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Abstract: In response to the global call for emission reduction, China has assumed international
responsibility for energy conservation and emission reduction by enacting several environmental
policies to save energy and reduce consumption. However, it is debatable whether the increased
uncertainty in environmental policies negatively affects firms’ emission reduction. Few studies have
examined this relationship based on micro-level data. Therefore, this study constructs a theoretical
framework of environmental policy uncertainty affecting firms” pollution emissions. Based on com-
prehensive data from the Chinese Industrial Enterprise Database, the Chinese Industrial Enterprise
Pollution Emission Database, and the Chinese Patent Database from 2002 to 2014, we empirically ana-
lyzed the impact of environmental policy uncertainty on firms’ pollution emissions. The results show
that (1) environmental policy uncertainty significantly aggravates the pollution emission intensity of
industrial enterprises; (2) environmental policy uncertainty inhibits the improvement of enterprises’
innovation capacity, reduces their human capital stock and foreign investment, and aggravates their
pollution emission; (3) environmental policy uncertainty has significant heterogeneity on enterprise
pollution emissions, that is, environmental policy uncertainty has a greater impact on non-export en-
terprises, large enterprises, young enterprises, capital-intensive enterprises, state-owned enterprises,
and enterprises in polluting industries and central regions. This study provides a useful reference for
the improvement of environmental policy and the green transformation of enterprises.

Keywords: environmental policy uncertainty; enterprise pollution emission; enterprise innovation;
human capital; the foreign investment

1. Introduction

Approximately four decades of economic growth made China the world’s second-
largest economy in 2010. However, this economic development brought in its wake serious
resource constraints, high levels of pollution by enterprises, and the degradation of the
ecosystem. According to the 2020 Report on China’s Ecological and Environmental Condi-
tions, only 59.9% of cities across the country have acceptable air standards, high pollution
emissions cause 1.2-1.4 million deaths annually [1], and direct and indirect economic losses
are pegged at 1-8% of China’s GDP [2]. As the Central Committee of the Communist
Party of China has proposed to strengthen socialist ecological civilization construction, the
government has issued a series of rules and regulations to promote enterprise emission
reduction, including the Action Plan for Air Pollution Prevention and Control (2013) [3],
the Implementation Regulations of the Environmental Protection Tax Law of the People’s
Republic of China (2017), and the Guiding Opinions on Building a Modern Environmental
Governance System (2020). Government regulations are an important measure to con-
trol the pollution discharge of enterprises. Given that the market is a dynamic process,
environmental policies need to be dynamically adjusted in real time according to factors
such as economic development and technological progress. These policies have, no doubt,
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effectively reduced the contradiction between economic development and enterprise emis-
sion reduction but have also increased the uncertainty of environmental policies. Research
suggests that environmental policy uncertainty itself may lead to economic decline [4].
Currently, China’s economy is in the transition phase, and environmental policy uncertainty
is an important feature of this period. However, few studies have focused on whether an
increase in environmental policy uncertainty impacts enterprise emission reduction. It
is rarely mentioned in the existing literature. In the context of the green transformation
development of enterprises, research on environmental policy uncertainty and enterprise
emission reduction has immense theoretical and practical significance.

1.1. Literature Review

In the context of the green transformation and development of enterprises, enterprise
pollution emission has become a hot topic in academia. Additionally, government regu-
lation policy has an immense impact on enterprise pollution emission. If environmental
policies are stringent or frequent, the technological progress of enterprises will be hindered,
which will eventually lead to the development of enterprises [5]. Burtraw et al. [6] found
that government energy-saving and consumption-reduction policies significantly promote
enterprise emission reduction; additionally, they calculated the economic benefits generated
by enterprise emission reduction. Oueslati [7] proposed that carbon emission trading rights
and carbon taxes can significantly reduce carbon emissions; additionally, carbon emission
trading rights can promote the improvement of low-carbon technologies of enterprises and
enhance their market competitiveness [8].

1.1.1. Influencing Factors of Enterprise Pollution Discharge

Regarding the influencing factors of enterprise pollution discharge, the existing litera-
ture mainly focuses on technological innovation, human capital, and foreign investment.
The development experience of developed countries shows that technological innova-
tion can fundamentally solve the problem of excessive pollution emissions of enterprises
and improve the competitiveness of enterprises” products, and the improvement of green
innovation ability can help enterprises occupy market share [9]. When the intensity of
environmental regulation increases, the innovation potential of enterprises will be stimu-
lated to realize the coordinated development of environmental protection and the green
development of enterprises [10]. Popp [11] proposed that government innovation support
policies and enterprise innovation behavior can form a complementary situation. Gov-
ernment innovation support policies can motivate enterprises toward green production
and improve enterprises” pollution discharge technology, in addition to promoting the
reduction in enterprises” pollution emission intensity. Additionally, Porter [12] suggested
that companies seek new technologies to reduce emissions and pollution costs.

Human capital—an important aspect of economic efficiency and green development—
influences the maximization of resource utilization efficiency and breaking through the
constraint of diminishing marginal returns. Investing in enterprise human capital en-
hances the quality of managers and laborers, thereby improving the energy utilization
efficiency of enterprises. When enterprise human capital stock is high, it can significantly
improve the absorption capacity and application ability of energy-saving technologies [13].
Kurtz et al. [14] used sample data from different countries to find that human capital
can significantly improve the energy utilization efficiency of enterprises and reduce the
unintended output in the production process. Lan et al. [15] identified that regional en-
terprises with low human capital are more prone to the “pollution paradise hypothesis.”
Lan and Munro [3] found that human capital transcends the constraint of diminishing
marginal returns through positive externalities and reduces the intensity of enterprise
pollution emission.

The influence of foreign investment on enterprises” pollution emissions has not been
determined yet, and research has mainly focused on the “pollution paradise hypothesis”
and “pollution halo hypothesis.” The pollution paradise hypothesis holds that foreign-
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funded enterprises tend to move to countries with weak environmental regulations. Here,
local enterprises engage in a vicious competition with transferring enterprises—most of
which are pollution-intensive industries—reducing investment in green technology to save
costs and increasing pollution emission intensity [16]. The pollution halo hypothesis holds
that foreign investment reduces enterprise pollution emission intensity. On the one hand,
when industrial transfer occurs in developed countries, foreign-funded enterprises often
have more advanced pollution discharge technologies and better management systems. The
competition encourages local enterprises to improve their own production technologies and
management systems through imitation [17]. On the other hand, the products of foreign-
funded enterprises are more environmentally friendly, and these enterprises require local
suppliers to adopt green and efficient production technologies to guarantee their product
advantage. At this time, foreign enterprises will provide advanced green production
technology and a perfect management mode to local suppliers, so as to strengthen the
spillover effect of advanced technology and reduce enterprise pollution emissions [18].

1.1.2. Discussion about Environmental Policy Uncertainty

Existing studies on environmental policy uncertainty focus on its connotations and
impacts on enterprise investment, technological innovation, and economic development.
Uncertainty implies that actors make decisions without access to complete information,
and therefore, the specific impact of their decisions cannot be accurately predicted. When
the object of uncertainty is environmental policy, then environmental policy uncertainty is
formed [19]. Environmental policy uncertainty refers to the inability of economic entities
to accurately predict when, how, and whether the government will change the current
environmental policy. Since the central government proposed the comprehensive protection
of the ecology and environment, local governments have frequently adjusted environmental
regulations to reduce enterprise emission; so, the uncertainty of environmental policy has
become the main feature of the economic transition period [20]. Environmental policy
uncertainty is not a specific policy, but a measure of how often environmental policy
changes. The greater the value of environmental policy uncertainty, the more frequent
the government’s environmental policy changes. The uncertainty of environmental policy
has a negative impact on foreign investment, employment, and enterprise innovation.
When the environment shows a dynamic trend of change, it is difficult for enterprises to
predict future results, which increases the cost of enterprise decision making [21]. With the
deepening of China’s economic transformation, the influx of foreign capital, and stringent
environmental regulations, Chinese enterprises are facing increasing uncertainty [22].
Increased environmental policy uncertainty raises financial risks and incentivizes risk
avoidance, which pushes enterprises to reduce investment in pollution reduction and
aggravates pollution emissions [23].

1.1.3. Summary

To date, studies have been conducted on enterprises’ pollution emissions from the
perspectives of government regulation policies, influencing factors, the connotations of en-
vironmental policy uncertainty, and its influence on foreign investment, employment, and
enterprise innovation. However, little research has been performed on whether increasing
environmental policy uncertainty impacts enterprise pollution emissions. Additionally,
due to the lack of an effective micro-basis of macro-level research, the emission reduction
path of the macro-level influence mechanism acting on micro-enterprises is not clear. In fact,
how to deal with the increasing uncertainty of environmental policy is the basis and key to
understand the relationship between policy fluctuation and emission reduction at the macro
level. Therefore, based on the combined data of the China Industrial Enterprise Database,
China Industrial Enterprise Pollution Emission Database, and China Patent Database from
2002 to 2014, this study illustrates the impact and mechanism of environmental policy
uncertainty on enterprise pollution emissions from the perspective of micro-enterprises.
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2. Materials and Methods
2.1. Theoretical Model
2.1.1. Environmental Policy Uncertainty Worsens Enterprise Pollution Emissions by
Inhibiting Enterprise Innovation

Based on the research by Bloom, Bond, and Van Reenen [24], this study expounds how
the uncertainty of environmental policy affects the pollution emission of enterprises. It
is assumed that the production of enterprises in period t conforms to the Cobb—Douglas
production function, and the specific function form is as follows:

F=AKLPG P 1)

In Formula (1), A; refers to the production conditions of the enterprise, mainly in-
cluding its own production conditions and external factors; K; is the capital stock of the
enterprise; L; is the labor stock of the enterprise; and Gy is the knowledge stock of the
enterprise. It is assumed that G; is proportional to the enterprise’s innovation capability
1, SO:

Gt =au+e 2)

At this point, the demand function faced by the enterprise is:

D, =BP 7 3)

where B is the demand shock faced by the enterprise. Based on the relationship between
demand and supply, the income function of the enterprise is as follows:
M(Ay, By, Ki, Lt,Gr) = (A, K&, LY, th_“_ﬁ)l 'B) @)
— A}*'YB;YK?‘O*/\) Lf(l_'n Gt(l_"‘_lg)(l_'Y)
We defined X{ = Zt1 “7B/, where X indicates that the production and investment of
enterprises are affected by the uncertainty of environmental policies, making X! = f(A) =
(bA4+mn)?, b > 0. To judge the relationship between environmental policy uncertainty A
and innovation capability y, we further simplified the model along with the research ideas
of Bloom, Bond, and Van Reenen [24], assuming that capital K and labor L are completely
flexible and their variable costs are 0. We substituted Formula (2) into Formula (4), and the
return function is:
M(A, ) = K(bA+n)? (ap +m)' )

To a homogeneous equation:
M = Ko(bA +n) + (1 — ¢)(ap + m) (6)

The emission reduction in enterprise pollution is not only affected by the original
pollutant discharge Q* but is also closely related to the enterprise innovation ability. There
is a positive correlation between enterprise innovation capacity and emission reduction. S is
the influence coefficient of enterprise innovation capacity on enterprise emission reduction
(0 <s < 1). Additionally, the technological innovation of enterprises reduces the cost of
enterprises’ pollution emission; e is the proportion of the impact of technological innovation
on the cost of enterprises’ emission reduction (0 < e < 1). Additionally, the innovation cost of
enterprises is affected by the uncertainty of environmental policy and innovation capability.

Assume that the total cost of the enterprise is C, which mainly includes emission cost
C; and innovation cost C,, so:

C1=ep(Q" (1 —sp)) @)
Cy = Adu ®)
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In Formula (8), § measures the impact of environmental policy uncertainty on innova-
tion capability (6 < 0). Then, the total cost is:

C=C1+GC )

C=eu(Q"(1—su)) +Adu (10)

The total profit function of the enterprise is:
R =Ke(bA+n)+ (1 - ¢)(ap +m) —ep(Q" (1 —sp)) — Adu (11)
When profit is maximized, the first derivative of profit is 0, then:

68}1; =a(l—¢)—eQ" +2eQ"sy* —0A =0 (12)
According to Formula (12), the relationship between environmental policy uncertainty
A and enterprise innovation y is as follows:

oA 2esQ*
W o <0 (13)

According to Formula (13), the uncertainty of environmental policy will inhibit the
improvement of enterprises” innovation ability, whereas the technological innovation of
enterprises will promote the upgrading of industrial structure, improve energy utilization
efficiency, and further reduce enterprises” pollution emissions [25,26]. Therefore, envi-
ronmental policy uncertainty can inhibit enterprise innovation and aggravate enterprise
pollution emissions.

2.1.2. Environmental Policy Uncertainty Increases Enterprise Pollution Emissions by
Inhibiting the Increase in Human Capital Stock

The production function is adjusted on the basis of Formula (1), and the meaning of
the letters remains unchanged. The specific function form is as follows:

F= AKAGPL P (14)

The larger the inflow of labor, the larger the stock of human capital [27]. The specific
function form is as follows:
Ly=cl+¢ (15)

There is a positive correlation between the stock of human capital and emission
reduction, and s; is the influence coefficient of the stock of human capital on emission
reduction (0 < s1 < 1). Human capital can internalize technical knowledge to overcome the
diminishing marginal returns of production and reduce the cost of enterprise pollution
emission. ej is the proportion of human capital affecting enterprise emission reduction
cost (0 < e1 < 1). The cost of introducing human capital is affected by environmental policy
uncertainty and the effect of human capital promoting emission reduction.

Assume that the total cost of the enterprise is C, which mainly includes emission cost
C1 and human capital introduction cost Cy, so:

C1 =el(Q"(1—s11)) (16)
Cy = A&yl (17)

41 is to measure the impact of environmental policy uncertainty on the cost of intro-
ducing human capital (J; < 0). Through the derivation of Equations (9)—(12), it can be

concluded that:
oA o 26151Q*

ax 4

<0 (18)
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According to Formula (18), the uncertainty of environmental policy will inhibit the
improvement of enterprise human capital stock. The new economic growth theory states
that human capital can overcome the law of diminishing marginal returns on means of
production and then realize economic growth and enterprise emission reduction [28,29].
Therefore, environmental policy uncertainty can aggravate enterprises” pollution emission
by inhibiting the increase in enterprises’ human capital.

2.1.3. Environmental Policy Uncertainty Worsens Pollution Emissions by Inhibiting
Foreign Investment

The production function is adjusted on the basis of Formula (1), and the meaning of
the letters remains unchanged. The specific function form is as follows:

F = AGELPK P (19)

As foreign investment will increase the production and working capital of enterprises,
it is assumed that K; is proportional to the foreign investment of enterprises, and the
specific function form is as follows:

Ke=df+¢ (20)

The increase in foreign investment makes enterprises strict in the formulation of
environmental standards, and most multinational companies will implement international
environmental standards, thus reducing the pollution emissions of enterprises. The amount
of foreign investment is positively correlated with emission reduction, and s; is the influence
coefficient of foreign investment on emission reduction (0 < s; < 1). Foreign investment
can expand the production scale of enterprises to produce scale effect and reduce the
pollution emission cost of enterprises. ¢, (0 < ey < 1) is the proportion of foreign investment
affecting enterprise emission reduction cost, which is affected by both environmental policy
uncertainty and foreign investment income.

Assume that the total cost of the enterprise is C, which mainly includes emission cost
C1 and human capital introduction cost Cy, so:

C1 =ef(Q*(1 —s2f)) (21)
Cr = Aoof (22)

52(d < 0) is to measure the impact of environmental policy uncertainty on foreign
investment returns. Through the derivation of Equations (9)—(12), it can be concluded that:

*
oA _ ZEQSQQ <0 (23)
of* 1)

Increased foreign investment can significantly improve financial support for enter-
prises to reduce emissions. Additionally, foreign enterprises bring advanced emission
reduction technologies that facilitate the implementation of international environmental
standards in China. Moreover, by introducing green cleaning products from the home
country, foreign investment has a clean technology spillover effect on its upstream and
downstream industries, which is conducive to promoting emission reduction in domestic
enterprises. Therefore, environmental policy uncertainty can inhibit foreign investment
and aggravate the pollution emission of enterprises.

2.2. Mechanism Analysis

Currently, China’s economy is in a transition phase, and the government’s policy
environment is experiencing significant fluctuations. The main feature of this phase is
the increasing fluctuations and uncertainty of environmental policy. On the one hand,
advanced production and pollution discharge technologies require enormous human and
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material investment, whereas the positive externality of technological innovation reduces
the willingness of enterprises to invest in innovation. Additionally, environmental pol-
icy uncertainty intensifies the severe fluctuation of micro-enterprise performance, which
increases the difficulty of operation. Enterprise managers will avoid the uncertainty of
investment returns as much as possible because of their risk-averse and profit-oriented
mindset and pay more attention to short-term investment and investment with definite
returns. Then, they will reduce the investment in R&D [30]. Additionally, environmental
policy uncertainty reduces the willingness of enterprise managers to invest in innovation,
which lowers enterprise innovation ability [31]. On the other hand, the impact of such un-
certainty on the production and earnings of enterprises is unknown. Enterprises’ earnings
will also fluctuate because of the increased uncertainty of environmental policies. When the
fluctuation of enterprises’ earnings is high, information asymmetry between enterprises
and external investors increases accordingly, and creditors have difficulty predicting the
likelihood of recovery and may reduce their risk by raising loan rates, demanding guaran-
tees, or even not lending. Additionally, existing shareholders want to receive more cash
dividends in the case of unexpected circumstances caused by uncertainty, and potential
investors demand a higher risk premium, which leads to higher equity financing costs.
Therefore, the increased uncertainty of environmental policies increases the financing
difficulty of enterprises, forcing them to retain abundant cash to cope with the impact
of environmental policy uncertainties. The lack of funds reduces enterprises” innovation
investment willingness. Therefore, an increase in environmental policy uncertainty inhibits
the improvement of enterprise innovation ability. Advanced green production technology
can improve the energy efficiency of enterprises, help enterprises break the constraints
of resources and environment, and promote the reduction in enterprise emissions. In
summary, this study proposes Hypothesis 1.

Hypothesis 1 (H1). Environmental policy uncertainty can inhibit the improvement of enterprises’
innovation ability and aggravate enterprises’ pollution emission.

When the uncertainty of environmental policy increases, it induces enterprise man-
agers to make investments with definite short-term benefits. The tendency of enterprises
to choose investment projects with higher risks and less obvious short-term returns will
be weakened. The human capital investment of enterprises has the characteristic of not
having an obvious income effect, and relative to other factors of production, human capital
adjustment cost is low [32]. In order to cope with the unknown situation brought by the
uncertainty of environmental policies, enterprises are more inclined to keep more cash to
withstand the unknown risks they may face, and enterprises will reduce the investment
in human capital. Human capital input is mainly divided into employee training and
employee health input. When enterprises reduce employee training input, it is difficult for
employees to improve their working skills. At the same time, in order to reduce expenses,
enterprises will also increase the labor supply time of employees. Employees are also faced
with the risk of being fired and income reduction, which damages the physical and mental
health of employees. As a result, the healthy human capital of employees is reduced. When
the health of employees is damaged, their enthusiasm to participate in labor will also be
reduced. Additionally, the more unstable the enterprise environment, the stronger the
mobility of employees, which also makes the implementation of internal control more
difficult. It is difficult to maintain the stock of human capital effectively and stably. As
an important aspect of economic and efficient green development, human capital plays
a significant role in breaking through the constraint of diminishing marginal returns and
maximizes resource utilization efficiency. On the one hand, human capital can reduce the
increase in pollution emissions caused by low-level labor. A high level of human capital
can guide the transformation of a low-skilled labor force to a high-skilled labor force and
optimize the human capital structure of enterprises [33]. On the other hand, it promotes
technological innovation for emission reduction and gives full play to the energy-saving
production advantages of products, thus maximizing resource utilization efficiency and
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reducing the enterprise pollution emission intensity [34]. In summary, this study proposes
Hypothesis 2.

Hypothesis 2 (H2). The uncertainty of environmental policy increases the pollution emission of
enterprises by inhibiting the increase in human capital stock of enterprises.

The fundamental purpose of foreign investments is profit. When the uncertainty of en-
vironmental policy increases, it becomes difficult to accurately predict the income of foreign
investment. To maximize interests and avoid risks, investors tend to invest in enterprises
with clear and stable returns; they may even reduce investments in domestic companies
because it is difficult to accurately control the risk of investment returns. The uncertainty of
environmental policies has aggravated the fluctuation of enterprise performance and raised
the financing difficulty of enterprises, which has hindered the production and operation of
domestic enterprises. In the case of uncertain returns, foreign enterprises further reduce
investment to reduce risks, so the increase in environmental policy uncertainty reduces
foreign investment. Foreign investment has been a key component of economic growth
and an important means of transferring modern technology and providing employment
to host countries. Especially in recent years, inflows of foreign investment have become
more important than international trade [35]. Foreign investment can not only increase
the formation of resources and capital, but more importantly, it is an important channel
for transferring production technology, entering new international markets, improving
production capacity, and reducing unemployment—these are even more important for
developing countries. Increased foreign investment has made companies more stringent in
setting environmental standards. Most multinational companies implement international
environmental standards, which reduce their emissions. Moreover, foreign investment
can expand the production scale of enterprises to produce a scale effect and reduce the
cost of pollution emission. Therefore, with the increase in foreign investment resulting in
the spillover of green production technology, the enterprise pollution emission intensity is
reduced [36]. In conclusion, this study proposes Hypothesis 3.

Hypothesis 3 (H3). Environmental policy uncertainty worsens pollution emissions by inhibiting
foreign investment.

2.3. Models, Variables, and Data
2.3.1. Research Model

To verify the impact of environmental policy uncertainty on enterprise productivity,
the benchmark model is set as follows:

elijke = Po + Prepuijke + P2 Xijkr + Ai + Aj+ Ap + At + €ijp (24)

i indicates the enterprise, j indicates the industry, k indicates the region, and t indicates
the year. The explained variable ei represents the pollution emission intensity of enterprises,
and the core explanatory variable epu represents the uncertainty of environmental policy.
Xijkt is the control variable. A; represents the firm fixed effect, A; represents the industry
fixed effect, Ay represents the region fixed effect, and A; represents the year fixed effect. ¢;j;
is the random perturbation term.

2.3.2. Variable Selection
The Explained Variable Enterprise Pollution Emission Intensity

To measure the enterprise pollution emission intensity comprehensively and accu-
rately, in this study, the comprehensive index method was used. Based on data availability
and the harmfulness of pollutants, we mainly selected five individual indicators of indus-
trial wastewater: chemical oxygen demand, industrial waste gas, sulfur dioxide, smoke,
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and dust emissions to measure the intensity of enterprise pollution emission [37]. First, the
original data of these pollutant indicators are linearly standardized:

P()lnit — minpolnit

rpolyi; = : 25
POt maxpol,; — minpol,,;; @5
poly;; represents the emission of pollutant n from enterprise i in phase t. Max and min
indicate the maximum and minimum emissions of pollutant n by all enterprises each year.

Second, the adjustment coefficient of enterprise i pollutant # is calculated:

rp‘)lnit
rpoly;

Wit = (26)

Then, rpol,,; represents the average level of pollutant n discharged by all enterprises in
China. Finally, by combining Equations (25) and (26), the comprehensive index of pollution
emission of enterprise i can be obtained:

. 1
eijp = g(Z’POlnit X Wyit) (27)
n

The higher the value of ¢i, the greater the pollution emission intensity of the enterprise.

Core Explanatory Variable

The change in both external and internal environment increases the uncertainty of
environmental policy, which causes a fluctuation in the enterprise’s sales revenue [38].
Therefore, the uncertainty of environmental policy can be measured by the fluctuation
in the company’s sales income, and the standard difference in sales income can be used
to measure the uncertainty of environmental policy [39]. Ghosh and Olsen [40] used
the standard deviation of a company’s sales revenue to measure environmental policy
uncertainty to eliminate the natural sales income’s growth.

The ordinary least squares method was used in this study to estimate the abnormal
sales income of enterprises in the past three years.

Sale = @o + @1 Year + ¢ (28)

Sale is the sales revenue of the enterprise and Year is the year. If the participation
regression is the value of the past four years, then Year = 1; if participation regression
is the value of the past three years, then Year = 2, and so on. The regression residual of
Formula (28) is the abnormal sales revenue of the enterprise. The standard deviation of
abnormal sales revenue for the past three years is calculated, and the standard deviation by
is divided by the average sales revenue for the past three years to obtain the uncertainty of
environmental policy without industry adjustment. The calculated environmental policy
uncertainty is divided by the median of environmental policy uncertainty in the same
industry to obtain the environmental policy uncertainty (epu).

Moderating Variables

The moderating variables are enterprise innovation, human capital, and foreign in-
vestment. Enterprise innovation (ig) is measured by the total number of patents granted
per year; the existing literature suggests that employees without higher education are
usually not considered within the scope of human capital [41]. However, the Chinese
Industrial Enterprise Database only counted the educational level of employees in 2004,
so the proportion of employees with college degrees in 2004 was used to measure the
human capital of enterprises (r/zb). The amount of foreign investment in local enterprises
(100 million) was selected to measure foreign investment (f7).
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Other Variables

The selection of control variables mainly includes enterprise labor productivity (Ip):
to measure it, the total industrial value of the enterprise is divided by the total number
of employees (10,000/person); wage level (gzsp): to measure it, enterprise wages and
benefits are divided by the total number of employees (10,000/person); industrial structure
(is): it is measured by the ratio of regional secondary industrial output value to total
GDP; rationalization index (hlhzs): to measure it, the output value of each industry is
divided by the corresponding number of people to obtain the per capita output value of
each industry, and then the calculation results of each industry are added to obtain the
rationalization index of each region; the dummy variable of state-owned enterprises (s f gy):
1 for absolute state-owned holding, 0 for other cases; import and export enterprise (ex): if
the export delivery value of the enterprise is greater than 0, the ex value is 1; otherwise, 0;
enterprise size (qygm): if the number of employees exceeds 1000, the value is 1 for large
enterprises and 0 for small and medium enterprises; enterprise age (age): the enterprise age
is calculated by subtracting the establishment year from the current year; capital labor ratio
(zbld): to measure it, the total assets are divided by the number of workers (10,000/person);
industry category dummy variable (hyfI): industry category 0 indicates polluting industry,
and 1 indicates clean industry.

2.3.3. Data Source and Processing

The data source of this study was the combined data of the China Industrial Enterprise
Database, China Industrial Enterprise Pollution Emission Database, and China Patent
Database. The China Industrial Enterprise Database contains the information of all state-
owned enterprises and non-state-owned enterprises with an annual output value of more
than RMB five million in China, mainly including enterprise name, organization code,
legal representative, holding status, main business income, etc. The annual data volume
is as high as 340,000 pieces, and the content is detailed. The statistical output value of
enterprises accounts for more than 90% of the total output value of Chinese enterprises.
The pollution emission database of China’s industrial enterprises is the most reliable data
collected by the National Bureau of Statistics. It mainly collects statistics on enterprises
with serious pollution discharge in each region. The table primarily includes the enterprise
name, legal representative, organization code, wastewater, exhaust gas, and other pollution
discharge indicators. For the purpose of research, this study merged the above two kinds
of data. Firstly, the two kinds of data were processed according to the now commonly used
processing methods [42]. Second, the company name and year were matched with patent
data, and the matching data of the second and third steps were combined according to the
organization code and year, and the duplicate values were removed. The combined data
provided pollution emission information on enterprises with annual output values of more
than RMB five million. Finally, certain enterprises with business status, state-owned status,
enterprise size, industrial added value, or intermediate input missing, or negative values
were deleted.

The State Intellectual Property Office is the authoritative source of China’s Patent
Database, which mainly collects statistics on enterprises’ patent applications and autho-
rization over the years. The content of China’s Patent Database mainly includes the
enterprise name, organization code, invention patent, utility model patent, and design
patent. The data of the Chinese Patent Database, Chinese Industrial Enterprise Database,
and Chinese Industrial Enterprise Pollution Emission Database were combined using
the above-discussed matching method. Finally, the combined data of the Chinese Patent
Database, Chinese Industrial Enterprise Database, and China Industrial Enterprise Pol-
lution Emission Database were obtained. About 510,000 enterprises participated in the
empirical analysis.

As the latest statistical year of the China Industrial Enterprise Database is 2014, this
study used statistical data from 2002 to 2014 to conduct empirical regression. Table 1
shows the descriptive statistics of variables in this study. There is a significant difference
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in pollution emission intensity among enterprises, with the minimum value being 0.001
and the maximum value being 18.570. There is also substantial difference in environmental
policy uncertainty faced by enterprises, with the minimum value being 0.152 and the
maximum value being 16.350.

Table 1. Descriptive statistics of variables.

Variables Std. Dev Mean Min Max
ei 1.495 0.254 0.001 18.570
epu 1.877 1.589 0.152 16.350

Ip 0.256 0.011 0.001 90.340
gzsp 1.002 0.048 0.001 261.200

is 0.220 0.816 0.494 3.662

hlhzs 0.139 0.216 0.017 0.932

iq 9.310 0.002 0.001 3093

rlzb 0.053 0.030 0.001 0.277

fi 0.173 0.155 0.001 0.718

3. Results

3.1. Basic Regression Results

Table 2 shows the results of stepwise regression. The uncertainty of environmental
policy significantly aggravates the intensity of enterprise pollution emission. On the one
hand, the increasing uncertainty of environmental policies aggravates the risks faced
by enterprises, which then tend to keep more cash to cope with possible shocks [43].
Enterprise pollution investment needs to introduce a large amount of advanced purification
equipment and environmental protection talents, but emission investment generally has
the characteristics of low early return and high risk. This further dissuades enterprises from
upgrading production emission technology and introducing human capital. On the other
hand, the increasing uncertainty of environmental policies makes it difficult for foreign
investors to accurately predict their investment returns. The operating and financial risks
of enterprises increase significantly, leading to the reduction in foreign investment and
the external financing ability of enterprises, and lowering the investment of enterprises
in sewage discharge equipment. Finally, the increase in environmental policy uncertainty
significantly intensifies the pollution emission intensity of enterprises.

Table 2. Stepwise regression results.

(1) (2) 3) @) (5)
Variables - . . . .
ei ei ei ei ei
epu 0.017 *** 0.017 *** 0.017 *** 0.017 *** 0.017 ***
(0.002) (0.002) (0.002) (0.002) (0.002)
Ip 0.235 *** 0.302 *** 0.302 *** 0.302 ***
(0.016) (0.025) (0.025) (0.025)
gzsp —0.017 *** —0.017 *** —0.017 ***
(0.005) (0.005) (0.005)
is 0.191 *** 0.113 ***
(0.029) (0.031)
hlhzs —0.615 ***
(0.089)
Enterprise Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes
Time Yes Yes Yes Yes Yes
Reigon Yes Yes Yes Yes Yes
Obs 204,355 204,318 200,585 200,585 200,585
R-squared 0.040 0.041 0.042 0.042 0.042

Note: *** denote the significance at 1% levels.
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3.2. Heterogeneity Analysis
3.2.1. Enterprise Export Status Heterogeneity

We divided enterprises into exporting and non-exporting enterprises and investigated
whether the impact of environmental policy uncertainty on enterprise pollution emissions
is heterogeneous because of the different export statuses of enterprises. As can be seen from
Columns (1) and (2) of Table 3, the environmental policy uncertainty of both export and
non-export enterprises has a significant positive impact on enterprise pollution emission
intensity; however, the influence coefficient of non-export enterprises is greater than that
of export enterprises. On the one hand, export companies are forced to improve their
pollution techniques because their products are subject to stricter inspections abroad. On
the other hand, through “learning in export,” export enterprises obtain more advanced
sewage discharge technology and experience from abroad, which reduces the pollution
emission intensity of export enterprises. Therefore, environmental policy uncertainty has
little influence on the pollution emission intensity of export enterprises. However, the
relatively backward pollution discharge technology of non-export enterprises leads to
higher pollution discharge cost, and the pollution discharge of enterprises is significantly
affected by environmental policies. Therefore, when the uncertainty of environmental
policy increases, it impacts the pollution emission of non-export enterprises.

Table 3. Results of enterprise export status and size heterogeneity.

» (2 3) @

Vari Export Non-Export . . Small- and Medium-Sized
ariables . . Big Companies .
Enterprises Enterprise Enterprises
ei ei ei ei
epu 0.013 *** 0.017 *** 0.039 *** 0.003 **
(0.003) (0.002) (0.009) (0.001)
Co.n trol Yes Yes Yes Yes
variables
Enterprise Yes Yes Yes Yes
Industry Yes Yes Yes Yes
Time Yes Yes Yes Yes
Reigon Yes Yes Yes Yes
Obs 60,104 140,481 28,918 171,667
R-squared 0.020 0.051 0.115 0.038

Note: **, *** denote the significance at 5%, 1% levels, respectively.

3.2.2. Heterogeneity of Firm Size

Enterprises can be categorized as large- and small- and medium-sized enterprises
based on whether the number of employees exceeds 1000 according to the classification
standards of “Measures for The Classification of Statistically Large, Small and Medium-
sized Enterprises (2017).” We aimed to investigate whether the impact of environmental
policy uncertainty on enterprise pollution emissions is heterogeneous because of different
enterprise sizes. Columns (3) and (4) of Table 3 show that environmental policy uncer-
tainty has a greater impact on the pollution emission intensity of large enterprises. The
pollution emission intensity of large enterprises is generally higher than that of small- and
medium-sized enterprises. When the uncertainty of environmental policy increases, large
enterprises reduce their investment in emission reduction technologies and reserve more
cash to cope with possible shocks, because of which, their pollution emission increases.
Therefore, the pollution emission of large enterprises is greatly affected by the uncertainty
of environmental policy. Alternatively, small- and medium-sized enterprises have less
pollution emissions, and the increase in environmental policy uncertainty has less impact
on their pollution emissions.
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3.2.3. Enterprise’s Age Heterogeneity

Based on the median time of establishment, enterprises are divided into young and
old enterprises. Columns (1) and (2) of Table 4 show that environmental policy uncertainty
has a greater impact on the pollution emission intensity of young enterprises compared to
old enterprises. The establishment period of young enterprises is relatively short, and they
lack advanced sewage discharge equipment, abundant capital, and experience in dealing
with environmental policy uncertainty. Alternatively, old enterprises have relatively better
sewage discharge equipment, abundant sewage discharge capital, and greater experience
in dealing with environmental policy uncertainty. So, the impact of environmental policy
uncertainty on their pollution emission is less compared to that on young enterprises.

Table 4. Results of enterprise age and type heterogeneity.

(¥Y) (2) 3) 4)

. Younger Older Labor-Intensive Capital-Intensive
Variables E A . . .
nterprises Enterprises Enterprises Enterprises
ei ei ei ei
epu 0.018 *** 0.015 *** 0.002 0.031 ***
(0.003) (0.002) (0.002) (0.003)
Coin trol Yes Yes Yes Yes
variables
Enterprise Yes Yes Yes Yes
Industry Yes Yes Yes Yes
Time Yes Yes Yes Yes
Reigon Yes Yes Yes Yes
Obs 87,389 126,015 99,995 100,590
R-squared 0.026 0.058 0.031 0.048

Note: *** denote the significance at 1% levels.

3.2.4. Enterprise’s Type Heterogeneity

Based on the median capital labor ratio of enterprises, they are categorized as labor-
intensive and capital-intensive enterprises. Columns (3) and (4) of Table 4 show that
environmental policy uncertainty has a significantly positive impact on enterprise pollu-
tion emission intensity in the case of capital-intensive enterprises, but not in the case of
labor-intensive enterprises, in which environmental policy uncertainty has no significant
impact on enterprise pollution emission intensity. As labor-intensive enterprises are mostly
light industrial enterprises, their pollution emission intensity is relatively low. Alterna-
tively, capital-intensive enterprises, which are mostly heavy industrial enterprises, have
higher pollution emission intensity and are significantly affected by the uncertainty of
environmental policy. Therefore, when environmental policy uncertainty changes, it has
a greater impact on the pollution emission intensity of capital-intensive enterprises than
labor-intensive enterprises.

3.2.5. Enterprise’s Ownership Heterogeneity

Enterprises are divided into state-owned and non-state-owned enterprises depending
on whether they are state holding enterprises or not. Columns (1) and (2) of Table 5
show that the uncertainty of environmental policy has a greater impact on the pollution
emission intensity of state-owned enterprises, but a smaller impact on that of non-state-
owned enterprises. As profits or emission reduction in state-owned enterprises are mostly
affected by national policies, when the uncertainty of environmental policy changes, it
has a significant impact on the pollution emission intensity of state-owned enterprises.
Alternatively, non-state-owned enterprises are owned by private enterprises and foreign-
funded enterprises, and their pollution emission intensity is less affected by environmental
policy uncertainty.
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Table 5. Results of enterprise ownership and industry category heterogeneity.

(uh)] () 3) 4)

Variables State-OV\.med Non-State-pwned Clean Industry Pollutu}g
Enterprises Enterprises Industries
ei ei ei ei
epu 0.044 *** 0.004 *** 0.016 *** 0.018 ***
(0.007) (0.002) (0.005) (0.002)
an trol Yes Yes Yes Yes
variables
Enterprise Yes Yes Yes Yes
Industry Yes Yes Yes Yes
Time Yes Yes Yes Yes
Reigon Yes Yes Yes Yes
Obs 35,504 165,079 36,518 164,067
R-squared 0.069 0.023 0.123 0.022

Note: *** denote the significance at 1% levels.

3.2.6. Industry Category Heterogeneity

Companies are divided into clean and polluting enterprises according to their industry.
Columns (3) and (4) of Table 5 show that the uncertainty of environmental policy has
a smaller impact on the pollution emission intensity of clean enterprises compared to
polluting enterprises. As most clean enterprises are light industry and handicraft industry
enterprises, their environmental pollution emission intensity is low; so, when the uncer-
tainty of environmental policy increases, this has an insignificant impact on the pollution
emission intensity of clean industry enterprises. However, the pollution emission inten-
sity of enterprises in polluting industries is high. When the government’s environmental
regulation intensity is low, the pollution emission of enterprises is high, and when the
government’s environmental regulation intensity is high, enterprises reduce their pollution
emission. Therefore, when the uncertainty of environmental policy increases, it has a
greater impact on the pollution emission intensity of enterprises in polluting industries.

3.2.7. Region heterogeneity

China is divided into eastern, central, and western regions to study whether the
environmental policy uncertainty in different regions has different effects on enterprises’
pollution emission intensity. The results are shown in Table 6. Due to the better economic
foundation in the eastern region, the government will force enterprises to update pollution
equipment when the intensity of environmental regulation increases. Then, enterprises
recruit a large number of scientific and technological innovative talents, so the enterprises’
pollution emission technology in the eastern region is more advanced. At the same time,
some polluting enterprises in the eastern region choose to migrate to the neighboring
central region due to the increase in emission costs, so the enterprises’ pollution emission
intensity in the central region is more serious. When environmental uncertainty is increased
due to the policy change, its impact on the enterprises” pollution emission intensity in
the eastern region is low. On the one hand, the central region undertakes the transfer of
polluting enterprises in the eastern region, so the enterprises” pollution emission intensity
in the central region is higher. When the government’s environmental regulation intensity
is low, the pollution emission intensity increases. When the government’s environmental
regulation intensity increases, enterprises have to reduce the pollution emission intensity.
Therefore, the change in environmental policy uncertainty in the central region has a
greater impact on the pollution emission intensity. The development of the western region
is relatively backward, and the economy mainly depends on resource extraction enterprises,
which leads to high pollution emission intensity. Due to the inherent production nature
and enterprises’ development environment, it is difficult to reduce the pollution emission
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intensity in the western region. Therefore, when environment policy uncertainty increases,
the change in pollution emission intensity in the western region is still low.

Table 6. Results of enterprise ownership and industry category heterogeneity.

1) (2) 3)
Variables Eastern Region Central Region Western Region
ei ei ei
epu 0.013 *** 0.031 *** 0.015 ***
(0.002) (0.006) (0.007)
Control variables Yes Yes Yes
Enterprise Yes Yes Yes
Industry Yes Yes Yes
Time Yes Yes Yes
Reigon Yes Yes Yes
Obs 127,373 38,521 34,691
R-squared 0.032 0.044 0.036

Note: *** denote the significance at 1% levels.

3.3. Robustness Test
3.3.1. Transform Core Explanatory Variables

In this section, the uncertainty of environmental policy is re-measured to verify
whether its impact on enterprise pollution emission intensity is robust. The previous
article mainly refers to the Ghosh and Olsen [40] algorithm. Environmental policy uncer-
tainty is calculated based on abnormal sales income and standard deviation in the past
three years. In this section, three years of calculation are raised to five years, and the same
method is used to measure environmental policy uncertainty (epu1). Stepwise regression
results are shown in Table 7. It can be seen that the environmental policy uncertainty still
has a significant positive effect on the pollution emission intensity of enterprises, indicating
that this study’s conclusions are robust and reliable.

Table 7. Change the core explanatory variable—environmental policy uncertainty.

Variables @ ) 3) 4) (5)
ei ei ei ei ei
epul 0.014 * 0.015* 0.015* 0.014 * 0.015 *
(0.008) (0.008) (0.008) (0.008) (0.008)
Ip 0.343 *** 0.316 *** 0.316 *** 0.315 ***
(0.035) (0.047) (0.047) (0.047)
gzsp 0.013 0.013 0.013
(0.015) (0.015) (0.015)
is 0.152 *** 0.032
(0.059) (0.063)
hlhzs —1.221 ***
(0.226)
Enterprise Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes
Time Yes Yes Yes Yes Yes
Reigon Yes Yes Yes Yes Yes
Obs 64,776 64,763 62,785 62,785 62,785
R-squared 0.038 0.040 0.041 0.041 0.041

Note: *, *** denote the significance at 10%, 1% levels, respectively.

3.3.2. Transform the Interpreted Variable

The pollution emission intensity of enterprises mentioned above was measured using
the comprehensive index method. In this section, five single pollution emissions of enter-
prises are used to measure the pollution emission intensity of enterprises. The regression
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results are shown in Table 8. It can be seen that environmental policy uncertainty still
significantly promotes the improvement of the pollution emission intensity of enterprises,
indicating that the conclusions of this study are robust and reliable.

Table 8. Change the explained variable—pollution emission intensity of enterprises.

1) (2) (3) 4) (5)
. Discharge of Chemical Total' Sulfur Smoke and
Variables . Oxygen Industrial . .
Industrial Dioxide Dust
Demand Exhaust .. ..
Wastewater .. . . Emissions Emission
Emissions Emissions
epu 1.312 *** 0.370 ** 0.934 *** 1.188 *** 5.889 ***
(0.337) (0.180) (0.172) (0.204) (1.713)
Co.n trol Yes Yes Yes Yes Yes
variables
Enterprise Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes
Time Yes Yes Yes Yes Yes
Reigon Yes Yes Yes Yes Yes
Obs 177,652 192,764 82,159 191,119 147,529
R-squared 0.005 0.016 0.108 0.066 0.037

Note: **, *** denote the significance at 5%, 1% levels, respectively.

3.3.3. Eliminate the Sample of Entering and Exiting Enterprises

The entry and exit of enterprises in the sample period interferes with the impact
of environmental policy uncertainty on enterprise pollution emissions. Therefore, this
section deletes entering and exiting enterprises in the sample period for robustness tests.
The regression results are shown in Column (1) of Table 9. The influence coefficient of
environmental policy uncertainty on enterprise pollution emission intensity is significantly
positive, indicating that the research conclusions in this study are robust and reliable.

Table 9. Regression results of eliminate the entry and exit samples, adjust the sample period and Winsor.

(u))] () 3) @) (5)
Eliminate Delete the Time Add
Variables Entry Exit 2012-2014 Dummy Winsor . .
. Variable L.ei
Sample Variable
ei ei ei ei ei
epu 0.008 *** 0.046 *** 0.017 *** 0.018 *** 0.018 ***
(0.002) 0.004 (0.002) (0.002) (0.005)
Cop trol Yes Yes Yes Yes Yes
variables
Enterprise Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes
Time Yes Yes Yes Yes Yes
Region Yes Yes Yes Yes Yes
Obs 172,969 65,163 200,585 200,585 32,153
R-squared 0.048 0.031 0.042 0.047 0.039

Note: *** denote the significance at 1% levels.

3.3.4. Change Sample Period and Delete the Time Dummy Variable

In this study, macro-variables were controlled to eliminate the influence of time factor
on empirical results, but time factors may still have had an impact on the results. Robustness
was analyzed from two perspectives. (1) The sample period of this study was 2002-2014.
The State Environmental Protection Administration set up six inspection centers in 2006.
The Environmental Protection Law was introduced in 2008, and ecological progress was
proposed at the 18th National Congress of the Communist Party of China in 2012. To
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control the influence of these factors, only samples from 2012 to 2014 are used for regression
in this section. (2) We considered deleting the time dummy variable and substituting the
rest of the dummy variables into the regression model to control the influence of the time
effect. The results are shown in Columns (2) and (3) of Table 9. The influence coefficient of
environmental policy uncertainty on enterprise pollution emission intensity is significantly
positive, indicating that the conclusions of this study are robust and reliable.

3.3.5. Deleting Outliers

To eliminate the influence of outliers on regression results, variables were treated
with Winsor at the level of 1%. The regression results are shown in Column (4) of Table 9.
The influence coefficient of environmental policy uncertainty on enterprise pollution emis-
sion intensity is significantly positive, indicating that the research conclusions are robust
and reliable.

3.4. Endogeneity Test

As environmental policy uncertainty is caused by the fluctuation of national macro-
policy, and the micro-behavior of individual enterprises can hardly affect the macro-
environmental policy, there is almost no reverse causality between enterprise pollution
emissions and environmental policy uncertainty. Additionally, the fixed effects of enter-
prises, industries, regions, and years are strictly controlled in the empirical analysis of this
study, which effectively avoids the endogenous problems caused by omitted variables.
As eliminating the lag term of enterprise pollution emission intensity may affect the re-
sults, referring to Fang et al. (2015), this study added the variable L.ei into the regression
Formula [43]; the results are shown in Column (5) of Table 9. The significance of the
explanatory variables remains unchanged.

3.5. Mechanism Analysis

Based on the above theoretical analysis, environmental policy uncertainty can affect
the pollution emission intensity of enterprises in three ways: enterprise innovation, human
capital, and foreign investment. This section empirically tests the impact of environmental
policy uncertainty on enterprise pollution emission intensity through these three channels.
The specific model is as follows:

eijjke = Po + Prepuijn + P2ifijke + Paepuijke - iijke + PaXijke + Ai + Aj + Ap + Ar + € (29)
eljje = Bo + Brepuije + Parlzbijps + Baepujjke - 11zbijrs + PaXijie + Ai + Aj + Mg+ Ar + €ijig (30)
eijike = Po + Prepuijn + Pofiijke + Baepuijt - flijke + BaXijre + Ai + Aj 4+ Ap + Ar + € (31)

Formula (29) shows that environmental policy uncertainty affects enterprise pollution
emission intensity through firm innovation, Formula (30) shows that environmental policy
uncertainty affects enterprise pollution emission intensity through human capital, and
Formula (31) shows that environmental policy uncertainty affects enterprise pollution
emission intensity through foreign investment. The regression results are shown in Table 10.

Table 10. Mechanism test results.

1 2 3
Variables o 2 ©
ei ei ei
epu 0.017 *** —0.002 0.021 ***
(0.002) (0.032) (0.003)
iq 0.172 ***

(0.035)
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Table 10. Cont.

@ (V) (3)

Variables
ei ei ei
epu-iq —0.017 *
(0.009)
rlzb 5.088 ***
(1.445)
epu-rlzb —1.826 **
(0.710)
fi —0.248 ***
(0.067)
epu-fi —0.021 **
(0.010)
Control variables Yes Yes Yes
Enterprise Yes Yes Yes
Industry Yes Yes Yes
Time Yes Yes Yes
Reigon Yes Yes Yes
Obs 200,585 622 200,585
R-squared 0.043 0.140 0.043

Note: *, **, *** denote the significance at 10%, 5%, 1% levels, respectively.

3.5.1. Enterprise Innovation

The purpose of enterprise investment is profit maximization. With an increase in
environmental policy uncertainty, the silent risk of enterprise investment and innovation
also increases. Moreover, innovation investment is a project with high risk and a long
cycle, so enterprise innovation investment needs sufficient capital guarantee. When the
uncertainty of the environmental policy facing enterprises increases, the uncertainty of en-
terprise innovation investment income increases, and to reduce risks, enterprise managers
decrease investment in innovation. This lowers the innovation capacity of enterprises. As
can be seen from Column (1) of Table 10, the interaction coefficient between environmental
policy uncertainty and enterprise innovation is significantly negative. It reveals that envi-
ronmental policy uncertainty aggravates enterprises’ pollution emission by inhibiting the
improvement of enterprises’ innovation ability. Thus, Hypothesis 1 is verified.

3.5.2. Human Capital

According to the classical financial theory, when an enterprise faces greater uncertainty
in the external environment, it reserves more cash to cope with unknown shocks [44]. When
the uncertainty of environmental policy increases, enterprises expect that financing in the
capital market will be full of difficulties, the human capital input of enterprises has the
characteristics of longer term and less obvious income, and the adjustment cost is lower
than other factors of production. Therefore, enterprises decelerate the introduction of
human capital to retain more cash to cope with unknown impacts of environmental policy
uncertainty, which reduces the human capital stock of enterprises. Additionally, when
the environmental uncertainty of enterprises increases, enterprises tend to reduce their
operating costs in order to retain more cash to face possible future shocks. It is common for
enterprises to lay off employees, increase the labor supply time of employees, and reduce
salaries. Employees are faced with reduced income and increased labor intensity, which
will further increase the incidence of disease, thus damaging the healthy human capital of
employees. Column (2) of Table 10 shows that the interaction coefficient of environmental
policy uncertainty and human capital is significantly negative, indicating that environmen-
tal policy uncertainty aggravates enterprise pollution emissions by inhibiting the increase
in enterprise human capital stock. Thus, Hypothesis 2 is verified.
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3.5.3. Foreign Investment

The change in external environment is an important factor affecting foreign investment,
the main purpose of which is profit. When the uncertainty of investors’ profit expectation
increases, the opportunity cost of enterprise investment also increases, and foreign capital
flows to projects with more definite investment returns. Therefore, the increased uncer-
tainty of environmental policy reduces foreign investment expectations. Column (3) of
Table 10 shows that the interaction coefficient between environmental policy uncertainty
and foreign investment is significantly negative, indicating that environmental policy uncer-
tainty aggravates enterprises’ pollution emissions by inhibiting foreign investment. Thus,
Hypothesis 3 is verified.

4. Discussion

Based on the combined data of the China Industrial Enterprise Database, China
Industrial Enterprise Pollution Emission Database, and China Patent Database from 2002 to
2014, we empirically analyzed the impact of environmental policy uncertainty on enterprise
pollution emission.

4.1. Contribution

The marginal contributions of this study are as follows: First, at the research level, the
existing literature mainly discusses the impact of environmental regulations on regional
environmental pollution emissions from a macro-perspective; the micro-viewpoint is
the basis and key to understand the macro-perspective. From the perspective of micro-
enterprises, this study was mainly based on the Chinese Industrial Enterprise Pollution
Emission Database, and chemical oxygen demand, industrial waste gas, sulfur dioxide,
smoke, and dust emissions were selected to measure the intensity of enterprise pollution
emission. The composite index method makes the measurement result closer to the real
enterprise pollution emission intensity. It also systematically discusses the influence of
environmental policy uncertainty on enterprise pollution emissions to further refine the
existing research and establishes the micro-basic cognition of the relationship between
environmental policy uncertainty and enterprise pollution emissions. Thus, it makes up
for the deficiencies of existing research in the field of micro-enterprises.

Second, in terms of research content and perspectives: (1) from the perspective of in-
creasing environmental policy uncertainty, this article discussed the impact and mechanism
of environmental policy uncertainty on enterprise pollution emissions and provides a new
research perspective for enterprise pollution emissions; and (2) there is often summing bias
in regional summing data, which may cover up or change the real relationship between
variables in empirical tests, and as macro-research ignores the heterogeneity of enterprises,
it is difficult to investigate how enterprises” emission reduction behaviors with different
characteristics respond to environmental policy uncertainties. This article discussed the
heterogeneity of enterprise export status, enterprise size, enterprise age, enterprise type,
enterprise ownership, and enterprise industry category, which helps to form a compre-
hensive understanding of the relationship between environmental policy uncertainty and
enterprise pollution emissions.

Third, regarding the mechanism of action, the existing literature on the mechanism of
enterprise emission reduction is increasingly mature. However, from a new perspective of
environmental policy uncertainty and micro level, the effectiveness of these mechanisms
is questionable. Based on the theoretical model, this study revealed that environmental
policy uncertainty affects enterprise pollution emissions through three channels: tech-
nological innovation, human capital, and foreign investment. It further deepened the
understanding of the complete logical chain of environmental policy uncertainty to enter-
prise pollution discharge.

Forth, ordinary least squares was selected as the analysis method, and the interference
of time, industry, region, and individual was controlled, so that the correlation coefficient
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between environmental policy uncertainty and enterprise pollution emission intensity was
closer to the reality.

4.2. Limitations

The research still has certain limitations and should be further deepened. First, in
view of the limitations of research methods, this paper selected panel data to analyze the
heterogeneity of the Enterprise Pollution Emission Intensity and influencing factors in
China; however, it lacked an analysis of the dynamic evolution of space. In the future,
appropriate research methods will be selected to conduct a more in-depth spatial dynamic
analysis of the Enterprise Pollution Emission Intensity. Second, since the latest data were
only collected in 2014, if there are updated data in the future, we will further update the
data in the following study.

5. Conclusions

Based on the combined data of the China Industrial Enterprise Database, China
Industrial Enterprise Pollution Emission Database, and China Patent Database from 2002 to
2014, we empirically analyzed the impact of environmental policy uncertainty on enterprise
pollution emission. The results show that:

First, the impact of environmental policy uncertainty on enterprise emission reduction
was discussed theoretically and empirically. Second, the heterogeneity of environmental
policy uncertainty on enterprise pollution emission was discussed from the perspectives
of enterprise export status, enterprise size, enterprise age, enterprise type, enterprise
ownership, enterprise industry category, and different region. Finally, we empirically
examined whether environmental policy uncertainty can increase enterprise pollution
emissions by inhibiting enterprise innovation, human capital, and foreign investment.

The conclusions of this study are as follows: (1) The uncertainty of environmental
policy significantly intensifies the pollution emission intensity of enterprises and aggra-
vates regional environmental pollution. (2) Environmental policy uncertainty intensifies
enterprises’ pollution emission intensity through three transmission channels: enterprise in-
novation, human capital, and foreign investment. In other words, environmental policy un-
certainty intensifies enterprises’ pollution emission intensity by inhibiting the improvement
of their innovation ability, reducing their human capital stock, and discouraging foreign
investment. (3) Environmental policy uncertainty has significant heterogeneity on enter-
prise pollution emissions, that is, environmental policy uncertainty has a greater impact on
non-export enterprises, large enterprises, young enterprises, capital-intensive enterprises,
state-owned enterprises, and enterprises in polluting industries and central regions.

Policy Enlightenment

The conclusions of this study have enlightening significance for the adjustment of envi-
ronmental policy and enterprise green transformation. (1) The government should give full
play to the decisive role of the market in resource allocation, strengthen macro-regulation,
and reduce uncertainties in environmental policies. Currently, China needs enormous
external capital, new talent, and green technology to promote economic transformation
and upgradation. The government should build a stable economic environment to help
enterprises acquire foreign capital, advanced technology, and new talents, and accelerate
the transformation or elimination of high-pollution, high-consumption enterprises. (2) The
government should construct a stable and efficient compound environmental regulation
policy system. Although the government’s environmental regulation measures can curb
pollution emission by enterprises, the frequent introduction of environmental policies
increases environmental policy uncertainty, which inhibits enterprise innovation, human
capital, and foreign investment. Therefore, the government should maintain the sustain-
ability of local environmental regulation policies, effectively promote the coordination and
cooperation of heterogeneous environmental regulation tools, and reduce the negative
impact of environmental policy uncertainty on enterprise emission reduction. (3) In the
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process of policy formulation and implementation, the government needs to further refine
specific measures. Due to the significant heterogeneity of environmental policy uncertainty
on enterprise pollution emission, the government needs to formulate detailed measures. As
such, we will focus on monitoring pollution emissions of non-export enterprises and small
enterprises, so as to minimize the negative impact of environmental policy uncertainty on
enterprise emission reduction. In general, this study introduced a new research perspective
and microscopic evidence for the green transformation development of Chinese enterprises.

Author Contributions: Conceptualization, D.L. and ER.; data curation, Y.Z.; formal analysis, D.L.,
FER., Y.T. and Y.Z.; funding acquisition, ER. and Y.Z.; methodology, D.L., ER., Y.T. and Y.Z.; software,
Y.Z.; supervision, D.L. and Y.Z.; writing—original draft, D.L., Y.Z. and ER.; writing—review and
editing, D.L., ER., Y.T. and Y.Z. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the Doctoral Research Innovation Project of Zhongnan
University of Economics and Law [202110337]; the Philosophy and Social Science Fund project
of Hunan Province [21YBQO079]; the Scientific Research Project of Hunan Education Department
[19C0481]; the Postgraduate Scientific Research Innovation Project of Hunan Province [CX20210385].

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The Ministry of Ecology and Environment of the People’s Republic
of China (https:/ /www.mee.gov.cn/, accessed on 15 March 2022); the National Bureau of Statistics
(http:/ /www.stats.gov.cn/, accessed on 16 March 2022); China National Intellectual Property Admin-
istration (https:/ /www.cnipa.gov.cn/, accessed on 16 March 2022); China Patent Information Center
(http:/ /www.cnpat.com.cn, accessed on 17 March 2022). EPSDATA (https:/ /www.epsnet.com.cn/
index.-html#/, Home, accessed on 17 March 2022).

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References

1. Matus, K.; Nam, K.-M.; Selin, N.E.; Lamsal, L.N.; Reilly, ].M.; Paltsev, S. Health Damages from Air Pollution in China. Glob.
Environ. Chang. 2012, 22, 55-66. [CrossRef]

2. Crane, K.;; Mao, Z. Costs of Selected Policies to Address Air Pollution in China; RAND Corporation: Santa Monica, CA, USA, 2015.

3. Lan, J.; Munro, A. Environmental Compliance and Human Capital: Evidence from Chinese Industrial Firms. Resour. Energy Econ.
2013, 35, 534-557. [CrossRef]

4. Bloom, N. The Impact of Uncertainty Shocks. Econometrica 2009, 77, 623—-685. [CrossRef]

5. Jaffe, A.B.; Newell, R.G.; Stavins, R.N. Technological Change and the Environment. In Handbook of Environmental Economics;
Miler, K.G., Vincent, J.R., Eds.; Elsevier: Amsterdam, The Netherlands, 2003. [CrossRef]

6. Burtraw, D.; Krupnick, A.; Palmer, K.; Paul, A.; Toman, M.; Bloyd, C. Ancillary Benefits of Reducing Air Pollution in the U.S. from
Moderate Greenhouse Gas Mitigation Policies in the Electricity Sector. . Environ. Econ. Manag. 2003, 45, 650-673. [CrossRef]

7. Oueslati, W. Environmental Tax Reform: Short-Term Versus Long-Term Macroeconomic Effects. . Macroecon. 2014, 40, 190-201.
[CrossRef]

8.  Bergek, A.; Berggren, C. The Impact of Environmental Policy Instruments on Innovation: A Review of Energy and Automotive
Industry Studies. Ecol. Econ. 2014, 106, 112-123. [CrossRef]

9.  Rennings, K. Redefining Innovation—Eco-innovation Research and the Contribution from Ecological Economics. Ecol. Econ. 2000,
32,319-332. [CrossRef]

10. Dechezleprétre, A.; Sato, M. The Impacts of Environmental Regulations on Competitiveness. Rev. Environ. Econ. Policy 2017, 11,
183-206. [CrossRef]

11.  Popp, D. Induced Innovation and Energy Prices. Am. Econ. Rev. 2002, 92, 168-180. [CrossRef]

12.  Porter, M.E. America’s GreenStrategy. Sci. Am. 1991, 264, 193-246.

13.  Fu, X. China’s Path to Innovation: Foreign Direct Investment, Absorptive Capacity and Regional Innovative Capabilities:Evi-
Dence from China. Oxf. Dev. Stud. 2008, 36, 89-110. [CrossRef]

14. Kurtz, M.].; Brooks, S.M. Conditioning the “Resource Curse”: Globalization, Human Capital, and Growth in Oil-Rich Nations.

Comp. Pol. Stud. 2011, 44, 747-770. [CrossRef]


https://www.mee.gov.cn/
http://www.stats.gov.cn/
https://www.cnipa.gov.cn/
http://www.cnpat.com.cn
https://www.epsnet.com.cn/index.html#/
https://www.epsnet.com.cn/index.html#/
http://doi.org/10.1016/j.gloenvcha.2011.08.006
http://doi.org/10.1016/j.reseneeco.2013.05.003
http://doi.org/10.3982/ECTA6248
http://doi.org/10.1016/S0301-4215(03)00178-2
http://doi.org/10.1016/S0095-0696(02)00022-0
http://doi.org/10.1016/j.jmacro.2014.02.004
http://doi.org/10.1016/j.ecolecon.2014.07.016
http://doi.org/10.1016/S0921-8009(99)00112-3
http://doi.org/10.1093/reep/rex013
http://doi.org/10.1257/000282802760015658
http://doi.org/10.1080/13600810701848193
http://doi.org/10.1177/0010414011401215

Int. |. Environ. Res. Public Health 2022, 19, 9849 22 of 22

15.

16.
17.

18.

19.

20.
21.

22.

23.

24.
25.

26.

27.

28.
29.

30.

31.
32.

33.

34.
35.

36.

37.

38.

39.

40.

41.
42.

43.

44.

Lan, J.; Kakinaka, M.; Huang, X. Foreign Direct Investment, Human Capital and Environmental Pollution in China. Environ.
Resour. Econ. 2012, 51, 255-275. [CrossRef]

Levinson, A.; Taylor, M.S. Unmasking the Pollution Haven Effect. Int. Econ. Rev. 2008, 49, 223-254. [CrossRef]

Albornoz, E; Cole, M.A; Elliott, R.J.R.; Ercolani, M.G. The Environmental Actions of Firms: Examining the Role of Spillovers,
Networks and Absorptive Capacity. J. Environ. Manag. 2014, 146, 150-163. [CrossRef]

Christmann, P; Taylor, G. Globalization and the Environment: Determinants of Firm Self-Regulation in China. J. Int. Bus. Stud.
2001, 32, 439-458. [CrossRef]

Duncan, R.B. Characteristics of Organizational Environments and Perceived Environmental Uncertainty. Admin. Sci. Q. 1972,
17,313-327. [CrossRef]

Gulen, H.; Ion, M. Policy Uncertainty and Corporate Investment. Rev. Financ. Stud. 2016, 29, 523-564. [CrossRef]

Waldman, D.A; Javidan, M.; Varella, P. Charismatic Leadership at the Strategic Level: A New Application of Upper Echelons
Theory. Leadersh. Q. 2004, 15, 355-380. [CrossRef]

O’Connor, N.G.; Vera-Munoz, S.C.; Chan, F. Competitive Forces and the Importance of Management Control Systems in
E-Merging-Economy Firms:the Moderating Effect of International Market Orientation. Acc. Organ. Soc. 2011, 36, 246-266.
[CrossRef]

Bonaime, A.; Gulen, H.; Ion, M. Does Policy Uncertainty Affect Mergers and Acquisitions? . Financ. Econ. 2018, 129, 531-558.
[CrossRef]

Bloom, N.; Bond, S.; Van Reenen, ]J.V. Uncertainty and Investment Dynamics. Rev. Econ. Stud. 2007, 74, 391-415. [CrossRef]
Kemfert, C. Induced Technological Change in a Multi-regional, Multi-sectoral, Integrated Assessment Model (WIAGEM). Ecol.
Econ. 2005, 54, 293-305. [CrossRef]

Aghion, P.,; Dechezleprétre, A.; Hémous, D.; Martin, R.; Van Reenen, ].V. Carbon Taxes, Path Dependency and Directed Technical
Change:Evidence from the Auto Industry. J. Pol. Econ. 2016, 124, 1-51. [CrossRef]

Xia, Y.; Lu, M. The Footprint of Human Capital Across Cities over Centuries: Historical Inheritance, Policy Shock and Contempo-
rary Migration in China. Econ. Res. J. 2019, 54, 132-149. (In Chinese)

Grimaud, A.; Rouge, L. Carbon Sequestration, Economic Policies and Growth. Resour. Energy Econ. 2014, 36, 307-331. [CrossRef]
Poumanyvong, P.; Kaneko, S.; Dhakal, S. Impacts of Urbanization on National Transport and Road Energy Use:Evidence from
Low, Middle and High Income Countries. Energy Policy 2012, 46, 268-277. [CrossRef]

Chen, H.; Guo, W.; Feng, X.; Wei, W.D,; Liu, H.B.; Feng, Y.; Gong, W.Y. The Impact of Low-Carbon City Pilot Policy on the Total
Factor Productivity of Listed Enterprises in China. Resour. Conserv. Recycl. 2021, 169, 105457. [CrossRef]

Caggese, A. Entrepreneurial Risk, Investment and Innovation. J. Financ. Econ. 2012, 106, 287-307. [CrossRef]

Jung, B.; Lee, W.].; Weber, D.P. Financial Reporting Quality and Labor Investment Efficiency. Contemp. Acc. Res. 2014, 31,1047-1076.
[CrossRef]

Moretti, E. Workers” Education, Spillovers, and Productivity: Evidence from Plant-Level Production Functions. Am. Econ. Rev.
2004, 94, 656—690. [CrossRef]

Merz, M.; Yashiv, E. Labor and the Market Value of the Firm. Am. Econ. Rev. 2007, 97, 1419-1431. [CrossRef]

Sapkota, P.; Bastola, U. Foreign Direct Investment, Income, and Environmental Pollution in Developing Countries: Panel Data
Analysis of Latin America. Energy Econ. 2017, 64, 206-212. [CrossRef]

Al-Mulali, U.; Foon Tang, C.F. Investigating the Validity of Pollution Haven Hypothesis in the Gulf Cooperation Council (GCC)
Countries. Energy Policy 2013, 60, 813-819. [CrossRef]

Su, D.; Sheng, B. Industrial Agglomeration, Agglomeration Externalities and Firm Emission Reduction—New Micro-evidence
from China. China Econ. Q. 2021, 21, 1793-1816. (In Chinese)

Bergh, D.D.; Lawless, M.W. Portfolio Restructuring and Limits to Hierarchical Governance:the Effects of Environmental Uncer-
tainty and Diversification Strategy. Organ. Sci. 1998, 9, 87-102. [CrossRef]

Cheng, J.L.C.; Kesner, L.E. Organizational Slack and Response to Environmental Shifts: The Impact of Resource Allocation Patterns.
J. Manag. 1997, 23, 1-18. [CrossRef]

Ghosh, D.; Olsen, L. Environmental Uncertainty and Managers” Use of Discretionary Accruals. Acc. Organ. Soc. 2009, 34, 188-205.
[CrossRef]

Barro, R.J.; Lee, ].W. International Comparisons of Educational Attainment. . Monet. Econ. 1993, 32, 363-394. [CrossRef]
Brandt, L.; Van Biesebroeck, J.; Zhang, Y. Challenges of Working with the Chinese NBS Firm-Level Data. China Econ. Rev. 2014,
30, 339-352. [CrossRef]

Fang, L.H.; Lerner, J.; Wu, C. Intellectual Property Rights Protection, Ownership, and Innovation: Evidence from China. Rev.
Financ. Stud. 2017, 30, 2446-2477. [CrossRef]

Almeida, H.; Campello, M. Financial Constraints, Asset Tangibility, and Corporate Investment. Rev. Financ. Stud. 2007,
20, 1429-1460. [CrossRef]


http://doi.org/10.1007/s10640-011-9498-2
http://doi.org/10.1111/j.1468-2354.2008.00478.x
http://doi.org/10.1016/j.jenvman.2014.07.011
http://doi.org/10.1057/palgrave.jibs.8490976
http://doi.org/10.2307/2392145
http://doi.org/10.1093/rfs/hhv050
http://doi.org/10.1016/j.leaqua.2004.02.013
http://doi.org/10.1016/j.aos.2011.04.004
http://doi.org/10.1016/j.jfineco.2018.05.007
http://doi.org/10.1111/j.1467-937X.2007.00426.x
http://doi.org/10.1016/j.ecolecon.2004.12.031
http://doi.org/10.1086/684581
http://doi.org/10.1016/j.reseneeco.2013.12.004
http://doi.org/10.1016/j.enpol.2012.03.059
http://doi.org/10.1016/j.resconrec.2021.105457
http://doi.org/10.1016/j.jfineco.2012.05.009
http://doi.org/10.1111/1911-3846.12053
http://doi.org/10.1257/0002828041464623
http://doi.org/10.1257/aer.97.4.1419
http://doi.org/10.1016/j.eneco.2017.04.001
http://doi.org/10.1016/j.enpol.2013.05.055
http://doi.org/10.1287/orsc.9.1.87
http://doi.org/10.1177/014920639702300101
http://doi.org/10.1016/j.aos.2008.07.001
http://doi.org/10.1016/0304-3932(93)90023-9
http://doi.org/10.1016/j.chieco.2014.04.008
http://doi.org/10.1093/rfs/hhx023
http://doi.org/10.1093/rfs/hhm019

	Introduction 
	Literature Review 
	Influencing Factors of Enterprise Pollution Discharge 
	Discussion about Environmental Policy Uncertainty 
	Summary 


	Materials and Methods 
	Theoretical Model 
	Environmental Policy Uncertainty Worsens Enterprise Pollution Emissions by Inhibiting Enterprise Innovation 
	Environmental Policy Uncertainty Increases Enterprise Pollution Emissions by Inhibiting the Increase in Human Capital Stock 
	Environmental Policy Uncertainty Worsens Pollution Emissions by Inhibiting Foreign Investment 

	Mechanism Analysis 
	Models, Variables, and Data 
	Research Model 
	Variable Selection 
	Data Source and Processing 


	Results 
	Basic Regression Results 
	Heterogeneity Analysis 
	Enterprise Export Status Heterogeneity 
	Heterogeneity of Firm Size 
	Enterprise’s Age Heterogeneity 
	Enterprise’s Type Heterogeneity 
	Enterprise’s Ownership Heterogeneity 
	Industry Category Heterogeneity 
	Region heterogeneity 

	Robustness Test 
	Transform Core Explanatory Variables 
	Transform the Interpreted Variable 
	Eliminate the Sample of Entering and Exiting Enterprises 
	Change Sample Period and Delete the Time Dummy Variable 
	Deleting Outliers 

	Endogeneity Test 
	Mechanism Analysis 
	Enterprise Innovation 
	Human Capital 
	Foreign Investment 


	Discussion 
	Contribution 
	Limitations 

	Conclusions 
	References

