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The dual carbon target has been the focus of domestic attention since it was
proposed. At the same time, the digital economy based on new technologies
such as the Internet and big data has become an important engine to boost
China’s high-quality economic development. While the digital economy is
promoting the development of the urban economy, can it also promote the
low carbon development of cities in China? Based on panel data and multiple
econometric models of 26 cities in the Yangtze River Delta urban
agglomeration from 2006 to 2020, this paper empirically examines the
impact of digital economy development on urban carbon emissions. The
results show that the development of the digital economy can not only
reduce the carbon emission intensity of this region but also effectively
reduce the carbon emission intensity of surrounding areas. Therefore, it is
necessary to further promote the construction of digital economy in the urban
agglomeration, improve the inclusiveness and flexibility of the implementation
of digital economy development strategy, and improve the construction of
information infrastructure to give full play to the role of the digital economy in
improving carbon emissions in urban agglomeration.

KEYWORDS

digital economy, carbon emissions, urban agglomeration, space measurement,
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Introduction

Global warming is a climate problem that all countries in the world need to face
together, and it is one of the most difficult challenges that mankind needs to face in history
(Lehtonen et al., 2019; Elahi et al., 2022). The increase in greenhouse gas emissions will
bring irreversible changes to the climate, which is not conducive to the production, life,
and sustainable development of our society (Shan et al., 2018),  As a responsible country,
China has always been committed to exploring effective ways to reduce carbon emissions
and has carried out a series of carbon emission reduction measures such as carbon
emission trading pilot and promotion. In September 2020, China put forward the double
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carbon strategy of carbon peak by 2030 and carbon
neutralization by 2060 at the United Nations General
Assembly, and set targets for China’s carbon emission
reduction actions.

The proposal of the double carbon strategy has once again set
off a research upsurge on the development of the low-carbon
economy. The “Fourteenth Five Year Plan” Comprehensive
Work Plan for Energy Conservation and Emission Reduction
pointed out that China’s ecological civilization construction
needs to focus on carbon reduction as a strategic direction to
achieve a fundamental improvement in the quality of the
ecological environment. Traditional factors affecting carbon
emissions mainly include population size, industrial structure,
energy structure, and so on. At present, a large number of studies
focus on population size (Dietz and Rosa, 1997; Rahman et al.,
2020), industrial structure (Di et al., 2020; Pan et al., 2021; Zhao
et al, 2022), Environmental regulation (Ouyang et al., 2020;
Wang and Zhang, 2022; Xu and Xu, 2022), technological
innovation (Cheng et al., 2021; Obobisa et al., 2022; Rahman
et al., 2022) on carbon emissions. Cities’ emissions account for
about 75%-80% of the global carbon emissions, while China’s
urban carbon emissions account for more than 80% of the total
carbon emissions (Shan et al., 2017; Kai et al.,, 2020). An urban
agglomeration is the advanced stage of urban development and
the highest spatial organization of urban development in the
mature stage (Tang et al, 2020). Highly integrated urban
agglomerations have typical space-time characteristics of
carbon emission, and their carbon emission reduction tasks
are more severe than those of Ordinary Cities (Cui et al,
20205 Shen et al, 2021; Cheng et al, 2022). The diversity of
influencing factors of carbon emissions leads to the economic,
financial, and industrial transformation and other risks that
China will face in the process of achieving the double carbon
goals. Therefore, it is a necessary guarantee for China to achieve
the double carbon goal to promote the governance of climate
issues in multiple ways (Cai et al., 2022).

The digital economy, as a new economic form (Quah, 2003;
Kajtazi, 2010), combined with the real economy, has injected new
momentum into China’s economic development. According to the
report released by the China Information and Communication
Research Institute, the scale of the digital economy has reached
39.2 trillion yuan in 2020, accounting for 38.6% of GDP. The digital
economy has become an important driver of economic development
and social transformation in China. According to the existing studies,
the economic benefit of the digital economy is the main research
direction. For example, the role of the digital economy in promoting
high-quality development (Ma and Zhu, 2022; Yang et al., 2022), the
influence of the digital economy on technological innovation (Cao
et al, 2021; Lin and Ma, 2022), etc. Only a few articles discuss the
impact of digital economy development on carbon emissions (Chen
et al,, 2019; Zhang et al,, 2022). The research of Xiong Wang (Wang
etal, 2022) shows that the development of digital Inclusive Finance is
conducive to regional carbon emission reduction. HongliWang
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(Wang and Guo, 2022) and other researchers found that digital
inclusive finance can help reduce urban carbon dioxide emissions,
and there is a significant positive spatial spillover effect in China’s
urban carbon dioxide emissions.

However, most of these studies focus on the national level, and
there are few studies on urban agglomeration. Therefore, studying
the impact of the digital economy development on carbon emissions
of urban agglomeration can effectively open up a new perspective.
Presenting enormous value for creating a digital urban economy and
investigating new avenues for reducing urban carbon emissions.
This paper uses the panel data of 26 prefecture-level cities in the
Yangtze River Delta urban agglomeration from 2006 to 2020 to
calculate the carbon emissions of each city in the Yangtze River Delta
and constructs a digital economy indicator system. Then, using a
variety of spatial econometric models, the paper empirically tested
the relationship between the development of the digital economy
and carbon emissions at the level of urban agglomeration. There are
possible innovations in this paper: First, it provides a new
perspective, that is, from the perspective of urban agglomeration,
to study the impact of digital economy development on carbon
emissions. The second is to discuss the spatial spillover effect of the
digital economy on carbon emission reduction based on the
geographical characteristics of cities in the Yangtze River Delta,
to help grasp the impact mechanism of the digital economy on
urban carbon emissions.

Methods
Model specification

To explore the impact of digital economic development on
carbon emissions in the Yangtze River Delta urban agglomeration,
the basic static panel model is constructed as follows:

InCO2; = ay + ﬁldiggt + ﬁzcil t U+ Vet & (1)

Where, i represents the city,t represents the year, CO2
represents the carbon dioxide emissions of each city, dig
represents the comprehensive index of the urban digital
economy. Considering other factors affecting urban carbon
emissions, C represents various control variables, u
represents individual effect, v represents the time effect, ¢

represents random interference term.

Spatial metrology model

Previous studies have shown that the economic and
cultural links between the Yangtze River Delta urban
agglomeration are close, which is beneficial to the flow of
factors and products. Therefore, the carbon emissions of cities
in the Yangtze River Delta urban agglomeration will not only
affect themselves but also affect the ecological environment of
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TABLE 1 Measurement system of development level of the digital economy.

10.3389/fenvs.2022.1028750

Target Evaluating indica Indicator attribute
Digital economy development index Total telecom business Positive

Number of personnel in information transmission computer service and software industry Positive

Number of Internet users Positive

Number of Internet users number of mobile phone users at the end of the year Positive
TABLE 2 Descriptive statistics of main variables.
Variables Abbreviations Mean Std Min Max
Carbon emission intensity Inc 6.717 1.129 4.098 9.432
Digital economy index dig 0.060 0.090 0.005 0.768
Population pop 6.121 0.710 4.263 7.819
Economic growth gdp 11.044 0.931 9.003 20.793
Government intervention gov 0.130 0.050 0.000 0.283
Level of foreign trade for 0.035 0.021 0.000 0.118
Environmental pollution level env 10.349 1.044 7.233 13.115
Scientific and Technological Development sci 0.035 0.021 0.0005 0.1308
Regional financial development status fin 0.035 0.021 0.001 0.131
Urbanization rate urb 1.178 0.490 0.000 3.054
TABLE 3 Regression results. N

) . O = UzwijTit + & (4)

Variable Coefficient Std. [95% conf. Interval] =
dig -0.751* 0315 [-1.370, -0.132] Where, W is the geospatial weight matrix, p represents a spatial
pop 0.534*%* 0.129 [0.280, 0.788] autoregressive coefficient, ¢ is the spatial autocorrelation
gdp 0130 0.021 [0.089, 0.1719] coefficient, X represents all explanatory variables, § is the
gov 2796+ 0.654 [1.510, 4.082] spatial error autocorrelation term, & is a random
for ~1.131 0.860 [-2.823, 0.561] interference term.
env 0.027 0.022 [~0.016, 0.070] When p is not zero, 6 and o are zero, the model is SAR model
sci 2.945%%% 0.960 [1.056, 4.833] When p and 6 are zero and ¢ is not zero. The model is SEM
fin 0.363* 0.090 [0.185,0.540] model
urb 1.011%%* 0.262 [0.496, 1.525] When p and 6 are not zero and o is zero, the model is SDM
cons 0.281 0.944 [~1.574, 2.137) model

w6 0%+ indicate significance level at the level of 1%, 5%, and 10% respectively.

nearby areas. Based on the spatial correlation of urban
agglomeration carbon emissions, this paper uses a variety
of spatial models to study the impact of digital economic
development on carbon emissions.

Wi = l/dij (2)

N N
In CO2; = ap + PZW” In CO2; + ﬁX,’t + GZWU‘X“ +u; + v

j=1 j=1
+ 0y

3)
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Data and measurement of variables

This paper selects the panel data of 26 cities in the Yangtze
River Delta urban agglomeration from 2006 to 2020. The data
mainly comes from the statistical yearbook of Chinese cities and
the statistical yearbook of cities at all levels. Some missing values
are supplemented by linear interpolation.

Explained variable: carbon emissions

The carbon emission sources of urban agglomerations
mainly include gas, liquefied petroleum gas, and electric
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power. Considering the availability of data and the consistency of
data sources, this paper calculates the carbon emissions
generated by cities in the Yangtze River Delta Based on the
energy statistics and power coefficient of cities in the Yangtze
River Delta urban agglomerations and takes the logarithm.

Core explanatory variable: digital economy

Based on the availability of urban agglomeration data, this
paper measures the level of digital economy from the
perspective of digital industrialization (Table 1). Including
the total amount of telecommunication services, the number
of personnel in the information transmission computer
services and software industry, the number of Internet
users, and the number of mobile phone users at the end of
the year. Since the index evaluation measured by the entropy
weight method is relatively objective, this paper uses the
entropy weight method to calculate the digital economic
development index.

X;j represents the value of the jth index data of the ith city
in the Yangtze River Delta urban agglomeration. The
calculation process of the digital economic development
index is as follows:

X,‘j - minxij

Zij = - 5)
max x;; — min Xij
Zij
pij = ,,—J (6)
Yz
i=1
-1
ej=——— 7)
ln mZpU
i1
l-e;
wy= (8)
L(1-e)
j=1
dlg, = ZwJZ’J (9)
=1

Where, Z;; Is the standardized index value, p;; is the proportion
of the jth index of the ith City, e; is the entropy value of the jth
index, w; is the weight of the jth index, dig; is the calculation
result of digital economic development index.

Control variable

There are many influencing factors on carbon emissions. This
paper refers to the existing literature and based on the availability of
data at the city level, selects the following control variables:

The population is an important influencing factor of
urban carbon emissions, expressed by the logarithm of the
resident population. Economic growth is measured by the per
capita GDP of the city. The improvement of economic
development level is often accompanied by an increase in
carbon emissions, which is expressed by the logarithm of per
capita GDP. Government intervention: The financial input of
local governments plays a key role in carbon emission
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reduction, which is expressed by the proportion of the
expenditure in the general budget of local finance to the
GDP. Level of foreign trade: foreign capital can bring
advanced technology levels, to reduce urban carbon
emissions, which is expressed by the proportion of the
amount of foreign capital used in that year in the regional
GDP. The rise in environmental pollution levels is often
accompanied by the increase in urban carbon emissions,
which is expressed by the logarithm of the total industrial
sulfur dioxide emissions. The impact of Scientific and
Technological Development on urban carbon emissions is
expressed by the proportion of scientific expenditure in the
general budget of local finance. The regional financial
development status is expressed by the proportion of the
balance of various loans of financial institutions in the
regional GDP at the end of the year. The improvement of
the urbanization rate is an important column in the
urbanization process, which is expressed by the proportion
of the urban population to the resident population.

Flowchart

Panel model Spatial metrology model

Model setting

Data
processing
Empirical

analysis

Data description

Entropy method

Fixed effect model |~#{ Benchmark regression | [ spatial econometric model |4— sem/sar/som |
| |

Robustness test
Conclusions&
suggestions

spatial weight matrix explained variables

Results
Regression results

First, the panel model is used to estimate the impact of digital
economy development on carbon emissions. This paper conducts
the Hausman test on the estimation results of fixed effect and
random effect models, and the results show that the p value is less
than 0.0001, which means that the fixed effect model should
be used.
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TABLE 4 Global Moran index of carbon emission intensity.

Year Moran’s I Z-score
2006 0.182%* 2.361
2007 0.190%* 2.411
2008 0.183%* 2.401
2009 0.194*¢ 2.401
2010 0.194** 2.390
2011 0.113** 2.048
2012 0.119** 1.888
2013 0.140* 2.058
2014 0.160%* 2.150
2015 0.147%* 2.001
2016 0.142** 1.971
2017 0.104* 1.821
2018 0.107* 1.837
2019 0.121** 1.878
2020 0.039 5.332
* indication.

In the fixed effect model, the estimation coefficient of the core
explanatory variable digital economy development level (dig) is
negative and significant, which means the urban carbon
emissions show a downward trend with the development of
the digital economy. Indicating that the development of the
digital economy can promote the reduction of urban carbon
emissions.

In addition, in the estimation results of fixed effect control
variables, population (pop), economic growth (gdp), government
intervention (gov), Scientific and Technological Development (sci),
regional financial development status (fin), urbanization rate (urb)
of each city have a positive impact on the growth of urban carbon
emissions (refer Table 2). The level of foreign trade (for) is negative
but not significant, which indicates that the increase in a city’s
foreign trade volume has not significantly reduced the city’s carbon
emissions. It may be because with the increase of foreign trade, the
city’s economy will have a “lock-in effect”, which makes the
economy stagnate at the stage of processing with imported
materials and exporting labor-intensive products, reducing the
upgrading speed of the city’s industrial structure and failing to
reduce the city’s carbon emissions. Environmental pollution level
(env) coefficient is close to zero and is not significant (see Table 3).
Urban pollution will not have an obvious impact on urban carbon
emissions. This may be because the enterprises with heavy
environmental pollution in the city have been included in the
stricter environmental supervision system and the emission of
pollutants has been strictly restricted, resulting in an unclear
relationship between urban pollution and urban carbon emissions.
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TABLE 5 The impact of digital economy development on carbon
emissions.

Variable SEM SDM SAR
dig ~1.006%** —0.641** —1.102%%*
(0.308) (0.304) (0.302)
pop 0.510%* 0.261** 0.425%%*
(0.125) (0.127) (0.126)
gdp 0.126%* 0.0654** 0.0951*
(0.021) (0.025) (0.022)
gov 2,657 1.889** 1.783%
for ~1.354 -1.236 -0.950
(0.826) (0.862) (0.808)
env 0.0257 0.0840%* 0.0292
(0.023) (0.029) (0.020)
sci 3.4100* 2.532% 2.629%%*
(0.978) (1.006) (0.918)
fin 0.365%* 0.145 0.265**
(0.089) (0.101) (0.088)
urb 0.919%* 0.200 0.829%**
(0.263) (0.267) (0.252)
lambda 0.253%
(0.138)
rho -0.339* 0.325%+
(0.186) (0.092)

ek, % % respectively indicate that it is significant at the level of 1%, 5%, 10%, and ()
indicate standard deviation.

Spatial metrology model

Spatial correlation of carbon emissions

Carbon emission has a strong diffusivity. As a closely linked
economic and  geographical urban structure, urban
agglomerations can easily lead to the cross-border impact of
carbon emission, and then trigger a “tragedy of the commons,”
leading to the reverse phenomenon of carbon emission control in
some cities in the Urban Agglomerations. Therefore, the carbon
emission reduction policy of urban agglomerations should not
only take a single city as the optimization target, but also take the
urban collaborative governance as the target to effectively reduce
urban carbon emissions. In this paper, the global Moran index is
selected to test the spatial autocorrelation of the carbon emissions
of the Yangtze River Delta Urban Agglomeration (Table 4). The
result demonstrate that the Moran index of carbon emissions of
most urban agglomerations in the Yangtze River Delta from
2006 to 2020 is significantly positive, indicating that the carbon
emissions of this region are positively affected by the carbon

emissions of surrounding regions.
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TABLE 6 Direct, indirect, and total effects of digital economy
development on urban carbon emissions.

Variable Direct Indirect Total
dig ~1.102*%* ~0.558* ~1.659*
(0.315) (0.321) (0.580)
pop 04244 0.203* 0627
(0.122) (0.097) (0.183)
gdp 0.0983*+ 0.0467 0.145+
(0.021) (0.019) (0.029)
gov 1.806%** 0.845* 2,650
(0.651) (0.410) (0.910)
for -0.943 -0.463 ~1.406
(0.797) (0.462) (1.208)
env 0.0310 0.0156 0.0467
(0.021) (0.014) (0.033)
sci 2,632 1.241°* 3.873
(0.920) (0.606) (1.321)
fin 0.272 0.129% 0400+
(0.090) (0.065) (0.134)
urb 0846+ 0.403* 1,249
(0.248) (0.192) (0.371)

X * % % respectively indicate that it is significant at the level of 1%, 5%, 10%, and ()
indicate standard deviation.

Spatial metrology model

The spatial error model (SEM), spatial dobbin model (SDM),
and spatial autoregressive model (SAR) are used for estimation
(Table 5), and the estimation results all pass the robustness test.
In all models, the digital economy development level coefficient is
negative, indicating that with the development of the digital
economy, the carbon emission intensity of cities in the Yangtze
River Delta will continue to decrease. Compared with traditional
industries, the development of a digital economy can effectively
improve the utilization efficiency of urban resources, promote
the recycling of resources, drive the low-carbon development of
urban industries, and reduce carbon emission intensity.

On the other side, the results show that the coefficient of
population size is positive, indicating that there is a positive
relationship between urban population and urban carbon
emission intensity. This is because the increase of population
density may further consume urban energy, resulting in the
reduction of resource utilization efficiency, generating more
unexpected output and aggravating urban carbon emissions. The
growth of economic development level will lead to the increase of
urban carbon emissions, because the increase of urban economic
development level will lead to the increase of energy demand, which
will lead to the increase of fossil energy consumption and ultimately
promote the increase of carbon emissions.

Spatial dobbin model regression cannot fully reflect the
marginal impact of the digital economy and various control
variables on carbon emissions, nor can it judge how much spatial
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spillover effect the digital economy has on neighboring regions.
Therefore, to ensure the comprehensiveness of the analysis, the
influence of explanatory variables on the explained variables in
the spatial econometric model is divided into direct effects and
indirect effects for analysis.

Table 6 shows the direct, indirect, and total effects of digital
economic development and urban carbon emissions. The direct
effect refers to the influence of local explanatory variables on
local explanatory variables; the indirect effect refers to the
this
explanatory variables in neighboring regions. The total effect

influence of explanatory variables in region on
is the average influence degree of the explanatory variable of a
certain place on the explained variable of the whole region.

The estimated coefficient of direct effect and indirect effect of
digital economic development on urban carbon emissions
are —1.102 and -0.558, which are both significant. This shows
that the development of the digital economy can not only reduce
the intensity of carbon emissions in the local area but also reduce
the intensity of carbon emissions in surrounding areas. Carbon
emissions are highly spatially related, therefore, conventional
carbon emission control policies cannot efficiently solve the
problem. However, the development of the digital economy
can reduce the inter-regional transfer of carbon emissions to a
certain extent. So the Yangtze River Delta urban agglomeration
needs to vigorously develop the digital economy. Improve the
economic synergy of the urban agglomeration, and realize the
joint prevention and control of urban carbon emissions.

From the perspective of control variables, the direct and indirect
effects of population size are significantly positive, indicating that the
growth of population size will drive the increase of carbon emissions
in surrounding areas. For the level of economic development, the
direct and indirect effects of the level of economic development on
carbon emissions are significantly positive. This indicate that in the
neighboring areas, the increase in the level of economic development
will lead to an increase in carbon emissions in the local and
surrounding areas. This is aligned with the theoretical analysis of
the impact of economic development on carbon emissions. The
direct effect and indirect effect of the foreign trade development level
are negative but not significant, indicating that the level of foreign
direct investment in cities has no significant impact on urban carbon
emissions. The direct and indirect effects of scientific and
technological development on carbon emissions are significantly
positive, which indicates that in the neighboring areas, the increase
in scientific and technological expenditure will lead to an increase in
carbon emissions in the region and the surrounding areas. This may
be because the Yangtze River Delta urban agglomeration is still in
the stage of industrial transformation. When the urban
transformation is not completed, the scientific and technological
innovation investment of green industries in scientific and
technological expenditure is still small compared with that of
traditional industries. As for regional financial development, the
direct and indirect effects of regional financial development on
carbon emissions are significantly positive. The increase in regional
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TABLE 7 Robustness results.

10.3389/fenvs.2022.1028750

Variable Replace matrix Replace interpreted variable
SEM SAR SDM SEM SAR SDM
dig ~0.872%% ~0.947%% ~1.053%%* ~3.899%% ~3.885%% ~3.9710
(0.302) (0.300) (0.309) (0.864) (0.853) (0.850)
pop 0.538*% 04944 0.184 ~1.576%% ~1.594%%% ~2.155%%
(0.123) (0.124) (0.134) (0.352) (0.351) (0.371)
gdp 0.128*% 0.117%% 0.0613** 0.157+% 0.147% 0.0248
(0.020) (0.020) (0.024) (0.057) (0.057) (0.072)
gov 265144 228204 1.694** 2782 2534 0.881
(0.626) (0.640) (0.776) (1.803) (1.764) (2.214)
for ~1.061 ~0.804 ~1.526* ~7.336% —7.201%% ~6.050**
(0.833) (0.832) (0.879) (2.330) (2.307) (2.502)
env 0.0257 0.0284 0.0723** ~0.0951 ~0.0873 0.00758
(0.021) (0.021) (0.029) (0.062) (0.059) (0.084)
sci 3.289%% 3,081 2.914%% 7,417+ 68837+ 6.173*
(0.937) (0.914) (1.006) (2.673) (2.584) (2.925)
fin 0.360*% 0.325%% 0.125 0.594* 0.547% 0.171
(0.087) (0.087) (0.098) (0.247) (0.245) (0.293)
urb 1.038** 0.971%+ 0371 0473 0453 -1.052
(0.251) (0.249) (0.266) (0.728) (0.719) (0.787)

X, %% % respectively indicate that it is significant at the level of 1%, 5%, 10%, and () indicate standard deviation.

financial development will lead to an increase in carbon emissions in
the region and the surrounding areas. This may be because the loan
enterprises in the urban agglomeration have not invested their loans
in the emerging green industries. Compared with the traditional
industries, the investment return of the emerging green industries is
more unstable. The direct and indirect effects of the urbanization
rate on carbon emissions are significantly positive, that is, the
increase in urbanization rate will lead to an increase in carbon
emissions in the region and surrounding areas. With the increase in
urbanization rate, energy consumption will gradually concentrate on
urban agglomeration, which will lead to an increase in urban carbon
emissions, which is consistent with the theoretical analysis of the
impact of urbanization on carbon emissions.

The growth of most control variables will not only lead to
the increase of local urban carbon emissions but also increase
the carbon emissions of surrounding areas, which further
the City
governance of carbon emissions and the importance of

illustrates necessity of multi collaborative

developing a digital economy.

Robustness test

This paper adopts the following two robustness test methods:
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(1) Replace the spatial weight matrix. Different weight matrices

may lead to different regression results of spatial
econometric models. To ensure the robustness of the
research results, this paper replaces the geographic
distance matrix with a 0-1 matrix to test the impact of
digital economic development on carbon emissions.
(2) The second is to replace the explained variables, replacing the
logarithm of urban carbon dioxide emissions with urban per
capita carbon dioxide emissions. The above robustness test
results are shown in Table 7. The sign of the digital economic
development index coefficient is consistent with the previous
text, and the significance is stronger. The results of this paper

are robust.

Conclusion

This paper selects the panel data of 26 cities in the Yangtze River
Delta from 2006 to 2020, and comprehensively analyzes the impact of
the development degree of the digital economy on carbon emission
intensity in the Yangtze River Delta by using benchmark regression
and SEM, SDM, and SAR spatial econometric models.

After passing the robustness test, the conclusions of this
paper are as follows:
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First, in the SEM and SAR models, the development of a
digital economy can effectively reduce urban carbon emissions.
Second, through the analysis of direct and indirect effects, the
development of the digital economy can not only reduce the
carbon emission intensity of the local area but also effectively
reduce the carbon emission intensity of surrounding areas.

The Yangtze River Delta urban agglomeration is currently in an
important transition period, and the sustainability of urban
economic development is a major challenge to be faced during
the transition period. The development of the digital economy and
carbon emissions are the most representative topics. Therefore, this
paper systematically discusses the internal relationship between the
digital economy and urban carbon emission intensity. Through
empirical research, it is found that the development of the digital
economy has significantly reduced the intensity of urban carbon
emissions, and this conclusion is still valid after considering
endogenous issues and a series of other robustness tests.

At the same time, further analysis show that most urban
development indicators have a positive impact on urban carbon
emissions in the process of urban agglomeration transformation,
such as the degree of urban government intervention, urban
the
development of the digital economy should play a leading role

science, and technology investment, efc. Therefore,
in the process of carbon emission reduction of urban
agglomeration and offset the increased carbon emissions of
other development indicators of urban agglomeration through
the energy conservation and emission reduction effects caused by
the development of the digital economy.

Policy recommendations

Based on the above research results, the enlightenment is as
follows:

First, it is necessary to accelerate the development of the digital
economy and promote the development of the digital economy by
cooperating in many fields such as big data, cloud computing, the
Internet of things, blockchain, artificial intelligence, and 5g

The the
of economic the
improvement of urbanization rate in the Yangtze River Delta

communication. expansion of population scale,

improvement development level, and
urban agglomeration are all contributing to the increase of urban
carbon emissions. At the same time, the digital economy should play
a major role in the urban development process as soon as possible
because it can promote carbon emission reduction in cities and
surrounding areas. Cities in the Yangtze River Delta should work
together to build a digital economy industrial system of the Yangtze
River Delta urban agglomeration, jointly research and develop
information technology and build a digital economy industrial
cluster, promote the deep integration of the digital economy and
the real economy, popularize the digital economy development
dividend, improve the awareness of energy conservation and

emission reduction of urban residents, promote the connotative
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growth of the digital economy, and ensure the effective collaborative
governance of urban carbon emissions.

Second, reduce the government’s intervention in the development
of the digital economy and reduce the government’s investment in
science and technology. The development of the digital economy of the
Yangtze River Delta urban agglomeration is still in the primary stage.
The invisible hand can better stimulate the development potential of
the digital economy. The digital economy without government
intervention can also improve the resource output capacity of green
industries and reduce the intensity of urban carbon emissions.

Deficiency and prospect of research

First, there is a lack of an authoritative framework system for
digital economic development to measure the degree of digital
economic development at the regional level. We can calculate the
digital economy index from the aspects of digital economy
infrastructure, economic scale, innovation ability, digital
development environment, and build a more accurate digital
economy development index system.

Secondly, the calculation of urban carbon emissions in this
paper only involves the consumption of natural gas, liquefied
petroleum gas, and other resources, but there are still many other
ways to generate greenhouse gases in daily life. The follow-up
research is based on the data availability of the research sample,
and the corresponding energy is added when calculating the
urban carbon emissions.

Finally, China has a vast territory and great differences in national
conditions. This paper does not analyze the relationship between the
development of the digital economy and carbon emissions of other
urban agglomerations in China, and cannot obtain a more
comprehensive system and detailed research results. The follow-up
study can verify whether the development of the digital economy is
universal to the carbon emissions of urban agglomerations.
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