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Development of Digital Economy
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Continuous improvement in urban carbon
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Abstract: In order to explore the influence of digital economy development on carbon emission intensity from urban
energy consumption, digital economy development is incorporated into the reduction framework of carbon emission
intensity from urban energy consumption in this paper. With carbon emission intensity from urban energy
consumption in China taken as the research object, empirical tests and dynamic effect analyses were carried out on
the factors influencing carbon emission intensity from urban energy consumption, using urban panel data for the
period of 2012-2022. It is found that digital economy has a significant inhibitory effect on carbon emission intensity
from urban energy consumption in China, with a coefficient of -0.348. Among the five selected control variables,
PCG, UR, and IS show a positive correlation with carbon emission intensity (CEI) from urban energy consumption,
enhancing CEI with corresponding influence coefficients of 0.472, 0.135, and 0.331 respectively; EGRI and TRL

show an inverse correlation with EI, inhibiting the growth of EI with corresponding influence coefficients of -0.556
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and -0.201, respectively. Policy suggestions were put forward to minimize EI on the basis of the test results combined
with the actual situation of China's urban economic development.
Keywords: Urban energy consumption; Carbon emission intensity; Spatial verification; Digital economic

development

1. Introduction

Digital economy refers to the new economic era that utilizes internet platforms and fully utilizes data resources
to promote comprehensive development of economic activities such as research and development, production,
circulation, services, and consumption. At the technical level, it mainly includes emerging technologies such as big
data, cloud computing, the Internet of Things, blockchain, artificial intelligence, and 5G communication; at the
application level, it is a typical representative of new economic forms such as "new retail" and "new manufacturing”.
In 1994, Don Tapscott first proposed the concept of digital economy in his monograph "Digital Economy". And he is
known as the "father of digital economy" (Tapscott, 1994). China's digital economy began in 2015, and on July 4 of
the same year, the State Council issued the Guiding Opinions on Actively Promoting “Internet +” Actions, marking
the beginning of research on the application of digital economy. In November 2016, the State Council released the
“13th Five-Year” National Strategic Emerging Industries Development Plan, which added digital creative industries,
marking the development of China's digital economy. In 2019, the “14th Five-Year” Plan of China included digital
economy in the national strategy for the first time (Zhao et al., 2023). In June 2021, the National Statistical Office
issued Order 33 specifically for the concept and classification of digital economy. In May 2022, the country released
the "14th Five-Year" Digital Economy Development Plan, and the 20th Congress of the CPC took the greening and
low-carbon of social and economic development as an important link of high-quality development. In January 2023,
the State Council released the White Paper on “China’s Green Development in the New Era”, which identified the "

dual-carbon " goals and green, low-carbon, and high-quality development as strategic tasks for China's future
development. The development of the Chinese economy is based on the development of cities, and the development
of digital economy also began in cities. On the one hand, the development of the urban economy is accompanied by
the development of digital economy, and on the other hand, the development of the urban economy has caused a
certain degree of environmental pollution. The development of digital economy in Chinese cities plays a role in
replacing the development of manufacturing industry, and also plays a significant role in supervising and controlling
urban production energy consumption. In order to examine the impact of China's digital economy development on
carbon emission intensity from urban energy consumption, this article takes 285 cities in China as the research object,

and based on statistical data from 2012 to 2022, empirically tests the impact of digital economy development on

carbon emission intensity from urban energy consumption, and tests the spatial dynamic effect.
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Digital economy first emerged in the United States, and this concept was first proposed by American economist
Tapscott. Subsequently, he further studied the hopes and dangers of the era of network intelligence and proposed a
systematic theory of digital economy (Tapscott, 1996). In May 1997, the Ministry of International Trade and Industry
(MITT) of Japan defined digital economy as an economic form with four characteristics: physical movement without
personnel, objects, and funds; contract signing, value transfer, and asset accumulation are completed using electronic
means; the high speed of development of information technology as the basis of the economy; and the extensive
expansion of e-commerce, with digitalization penetrating all aspects of human life. In June 1999, the US Department
of Commerce released the Emerging Digital Economy Report, which divided e-commerce and the information
technology industry that made e-commerce possible into two aspects of digital economy; In October of the same year,
the United States Bureau of Statistics defined the specific scope of digital economy, including network and inter-
network, e-commerce, e-business, and online transactions, and provided a specific definition of digital economy.
Lilien and Rangaswamy (2000) studied the decision-making model of the digital network economy and believed that
digital marketing is the main model of online marketing; Miller and Wilson (2001) argued that the electronic economy
has entered all fields, and digital economy has promoted the sustainable development of e-commerce; Garifova (2015)
studied the value of information in digital economy and the importance of information economics, believing that
information is the core of digital economics; Watanabe et al. (2018) believed that the output value of digital economy
has become a major part of GDP, and the role of digital economy in promoting socio-economic development will
become increasingly significant. Glitman et al. (2019) believed that electric vehicles have a good decarbonization
effect and are the main direction for future automotive development; Nguyen et al. (2020) argued that the G20 group
of countries has identified information, communication technology, and innovation as important means of reducing
carbon emissions and promoting economic development; Kovacikova et al. (2021) argued that digital economy plays
an important role in promoting carbon emissions and strengthening environmental pollution control; Ozturk and Ullah
(2022) argued that the inclusiveness of digital economy plays an important role in promoting economic growth of
OBRI economies and sustainable development, and used empirical testing methods to test the degree of influence of
the main driving factors; Khan et al. (2023) argued that the inclusiveness of digital economy can affect the CO;
emissions of industries, and conducted empirical tests using data from 76 emerging markets and developing
economies. It can be seen that research on digital economy started earlier in foreign countries. Early relevant research
mainly focused on the influence of digital economy on economic development, and only in the middle and late stages
did it begin to pay attention to the influence of digital economy on carbon emissions in economic development.

China's development of digital economy is basically consistent with that of developed countries. In 1998, Jiang
Qiping, a reporter from Internet Weekly, gave a speech on "21st Century Digital Economy and the Future of

Enterprises" at Intel's "Enterprises Winning Century Forum", marking the beginning of research on China's digital
3
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economy. From 1998 to 2000, many Chinese scholars were not optimistic about digital economy, believing it to be a
"bubble economy" and "a foggy economy". In the early 21st century, some Chinese scholars began to recognize the
role of digital economy, believing that it has broad development prospects (Jing, 2003; Xu and Zeng, 2009; Yang et
al., 2023). China's comprehensive research on the development of digital economy began with the "Digital Economy
Development Strategy Outline" jointly released by the General Office of the Central Committee and the State Council
in August 2018. Cao (2018) studied a new model to promote high-quality industrial development in China under the
background of digital economy, and believed that the innovation ecosystem of the manufacturing industry is
accelerating its formation, with new models such as intelligent manufacturing, networked collaborative manufacturing,
personalized customization manufacturing, and service-oriented manufacturing constantly emerging; Lin and Shao
(2019) studied the impact of blockchain on the high-quality development of digital economy and concluded that
rational social cognition, breakthroughs in core technologies, new information infrastructure, application scenarios,
policy guidance, and business environment are the key influencing factors of blockchain on the high-quality
development of digital economy; Wei et al. (2023) used panel data from 286 cities from 2012 to 2018 to empirically
test the impact of the digital economy on high-quality urban development, and found that the digital economy has a
significant driving effect on high-quality urban development. At the meso level, it is achieved through industrial
innovation effects, industrial correlation effects, and industrial integration effects to achieve industrial structure
adjustment and transformation upgrading. At the macro level, it is achieved through enriching the sources of factors,
improving factor allocation efficiency, and deepening capital effects; Bi et al. (2023) believed that high-quality
development is a key factor in driving economic growth through digital economy. With the help of new technologies,
formats, and models, digital economy adds new momentum to economic growth by reshaping China's new
advantages in international cooperation and competition. Xu et al. (2022) studied the impact of digital economy on
carbon emission intensity from urban energy consumption and its spatial effects. They found that there is significant
spatial heterogeneity in the development of digital economy, which significantly improves carbon emission intensity
from urban energy consumption pollution. The development of the digital industry, digital innovation capabilities,
and digital inclusive finance are important driving factors for the improvement of energy consumption and carbon
emissions pollution in digital economy; Kong et al. (2022) studied the impact of digital economy development on
energy consumption and carbon emissions, and concluded that improving urban production efficiency and
technological innovation level are the two basic paths for digital economy to significantly suppress carbon emission
intensity from urban energy consumption; The inhibitory effect of digital economy on urban carbon emissions is also
influenced by the degree of marketization and the level of urbanization, exhibiting a threshold effect, showing a
"inverted U-shaped" and a "weak N-shaped" trend respectively; Li and Wang (2023) studied the impact of digital

economic agglomeration on energy consumption and carbon emissions, and found that this impact exhibits a double-
4
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layer stochastic frontier. They conducted corresponding spatial decomposition and determined the specific degree of
impact. It can be seen that although China's research on the influence of digital economy on carbon emission from
urban energy consumption is slightly later than that of foreign developed countries, China's research began by
combining the development of digital economy with the influence of carbon emission from urban energy consumption.

From the results of the literature review above, it is evident that China's research on the development of digital
economy and carbon emission from energy consumption in China is slightly later than that of developed countries
abroad. However, research on the impact of digital economy development on energy consumption and carbon
emissions in China is basically the same as that of developed countries abroad. With the continuous deepening of
research on digital economy, Chinese scholars have achieved more and more research results, and have made good
improvements and breakthroughs in the quality of their papers and ideological concepts. The research results in this
area have increasingly high reference value. There is a common phenomenon of outdated concepts and insufficient
empirical testing in the research on the impact of digital economy development on urban energy consumption and
carbon emissions. Therefore, in order to empirically test the driving factors of China's digital economy development
on carbon emission intensity from urban energy consumption and analyze the spatiotemporal dynamic effects, this
article introduces regression models and Durbin spatial panel models to empirically test the impact of digital economy
and auxiliary variable combinations on the scale of carbon emission intensity from urban energy consumption. By
analyzing the spatiotemporal dynamic effects of the driving factors of carbon emission intensity from urban energy

consumption based on specific test results, we aim to explore effective ways to save energy and reduce emissions.

2. Materials and methods

2.1 Research objects and data sources

In order to examine the influence and its spatiotemporal dynamic effect of China's digital economy development
on carbon emission intensity from urban energy consumption, in this paper, 285 cities were selected as the research
object, including prefecture-level cities, sub-provincial cities and municipalities directly under the central government
in China. To carry out the research statistical data were used from the Statistical Yearbook, Energy Statistical Yearbook,
Urban Statistical Yearbook and Ecological and Environmental Condition Bulletin of the state, provinces,
municipalities and autonomous regions, as well as cities. Since the publication of China's Ecological and
Environmental Condition Bulletin began in 2012, considering the consistency of data information, basic data of 11
years were chosen as the data system during the period of 2012-2022. In the process of constructing the empirical
testing model, the principle of variable selection is that the variables are correlated with each other but without
collinearity, and the independent variables are selected which have a large effect on the dependent variable.

Considering data availability of the selected variables, most initial data were obtained directly from the statistical
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yearbook, while initial data of individual variables were obtained through simple calculations.
2.2 Theoretical analysis and research hypothesis

With rapid development of China's digital economy, the size of China's digital economy had reached RMB 50.20
trillion by the end of 2022, accounting for 41.5 percent of GDP and ranking second in the world (Zhao, 2023).
According to the experience, digital economy development has reduced energy consumption to a large extent, and
has positively inhibited carbon emission intensity from urban energy consumption in China. Carbon emission
intensity from urban energy consumption is generally expressed as the ratio of CO, emission scale from urban
production and living energy consumption to the GDP of the same period, and reduction in the carbon emission
intensity from energy consumption implies an improvement in the efficiency of carbon emission from energy
consumption (Chang et al., 2023). Factors connecting digital economy development and carbon emission intensity
from urban energy consumption are multifaceted, and the mechanism of the influence of digital economy
development on carbon emission intensity from urban energy consumption can be determined as three main aspects,
namely, industrial technological progress, upgrading of industrial structure, and environmental pollution governance.
These three aspects are not only the key factors influencing carbon emission from urban energy consumption, but also
the objects that digital economic development directly acts on and changes.

By subdividing the key factors between digital economic development and the three main aspects, eight main
factors are identified and used to construct the mechanism of digital economy development to inhibit carbon emission

intensity from urban energy consumption, as shown in Figure 1.

Development of Digital Economy
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Figure 1. Mechanism of digital economy development to inhibit carbon emission intensity from urban energy consumption

(1) Digital economy development promotes the reduction of carbon emission intensity from urban energy
6
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consumption through technological progress. Information technology is of the core of digital economy, and
disseminates technological progress, provides information resources for technological innovation and technological
progress, supports technological innovation, and promotes technological progress. On the other hand, information
technology promotes the control of energy consumption in production and requirements of technological innovation
through disseminating production results and technological requirements. Consolidation of information technology
and reduction of search costs promote synergies in information technology and promote technological innovation,
which helps achieving technological progress, and eventually increasing the urban GDP (Shu et al.,2023).
Technological progress is generally realized through technological innovation based on technological requirements,
and therefore technological progress in turn promotes energy conservation and emission reduction in industrial
processes, and contributes to the realization of the "dual carbon" goal. While digital economy is increasing the city's
GDP, it is also promoting energy conservation and emission reduction, which ultimately suppressing the increase of
the carbon emission intensity from urban energy consumption.

(2) Digital economy development promotes the reduction of carbon emission intensity from urban energy
consumption through industrial structure upgrade. Digital economy has become an important industry, and China's
digital economic output value has accounted for more than 40% of its GDP, which is an optimization and adjustment
of the industrial structure in itself, promoting the upgrade of traditional industries. At the same time, digital economy
has penetrated into other major industries, to a large extent, to promote the transformation of energy-consuming
industries, energy conservation and emission reduction, and to promote the optimization and industrial structure
upgrade (Pan et al., 2023).0n the other hand, information is an important resource, and digital economy promotes
intelligence and digitalization of industrials through utilization of information technology, which promotes energy
conservation and emission reduction, rapid growth of production and industrial structure upgrade, and ultimately
contributes to the reduction of carbon emission intensity.

(3) Digital economy development promotes the reduction of carbon emission intensity from urban energy
consumption through environmental pollution governance. With rapid growth of China's digital economy, high-
quality urban development has become an inevitable choice, and environmental pollution governance has become an
important factor in promoting high-quality urban development. The influence of digital economy on the
environmental pollution governance is multifaceted, and the main influence is to understand, manage and control
environmental pollution and relevant investment data through information transfer. At the same time, digital economy
promotes industrial energy conservation and emission reduction, and ultimately reducing carbon emission intensity
from urban energy consumption by penetrating into the process of industrial environmental pollution governance.

It can be seen through the above analyses, that reduction of carbon emission intensity from urban energy

consumption is mainly achieved through industrial technology progress, industrial structure upgrade, and industrial
7
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environmental pollution governance. Hypothesis H1 is proposed based on the above analysis:

H1: Digital economy reduces carbon emission intensity from urban energy consumption through three key
factors.

The influence of digital economy on carbon emission intensity from urban energy consumption is the result of
the long-term effect during urban economic development, and shows an increasing effect over time. In fact, digital
economy development plays a positive role in promoting the reduction of carbon emission intensity from urban energy
consumption through technological progress, industrial structure upgrade and environmental pollution governance.
That is, digital economy development continues to promote the gradual reduction of carbon emission intensity from
urban energy consumption through the continuous promotion of technological progress, industrial structure upgrade
and the effect of environmental pollution governance (Zhang, 2023). From a spatial point of view, industrial
technological progress, industrial structure upgrade and industrial environmental pollution governance all have
different degrees of spatial spillover effects. That is, effects of industrial technological progress, industrial structure
upgrade and environmental pollution governance of a city will affect the relevant effect of neighboring cities to
different degrees. Spillover effects can be proved by a spatial verification, and spillover effects of technological
progress, industrial structure upgrade and environmental pollution governance among cities is a general phenomenon
verified by practice. Based on the above analysis, hypothesis H2 is proposed:

H2: Digital economy has a temporal reduction effect as well as a spatial spillover effect on reduction of carbon
emission intensity from urban energy consumption.

2.3 Model construction and variable interpretation

In order to examine the influence of digital economy development on carbon emission intensity from urban
energy consumption and its spatial spillover effects, regression panel model is used in this paper, and expressed as
follows:

Y,=oyDEDI, + > " BX, + @, +@, + i, ()

Where Y, isthe dependent variable, also known as the explained variable, DEDI;; is the explanatory variable,
Xj¢ isthecontrol variable, a1, pB; arethe coefficients of the test formula, w;,isurban fixed effect, ¢;; istime fixed
effect, and p;; is the random error term. Combined with the research objectives, the dependent variable was
determined to be carbon emission intensity from urban energy consumption. Using the formula: E(CO,); =

*(EC:-SCC; - CEF;) X (44/12), EC; is energy consumption i, SCC; is the standard coal conversion
coefficient of energy source i, CEF; is the carbon emission coefficient of energy source i, and 44/12 is the ratio
of CO2 molecular weight to carbon molecular weight. Data of the parameters in the formula were derived from coal

conversion coefficient in the various energy reference standards in the appendix of 2016 China Energy Statistics
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Yearbook and the carbon emission coefficient in 2016 IPCC National Greenhouse Gas Inventory Guidelines. Carbon
emission intensity (CEI) from urban energy consumption was calculated using the calculated CO2 emissions and
response caliber of each city, as well as the GDP during the period; explanatory variable DEDI measures development
level of urban digital economy using four dimensions: digital economy infrastructure, digital economy practitioners,
digital economy output, and digital inclusive finance; Considering the actual situation of the influence of China’s
urban digital economy development on carbon emissions, the following five control variables are selected based on
comprehensive analysis: urban economic development level (PCG) expressed in terms of city GDP per capita;
urbanization rate (UR) used the ratio of the non-agricultural population to the total population at the end of the period;
ratio of investment in environmental pollution governance to GDP (EGIR) expressed in terms of the ratio of the
investment size in urban environmental pollution governance at the end of the period to GDP of the same period;
industrial structure (IS) expressed in terms of the ratio of urban industrial added value to GDP; technological progress
level (TPL) expressed in terms of the ratio of city-wide industrial technology R&D investment to GDP. Based on the
six selected control variables, Durbin Spatial Post-Panel model considering all the driving factors is constructed as

following:
CEl =o,DEDI,, + B, PCG, + B, UR, + B, EGIR, + 3, IS, + B, TPL, + 1, 2

In order to test the spillover effect of the influence of digital economy development on the carbon emission
intensity from urban energy consumption, according to Durbin spatial panel model, combined with formula (2) to add
the lag term of carbon emission intensity from urban energy consumption, Durbin spatial panel lag model is

constructed as follows:

CEL =n+yW-CEl,_,+aW - -DEDI, + B PCG,+ B, UR, + B, EGIR, + B, IS, + B, TPL, + 1, 3

3. Results and discussion

3.1 Results of regression tests

In order to use empirical testing models to test the extent of the impact of digital economy on carbon emission
from urban energy consumption, it is necessary to first use the Hausman test to determine whether the variables follow
a fixed effects model or a random effects model. The coefficient of the test is 19.362, The corresponding probability
value is: P=0.029. Therefore, Therefore, based on the test results, the fixed effects model was chosen to test the
influence of digital economy development on carbon emission from urban energy consumption. Model (1) shows the
test results that only consider the effects of lagged terms and explanatory variables on the dependent variable. Models
(2) to (7) show the combined equation test results after sequentially adding five control variables and PCG? terms.
The specific test results are shown in Table 1.

Table 1 Empirical test results of regression model

9
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Variables Model (1) Model (2) Model (3) Model (4) Model (5) Model (6) Model (7)
-0.406™ -0.397"™ -0.385™" 0378 -0.373™ -0.356™" -0.348
DEDI
(-1.96) (-3.57) (-3.28) (-3.721) (-3.672) (-3.358) (-3.384)
0.442" 0.456™ 0.459™ 0.462™ 0.468"" 0472
PCG
(5.382) (5.63) (5.72) (529 (5.52) (6.07)
0.118™ 0.123™ 0.127" 0.121™ 0.135"
PCG’
(3.925) (3.884) (3.819) (3.752) (3.683)
0.227" 0.236™ 0.241™ 0.247"
UR
(2.43) (241 (2.37) (2.28)
-0.562™ -0.559"" -0.556™"
EGRI
(4.56) (414 (3.85)
0327 0.331™
IS
(2.26) (2.15)
-0.201™
TPL
(-2.19)
Fixed city Yes Yes Yes Yes Yes Yes Yes
Fixed time Yes Yes Yes Yes Yes Yes Yes
R 0.51 0.54 0.55 0.56 0.58 0.58 0.59
F 216.02 236.27 221.38 218.27 207.28 210.35 208.32

It can be clearly seen from the above table that digital economy has a significant reducing effect on carbon
emission intensity, and with the gradual addition of control scalars, and the inhibitory effect on carbon emission
intensity from urban energy consumption under mixed effects becomes more and more obvious. The growth of GDP
per capita is the main reason for the increase in carbon emission intensity from urban energy consumption, so energy
conservation and emission reduction are the key to controlling carbon emission from urban energy consumption. PCG’
is inversely correlated with carbon emission intensity from urban energy consumption, indicating that the growth of
GDP per capita makes the growth of carbon emission intensity from urban energy consumption show a weak N trend.
Urbanization has greatly promoted the improvement of carbon emission intensity from urban energy consumption,
but the degree of improvement is limited; Investment in environmental pollution governance is a key factor in curbing
carbon emission intensity from urban energy consumption, with a comprehensive reduction coefficient of -0.556; The
improvement of industrialization level can promote the increase of carbon emission intensity from urban energy
consumption. Therefore, controlling the speed of industrialization development is a long-term requirement for energy
conservation and emission reduction; Technological progress can promote the reduction of carbon emission intensity

from urban energy consumption, and its degree of reducing carbon emissions is limited in the short term. It needs to
10
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rely on long-term effects to gradually increase its impact.
3.2 Discussion of Robustness Tests

In order to improve the validity of empirical test results, it is necessary to conduct robustness tests on the equation
and its variables to enhance the explanatory power of the test indicators and the validity of the test results. There are
multiple methods for robustness testing, and this article chooses the alternative variable method and the control fixed
effects method. Using energy consumption intensity instead of CO, emission intensity, the robustness of the empirical
test model and its variables was evaluated by examining the impact of digital economy development on urban energy
consumption intensity. The test results are shown in column 1 of Table 2; The China Urban Digital Economy Index
calculated by Tencent Research Institute is used to replace the development level of China's urban digital economy
calculated in this article. The test results are shown in column 2 of Table 2. At the same time, this article also use the
method of controlling for fixed effects to conduct stability tests, mainly controlling for fixed effects in each province
and the interaction effects between provinces and years. Specific test results are detailed in columns 3 and 4 in Table
2. The robustness test results of the two methods are shown in Table 2.

Table 2 Robustness test results

Substitution variable method Controlled fixed effect method
Variables Replace dependent Replace independent Control province Control year
variable variables effect effect
-0.306° -0.336™ -0.315™ -0.348™
DEDI

(-1.903) (-2.18) (-3.16) (-3.07)
Control variable Yes Yes Yes Yes
Province effect No No Yes Yes
Vintage effect No No No Yes
Fixed city Yes Yes Yes Yes
Fixed time Yes Yes Yes Yes
R 0.52 047 0.50 0.48

From the above test results, it can be seen that after replacing carbon emission intensity from urban energy
consumption with urban energy consumption intensity, it is significantly negative at a 10% level; After replacing the
development level of digital finance with the digital finance index, it is negative at a significant level of 5%. This
indicates that China's digital economy has a suppressive effect on urban energy consumption intensity and carbon
emission intensity, and also indicates that the test results have obvious robustness. Similarly, the test results of the
controlled fixed effect method also exhibit significant robustness.

3.3 Results of spatial spillover effects

11
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In order to test the spillover effect of digital economy on carbon emission intensity from urban energy
consumption, a spatial Durbin lag model was constructed based on formula (3) to test the spatial weight matrix. This
article selects three forms: spatial geographic weight, economic weight, and economic geographic weight. Spatial
geographic weight (W) reflects the degree of correlation between two neighboring cities, which reflects the common
boundary between city i and city j, thenw;;=1, otherwise w;;=0; economic weight (W>) It is the reciprocal of the
difference in GDP per capita between two cities, using PGDP to represent GDP per capita. The economic weights of
city i and city j can be expressed as: Wo=(PGDP; — PGD Pj)_1 ; Economic geographical weight is the
strengthened average of spatial geographical weight and economic weight. If & represents the weighting coefficient,
then W3=EW i+ (1-£) Wa. In order to conduct spatial spillover testing, Moran's I is introduced, which is a spatial
correlation testing method proposed by the Australian statistician Patrick Alfred Pierce Moran in the 1950s. Moran’s
I €[-1.1], When Moran's I > 0, this indicates spatial positive correlation; when Moran's I <0, this indicates spatial

negative correlation; and when Moran's I =0, this indicates spatial randomness. The calculation formula is as follows:

I= nz?:lzjzl W?/ (xi _f)(xj —)?)
n — - :
ZH(X}‘ —x) Zi:lzj:1 W,

In order to improve the testing effect of digital economy on the spatial impact of carbon emission intensity from

(4)

urban energy consumption, the significance level of Moran's I is tested using the Z-value, which is called the standard

statistic of Moran's I. According to statistical testing theory, the formula for calculating the Z-value is as follows:
I1-FE (I )
VEI*]1-EIT

In order to empirically test the status of the influence of digital economy development on carbon emission

(5)

intensity from urban energy consumption, based on the above formula and MATLAB software, the results of Moran's

I for the entire domain of digital economy and urban energy consumption and carbon emission intensity are: Moran's

1=0.314 and Moran's 1=0.356, respectively. There are 0 < Moran'sl <1, z = 2.542, P = 0.03, indicating

that both have passed the 1% random distribution significance test. After the LR test, Wald test and Hausman test, it
is found that the spatial Durbin model cannot be simplified into a spatial lag model and a spatial error model, and must
be tested using a fixed effects model. Therefore, using formula (3) and the determined three types of spatial relative
weights, the lag term of carbon emission intensity from urban energy consumption and the impact of digital economy
development level on carbon emission intensity from urban energy consumption were mainly tested. The test results
are shown in Table 3.

Table 3 The test results of spatial spillover effects in digital economy
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323
324
325
326
327
328
329
330
331
332
333
334
335
336

337
338
339
340
341
342
343

Variable Wi W2 W3
n 0.197™(3.275) 0.228"™(3.215) 0.206"™(3.17)
CEl.: 0.1826™(2.356) 0.203""(2.287) 0.193%(2.178)
DEDI -0.4193"(-4.275) -0.4527"(-4.183) -0.436™(-3.865)
Wy 0.064"(2.363) 0.086""(3.282) 0.073%(2.255)
direct effect -0.237"(-3.351) -0.256™(-3.284) -0.248™(-3.163)
indirect effect -0.189"(-2.385) -0.187%(-2.294) -0.188™(-2.165)
Total effect -0.426"(-2.284) -0.443"(-3.263) -0.436™"(-3.151)
Control variables Yes Yes Yes
R’ 0.54 0.58 0.56
Log-L 768.32 862.37 896.25

Based on the above test results, it can be clearly seen that the spatial autoregressive coefficient (n) of carbon
emission intensity, the lagged term of carbon emission intensity from urban energy consumption (CEL.;), and the
spatial mutual coefficient (/%) of digital economy are all significantly positive. This indicates that there is not only an
interactive effect of energy consumption and carbon emission intensity among cities in China, but also a significant
spatial spillover effect. In other words, the status of carbon emission intensity from urban energy consumption in a
city and the impact of data economy on carbon emission intensity from urban energy consumption have a significant
impact on the corresponding matters of surrounding cities. This is mainly due to the implementation of basically the
same policies in Chinese cities, and the dissemination of information makes each city have characteristics of
correlation and permeability. At the same time, from the test results in Table 3, it can also be seen that digital economy
development has a significant negative effect on carbon emission intensity from urban energy consumption. The
important manifestation of this inhibition is that the direct effect is significantly greater than the indirect effect; that is,
the development of digital economy has a significant inhibitory effect on the intensity of carbon emission intensity
from urban energy consumption.

3.4 The impact mechanism of digital economy on carbon emission intensity from energy consumption

According to the mechanism diagram of the suppression of carbon emission intensity from urban energy
consumption by digital economy, the impact of digital economy on carbon emission intensity from urban energy
consumption is mainly achieved through three aspects: technological progress, upgrading of industrial institutions,
and environmental pollution control. According to the research design, the impact of these three aspects is mainly
achieved through five control variables: PCG, UR, EGIR, IS, and TPL. The test results of the mechanism of the effect
of digital economy on urban energy consumption and carbon emission intensity are shown in Table 4.

Table 4 Test results of the mechanism of the effect of digital economy on carbon emission intensity from urban energy consumption
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344
345
346
347
348
349
350
351
352
353
354

355

356
357
358
359
360
361
362
363
364
365
366

Technological progress Industrial structure upgrade Environmental pollution governance
e m B B @ ) ©
DEDI 0.087"(2.265) 0.126™(3.274) 0.148™(3.286)
Apr 0.091%(2.316)
Aps 0.095"%(3.325)
ADE 0.087"(3.217)
control variable Yes Yes Yes Yes Yes Yes
Fixed city Yes Yes Yes Yes Yes Yes
Fixed time Yes Yes Yes Yes Yes Yes
R’ 0432 0.441 0.474 0.476 0.485 0.487
F 273.25 283.17 292.35 294.38 302 . 36 31141

The results of the tests in the table can be clearly seen: columns (1) and (2) of the table test the impact of digital
economy on technological progress. The coefficient of the impact of digital economy development on technological
progress is 0.087, which has passed the significance test with a confidence level of 5%. The coefficient of the
interactive impact of technological progress on digital economy is 0.091, which has also passed the significance test
with a confidence level of 5%; The coefficient of impact of digital economy development on industrial structure
upgrading is 0.126, which has passed the significance test with a confidence level of 1%. The coefficient of interactive
impact of industrial structure upgrading on digital economy is 0.095, which has also passed the significance test with
a confidence level of 1%; The impact coefficient of digital economy on environmental pollution control is 0.148,
which has passed the significance test with a confidence level of 1%. The interaction coefficient of environmental
pollution control on the development of digital economy is 0.087, which has also passed the significance test with a

confidence level of 1%.

4. Conclusions and recommendations

In order to examine the impact of digital economy development on carbon emission intensity from urban energy
consumption and its spatial spillover effects, this article selects 285 cities in China and uses statistical data from 2012 to
2022. Through literature review, theoretical analysis, and empirical design, the article empirically tests the impact of
digital economy development on carbon emission intensity from urban energy consumption in China and its spatial
spillover effects. Research has found that digital economy has a significant inhibitory effect on carbon emission intensity
from urban energy consumption of Chinese cities, with an impact coefficient of -0.348; Among the five selected control
variables, PCG, UR, and IS show a positive correlation with carbon emission intensity from urban energy consumption,
indicating that these factors enhance CEI, with corresponding impact coefficients of 0.472, 0.135, and 0.331, respectively;
EGRI and TRL exhibit an inverse correlation with CEI indicating that these two factors inhibit the growth of CEI, with
corresponding impact coefficients of -0.556 and -0.201, respectively. On this basis, this article proposes the following
policy recommendations based on the test results and the actual situation of Chinese cities:
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367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386

387

388
389
390
391
392

393
394
395
396
397

(1) Vigorous development of digital economy is an important means to inhibit carbon emission intensity from
urban energy consumption. According to the results of the empirical test, digital economy has a strong inhibitory effect
on carbon emission intensity from urban energy consumption and has a positive effect on reducing carbon emission
intensity from urban energy consumption. Every 1 percent growth in digital economy can contribute to a 1 percent
reduction in carbon emission intensity from urban energy consumption, and digital economy has the leverage to
reduce carbon emission intensity from urban energy consumption. Therefore, digital economy development would
be minimizing carbon emission intensity from urban energy consumption.

(2) Digital economy minimizes carbon emission intensity through technological progress, industrial structure
upgrade, and environmental pollution governance. According to the empirical test results, digital economy has an
interactive role with technological progress, industrial structure upgrade, and environmental pollution governance. It
is demonstrated by both theory and practice that the inhibitory effect of digital economy development on carbon
emission intensity from urban energy consumption is mainly realized through these three aspects. Therefore, it has a
multiplier effect making full use of technological progress, industrial structure upgrade, and environmental pollution
governance to control carbon emission intensity from urban energy consumption.

(3) Give full play to the positive effect of control variables on the control of carbon emission intensity from urban
energy consumption. According to the empirical test results, among the five control variables, PCG, UR, and IR have
an enhancing effect on CEI and should be controlled further; EGRI and TPL show an inverse correlation to CEI,
which has the effect of inhibiting carbon emission intensity from urban energy consumption; and should be actively
exerted to reduce carbon emission intensity from urban energy consumption so as to realize urban energy conservation

and emission reduction in China.
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