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Abstract 
Digital economy is an important driving force for China's economic transformation and 
upgrading. Environmental pollution is the focus of attention in China. Whether digital 
economy can improve environmental quality is an urgent problem to be solved.Based on 
the panel data of 30 provinces in China from 2012 to 2020, this paper uses a two-way 
fixed effect model to empirically study the impact of digital economy on regional 
environmental pollution emissions. The research shows that firstly, the digital economy 
significantly reduces the emission of regional environmental pollutants, and the 
conclusion is still valid after the robustness test.Secondly, the inhibitory effect of digital 
economic development on environmental pollutant emissions in different regions is 
different, and the effect of environmental pollutant reduction in the central and western 
regions is the best, followed by the eastern region. Finally, the digital economy has the 
most obvious effect on the emission reduction of sulfur dioxide in environmental 
pollution emissions. 
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1. Introduction 

Environmental problems such as global warming, population expansion, air pollution, species 
extinction and energy shortage have always been the focus of attention of all countries in the 
world. As the largest developing country in the world, China's environmental problems caused 
by the extensive development model for a long time cannot be underestimated. The Fifth 
Plenary Session of the 19 th Central Committee also clearly put forward to achieve the basic 
goal of "Beautiful China" in 2035, such as green low-carbon production and lifestyle, the 
fundamental improvement of the ecological environment. It is worth noting that China's digital 
economy has developed rapidly. Relying on digital technologies such as big data and cloud 
computing, it has impacted the traditional high energy consumption and high pollution 
industries, greatly improved the utilization efficiency of resources, and promoted the economic 
development to high quality. So we need to think about whether digital economic development 
can improve environmental quality? If improved, through what mechanisms? The answers to 
these questions can enrich the theoretical system of digital economy and have theoretical and 
practical significance to promote pollution reduction and achieve the goal of "Beautiful China". 
At present, most of the literatures related to digital economy focus on the measurement of 
digital economy development level[1], the impact of digital economy on regional economic 
growth[2], the relationship between digital economy and total factor productivity[3], the 
research on digital economy and enterprise innovation [4]and the impact of digital economy 
development on urban-rural income gap[5]. Environmental pollution control is the core work 
of all countries, so there are abundant research results related to environmental pollution. 
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Scholars have discussed the causes and improvement mechanisms of environmental pollution 
from the perspectives of fiscal decentralization[6], technological innovation[7], and economic 
growth[8]. However, the literature related to the direct relationship between digital economy 
and environmental pollution is scarce, and most of them only study the impact of digital 
economy on environmental quality from a single dimension such as information and 
communication technology ( ICT ) and Internet technology. Therefore, it is necessary to study 
the impact of digital economy on environmental pollution emissions from the overall 
dimension. 

2. Research Design  

2.1. Model Construction 
According to the direct transmission mechanism of digital economic development on pollutant 
emissions, the following basic model ( 1 ) : 
 
 pollute = α + α dige + α ∑X + μ + η + ε  (1)
 
In formula ( 1 ), i represents the province, t represents the year, the explained variable pollute  
is the provincial environmental pollution level, dige  is the regional digital economic 
development level, α  is the regression coefficient. X  is a set of control variables, μ  is region 
fixed effect, η  is time fixed effect, ε  is random disturbance. 

2.2. Variable Selection 
Explanatory variable:level of environmental pollution (pollute ). Referring to the existing 
literature, industrial "three wastes" are used to represent the level of environmental pollution. 
Industrial wastewater discharge, general industrial solid waste production and sulfur dioxide 
emissions in exhaust gas are selected to measure the level of environmental pollution in each 
region, and the entropy weight method is used to calculate the comprehensive index of 
environmental pollution. The detailed indicators are shown in Table 1.  
 

Table 1. Index System of Digital Economy and Environmental Pollution 
first grade indexes Secondary index measure index index 

attribute 
 
 
 
 

Level of digital 
economic development 

digital 
industrialization 

Proportion of computer and 
software employees 

+ 

Cable density + 
 

digital 
infrastructure 

Number of mobile phone users 
per 100 people 

+ 

Per capita information 
technology service income 

+ 

 
industrial 

digitization 

digital inclusive financial index + 
Number of websites per 100 

enterprises 
+ 

Number of enterprises with e-
commerce transactions 

+ 

 
environmental degradation 

Waste water industrial wastewater emissions + 
Waste gas so2 emission + 

Solid waste the products of industrial solid 
waste material 

+ 
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Core explanatory variables: the level of digital economic development (dige ).This paper 
comprehensively considers the research results of Tao Zhao(2020)[9],Huimei Yang(2021) 
[10]and many other scholars, from the digital industrialization, digital infrastructure and 
industrial digitization three dimensions using entropy method to measure the comprehensive 
index of digital economy in each province. The detailed indicators are shown in Table 1. 
Its control variables:in order to estimate more accurately whether digital economy can improve 
environmental pollution, this paper also introduces the level of economic development (lngdp), 
population size (lnpopu), urban greening level (green) and traffic infrastructure level (road) 
related control variables. The economic development level is measured by the logarithm of GDP 
per capita; population size is expressed by the logarithm of permanent population at the end of 
the year ; urban greening level is represented by per capita park green space ; the level of 
transport infrastructure is expressed by per capita road passenger traffic. 

2.3. Data Sources and Descriptive Statistics  
The research object of this paper is 30 provinces, municipalities and autonomous regions in 
China. The data of Hong Kong, Tibet, Taiwan and Macao are seriously missing, so they are 
excluded. Considering the availability of data and the consistency of sample time, the research 
time is limited to 2012-2020. The selected index data except the digital inclusive finance index 
are from the Digital Finance Research Center of Peking University, and all of them are from the 
China Energy Statistical Yearbook, the provincial annual data of the National Bureau of 
Statistics, the China Environment Statistical Yearbook and the provincial statistical yearbooks. 
In order to avoid the influence of heteroscedasticity, the non-ratio data are logarithmically 
processed. The descriptive statistics of each variable are shown in Table 2. 

 
Table 2. Descriptive statistics of samples 

variable obs standard deviation mean max min 
pollute 270 0.1550 0.2076 0.8230 0.0351 
dige 270 0.1644 0.1724 0.8083 0.0274 
lngdp 270 0.4236 10.8316 12.0086 9.8494 
lnpopu 270 0.7412 8.2084 9.4434 6.3473 
green 270 2.7456 13.2742 21.05 7.08 
road 270 8.2257 12.2608 63.6829 0.5354 

3. Empirical Results and Analysis 

3.1. Regression Results 
Based on the analysis of the above econometric model, in order to control the impact of 
individual differences and external macroeconomic environment that do not change with time, 
and from the regression results of table 3, the regression results of model ( 1 ), ( 2 ), ( 3 ), ( 4 ) 
and ( 5 ) are the regression results of different operations of controlling time and provinces and 
control variables. By comparing R2, it can be seen that the model fitting goodness of 
simultaneous control time and provinces is better, so the bidirectional fixed effect model is 
selected for regression processing. Table 3 reports the impact of digital economic development 
on environmental pollutant emissions. The model ( 5 ) is the impact of digital economy on the 
comprehensive index of environmental pollution. It can be seen that the coefficient is negative 
at the level of 1 %, indicating that the development of digital economy has a significant 
inhibitory effect on environmental pollution emissions. 
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Table 3. Regression results 
variable (1) (2) (3) (4) (5) 

𝑝𝑜𝑙𝑙𝑢𝑡𝑒 𝑝𝑜𝑙𝑙𝑢𝑡𝑒 𝑝𝑜𝑙𝑙𝑢𝑡𝑒 𝑝𝑜𝑙𝑙𝑢𝑡𝑒 𝑝𝑜𝑙𝑙𝑢𝑡𝑒 

𝑑𝑖𝑔𝑒  -0.274***  -0.203** -0.336*** -0.183** -0.261*** 

 (0.055) (0.086) (0.097)   (0.079) (0.077) 

controlled  no yes yes yes yes 

_cons  0.255*** 0.996*** 0.288 2.445*** 1.582** 

 (0.013) (0.364) (0.437) (0.672) (0.675) 

N 270 270 270 270 270 

R2 0.084  0.399 0.445  0.969 0.974 

year no no yes no yes 

Province  no no no yes yes 

Note: *** p <0.01, ** p <0.05, * p <0.1. Robust standard deviations in parentheses. The same as 
the following table. 

3.2. Robustness Test 
3.2.1. Replacement of Explained Variables 
In the previous regression, the comprehensive index of environmental pollution (pollute) is 
used as the observation object of regional environmental pollution emissions. In order to test 
the robustness of the regression results, the annual average concentration of PM2.5 
( microgram / cubic meter, population weighting ) is used to replace the comprehensive index 
of environmental pollution of the explained variable. If the regression results are consistent 
with the above, it can be proved that the benchmark regression results are robust. From Model 
( 1 ) and Model ( 2 ) in Table 4, it can be seen that regardless of whether the control variables 
are added or not, the coefficient of the level of digital economic development is significantly 
negative, and the results are consistent with the previous regression results, confirming the 
robustness of the benchmark model test results. 
3.2.2. Avoiding Outliers  
Considering the robustness of the regression results from the perspective of data, in order to 
avoid the interference of abnormal values on the regression results, the comprehensive index 
of environmental pollution of the explained variable (pollute) is double-tailed at the level of 1 % 
and 5 %, respectively, and the processed data are regressed again. The results are shown in 
Model ( 3 ) of Table 4. The coefficient of the digital economic development level of the core 
explanatory variable is still significantly negative, which again confirms the robustness of the 
benchmark regression results above.  
3.2.3. Eliminating Policy Interference  
Since 2007, the National Development and Reform Commission, the former Ministry of 
Environmental Protection and the Ministry of Finance have approved 11 provinces and cities 
in Inner Mongolia, Jiangsu, Zhejiang, Tianjin, Hunan, Chongqing, Hebei, Shanxi, Shaanxi, Henan 
and Hubei to carry out the pilot work of emission trading. In order to eliminate the influence of 
these provinces and cities on reducing pollution emissions due to the pilot work of emission 
trading, the data of these 11 provinces and cities are removed and the regression is carried out 
again. The regression results are shown in Model ( 4 ) of Table 4. It can be seen that the 
coefficient of the level of digital economic development is still significantly negative at the level 
of 1 %, which again strongly confirms the robustness of the above regression results.  
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3.2.4. Excluding Municipalities  
Considering that there is a large gap in the development level of various provinces in China, 
especially the economic volume of municipalities is much larger than that of other provinces, 
the samples of four municipalities ( Beijing, Shanghai, Tianjin and Chongqing ) are excluded for 
regression test again. Model ( 5 ) in Table 4 is the regression result. It can be seen that the 
number of digital economic development level of the core explanatory variable is still 
significantly negative, which again confirms the robustness of the above results. 
 

Table 4. Results of the robustness test regression 
variable (1) (2) (3) (4) (5) 

𝑝𝑜𝑙𝑙𝑢𝑡𝑒 𝑝𝑜𝑙𝑙𝑢𝑡𝑒 𝑝𝑜𝑙𝑙𝑢𝑡𝑒 𝑝𝑜𝑙𝑙𝑢𝑡𝑒 𝑝𝑜𝑙𝑙𝑢𝑡𝑒 

𝑑𝑖𝑔𝑒 -43.304*** -36.451** -0.159** -0.238***  -0.177*  

 (15.586) (15.909) (0.065) (0.087) (0.103) 

controlled  yes yes yes yes yes 

_cons 102.347*** -244.139* 1.383** 1.217* 2.729*** 

 (11.457) (138.744) (0.566) (0.707) (0.743) 

N 270 270 270 171 234 

R2 0.905 0.910 0.974 0.979 0.978 

year yes yes yes yes yes 

province yes yes yes yes yes 

3.3. Heterogeneity Test 
The above has been confirmed that the level of digital economic development can significantly 
inhibit pollutant emissions in general, so how will this pollution emission reduction effect affect 
different regions ? Therefore, in order to explore the impact of digital economic development 
on environmental pollution emissions in different economic development levels, this paper 
divides 30 provinces and cities into eastern, central and western regions. At the same time, 
considering the use of a single pollution index fitting to form a comprehensive index of 
environmental pollution, although considering the diversity of pollutants, but the 
empowerment of different environmental pollution emissions is too subjective and one-sided, 
so the explained variable environmental pollution level is also analyzed.  
The results of the first two columns in Table 5 show that the level of digital economic 
development has a significant inhibitory effect on environmental pollutant emissions in the 
eastern region and the midwest regions, which is consistent with the regression results of the 
whole sample. Among them, the digital economy in the midwest regions has the best inhibitory 
effect on the emission of environmental pollutants. For every one unit increase in the 
development level of digital economy in the midwest regions, the emission of pollutants will 
decrease by 0.401 units on average, and the inhibitory effect is 2.4 times that of the eastern 
region ( 0.401 / 0.167 ). This is mainly because the level of economic development in the 
midwest regions is lower than that in the eastern region. In particular, the industrial 
development in the western region is highly dependent on resources, and the utilization 
efficiency of energy is low. The development of digital economy can improve the energy 
utilization efficiency of enterprises, reduce the dependence of enterprises on energy, and thus 
reduce the emissions of environmental pollutants, indicating that the development of digital 
economy in the midwest regions has a better marginal utility for reducing pollutant emissions. 
The last three columns in Table 5 are the impacts of digital economy on wastewater emissions, 
solid waste production and sulfur dioxide emissions, respectively. It can be seen that the 
regression coefficients are all significantly negative, especially the digital economy has the best 
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inhibitory effect on sulfur dioxide emissions. For every one unit increase in the development 
level of digital economy, sulfur dioxide emissions will be reduced by 4.946 units, which again 
confirms Hypothesis 1, that is, the development of digital economy can improve environmental 
quality. 
 

Table 5. Results of the heterogeneity regression 
variable  east  midwest  waste water  solid waste Waste gas 

𝑝𝑜𝑙𝑙𝑢𝑡𝑒 𝑝𝑜𝑙𝑙𝑢𝑡𝑒 𝑙𝑛𝑤𝑎𝑡𝑒𝑟 𝑙𝑛𝑑𝑢𝑠𝑡 𝑙𝑛𝑠𝑜2 

𝑑𝑖𝑔𝑒 -0.167** -0.401*** -1.139** -1.472*** -4.946*** 

 (0.082) (0.146) (0.537) (0.439) (0.848) 

controlled  yes yes yes yes yes 

_cons -3.016** 2.667*** 0.081*** 0.581 7.190 

 (1.190) (0.735) (0.012) (0.682) (7.391) 

N 99 171 270 270 270 

R2 0.916 0.985 0.957 0.982 0.954 

year yes yes yes yes yes 

province yes yes yes yes yes 

4. Summary and Suggestions 

Based on the provincial panel data from 2012 to 2020, this paper systematically analyzes how 
digital economy affects regional environmental pollutant emissions by using two-way fixed 
effect model and intermediary effect model. The results show that the digital economy has a 
significant inhibitory effect on regional environmental pollution emissions, and the conclusion 
that the digital economy has a significant positive effect on regional environmental pollution 
emission reduction after a series of robustness tests is still valid. Through heterogeneity 
analysis, it is found that the digital economy has the best emission reduction effect on sulfur 
dioxide. The digital economy can promote the emission reduction of environmental pollutants 
in the eastern region and the central and western regions, but the promoting effect of pollution 
emission reduction in the central and western regions is better than that in the eastern region. 
Based on the above research conclusions, the following policy recommendations are put 
forward: 
First, actively promote the development of digital economy. Comprehensive utilization of tax 
incentives, financial subsidies and other means to increase the coverage of the digital economy, 
encourage more enterprises to move towards the digital economy era. Second, strengthen the 
development of digital economy in the central and western regions, and actively promote the 
use of ' Eastern Numbers and Western Calculation ' and other projects. The results of regional 
heterogeneity analysis in this paper show that the digital economy in the central and western 
regions has the strongest inhibitory effect on the emission of environmental pollutants. 
Therefore, if the digital economic resources are properly invested in the central and western 
regions, the overall marginal utility of pollution reduction will be greater. Third, the digital 
economy is a double-edged sword. Therefore, while vigorously promoting the development of 
the digital economy, we should also strengthen its supervision. The impact of the digital 
economy on privacy disclosure, the gap between the rich and the poor, industrial monopoly and 
the impact on traditional industries cannot be ignored. 
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