirPolly x Difiy + Y a; x Controly + ¥ year
+ Z ind + &

If the company is not state-owned, Dum = 0; otherwise, Dum = 1

TABLE 2 Descriptive statistical characteristics of the main variables.

Variables Mean SD Min Median Max
Riskl 1.3210 0.7891 0.1858 1.1495 4.3146
Risk2 1.7828 0.8714 0.3241 1.6304 4.8698
Difi 2.2669 0.8633 0.3242 2.4095 3.7773
Popw 46.6869 15.6791 159000  46.2000 85.9000
Geom 39.0597 13.8986 13.7000 37.3000 72.9000
Tobin 2.1582 1.3680 0.9491 1.7041 9.1093
Growth 0.2641 04276 -0.2838  0.1310 2.4607
Indb 0.3764 0.0541 0.0000 03333 0.7500
Size 21.7369 1.0613 19.5850 21.6356 24.8844
Topl 0.3266 0.1385 0.0811 0.3061 0.7076
©) Dum 0.0249 0.1560 0.0000 0.0000 1.0000

Following on, a further examination of the moderating
role of financing constraints on the development level of
digital finance between air pollution and company risk-
taking will be undertaken. The following model is therefore
constructed:

Risk;; = a9 + oy x AirPolly + a x Difi;
+ a3 X AirPoll,-t X lel,t + oy X AirPolli, X SA,',
+ a5 X lelyt X SA;
+ ag x AirPolly x Difiy x SAy ) a; x Control;

4 Empirical results
4.1 Descriptive statistics

Table 2 The descriptive statistical characteristics of the main
variables. Results demonstrate that the average risk-taking level
(Risk1) of China’s non-financial listed companies is 1.3210. The
minimum and maximum risk-taking levels are 0.1858 and

+ Z year + Z,‘nd + e (6) 4.3146, respectively. The average of Risk2 is 1.7828, the
maximum is 4.8698, and the minimum is 0.3241. The

Whereby, SA represents the financing constraints faced by the descriptive statistical results of Riskl and Risk2 indicate large
company. In reference to Hadlock and Pierce (2010), differences in risk-taking levels among different companies. The

SA =—0.737 x Size + 0.043 x Size’—0.04 x Age. The variable
Age indicates for how many years the company is established.
With the increase of SA, the financing constraints of companies
become stronger. Therefore, we expect as to be significantly
negative in Model (6).
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average air pollution Popw (core explanatory variable) is 46.6869,
and the standard deviation is 15.6791, indicating large differences
in air pollution levels across different areas. The average
development level of digital finance (moderating variable) is
2.2669, the maximum is 3.7773, and the minimum is 0.3242,
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TABLE 3 Regression results for benchmark model.

(1) (2) (3) 4) (5) (6) (7)
Popw ~0.0126*** ~0.0127+ ~0.0127* ~0.0132**+ ~0.0132*+ ~0.0132*+ ~0.0118***
(~15.2460) (~15.2549) (~15.2285) (~13.2670) (~13.2046) (-13.2174) (~11.6875)
Dum ~0.0134 ~0.0111 -0.0098 ~0.0114 -0.0079
(-0.2191) (-0.1817) (-0.1592) (-0.1851) (-0.1299)
Size -0.0143 -0.0142 -0.0158 ~0.0348**
(~0.9647) (-0.9529) (~1.0482) (-2.2858)
Indb 0.1266 0.1326 0.1209
(0.6059) (0.6339) (0.5800)
Tobin -0.0040 -0.0108*
(~0.6417) (~1.7205)
Topl ~0.9732+
(-8.2413)
Constant 1.9112%% 2.3242%* 2.3242%* 2.6483** 2.5924%* 2.6477%* 3.1837%*
(48.8579) (5.2344) (5.2342) (4.7564) (4.5933) (4.6374) (5.5582)
Year FE No YES YES YES YES YES YES
Industry FE No YES YES YES YES YES YES
N 12,545 12,545 12,545 12,545 12,545 12,545 12,545
Adj. R2 0.0221 0.0573 0.0573 0.0574 0.0574 0.0575 0.0637

%, % and * imply significance at the 1, 5, and 10% levels, respectively.

indicating large differences in the development level of digital TABLE 4 Moderating effect of digital finance.
finance among different regions. ) @) 3)
Popw -0.0118* ~0.0100%% -0.0029*
4.2 Benchmark test (-11.6875) (~7.8536) (-1.8192)
Dif 0.0362* 0.2165%%

Table 3 reports the benchmark regression results of air (24319) (7.6965)
pollution and company risk-taking. Column (1) in Table 3 Popw* Dif 0.0039%
only controls the air pollution level (Popw). The results show (7.5466)
that the regression coefficient of Popw is -0.0126, and it is Size 0.0348" 0.0572%+ 0.0563%
significantly negative at the 1% level, which imply that (-2.2858) (32163) (-3.1740)
aggravated air pollution significantly reduces the company’s Indb 0.1209 0.0913 01139
risk-taking level. Thus, the aggravated air pollution level in (0.5800) (0.4371) (0.5471)
cities does not force companies to raise company risk-taking Tobin 0.0108* 0.0159% 0.0075
but instead weakens their incentive to take risks, which supports (-1.7205) (<2.4078) (-1.1282)
Hypothesis HI. Topl 09732 -09293%%+ -0.8673*%*

After controlling the year fixed effect and industry fixed (-82413) (L7.7803) (7.2641)
effect, Model (2) shows that the coefficient of air pollution Dum 0.0079 00022 0,006
(Popw) is -0.0127, which is still significantly negative, (<0.1299) (0.0351) (£0.1075)
demonstrating air pollution still has a strong inhibiting effect Constant 3 18379 350129 309204+
on company risk-taking. On one hand, air pollution leads to an (5.5582) (5.9759) (5.2374)
increase in internal and external governance costs for companies; Year FE YES VES VES
on the other hand, it damages the physical and mental health of Tndustry FE YES VES VES
employees, which is not conducive to company risk-taking. To N 12545 12,545 12,545
guarantee robust results, a stepwise regression of adding control Ad R2 0.0637 0.0642 0.0694

variables is performed. Following the addition of the control

variables of company nature (Dum), company scale (Size), the x4 and * imply significance at the 1, 5, and 10% levels, respectively.
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proportion of independent directors (Indb), Tobin Q value
(Tobin), and ownership concentration (Topl), the coefficient
of air pollution level (Popw) remains significantly negative. The
results are shown in Columns (3)-(7) of Table 3.

4.3 Moderating effect test

First, the overall effect of digital finance is discussed. The
regression results are shown in Table 4. Based on Model 1) in
Table 3, we add the indicator of the digital finance development;
the results are then demonstrated in Column (1) of Table 4. When
the results of both results are compared, the inhibitory impact of
air pollution (Popw) remains unchanged, which demonstrates the
robustness of the analysis. Correspondingly, digital finance (Dift) is
used to obtain the regression results of Column (2) in Table 4. As
shown in Column (2), the regression coefficient of the
development level of digital finance is significantly positive,
which indicates that the overall impact of the digital finance
development on the company’s risk-taking is significantly
The
consistent with existing studies (Ma and Du, 2021), which

positive. regression coefficient and significance are
means that digital finance improves the level of company risk-
taking through the advantages of resource effect and information
effect. In addition, digital finance can ease financing constraints or
motivate company innovation (Hsu et al., 2014; Cao et al., 2021; Lu
etal, 2022; Pan et al., 2022), which indirectly improves the level of
company risk-taking. Hypothesis H2 is therefore supported.
Second, this study examines the moderating effect of the
development level of digital finance on the relationship between
air pollution and company risk-taking. For this purpose, the
cross-term of air pollution and digital finance is added and the
regression results are shown in Column (3) of Table 4. We
explored the direct and indirect effects of digital finance on
company risk-taking. The value of the regression coefficient of
digital finance reflects the direct effect, and the value of the cross-
term coefficient of air pollution and digital finance reflects the
indirect effect. The cross-term coefficient of air pollution and
digital finance is significantly negative. This shows that the
development of digital finance has strengthened the negative
relationship between air pollution and company risk-taking. The
regression results confirm Hypothesis H3b, which shows that
when the development level of digital finance is not oriented by
green development, companies may be unwilling to take risks. In
previous studies, the effect of digital finance on pollution
with  better
development of digital finance have aggravated air pollution
(Yang et al,, 2021; Chen et al,, 2022). Therefore, the state has
also issued relevant policies such as the 14th Five-year Digital

reduction is not clear, and some regions

Economy Development Plan to guide the green orientation of
digitalization and to promote the coordinated development of
digitalization and greening. Therefore, when the development of
local digital finance is “not green-oriented,” it will strengthen the
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TABLE 5 Moderation effect of financing constraints.

(1) (2) (3) (4)
Popw ~0.0036 ~0.0056** ~0.0057*
(~1.3763) (~3.9668) (-1.7716)
Difi 0.1472%* 0.14770* 0.1255%*
(5.0763) (6.7554) (3.9754)
Popw*SA ~0.0019%* 0.0001
(-3.3493) (0.1444)
Difi*SA -0.0107 0.0087
(-1.5310) (0.7966)
Popw*Difi*SA -0.0007* ~0.0007**
(-6.9523) (-5.1814)
Size 0.0614* ~0.0249 0.0187 ~0.0038
(1.8894) (~0.9865) (0.8982) (~0.0603)
Indb 0.1169 0.0985 0.0914 0.0978
(0.5608) (0.4703) (0.4389) (0.4692)
Tobin -0.0105* ~0.0256*** ~0.0131** -0.0119*
(-1.6739) (-3.8678) (-1.9754) (-1.7797)
Topl -0.9326*+ ~0.9838*** ~0.9172%* -0.9064***
(-7.8532) (-8.1901) (~7.6926) (-7.5694)
Dum 0.0010 ~0.0144 ~0.0115 -0.0099
(0.0169) (-0.2347) (~0.1886) (-0.1618)
Constant 1.0056 2.2738%* 1.6855* 2.1287
(1.1605) (3.2981) (2.6149) (1.5237)
Year FE YES YES YES YES
Industry FE YES YES YES YES
N 12,545 12,545 12,545 12,545
Adj. R2 0.0647 0.0588 0.0686 0.0687

%% and * imply significance at the 1, 5, and 10% levels, respectively.

negative relationship between air pollution and a company risk-
taking.

Hypothesis H3b supposes that if the development of local
financial institutions is not green-oriented, the improvement of
digital finance will reinforce the negative relationship between air
pollution and company risk-taking. The possible mechanism is
that digital finance development without green orientation
reduces financing constraints and the willingness of the
company to take risks. Table 5 introduces the cross-term air
pollution level (Popw), development level of digital finance (Difi),
and financing constraint (SA). The cross-term coefficient of air
pollution level (Popw), development level of digital finance (Difi),
and financing constraint (SA) is significantly negative at the level
of 1%. This indicates that the stronger the financing constraint
faced by the companies, the more obvious the moderating effect
of regional digital finance on the negative relationship between
air pollution and company risk-taking. This demonstrates that
digital finance development without a green orientation reduces
both the financing constraints and the willingness of the
company to take risks.
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TABLE 6 Replace the variable of company risk-taking level.

1 2 (3
Popw -0.0150*** -0.0152%** -0.0152%**
(-14.7654) (~14.8439) (-14.8197)
Dum -0.0221
(-0.3615)
Size
Indb
Tobin
Topl
Constant 1.9080*** 2.3339%%* 2.3340*
(47.5234) (5.2511) (5.2511)
Year FE No YES YES
Industry FE No YES YES
N 12,545 12,545 12,545
Adj. R2 0.0207 0.0562 0.0562

%, % and * imply significance at the 1, 5, and 10% levels, respectively.

5 Robustness tests
5.1 Replacement of explained variables

Company risk-taking level adopts the three-period rolling
standard deviation of assets return ratio adjusted by industry
(Risk1) in the benchmark model. In the robustness test, the three-
period rolling range of assets returns ratio adjusted by industry
(Risk2) is used to replace the explained variable for re-estimating
the regression model. The regression results are shown in Table 6.
Column (1) only controls the variable of air pollution level
(Popw). The results show that the regression coefficient is
significantly negative, indicating that the air pollution level
significantly reduces the company’s risk-taking level. After
controlling the year fixed effect and industry fixed effect, it
can be seen from Column (2) that the regression coefficient of
air pollution (Popw) is —0.0152, which is still significantly
negative, indicating that air pollution (Popw) significantly
inhibits company risk-taking. To obtain more robust results,
the regression analysis was performed by the stepwise addition of
the following control variables: company nature (Dum),
company scale (Size), the proportion of independent directors
(Indb), Tobin Q value (Tobin), and ownership concentration
(Topl). The results in Columns (3)-(7) of Table 6 clearly show
that following the regressions, the coefficient of air pollution level
(Popw) remains significantly negative. The results of this study
are robust based on these tests.
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4) (5) (6) (7)
~0.0161%* ~0.0161* ~0.0163** ~0.0143*
(-12.8272) (~12.7633) (~12.8201) (~11.1135)
-0.0193 -0.0179 -0.0209 -0.0171
(-0.3157) (-0.2923) (~0.3401) (~0.2790)
-0.0196 ~0.0194 -0.0232 ~0.0392**
(-1.2878) (-1.2737) (~1.4898) (-2.5061)
0.1292 0.1399 0.1301
(0.6178) (0.6685) (0.6236)
-0.0077 -0.0138*
(-1.2277) (~2.1986)
~0.9573**+
(-8.0718)
2.7819%%* 2.7240%* 2.8461%* 3.3010%*
(4.9293) (4.7616) (4.9016) (5.6760)
YES YES YES YES
YES YES YES YES
12,545 12,545 12,545 12,545
0.0564 0.0564 0.0565 0.0625

5.2 Replacement of explanatory variables

The air pollution level in the benchmark regression model
is  the of
PM2.5 concentration (Popw). In the robustness test, the
geography-weighted annual average of PM2.5 concentration
(Geom) is used to replace the explanatory variable Popw, and
the regression model is re-estimated. Table 7 shows the

population-weighted ~ annual  average

regression results. Only the air pollution level variable
(Geom) is controlled for in Column (1). The results show
that the regression coefficient is significantly negative,
indicating that the air pollution level significantly reduces
the company’s risk-taking level. After controlling the year
fixed effect and industry fixed effect, it can be seen from
Column (2) that the regression coefficient of air pollution
(Popw) 1is -0.0153, which is still significantly negative,
indicating that air pollution (Popw) significantly inhibits
the company risk-taking level. To obtain more robust
results, the regression analysis is performed using the
stepwise addition of the following control variables:
(Dum), (Size), the
proportion of independent directors (Indb), Tobin Q value

company nature company scale
(Tobin), and ownership concentration (Topl). Following the
regression, the coefficient of air pollution level (Geom)
remains significantly negative. The results are shown in
Columns (3)-(7) of Table 7. This again verifies the

robustness of the regression results.
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TABLE 7 Replace the air pollution variable.

Geom

Size

Indb

Tobin

Topl

Constant

Year FE

Industry FE

N
Adj. R2

%, % and * imply significance at the 1, 5, and 10% levels, respectively.

(1)

~0.0151%*
(~14.8685)

1.9089**
(47.7409)
No

No
12,545
0.0236

)

~0.0153%*
(~14.9397)

2.3354*
(5.2616)
YES

YES
12,545
0.0560

3)

~0.0152**
(~14.9102)
-0.0287
(~0.4762)

2.3356*
(5.2617)
YES

YES
12,545
0.0560

TABLE 8 Re-test based on samples of heavy-polluting companies.

10.3389/fenvs.2022.988450

4) (5) (6) (7)
~0.0162*** ~0.0161* ~0.0162** ~0.0143*
(~12.8927) (~12.7556) (~12.8128) (-11.1077)
-0.0260 -0.0178 -0.0208 -0.0170
(-0.4315) (-0.2907) (~0.3389) (-0.2781)
~0.0194 ~0.0194 -0.0232 ~0.0392**
(-1.2721) (~1.2709) (~1.4877) (~2.5039)
0.1441 0.1538 0.1419
(0.7259) (0.7742) (0.7166)
-0.0077 -0.0138*
(~1.2306) (~2.2010)
~0.9571+
(~8.0700)
2.7769%* 2.7164%* 2.8392%%* 3.2950%*
(4.9292) (4.7529) (4.8938) (5.6702)
YES YES YES YES
YES YES YES YES
12,545 12,545 12,545 12,545
0.0561 0.0561 0.0562 0.0624

5.3 Re-test based on samples of heavy-

polluting companies

In contrast to non-heavily polluting companies, heavily-

polluting companies may have more of an incentive to

improve the “green” content of their products through

innovation, because of the adverse effects of tighter financial

control policies to tackle air pollution. Therefore, we took

heavily-polluting companies as samples for re-examination.

The results

shown

Table 8.

Heavily-polluting

companies are usually more motivated to take risks to

enhance their pollution control ability and to reduce the

negative impact that air pollution may impose on the

company risk-taking level. Table 8 shows that when compared

with the whole sample in the benchmark regression results, the

air pollution level has a weaker inhibiting effect on the risk-taking

level of heavily-polluting companies, and the moderating effect of

digital finance development is less significant.

5.4 Heterogeneity analysis

1 2) 3)
Popw -0.01137** -0.0037 -0.0006
(-6.4993) (-1.6178) (-0.2231)
Difi 0.1265%** 0.21487%*
(5.0136) (4.4218)
Popw* Difi -0.0019%*
(-2.1264)
Size 0.0894** 0.0121 0.0100
(2.9659) (0.3575) (0.2972)
Indb 0.0588 -0.0434 0.0184
(0.1657) (-0.1229) (0.0519)
Tobin 0.0318* 0.0140 0.0178
(2.5294) (1.0746) (1.3608)
Topl -0.2040 -0.0435 -0.0096
(-1.0418) (-0.2203) (-0.0484)
Dum 0.0109 0.0146 0.0101
(0.1112) (0.1493) (0.1028)
Constant 0.1693 1.1924 1.0281
(0.1760) (1.2183) (1.0479)
Year FE YES YES YES
Industry FE YES YES YES
N 3,122 3,122 3,122
Adj. R2 0.0538 0.0632 0.0649
%, 4% and * imply significance at the 1, 5, and 10% levels, respectively.
Frontiers in Environmental Science 10

5.4.1 Air pollution, regional development, and
company risk-taking

The gap in the level of economic development among the
western, central, and eastern regions of China is vast. Regions
with a high level of economic development and where risk-taking
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TABLE 9 Regression results of company regional heterogeneity.

1) 2 (3)
Eastern Central Western
Popw -0.00504** ~0.0065*** -0.0002
(-6.9619) (~3.2466) (-0.0638)
Size -0.0024 0.0073 -0.0297
(-0.1797) (0.2337) (-0.7254)
Indb 0.0349 0.1790 0.7742
(0.1626) (0.3411) (1.2380)
Tobin 0.0121 0.0306 0.0556**
(1.4515) (1.3594) (2.0312)
Topl ~0.7184*4%* ~0.6956*** -0.5845*
(-8.0111) (-2.6468) (-1.9043)
Dum -0.0119 -0.0715 0.0919
(<0.1071) (-0.7335) (0.4599)
Constant 195124+ 1.3991* 1.5433*
(5.7858) (1.8798) (1.6891)
Year FE YES YES YES
Industry FE YES YES YES
N 9,450 1744 1,351
Adj. R2 0.0423 0.0794 0.0576

%, 4% and * imply significance at the 1, 5, and 10% levels, respectively.

is lower are usually subject to serious air pollution. Therefore, to
assess the robustness of the regression results, this paper further
examined whether there is heterogeneity among different regions
on the impact of air pollution on company risk-taking. First, the
samples are divided into companies located in the western,
central, and eastern regions. Sub-sample regressions are then
carried out. Columns (1)-(3) of Table 9 show that the risk-taking
level of companies in the western region is less sensitive to air
pollution. By contrast, air pollution has a significantly negative
impact on a company risk-taking level in the eastern and central
regions and a greater negative impact on the companies in the
central region. On account of the different levels of economic
development and competitive environments in the eastern and
western regions, air pollution levels may vary significantly.
Because of the aggravation of air pollution, the company risk-
taking is reduced.

5.4.2 Air pollution, property nature, and
company risk-taking

A company’s risk-taking level not only relates to macro
factors but also to the unique characteristics of companies. To
further the
characteristics on the relationship between air pollution and

analyze heterogeneity impact of company
company risk-taking level, this section examines whether the
company risk-taking level differs based on property rights. The

test based on the nature of property rights divides the sample
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TABLE 10 Regression results of company ownership heterogeneity.
1 2

Non-state-owned State-owned

Popw —0.0049*** -0.0009
(-8.9614) (-0.2022)
Size -0.0044 -0.2105**
(-0.4936) (-2.4074)
Indb 0.0933 0.7826
(0.6092) (0.5983)
Tobin 0.0230*** 0.0038
(4.1303) (0.0376)
Topl -0.6856** -0.7235
(-10.6357) (-1.5274)
Constant 1.7467* 6.2509**
(6.7700) (2.6123)
Year FE YES YES
Industry FE YES YES
N 11,236 1,309
Adj. R? 0.0386 0.0389

x4 and * imply significance at the 1, 5, and 10% levels, respectively.

companies according to the nature of the actual controller.
Table 10 shows the results. It can be seen that air pollution
has a more significant effect on company risk-taking levels of
non-state-owned companies than state-owned companies. This
indicates a stronger marginal effect on non-state-owned
companies in the process of reducing company risk-taking levels.

6 Discussion

This paper obtains the data of non-financial listed companies
from China’s A-share markets from 2011 to 2019 as the research
sample and then assesses whether air pollution affects the
company’s risk-taking level through theoretical analysis and
empirical tests. A further mechanism analysis based on the
digital finance development level is conducted. The results
demonstrate three main findings: 1) air pollution has a
significantly negative impact on company risk-taking. This
conclusion remains stable after replacing the core explanatory
variable and the explanatory variable; 2) an improvement in
digital finance can meet a company’s capital requirements in
risk-taking. However, digital finance that is not “green
development oriented” can strengthen the negative impact of
air pollution on a company risk-taking; 3) moderating effect of
digital finance is more evident amongst companies with strict
financing constraints. The heterogeneity analysis further shows
that the level of the negative relationship between air pollution
and company risk-taking varies based on company nature,
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pollution levels, and regional development levels. This research
has important policy implications for understanding both
environmental  protection issues and the economic
consequences for companies.

This paper puts forward the following recommendations: 1)
The government’s priority is to fully consider the negative
impact of air quality on micro-economic entities, advocate
all

awareness,

for society to improve environmental
and further

development in the process of establishing and improving the

protection
increase the weight of green
high-quality economic development system. A good ecological
environment is conducive to high-quality development of
companies and contributes to the coordinated development
of environmental protection and economic society. 2) Air
pollution control policies should be formulated according to
the different development levels and environmental conditions
across regions. The eastern and central regions need to
formulate stricter environmental protection policies, whereas
vast land space and sparse populations in the western region
cause air pollution to have a lower impact on company risk-
taking. Because of the underdeveloped economy and the weak
environmental carrying capacity, the focus should be placed on
the control of air pollution in parallel with promoting economic
development. Furthermore, consideration should be given to the
fact that air pollution poses an obvious inhibiting effect on the
risk-taking level of private companies, and the risk-taking level
of private companies is higher than that of state-owned
companies. 3) Service quality of digital finance should be
actively improved. Government should formulate relevant
policies to guide digital finance to be green-oriented and
realize the coordinated development of digitalization and
greenization. Through the improvement of digital financial
service quality, it is beneficial for both better air pollution
situations and higher company risk-taking levels. In the long
term, the core competitiveness of enterprises will be further
strengthened, which contributes to healthy and high-quality
economic development.
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