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Abstract. Digital economy is a new direction to promote the adjustment of in-
dustrial structure, and can also provide new driving force for reducing carbon
emissions. Based on the provincial panel data from 2014 to 2021, this paper uses
the benchmark regression model to explore the relationship and the path between
digital economy and carbon emission intensity. The results show that: first, digi-
tal economy can significantly inhibit carbon emission intensity; Second, indus-
trial structure plays an intermediary role in the reduction of carbon emission in-
tensity promoted by digital economy, and digital economy reduces carbon emis-
sion intensity by promoting the upgrading of industrial structure.
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1 Introduction

Digital economy is a new economic form that has emerged rapidly with the develop-
ment of information technology. Its emergence has profoundly changed the production
mode, organization form and transaction mode of traditional economy!!l. In recent
years, the vigorous development of digital economy provides a new path and method
for the optimization of industrial structure and the realization of the goal of "dual car-
bon". Digital economy provides important support for the optimization of industrial
structure, and the upgrading of industrial structure can reduce carbon emissions through
technological innovation and energy saving and consumption reduction. Therefore, un-
der the background of green and sustainable development, the integration of industry
and digital economy will become a feasible and important path to effectively reduce
carbon emission intensity.

2 Literature Review

2.1 Digital economy and carbon emissions

The digital economy has driven the development of artificial intelligence and other dig-
ital industries, and made society more networked, digital and intelligent!?). Existing
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scholars' research on the factors affecting carbon emission level of digital economy
mainly focuses on environmental rules, green innovation, research and development
intensity, energy structure and other aspects. Based on the moderated mediating effect
test model, Guo Yueqin et al. proposed that environmental rules have a mediating effect
in the impact of digital economy on carbon emission intensity®. Chen Fuzhong et al.
used the generalized nested space model to find that digital economy can achieve emis-
sion 4She Qunchi et al. constructed a dynamic panel model, and found that digital econ-
omy could achieve energy conservation and emission Sreduction by improving energy
efficiency and energy structurel®).

In conclusion, Hypothesis 1 is put forward: The development of digital economy can
significantly inhibit carbon emission intensity.

2.2 Digital economy, industrial structure upgrading and carbon emissions

In essence, the upgrading of industrial structure refers to the process or trend of the
transformation of industrial structure from low-level form to advanced form, and its
ultimate direction is high technology and high intensity of industry®.. Since 2013, dig-
ital economy has become the driving force for the continuous improvement of China's
industrial structure!®, and has a nonlinear effect on the upgrading of industrial struc-
turel’l. Wang et al. constructed a mediating effect model and found that green technol-
ogy innovation plays a significant mediating role!® between the level of digital econ-
omy and the upgrading of industrial structure. Some scholars have found that find that
there are interactive effects and spatial effects between industrial structure upgrading
and energy conservation and emission reduction, industrial structure upgrading can sig-
nificantly reduce carbon emissions!”l. At the same time, the upgrading of industrial
structure will cause industries to concentrate in low-enerx'gy industries, and reduce the
correlation between economic development and carbon emissions. Based on the above
theoretical analysis, this paper argues that industrial structure can be used as the "lub-
ricant" in the process of digital economy inhibiting carbon emission intensity. Digital
economy can boost the upgrading of industrial structure by promoting the way of pro-
duction mode and the digitalization of production materials. Meanwhile, industrial
structure upgrading can promote the gradual "decoupling" of economic development
and carbon emission, and ultimately reduce carbon emission intensity.

In summary, Hypothesis 2 is put forward: Industrial structure plays an intermediary
role in the digital economy promoting the reduction of carbon emission intensity, and
the development level of digital economy reduces carbon emission intensity by pro-
moting the upgrading of industrial structure.

3 Research design

3.1 Model Setting

Based on the above theoretical analysis, in order to verify Hypothesis 1 and test the
direct effect of digital economy on carbon emission intensity, this paper constructs the
following measurement model:
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Inemin,y=aot+a;dignytaCon,ytmyt € oy )

Where n is the city and y is the year. Inemi,, represents carbon emission intensity;
ao is a constant term; digny represents the digital economy; Con,y is a control variable;
my denotes year fixed effects and €, is a random error term.

In order to verify Hypothesis 2 and Hypothesis 3, this study selects the stepwise regres-
sion method to verify the correlation among digital economy, industrial structure and
carbon emissions. The regression model is as follows:

Inemin,y=aota;dignyta:;Connytmy+ € oy 2
updn,y=botbidigny+b2Conyy+my+ 0,y 3)
Inemin,y=co+cidignytcoupdn,y+csConny+myt Koy 4)

updn,y represents the upgrading of industrial structure; by and ¢y are constant terms,
Ony~ lnyis random error term.

3.2 Variable selection

3.2.1 Explained variables.

Carbon emission intensity (Inemi) refers to the natural logarithm of the total carbon
dioxide emissions as the proxy index of carbon emissions. In this paper, the provincial
carbon emission data of the multi-scale emission inventory reanalysis and data sharing
platform developed by the MEIC team were used for calculation(!!10l111110]

3.2.2 Explanatory variables.

Referring to the research!!!''?l of Pan Weihua et al., this paper selects 17 secondary
indicators to construct the evaluation index system of digital economy development
level (dig) from the four dimensions of digital economy infrastructure, digital industri-
alization, industrial digitalization and digital governance, and uses the entropy method
to measure the development level of digital economy.

3.2.3 Mediating variables.

Industrial structure upgrading (upd) is measured by the level coefficient of industrial
structure upgrading. This study draws on the research of Wang Wei et!!’*! al., and the
specific calculation method is as follows:

upd=ql*1+q2*2+q3*3

Where qi is the proportion of output value of the ith industry.
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3.3  Control variables

In order to prevent the impact of omitted variables on the results of this paper, other
factors affecting carbon emissions are also included as control variables in the bench-
mark regression. The descriptive statistics of the variables are shown in Table 1.

Table 1. Descriptive statistics

Typeofvari- Variable Mean Standa.rd devi- Min Max
able ation
Explanato- Dig 0.131 0.100 0.0217 | 0.594
ryvariables
_ Mediat- Upd 2.413 0.136 2.225 3.445
ingvariable
Variableex- Emi 10.17 0.720 8.243 11.45
plained
Lnfiscal | 8.538 0.562 6.908 9.812
Lnfdi 11.63 1.390 3.038 15.33
Urban 0.615 0.111 0.403 0.893
Varia- Latech 5.151 1.808 0.431 8.854
bleofcontrol RD 0.0223 0.0153 0.00539 | 0.0676
Lnele 7.483 0.684 5.529 8.970
For 755.1 647.3 8.900 2,615
Lnind 11.80 1.150 6.165 14.16

34 Data Sources

This paper selects the panel data of 30 provinces in China (excluding Tibet, Hong Kong,
Macao and Taiwan) from 2014 to 2021. The empirical data are mainly taken from
China Statistical Yearbook over the years. This paper uses linear interpolation method
to supplement the missing values. In the index "data HP Financial index", "Peking Uni-
versity Digital HP Financial Index" is used as its reference variable!!*14!4], Provincial
carbon dioxide emissions were obtained from the published data of the multi-scale

emission Inventory Reanalysis and Data sharing platform developed by the MEIC
team.

4 Empirical analysis

4.1 Benchmark regression analysis

Table 2 shows the benchmark regression results between digital economy and carbon
emission intensity under the condition of controlling years. It can be seen from the table
that the digital economy is negatively correlated with the carbon emission intensity and
passes the significance test at the level of 1%, which indicates that for every unit in-
crease in the digital economy, the carbon emission level can be reduced by 2.775 units.
This further verifies hypothesis 1 of this paper.
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Table 2. Impact of digital economy level on carbon emissions

Emi
Dig -2.775%%*
(0.395)
Year fixed effect Yes
N 240
R2 0.875

Note: The values in brackets in the table are t values; *, ** and *** indicate that the coefficient
is significant at the level of 10%, 5% and 1%, respectively. The table below is the same.

4.2  Mediating effect analysis

According to the above results, the stepwise regression test method is further used to
explore the mediating effect of industrial structure in the process of digital economy
affecting carbon emissions. In Table 3, Column (1) shows the benchmark regression
results of digital economy on carbon emissions, Column (2) shows the regression re-
sults of digital economy on industrial structure upgrading, and Column (3) shows the
regression results of digital economy and industrial structure on carbon emissions.

The regression results in Column (2) show that the digital economy is positively
correlated with the upgrading of industrial structure, which passes the significance level
test of 10%. According to the regression results in Column (3), the industrial structure
is significantly negatively correlated with the carbon emission level, which passes the
significance level test of 1%. This shows that industrial structure plays a partial medi-
ating role in the impact of carbon emissions and digital economy. This further verifies
hypothesis 2 of this paper.

Table 3. Regression results of mediating effect test

) 2) (3
Variables Emi Upd Emi
Dig -2 775%%* 0.223* -2.633%%*
(0.395) (0.131) (0.389)
-0.634%%*
Upd (0.197)
Year fixed effect Yes Yes Yes
N 240 240 240
R2 0.875 0.609 0.880

4.3 Robustness test

In order to further verify the robustness of the results, considering that the impact of
digital economy on carbon emission level may have a lag effect, the carbon emission
intensity data are lagged by one period. Table 4 shows the benchmark regression results
under one-period-lagged carbon emission intensity. It is found in Table 4 that the digital
economy is still negatively correlated with the carbon emission intensity.
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Table 4. Regression results of the robustness test

Emi
. -2.81 3%k
Dig (0.679)
Year fixed effect Yes
N 210
R2 0.719

5 Conclusions and suggestions

The main conclusions of this study are as follows: (1) digital economy has an inhibitory
effect on carbon emission intensity. (2) Digital economy can significantly promote the
upgrading of regional industrial structure. (3) Digital economy can reduce carbon emis-
sion intensity by promoting the upgrading of industrial structure.

Based on the above conclusions, this paper puts forward the following policy recom-
mendations: (1) strengthen the application of digital technology, promote industrial dig-
ital transformation, and empower industries with high energy consumption to reduce
carbon emissions through digital solutions. (2) Adjust the layout of industrial structure,
rationalize the optimization of industrial structure, and deepen the application degree
of digital technology.
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