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Abstract. Exploring the influence mechanism of environmental protection tax 

on the total factor productivity of heavy polluting enterprises and its effect based 

on the perspective of green technology innovation is conducive to accelerating 

enterprises to realize green and low-carbon transformation. Based on the panel 

data of heavy pollution industry of A-share listed companies in 2015-2023, the 

article empirically examines the impact of the implementation of environmental 

protection tax on the total factor productivity of heavy pollution enterprises by 

using double difference model (DID). The results show that (1) the implementa-

tion of environmental protection tax significantly increases the total factor 

productivity of heavy polluting enterprises in the tax burden boosting region. (2) 

Further analysis reveals that the implementation of environmental protection tax 

can positively affect the total factor productivity of heavily polluting enterprises 

in the tax burden raising area through green technology innovation. Secondly, the 

enhancement effect of environmental protection tax on total factor productivity 

is more significant among private enterprises, enterprises with high R&D invest-

ment intensity and those in the eastern region. The above findings provide policy 

insights to effectively utilize the environmental and economic effects brought by 

the implementation of the environmental protection tax policy in the context of 

green and low-carbon development, to accelerate the green and low-carbon trans-

formation of enterprises and to realize high-quality economic development.  
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1 Introduction 

China implemented the Environmental Protection Tax Law for the first time in 2018, 

aiming to force enterprises to reduce pollution emissions and improve their green tech-

nological innovation capabilities through market-oriented means, thereby promoting 

green transformation [1] .As the main source of pollution, heavy polluting enterprises 

are bound to be significantly affected by environmental protection tax in terms of TFP 
[2] .Current academic research on environmental protection tax at home and abroad 
mainly focuses on its impact on enterprise performance, green technological
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innovation, and environmental governance behaviors. Cui Guanghui et al. [3] found in 
an early study on the new Environmental Protection Law that the implementation of 
environmental protection tax did not significantly increase enterprises' environmental 
investment; instead, excessive regulatory pressure led to high production and govern-
ance costs, causing some enterprises to reduce production scale. Yu Lianchao et al. [4] 
further pointed out that environmental protection tax significantly promotes enterprises' 
green innovation capabilities through market incentives, especially in state-owned en-
terprises and large enterprises, but the effect has a certain lag. Jiang Fuxin et al. [5] 
explored the impact of environmental regulation on technological innovation and found 
a "U-shaped" relationship: environmental regulation initially inhibits technological in-
novation but turns into a positive compensation effect when the intensity exceeds a 
threshold.   

2 Theoretical Analysis and Research Hypotheses 

As an environmental regulation tool, environmental protection tax forces enterprises to 
carry out technological innovation and management optimization by taxing pollution 
emissions, thereby reducing environmental tax burdens. Driven by cost pressure, enter-
prises will be forced to invest more resources in R&D of environmental protection tech-
nologies to reduce environmental tax expenditures. This "reverse mechanism" pro-
motes the improvement of enterprises' TFP.   

Due to differences in enterprises' responses to environmental protection tax, those 
with high R&D intensity are more likely to efficiently utilize resources by increasing 
investment in green technology R&D, while those with low R&D intensity find it dif-
ficult to achieve rapid technological breakthroughs due to insufficient technical re-
serves and innovation capabilities. [6] Green technological innovation is the key to co-
ordinating environmental protection and economic growth. When the intensity of envi-
ronmental regulation exceeds the threshold, its innovation compensation effect on
heavy polluting enterprises becomes more significant. Heavy polluting enterprises, 
with high pollution emissions and tax burdens, rely more on green technological break-
throughs to cope with environmental protection tax, reduce tax pressure, and positively 
affect TFP through technological progress. [7] Based on this, the following hypotheses 
are proposed:   

H1: The levying of environmental protection tax significantly improves the TFP of 
heavy polluting enterprises in regions with increased tax burdens.   

H2: The promotion effect of environmental protection tax on enterprises' TFP is 
more significant in enterprises with high R&D intensity.   

H3: Environmental protection tax has a positive impact on the TFP of heavy pollut-
ing enterprises through green technological innovation.   
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3 Research Design 

3.1 Model Construction 

Taking the implementation of the Environmental Protection Tax Law in 2018 as an 
exogenous policy shock, a quasi-natural experiment framework is constructed. Based 
on provincial differences in policy implementation, heavy polluting enterprises in re-
gions with increased tax burdens are defined as the experimental group, and others as 
the control group. The DID model is used to evaluate the impact of environmental pro-
tection tax reform on enterprises' TFP. The specific model is set as follows:   

𝑇𝐹𝑃 ，  𝛼  𝛼 𝑡𝑟𝑒𝑎𝑡 ∗ 𝑡𝑖𝑚𝑒+𝛼 𝑡𝑟𝑒𝑎𝑡  𝛼 𝑡𝑟𝑒𝑎𝑡  𝛼 𝑋 ，  𝜇  𝛾  𝜀 ，  (1) 

In model (1), the explained variable TFPi,t is the TFP of enterprise i in year t, meas-
ured by the LP method for benchmark regression, and TFP measured by OLS, OP, and 
FE methods for robustness tests; treati is a dummy variable (1 if the enterprise is located 
in a region with increased tax burdens, otherwise 0); timet is a dummy variable (1 for 
2018 and later, otherwise 0); the core explanatory variable is the interaction term
treat*time (1 when both are 1); X i,t is a control variable; μi、γt are individual and time 
fixed effects, respectively; ɛi,tis a random disturbance term.   

3.2 Data Source 

Panel data of A-share listed companies in heavy polluting industries from 2015 to 2023 
are selected according to the 2012 industry classification of the China Securities Reg-
ulatory Commission. After excluding invalid data, missing samples, and winsorizing at 
the 1% and 99% quantiles, 11,265 observations are finally obtained. The data are 
mainly from the CSMAR database.   

4 Empirical Analysis 

4.1 Descriptive Statistics 

Table 1 shows the descriptive statistics. The mean value of TFP_LP is 9.72; the mean 
value of treat is 0.41, indicating that heavy polluting enterprises in regions with in-
creased tax burdens account for 41% of the total, suggesting that environmental protec-
tion tax has an important impact on these enterprises, which is worthy of further dis-
cussion.   

Table 1. Descriptivestatistics 

variable sample 
size 

mean standard devi-
ation 

minimum maxi-
mum 

TFP_LP 11,265 9.723611 1.084546 7.066174 13.63458
treat*time 11,265  0.2727031 0.4453692 0 1 
treat 11,265 0.408522 0.4915824 0 1
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time 11,265  0.6671105 0.4712683 0 1 
Lev 11,265  0.4083966 0.1806727 0.0143 0.989
Size 11,265  22.53228 1.292168 19.50898 28.64361
Age 11,265  2.552278 0.5699003 0 3.496508
Roa 11,265  0.0385763 0.0719123 -1.647913 0.785865
Growth 11,265  0.220645 0.9770408 -2.624142 56.96451
Cashflow 11,265  0.0573248 0.0647686 -

0.2896243 
0.8385248 

Tax 11,265  0.0163796 0.0334451 -0.339554 2.275085
Bm 11,265  0.3429681 0.1623801 0 1.222844
Ac 11,265  0.0799782 0.0648965 -

0.1109838 
2.222146 

Top10 11,265  0.5525996 0.1507212 0.0132 1.0116

4.2 Benchmark Regression Results 

Table 2 reports the benchmark regression results. Column (1) only tests the impact of 
the core explanatory variable with time, individual, and provincial fixed effects con-
trolled; Column (2) adds control variables on this basis. The results show that the re-
gression coefficient of treat*time is significantly positive regardless of whether control 
variables and fixed effects are added, verifying Hypothesis H1.   

Table 2. Analysisofbenchmarkregressionresults 

 (1) (2) 
TFP_LP TFP_LP

treat*time 0.380*** 0.0157* 
Controls NO YES 
Year YES YES
ind YES YES
prov YES YES
cons 10.21*** -3.662***
N 11265 11265
F 80.70 588.83

4.3 Robustness Tests 

(1)Parallel Trend Test 
To verify whether the parallel trend assumption holds, the following model is estab-

lished: 

 𝑇𝐹𝑃 ，  𝛼  𝛼 𝑡𝑖𝑚𝑒 ，  𝛼 ∑ 𝑡𝑟𝑒𝑎𝑡 ， ∗ 𝑡𝑖𝑚𝑒 ，  𝛼 𝑋 ，  𝜇  𝛾  𝜀 ，  (2)

The year 2017, the year before the implementation of the environmental protection 
tax policy, is used as the base period, and treat*time is used as the core explanatory 
variable for regression analysis. Where the symbol n indicates that the year the
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company belongs to is n years away from the implementation of the Environmental 
Protection Tax Law in 2018. For example, when time t is 2017, θ = -1,pre_1 indicates 
that the corresponding year of firm i in the experimental group is 2017. The results 
reported in Table 3 show that the regression coefficients of pre_3 and pre_2 are both 
insignificant, indicating that before the implementation of the environmental protection 
tax, the total factor productivity change trends of firms in the experimental group and 
the control group are similar, which satisfies the conditions of the parallel trend as-
sumption; after the implementation of the policy, the regression coefficients of
treat*time are both significantly positive at the 5% level in 2018 and 2019. In the short 
term, the implementation of environmental protection tax makes the total factor produc-
tivity of heavy polluting enterprises in the region with higher tax burden increase. 

Table 3. Paralleltrendtests 

variable TFP_LP

-0.0100 
(-0.49) 
-0.0265 
(-1.32) 
0.0304 
(1.53) 
-0.0194 
(-0.97) 
0.0381** 
(1.92) 
0.0625** 
(3.16) 
0.00806 
(0.41) 
0.324*** 
(9.53) 
0.632*** 
(135.88) 
0.0799*** 
(8.14) 
1.076*** 
(15.12) 
-0.0219*** 
(-5.12) 
0.590*** 
(8.14) 

(2)Replacement of Explained Variable Calculation Methods 
Re-measuring TFP using OP, FE, and OLS methods, the coefficient of treat*time 

remains significantly positive at the 1% level, indicating the robustness of the conclu-
sions.   
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(3)Placebo Test 
To ensure the reliability of the findings, this study was systematically validated 

against potential confounders. By constructing a virtual experimental group, a placebo 
test is performed on the sample data, 500 random samples are taken, and then a regres-
sion analysis is performed based on model (1). The results are shown in Figure 1, the t-
value of the regression coefficient of the virtual policy shock presents a symmetric dis-
tribution centered on the zero point, and this result indicates that the promotional effect 
of the environmental protection tax on the total factor productivity of heavy polluters 
in areas where the tax burden has increased is statistically significant, proving that the 
above research conclusions are robust. 

 

Fig. 1. Placebotest 

5 Further Analysis 

5.1 Mechanism Analysis 

Environmental protection tax can improve enterprises' environmental performance
through endogenous green technological innovation and enhance TFP by improving 
resource utilization efficiency. Theoretically, its economic dividends are more likely to 
promote TFP of heavy polluting enterprises by driving green technological innovation. 
This paper uses the number of green patent applications (Patents) to measure green 
technological innovation activities, taking the natural logarithm of (Patents + 1)
(lnPatents) as the indicator for empirical regression. The model is set as follows:   

𝑇𝐹𝑃 ，  𝛿  𝛿 𝑙𝑛 𝑃𝑎𝑡𝑒𝑛𝑡𝑠 ，  𝛿 𝑙𝑛 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠 ，  𝛿 𝑋 ，  𝜇  𝛾  𝜀 ，  (3) 

Regression results (Table 4) show that the coefficient of lnPatents is significantly 
positive at the 5% level, indicating that green technological innovation has a significant 
positive impact on TFP of heavy polluting enterprises, verifying Hypothesis H3.   
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Table 4. Greentechnologyinnovationimpactregressionresults 

Variable Number of green patent applications 

lnPatents 
0.0246*** 
(4.14) 

Controls Yes 

Year Yes 

Ind Yes 

Prov No 

Adj-R2 0.7675 

_cons 
-3.193*** 
(-8.36) 

F 259.62

5.2 Heterogeneity Analysis 

(1)Regional Differences 
The promotion effect of environmental protection tax on TFP is significant at the 

1% level in eastern enterprises, significant at the 5% level in central enterprises (but 
weaker than in the east), and insignificant in western enterprises, indicating regional 
differences in policy effects.   

(2)R&D Investment Intensity 
Dividing enterprises by the proportion of R&D expenditure in operating income us-

ing the quartile method, the policy effect (treat*time)is significant at the 5% level in 
the high R&D investment group, while insignificant in the low R&D investment group, 
verifying Hypothesis H2.   

6 Research Conclusions and Policy Recommendations 

The study shows that environmental protection tax forces heavy polluting enterprises 
to upgrade technologies, significantly promoting their TFP, with a more prominent ef-
fect in regions with increased tax burdens. The core path lies in driving green techno-
logical innovation: enterprises reduce emissions and optimize resource allocation
through strengthened green R&D, thereby improving TFP. Heterogeneity analysis
shows that the effect varies by region due to differences in economy, policies, and tech-
nical foundations; enterprises with high R&D intensity are more likely to convert pres-
sure into innovation momentum, with a larger TFP improvement, highlighting the key 
role of R&D capabilities.   

Based on the above conclusions, policy recommendations are proposed: 
1. Implement differentiated environmental protection tax: Set tax rates according to 

the economic, technical, and enforcement capabilities of eastern, central, and western 
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regions; the east can increase intensity, while the central and west should strengthen 
financial support to guide transformation.   

2. Incentivize green technological innovation: Provide R&D subsidies, rewards, and 
credit preferences, focusing on supporting enterprises with high R&D intensity.   

3. promoting the popularization of the concept of green economy. The Government 
and the media should step up their efforts to publicize the positive effects of environen-
tal protection taxes on the development of a green economy and to enhance the under-
standing and acceptance of the policy by enterprises and the public. 

Future research should optimize policies based on regional economies and enterprise 
R&D capabilities to promote green transformation and high-quality development.   
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