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The impact of environmental
taxes on economic benefits and
technology innovation input of
heavily polluting industries in
China

Zhengyan Wang, Naiping Zhu*, Jianuo Wang, Yingyun Hu and
Mwansa Nkana

School of Finance and Economics, Jiangsu University, Zhenjiang, China

This paper defined heavily polluting enterprises as the treatment group based
on relevant data on the listed companies in the 5years from 2016 to 2020.
Companies other than the heavily polluting enterprises were defined as the
control group. An empirical analysis applying the double-difference technique
was performed to assess the impact of China’s environmental tax on the
economic performance and technological innovation input of industries that
pollute heavily. The findings demonstrated an increased positive effects of
environmental taxes on the economic performance and technology innovation
input of heavily polluting industries since the inception of the environmental tax
in China. As some enterprises in heavily polluting industries are under increased
financial pressure owing to green upgrades and the low environmental tax rate
in some regions, recommendations are presented to improve the
environmental regulation system, adapt environmental taxes to local
conditions, and strengthen the implementation and supervision of
environmental taxes through big data technology.
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1 Introduction

Since the reform and opening-up in China, the country’s economy has grown
relatively quickly. However, this rapid growth has come at the expense of the natural
environment. Economic growth at the cost of the excessive consumption of natural
resources and environmental quality is often short-lived (Abdullah and Morley, 2014).
Moreover, the deterioration of environmental quality inevitably inhibits economic
growth. Thus, this traditionally inefficient mode of production cannot meet China’s
needs for sustainable economic development (Cannan and Pigou, 1921). In China, green
economic transformation has become an important guide for future development. The
Chinese government officially enacted the “Environmental Tax Law of the People’s
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Republic of China" on January 1, 2018, to enhance the
phenomenon of enterprises’ random discharge. However,
insufficient research was performed to determine whether the
installation of an environmental tax in China would result in
long-term double dividends. This study investigated and
the effects of this
environmental tax on heavily polluting industries based on

analyzed economic and technical
domestic listed companies to verify the implementation of an
environmental tax policy is required. In addition, this study also
discussed the impact of environmental taxes on enterprises with
different property rights and economic scales. These findings not
only add to empirical research on environmental taxes but also
evaluate the effects of environmental taxes in China on economic
growth and technology innovation input, thus providing
theoretical support and empirical guidance for the more
accurate implementation of future environmental tax policy.
These findings could serve as a model for improving the
environmental tax collection and management system in China.

Previous studies have assessed the potential for beneficial
effects of environmental taxes on economic growth and
technological innovation input in China, with some scholars
proposing positive benefits and others suggesting no or even
negative benefits. First, Lei et al. (2022), Abdullah and Morley,
2014, and Walid Oueslati, (2014) reported a causal relationship
between environmental tax and enterprise performance. Early
studies suggested a positive relationship between environmental
tax and economic growth. That is, environmental taxes promote
economic growth. Cannan and Pigou (1921) performed the first
research on environmental taxes in “Welfare Economics,” which
proposed the need to levy taxes and fees on polluters according to
the extent of pollution-related harm via taxation and the private
costs that polluters need to bear in production. Nevertheless, the
authors did not provide a detailed explanation of the
environmental tax mechanism. Subsequently, Tullock (1967)
was the first toexplore the double dividend effect of
environmental tax in the context of water resources. Pearce
did not explicitly present the “double dividend” idea until
1991. Its basic theoretical logic of this concept in economic
efficiency is that environmental tax reform will enhance
economic benefits by shifting the tax burden from taxes with
higher distortion to those with lower distortion (Xu and Shang,
2022), thereby promoting Pareto betterment and achieving the
“Blue Dividend” (Pearce, 1991; Bovenberg and De Mooij, 1996).
Goulder (1995) took “double dividend” a step further by dividing
it into two categories: strong double and weak double. The
former proposes that in the case of environmental tax reform,
utilizing environmental tax revenue to finance more distorted tax
cuts can enhance the overall economic efficiency (Landa Rivera et
al., 2016). Hence, from the perspective of the overall cost,
environmental tax reform has a very low, or even zero, cost.
In their study of strong double dividend, by simulating the effect
of a special carbon tax in Scotland, Allan et al. (2017)
demonstrated that the “double dividend” effect would only
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increase if the carbon tax revenue was used to reduce income
taxes, proving the presence of a robust double dividend. The
latter is of the view that, compared to one-time transfer payments
(Nyarko Mensah, 2019), when environmental tax is used to
structurally reduce distorting taxes, the cost of environmental
tax reform will be lower. Dagar et al. (2022) suggested that
environmental degradation will be reduced in the long run if real
GDP growth moves towards greener (Qiu et al, 2018), more
technologically advanced, and more environmentally friendly
areas. Therefore, they proposed that under certain conditions,
environmental taxes will not negatively impact enterprises
(Adamou et al, 2012; Liu et al, 2022). Feng et al. (2022)
proved the existence of a double dividend effect in China
under the low-carbon tax policy. Moreover, Atif et al. (2022)
suggested that technology innovation input can play a
moderating role in reducing the negative environmental
consequences associated with the consumption of natural
resources by analyzing subsamples from developing countries
(Zhu et al., 2020b). Kousar et al. (2022) used square structural
equation modeling to show the mediating role of environmental
protection behavior in society, as well as the significant and
positive effects of environmental awareness on environmental
quality and pro-environmental behavior. Ma et al. (2022) also
proposed that technological innovation can reduce CO,
emissions. In addition, environmental taxes also result in
reduced SO, emissions (Xu and Chen, 2022), which reduces
environmental costs to some extent. Nevertheless, some studies
have shown that environmental taxes do not promote economic
growth. For example, Babiker et al. (2003) examined the “double
dividend” from a theoretical point of view, arguing that the “weak
double dividend” may not exist in an economy with multiple
illusions. Bovenberg et al. believed that environmental taxes have
egregious effects on the original tax distortion issue. Even if the
income from environmental taxes is utilized for the structural tax
reduction of distorting taxes, this issue cannot be ignored
(Bovenberg and De Mooij., 1996). Later studies showed that if
the “double dividend” effect is to exist, then the labor supply
curve must be “backward curved.” Empirical studies could not
prove that the labor supply curve was “backward curved” (Van
Irland., 1994). Additionally, Oates (1995) and Chandra
Karmaker et al., 2021 suggested that the “dividend” hypothesis
was unlikely to materialize (Chen et al, 2022). Boyd and
Ibarraran. (2002) reported that it was almost impossible to
have the so-called “double dividend” effect. Glomm et al.
(2008) introduced the non-market assessment method in their
investigation of the United States. They also demonstrated that
environmental taxes did not have a “double dividend” effect. Zhu
et al. (2020a) reported that a carbon tax negatively impacted the
economy, with the potential to slow economic growth in
particular (Tu et al, 2022). Combined, these findings
underscore the uncertainty of whether environmental taxes
can bring into full play the benefits of economic growth and
technological innovation investment in China.
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In summary, the conclusions in the literature are
contradictory due to their differences in research perspectives,
research objects, and sample selection. However, the existing
literature had several deficiencies. 1) Existing literature mainly
focuses on exploring the impact of environmental taxes from a
macro perspective, with relatively little attention paid to the
micro effects of environmental taxes. 2) Most studies on the
effects of environmental taxes on technology innovation input
use the annual numbers of patent applications by enterprises as
the measurement index. However, the number of patents is more
a result of successful R&D by businesses. Thus, the use of the
number of patents as a measurement index ignores the
investments by enterprises that do not result in gains; that is,
it cannot correctly measure the changes in the R&D intentions of
enterprises caused by environmental taxes. While some studies
instead used R&D investment as a measurement index, there are
also problems with using R&D spending. For example, in terms
of level comparisons, if companies of different economic sizes
invest the same amount of capital, smaller companies show
stronger R&D intentions. In vertical comparisons, the same
company has different profitability in different years. If an
enterprise invests the same amount of money under different
profit conditions, the enterprise shows stronger R&D intentions
in years with poor profits. In other words, it is unfair to small
enterprises with strong R&D intentions and with poor
profitability to measure technology innovation input directly
based on R&D investment.

Compared to the existing literature, the current study has the
following strengths. 1) This study used unique data on enterprise
economic performance and technology innovation input to
investigate the effects of environmental tax policy on enterprise
economic performance and green technology innovation input
from the micro-enterprise level, further enriching the current
literature. 2) This study determined the ratio of the current year’s
R&D investment to the current year’s operating income as an index to
measure the green technology innovation of enterprises. Although the
input but not the output of the enterprise is considered, the impact of
the company’s economic size and profitability on R&D investment is
mitigated to some extent. 3) This study further classified the sample
enterprises according to their property rights and economic volume
according to the economic growth and technological innovation input
benefits of the environmental tax on heavily polluting enterprises with
different property rights and economic volumes.

2 Literature review, theoretical
analysis, and research hypothesis

2.1 Environmental tax revenue and
enterprise economic growth

Although the environmental protection tax will initially
increase the operating costs of enterprises, in the long run,
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due to the reduction of the treatment costs of the “three
wastes” and upgrades in industrial technology, the production
costs of enterprises will gradually decrease, their performance
will gradually increase, and their competitiveness will be further
enhanced. First, companies will experience increased costs of
doing business due to the compulsory environmental taxes. In
the short term after the environmental tax reform, the
environmental tax will have a direct negative impact on
enterprises in heavily polluting industries compared to the
period before the changes to the pollution discharge fee.
Enterprises in heavily polluting industries will experiences
losses due to the mandatory environmental tax and less room
for changes in the implementation of the tax. Part of the room for
negotiation on the cost of taxes and fees results in increased
production and operation costs (Liao and Wang., 2022).
Secondly, environmental taxes have higher requirements for
energy conservation, emission reduction, and technological
innovation, which lead to increased production costs and
reduced business capacity by enterprises. Some of these
enterprises comply with the requirements of the
environmental protection tax through the research and
development of green technology and green energy
investments (Xu and Chen, 2022). However, these actions
occupy a certain amount of capital for some time; however,
this money is a part of the productive investment for the
enterprise. This damages the economic performance of the
enterprise (Liu et al, 2018), thereby reducing its profitability
(Rassier and Earnhart, 2010). Therefore, such enterprises are at a
competitive disadvantage compared to enterprises in the same
industry that choose to maintain the status quo; that is, not
upgrading to green technology. However, in the long run,
environmental taxes will have a positive impact on the
economic benefits of enterprises (Yi et al., 2021; Landa Rivera
et al., 2016; Takeda and Arimura. 2021; Fisher and van
Marrewijk, 1998). First, the current environmental tax rate in
China is generally low (Wang and Yu, 2020); thus, most
enterprises in heavily polluting industries can fully withstand
the direct negative impact of an environmental tax on their
economic performance without significantly increasing
production and operation costs. The direct occupation of
environmental taxes and fees on capital is not obvious, with
little inhibitory effect on production and investment activities.
Second, the enterprise spends substantial resources on
technology research and development in the short term. These
technical upgrades can result in reduced taxes, including those
related to the “three wastes” treatment costs (Zhang et al., 2020),
as well as reduced production of the intermediate, reduced
production costs, and improved product quality (Nyarko
Mensah et al, 2019). This fully offsets the cost of green
technology upgrades since they can allow more efficient
resource allocation. The taxes also encourage businesses to
reallocate their facilities and substitutes according to the
amount of investment (Gaigné et al, 2020). Furthermore,
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compared to industries without green upgrades, the reduction in
tax burden due to technology upgrades becomes a competitive
advantage. In other words, the “innovation compensation” effect
of environmental regulations offsets the cost of environmental
regulation compliance (Qiu et al., 2018) and increases enterprise
productivity and performance (Hamamoto, 2006). In addition,
when the green technologies mastered by these enterprises are
mature, they will also have a first-mover advantage (Lei et al,
2022). The market competitiveness of technologically upgraded
enterprises will be further strengthened in the future, resulting in
the growth of enterprise economic benefits. Due to technology
innovation input, it also greatly increases the ability of enterprises
to resist risks (Khan et al,, 2021; Zhang and Zheng, 2022). In
addition to the advantages mentioned above, environmental
taxes also positively impact corporate costs (Morris et al,
1999), production (Yamazaki, 2022; Zarate-Marco and Vallés-
Giménez, 2015; Beladi et al., 2021; Li and Masui, 2019; Berman
and Bui, 2001), financing (Zhu et al., 2020b) and redistribution
(Leiter et al., 2011; Karydas and Zhang, 2017; Garbaccio et al.,
1999), tax payment Cadoret et al., 2020; Zhou et al., 2019), and
even macro industrial upgrading (He et al., 2021; Guan et al,
2019). In other words, even if a mandatory environmental tax
increases some enterprise operating costs, these costs will be
offset in the long run by a series of benefits brought about by
technological advancement. Based on the implementation of
environmental tax reform for some time in China and the
above analysis, this study proposes Hypothesis 1:

Hypothesis 1: Environmental tax reform has a positive effect
on the economic benefits of heavily polluting industries in China.

2.2 Environmental taxation and innovation
input of enterprise technologies

Based on the porter hypothesis and compensation effect, the
environmental tax increases pollution costs to enterprises after
environmental tax reform, thereby crowding out capital
1998),

and

investment for innovation (Faucheux and Nicolai,

which is not conducive to technology research
development (Van Leeuwen and Mohnen, 2017; Liu et al,
2018). Given the high risk of technology innovation input
activities (Zhao et al., 2022), enterprises in heavily polluting
industries choose to maintain the status quo to avoid losses in
R&D. In these cases, environmental taxes reduce the amount of
money available for technological innovation. The heavily
polluting industries, as well as other profit-maximizing
enterprises, may choose to invest in green original equipment
manufacturing to reduce environmental taxes for their future
economic benefits and long-term negative effects. Environmental
taxes for green technology have higher demands. These measures
are taken to increase the environmental tax benefits via

technology innovation. The present study suggests that
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appropriate  environmental  regulations can  motivate
enterprises to enhance environmental investment (Yang et al.,
2012; Chandra Karmaker et al., 2021; Yu and Cheng, 2021) and
innovation activities. (Porter and van der Linde, 1995; Chen et al.,
2022). Since the current environmental tax rate in China is
generally low (Wang and Yu, 2020), most enterprises in
heavily polluting industries can fully withstand their direct
negative impact on economic performance, obviously reducing
the direct negative impact of an environmental tax on enterprise
green technology research and development. Similarly, the
development cost of green technology innovation for utility
models is relatively low, and enterprises in heavily polluting
industries can bear the expenditure and risk of green technology
innovation more than those in innovative green technology
innovation (Qiu et al, 2018). Therefore, the negative impact
of higher technology R&D costs on green technology innovation
is relatively low. Compared with other measures, such as the
adjustment in production plans, green innovation has less impact
on normal production and short-term profits of enterprises
(Popp, 2006). Based on the above analysis, the present study

proposes Hypothesis 2:

Hypothesis 2: Environmental tax reform has a positive effect
on the technology innovation input benefits of heavily polluting
industries in China.

3 Materials and methods
3.1 Data sources and sample selection

To determine whether an environmental tax could help
increase the economic benefits and technological innovation
input of heavily polluting industries, this study used data from
the China Stock Market & Accounting Research Database
(http://endatal.csmar.com/) and the Wind Database (https://
www.wind.com.cn/). Additionally, to increase the accuracy of
the research findings, the data were processed as follows: 1) ST,
*ST, or PT listed company samples were excluded; 2) listed
companies lacking research data were excluded; 3) financial
samples were suggested due to the uniqueness of the financial
business; 4) to decrease errors, the relevant data were winsorized
at the 1% and 99% levels; and 5) considering the availability of
data, there was less disclosure of relevant information and
more missing data before the implementation of the policy.
To maintain the continuity of sample data and sufficient
sample size, this study included 2 years before and 3 years
after the implementation of the policy as the research
periods. After matching, 9,783 samples were included in the
evaluations of the economic growth benefit of environmental
taxes, while 9,251 samples were included in the assessments
of the input benefit of technological innovation due to
environmental taxes.
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TABLE 1 Details of the variables.

Variables Definitions

The dependent variables

ROA Net profit/average balance of total assets

ROE Net profit/average balance of stockholders” equity

RD R&D expenditure/revenue

RA Next year’s R&D expenditure/next year’s operating income
The independent variables

PI If yes, the value is 1; otherwise, the value is 0

YEAR The value is 1 in 2018 and later, otherwise, it is 0

Control variables

Cashflow  Net cash flows from operating activities/total assets

Growth Current year operating income/previous year’s operating income-1
Indep independent director/directors

Size The natural log of total assets per year

3.2 Variable selection

3.2.1 Dependent variables

The net profit ratio on total assets (ROA) can reflect a business’s
overall profitability. To study the effects of environmental taxes on
the economic benefits of companies in heavily polluting industries,
the effect of environmental taxes on the economic advantages of
businesses was measured using ROA in this study. Enterprises attach
great importance to R&D, which is reflected in their R&D
investment; thus, RD was set as the ratio of R&D expenditure to
the operating income to gauge the promotion effect of environmental
taxes on technology innovation input. Moreover, this study defined
ROE and RA as new dependent variables for the regression analyses.

3.2.2 Independent variables

PI values of 1 indicated whether a company was a heavily
polluting enterprise; otherwise, the value was 0. YEAR represented
the passage of time. As China officially enacted the environmental
tax in 2018, the value of YEAR before 2018 was 0, and 1 for
2018 and later years. PY is the multiplication term of PIand YEAR.
To avoid backward causality caused by the lag effect, PY, PI, and
YEAR were all treated with lag in this study.

3.2.3 Control variables

This study included several variables that could interfere with
the dependent variables ROA and RA; namely, the cash flow
ratio, operating income growth rate, independent director ratio,
and size. The details of the variables are depicted in Table 1.

This study, adopted a difference-in-difference approach, with
heavily polluting companies as the treatment group and non-heavily
polluting enterprises as the control group. I represented the region, t
represented the time, X;, represented the matrix of other economic
characteristics control variables of the listed companies that might
affect ROA or RD, respectively. €;, represented the random error
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TABLE 2 Descriptive statistics of the dependent variable ROA.

Variable N Mean Median Min Max SD

ROA 9783 0.0329  0.0344 -0.4147 02442 00726
Cashflow 9,783 00490  0.0478 -0.1942 02581  0.0657
Indep 9,783 03775 03636 03077 05714  0.0552
Growth 9,783 04588  0.0953 -0.7316  4.8058  0.4589
Size 9,783 227257 225010 202661 263951 14504

term; that is, the influence of factors omitted from the model that
were not important to the explained variable, the observation error
of the explained variable and the explained variable, and the
uncontrollable and difficult to measure random factors in the
economic system. The following depicts how the model was built:

ROA;; = [30 +B,PY; + B,PLi; + BSYEARi,t + &4
RD;; = B, + B, PYi + B,PLi; + B, YEAR + Xi¢ + &5

Here, PY is the core explanatory variable that was the focus of this
study. A positive PY coefficient f; meant that under the effects of
the other factors, the environmental tax promoted the economic
growth and technology innovation input of companies.

4 Results
4.1 Descriptive statistics of the variables

Table 2 shows the descriptive statistics of variable data to assess
the influence of environmental tax on the economic advantages
evaluated in this study. The dependent variable ROA was left-biased
under the influence of low values, with a mean value less than the
median indicating that some companies in the sample had low
profitability and lower than average levels, as shown in the table.

Table 3 displays the explaining statistics of the variable data
used to investigate the impact of environmental taxes on the
technology innovation input in this study. The mean value of the
dependent variable RD is higher than the median because the
distribution is biased to the right due to the effect of the greatest
value. This finding indicated that some enterprises in the sample
attached great significance to technology innovation input and
invested substantial money in research and development.

4.2 Regression results

4.2.1 Analysis of the effect of environmental
taxes on enterprise economic benefits

Columns (A) and (C) of Table 4 show the regression findings for
the full sample. The PY coefficients were 0.0075 and 0.5211,
respectively, passing the significance test of 5%, indicating that
environmental taxes had a significant beneficial impact on the
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TABLE 3 Descriptive statistics of the dependent variable RD.

Variable N Mean Median Min Max SD
RD 9,251 4.7629 3.63 0 83.23 5.3134
Cashflow 9,251 0.0584 0.0493 —0.1942 1.6269 0.1036
Indep 9,251 0.3781 0.3636 0 0.5714 0.0553
Growth 9,251 0.1648 0.1013 -0.7315 4.8058 0.4178
Size 9,251 22.3946 22.2419 19.735 26.3951 1.2803
TABLE 4 Regression results for the full sample.
(A) (B) © (D)
Variable ROA ROE RD RA
PY 0.0075%* 0.0129** 0.5211** 0.6512**
(2.45) (1.99) (2.24) (2.26)
PI 0.0019 0.0008 —1.8690*** —1.9989***
(0.85) (0.16) (-11.24) (-8.42)
YEAR —0.0155*** —0.0319*** 0.3186** 0.2067
(-9.08) (-8.81) (2.41) (1.27)
Cashflow 0.4403*** 0.7579*** —2.3307*** —2.4865***
(39.83) (32.34) (-4.16) (-3.57)
Growth 0.0384*** 0.0845%** —0.7927*** —0.7265***
(21.79) (22.62) (-5.34) (-3.79)
Indep —-0.0234* —-0.0521* 3.1310%** 2.5126%*
(-1.84) (-1.93) (3.22) (2.23)
Size —0.0020** —-0.0004 26.7335%** —1.0102***
(=2.71) (-0.25) (26.13) (~20.55)
F 337.01 257.68 127.97 93.94
Sample size 9,783 9,783 9,251 6,985
Adjusted R? 0.1938 0.1552 0.0877 0.0852

Note: “*,” “**” and “***” in the table mean significant at the level of 10%, 5% and 1%
respectively; the value in “(')” is t value.

economic benefits and technology innovation input of enterprises in
heavily polluting industries; thus, the hypothesis in this paper was valid.

4.2.2 Robustness test

To ensure that the empirical findings were reliable, this study
adopted the technique of replacing the dependent variable
measurement index with ROE and RA as new dependent
variables for re-regression. The regression findings are shown
in Columns (B) and (D) of Table 4. The PY coefficients are
0.0129 and 0.6512, respectively, passing the significance test of
5%. This is consistent with the regression results shown above.

5 Discussion

The findings of the present study, preliminarily demonstrate
the obvious benefits on economic growth and technological
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innovation investment of enterprises in China’s heavily
polluting industries shortly after the implementation of
environmental taxes. Several reasons may explain these
findings: First, environmental taxes have a high requirement
for green technology, which forces enterprises to increase their
investment in green technology. Green technology has been fully
developed under the premise of increased capital investment. The
tax deduction resulting from enterprises upgrading to green
technology may offset the cost of green technology investment
and become a competitive advantage over enterprises that have
upgraded to green technology after the investment cost is offset.
Secondly, upgrades to green technology will not only provide
competitive advantages in taxation but also reduce the cost of
“waste” treatment. Finally, some enterprises will have first-mover
advantages when they acquire upgraded green technologies by
increasing their R&D investments. Based on these factors, the
environmental tax provides obvious economic growth and
technological innovation benefits for heavily polluting
enterprises in China. In other words, the implementation of
environmental taxes in China is reasonable and necessary.

To further refine the impact of environmental taxes on
economic growth and technology innovation input of listed
enterprises in heavily polluting industries with different
property rights and different economic volumes, we divided
the sample enterprises into state-owned and non-state-owned

enterprises, as well as large and small enterprises.

5.1 Influence of environmental taxes on
listed companies in heavily polluting
industries with different property rights

This study divided the sample enterprises into state-owned
and non-state-owned enterprises according to their different
property rights and performed regressions respectively. The
regression results are shown in Table 5.

As shown in Table 5, the coefficients of PY in columns (A) and
(D) are 0.0114 and 0.6384 respectively, which are significant at the
1% and 5% levels, respectively. However, the coefficients are not
significant in columns (B) and (C). Thus, the environmental taxes
had a strong effect on the economic growth of state-owned
enterprises but a weak effect on technology innovation input.
This may be because state-owned enterprises can get more
preferential policies due to their special property rights. In
addition, state-owned enterprises have a special relationship with
the government, which provides them a hidden advantage.
Compared to other enterprises, state-owned enterprises have
more stable financial support and are better adapted to the
economic environment after environmental tax reform. Thus, the
effect of economic growth is obvious. However, compared to non-
state-owned enterprises, the rigidity of their organizations and their
vulnerability to state intervention restrict further expansion of their
R&D investments. To give full play to the technological innovation
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TABLE 5 Regression results for companies with different property rights.

State-owned business

10.3389/fenvs.2022.959939

Non state-owned enterprises

4 (B) © (D)

Variable ROA RD ROA RD

PY 0.0114%* 0.2056 0.0048 0.6384**
(3.44) (0.67) (1.11) (2.13)

PI -0.0055** =1.3110%* 0.0072* —2.0589***
(-2.29) (~5.84) (2.31) (-9.74)

YEAR =0.0097*** 0.3191* -0.0186** 0.3159*
(-5.11) (1.75) (=7.71) (1.89)

Cashflow 0.3130** -0.8294 0.5042>* —2.6859***
(24.38) (~0.74) (33.07) (-4.25)

Growth 0.0189*** 0.0098 0.0462** —1.1118***
(8.89) (0.05) (19.15) (~6.00)

Indep -0.0054 1.1677 -0.0362* 3.2289**
(-0.41) (0.93) (-1.95) (2.54)

Size 0.0008 —0.6033*** —0.0047** —0.9472%¢
(1.09) (-11.31) (-3.95) (-14.84)

F 109.21 30.27 239.99 69.69

Sample size 3,379 2,660 6,277 6,469

Adjusted R 0.1832 0.0715 0.2105 0.0692

input benefit of environmental tax, state-owned enterprises should TABLE 6 Regression results for companies of different sizes.

consider softening their organizational structure appropriately and
releasing more decision-making power to R&D. The impact of
environmental taxes on the economic growth of non-state-owned

Large enterprises

Small enterprises

(A) (B) © (D)
enterprises is not obvious, while the obvious impact of technological
innovation input may be because non-state-owned enterprises are Variable ROA RD ROA RD
not as adaptable as state-owned enterprises, have poor financial PY 0.0097** 02334 0.0049 0.7680*
stability, and lack resources and talent compared to state-owned (1.98) (0.83) (1.33) (1.99)
enterprises. However, the relatively flexible system, relatively flexible PI 0.0025 ~1.3997%%% 0.0005 ~2.4693**
use of funds, and more independent decision-making make it easier (0.73) (=6.70) (0.20) (-9.27)
to increase R&D investments. YEAR ~0.0166*** 0.2952** ~0.0169** 03132
(-6.36) (1.79) (-7.12) (1.49)
Cashflow 04539+ 0.6720 04234 ~3.1599%*
5.2 Influence of environmental taxes on (2619) (0.61) (31.54) (-4:65)
listed companies in heavily polluting Growth 0.0457%% 02668 0.0295+ 129994
industries of different scales (17.36) (-1.25) (13.03) (-5.17)
Indep ~0.0274 3.1957%% -0.0207 3.6529*
This study re-divided the sample enterprises into large and (~1.36) (2.73) (~1.36) (227)
small enterprises according to the median of the variable Size in Size ~0.0004 ~0.8863* ~0.0054 ~0.9024*+
the sample and performed regression analysis. The regression (~0.43) (~13.20) (~3.66) (-5.57)
results are shown in Table 6: F 162.93 4033 188.47 36.32
As shown in Table 6, the PY coefficients of columns (A) and Sample size 5,076 4,545 4,707 4221
(D) are 0.0097 and 0.7680, respectively, and are significant at the Adjusted R? 0.1826 0.0571 02181 0.0553

level of 1%, but are not significant in columns (B) and (C). This
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indicates that environmental tax had a significant effect on the
economic growth of the listed enterprises with large economic
volume and heavy pollution but a small effect on technology
innovation input. This may be because large-scale enterprises
usually have good economic and management foundations, and
have more advantages in talents, capital, and other aspects
compared to small-scale enterprises. Therefore, it is easier for
them to quickly stabilize and adapt after being affected by
environmental taxes, thus achieving faster economic growth.
However, although large, heavily polluting enterprises often
have better management and governance systems, their R&D
decision-making procedures are more complicated; more
problems must be considered in R&D decision-making, and
the R&D decision-making cycle is usually longer than that of
small, heavily polluting enterprises. Therefore, the technological
innovation investment effect of environmental tax lags. Thus, the
technology innovation input effect of environmental taxes has no
obvious influence on these enterprises. Environmental taxes
showed a weaker impact on economic growth and a more
visible impact on the technological innovation input of small
and heavily polluted listed enterprises. This may be due to the
following: 1) China’s government has issued a series of technical
innovation investment preferential policies to the heavy
pollution industry and smaller companies, which make the
likely to comply with the
implementation of environmental taxes. 2) Small listed
enterprises with heavy pollution are limited by their size,

smaller companies more

capital, talents, and resources; moreover, their economic
performance is greatly impacted by environmental taxes it is
difficult for them to adapt quickly. As a result, environmental
taxes provide no obvious benefit to their economic growth. 3)
This study used the ratio of R&D investment to operating income
as the standard to measure the benefits of technology innovation
input of enterprises, which also affects the study results. The
average operating income of small enterprises is usually lower
than that of large enterprises; thus, high RD values are easily
obtained by small enterprises, while it is difficult for large
enterprises to obtain high RD values.

6 Conclusion

This study analyzed the impact of environmental taxes on
enterprises in heavily polluting industries in China, further
enriching empirical research on environmental taxes. The
findings provide theoretical support and empirical guidance
for the economic growth and technology innovation input
effects of environmental taxes in China. Based on the relevant
data of listed companies in the 5 years from 2016 to 2020, this
paper defined extremely contaminating enterprises as the
treatment group, and all other enterprises as the control
group. The double-difference technique showed significantly
positive values of the coefficient ; of PY. Therefore, since
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China officially levied an environmental tax in 2018, the
environmental taxes have resulted in enormous economic
advantages and technology innovation input of companies in
heavily polluting industries in China. This study also assessed the
environmental taxes according to different types of property
rights and the influence of different economic dimensions on
heavy pollution in the listed companies. The comparison and
analysis of the core variable coefficient of PY showed differences
among the varied property rights and the economic dimension of
heavy pollution in the listed companies and the effect of
technology innovation input. Regarding the economic growth
effect of environmental taxes, the B; of state-owned enterprises
and large enterprises was significantly positive, which indicated
that environmental taxes had a strong economic growth effect on
state-owned or large enterprises. B, was also significantly positive
for non-state-owned or small-scale enterprises, which indicated
that the technology innovation input effect of these enterprises
was strong.

The findings of this the present study showed that
environmental taxes promote the economic growth and
technological innovation input of enterprises in heavily
polluting industries. Based on these findings, this study makes
the following three policy recommendations.

6.1 Improving the environmental
regulation system

As China only started to implement the environmental tax in
2018, there may be some unreasonable aspects in the formulation
of the environmental tax policy, which may impact the effect of
the environmental tax on China’s economic growth and
technological innovation investment benefits. Therefore, China
should revise the Environmental Protection Tax Law to address
some problems exposed since the implementation of the policy.
Other relevant environmental regulations should also be
modified to synthesize the advantages of all kinds of
environmental regulations to give full play to the benefits of
environmental taxes on China’s economic growth and

technological innovation investments.

6.2 Adapting environmental taxes to local
conditions according to international law

China has a vast territory; thus, the actual situations differ
according to place. The inevitable “one size fits all” problem in
the implementation of the environmental tax will undoubtedly
affect the economic growth and technological innovation input
benefits of the environmental tax. Therefore, local governments
should the of the
environmental tax with actual local situations and fully

combine implementation  process

consider the scientific and reasonable implementation details
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of the environmental tax to achieve the positive benefits of this
tax on China’s economy and optimize the technological

innovation investments.

6.3 Applying big data technology to
strengthen environmental tax
implementation and supervision

Environmental taxes are difficult to implement and supervise
due to the complex national conditions in China. For instance,
some law enforcement personnel disregard professional ethics.
Moreover, some enterprises lie and conceal the difficulties caused
by the implementation of the environmental tax. In remote areas, it
is even more difficult for the state to effectively determine whether
the implementation of the environmental tax is reasonable and
legal, which can negatively impact the economic growth and
technological innovation investment benefits of environmental
tax. At present, China’s big data technology is developing
rapidly, and technology related to the implementation and
supervision of environmental tax is relatively mature. Therefore,
China can use big data to strengthen the implementation and
supervision of environmental taxes and provide more effective
technical support for environmental tax policy.

This study has several limitations. First, this study aimed to
identify and assess the impact of environmental taxes from a
micro perspective by defining enterprises in heavily polluting
industries as the research samples. However, enterprises in
heavily polluting industries are still a large sample for
microscopic observation. Subsequent studies are needed that
make more subtle classifications of industry categories to
identify more specific changes in economic and technology
innovation input benefits of the industries impacted by
environmental taxes. Moreover, while this study used the ratio
of R&D investment and operating income in the current year to
analyze the technology innovation input benefits of enterprises,
this index has some problems. While operating income cannot
fully measure the operating results and financial status of
enterprises, due to the lack of sample data, this study could
not use more effective indicators to more effectively analyze the
technology innovation input of these enterprises.
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