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Abstract: After the proposal of the carbon neutrality target, the reduction carbon emissions in
China has become increasingly critical. The rapid advancement of new infrastructures, such as 5G
infrastructure, artificial intelligence, and the industrial Internet, is a key factor influencing the change
in carbon intensity through complex mechanisms, which necessitates a comprehensive understanding
of their impact on regional carbon emission intensity. We employ the “structure-technology” effect
as the transmission pathway and construct a model based on the STIRPAT model to compare and
analyze the disparities in the influence of new infrastructures on the entire country and various
regions. Moreover, spatial effects are also taken into consideration to investigate the pivotal areas
for carbon emission reduction. The main results are as follows: (1) The carbon emission intensity
in China demonstrates a consistent annual decline from 2011 to 2020. Regional disparities exist
in both carbon emission intensity and the development of new infrastructure, with the western
region exhibiting higher carbon emission intensity and lower investment in new infrastructure.
(2) New infrastructure has the potential to positively impact the reduction of regional carbon intensity.
However, the presence of an inverted U-shaped relationship suggests that China should avoid
the indiscriminate expansion of new infrastructure. Instead, such projects can facilitate industrial
structure optimization and technological advancements. (3) When considering regional nuances, the
effect of industrial optimization is partially mediating in eastern and central China but obscuring in
the western region. On the other hand, technological progress exhibits complete mediation in the
central region. In conclusion, this study recommends specific measures for carbon emission reduction
at both national and regional levels, accounting for the unique circumstances surrounding China’s

ongoing development of new infrastructure.

Keywords: new infrastructure; carbon intensity; mediating effects; spatial effects

1. Introduction

Given the repaid growth of China’s economy, reducing carbon emissions appears
to be quite challenging. In response to environmental concerns and in adherence to the
Paris Agreement, the Chinese government has established a specific timeline for achieving
crucial targets for carbon emissions. China will peak carbon emissions, reduce carbon
intensity by 60% to 65% relative to GDP before 2030 and become carbon neutral before
2060 [1]. Nevertheless, China is confronted with unparalleled hurdles in attaining its crucial
targets. Presently, China boasts the largest carbon emissions globally, as highlighted by
the World Energy Yearbook 2021, which accredits China with contributing to a substantial
45% of global carbon emissions. Furthermore, China’s process of industrialization and
urbanization remains incomplete, augmenting the already challenging backdrop of elevated
carbon emissions and intensified carbon intensity, thereby compounding the complexities
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associated with accomplishing these targets. The study found that carbon emission intensity
and GDP have maintained growth in the past decade, and the GDP growth rate has been
declining, but the overall growth rate is still higher than the carbon emissions. Therefore,
there is a trend of decreasing carbon emission intensity year by year, but the rate of decline
in carbon emission intensity has been slowing down in recent years.

At present, the development of a new generation of general technology and the new
infrastructure, which is driven by the new development concept and technological innova-
tion, can provide digital transformation, intelligent upgrading, and other services for almost
all industries to meet the demand for high-quality development based on the development
of information networks. New infrastructure, mainly including 5G infrastructure, artificial
intelligence, industrial Internet, big data centers, intercity high-speed railway and intercity
rail transit, and a new energy vehicle charging pile. New infrastructure has become an
important carrier for the development of China’s digital economy. It plays a pivotal role
in ensuring stable economic operation, stimulating investment, promoting sustainable
growth, stimulating consumption, and promoting the stable and orderly development of
China’s economy [2,3]. It also drives the penetration and derivation of digital technology,
promotes the intelligent development of traditional industries, improves the utilization
rate of new energy, and improves the traditional energy consumption structure [4]. There-
fore, new infrastructure can improve energy efficiency, industrial structure transformation,
technological innovation capabilities; it can also offer other ways to affect carbon emissions,
economic growth, and changes in carbon emission intensity. At present, China is facing the
dual pressures of economic restructuring and reducing carbon emissions. While actively
promoting new infrastructure, attention should be paid to its impact on carbon intensity.
Studying the impact of new infrastructure on regional carbon intensity is an important
reference and urgent need for regional low-carbon development.

For a long time, China has been implementing an extensive economic development
model, resulting in the concentration of production factors such as labor, capital, and tech-
nology in cities that are more open to coastal areas due to uneven resource distribution. This
situation hinders the coordinated development of the regional environment and leads to
significant differences in carbon emission intensity among regions. In response, China has
actively adjusted its regional development policies to achieve coordinated regional devel-
opment and has made certain achievements. The rapid development of new infrastructure,
such as artificial intelligence technology, big data, and cloud computing, along with the
flourishing digital economy, which is different from the traditional internet economy, has
created new development opportunities and facilitated the coordinated development of
the regional environment [5]. By understanding the effect of new infrastructure on carbon
emission intensity in different regions and implementing carbon emission reduction targets
accordingly, we can provide scientific suggestions for targeted regional carbon emission
reduction efforts.

The contributions of this study are as follows: At the theoretical level, this study
uses structure and technology as the starting point to illustrate how new infrastructure
affects carbon emission intensity. This study hypothesizes that new infrastructure affects
carbon emission intensity by improving energy structure, promoting industrial structure
upgrading, and enhancing technological innovation capabilities, but this effect has nonlin-
ear variation characteristics and regional heterogeneity. At the empirical level, based on
China’s interprovincial panel data from 2011 to 2020, this study provides evidence on the
impact of new infrastructure on carbon intensity from three perspectives: scale, structural
and technical role, and evaluates its mechanism. In this study, nonlinear changes were also
examined, and heterogeneity analysis and spatial effect observations were performed from
the perspective of regional characteristics. The novelty of this study is as follows: the impact
of new infrastructure on regional carbon intensity is evaluated from both theoretical and
empirical perspectives; the role of new infrastructure is included in the analysis framework
of carbon intensity influencing factors, and the impact mechanism is comprehensively
analyzed from three dimensions: scale, structure, and technology. As a result, this study
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provides new insights into how new infrastructure affects carbon intensity. Due to the high
degree of isomorphism in the economic development models and structures of large devel-
oping countries [6], the findings of this paper are of great significance for the sustainable
economic development of other developing countries, especially emerging economies.
The remainder of this paper is organized as follows: Section 2 analyzes the existing
literature. Section 3 describes the methods and data. Section 4 presents the empirical
findings with a discussion. Section 5 concludes and proposes policy implications.

2. Literature Review
2.1. Factors of Carbon Emission Intensity

The topics on carbon emission intensity are mainly divided into two categories. The
first category of literature focuses on the measurement or prediction of carbon emission
intensity in different regions and industries [7-9]. The second category focuses on which
factors can influence carbon emission intensity. Scholars have found that the factors affect-
ing carbon intensity mainly include population, economy, technology, industry, and energy
structure [10-13]. The research on the factors influencing carbon emission intensity mainly
includes two methods: decomposition analysis and quantitative analysis. Decomposition
analysis mainly decomposes the temporal or spatial impact of carbon emission intensity
and observes the degree of influence of different factors [14-17], mainly using LMDI and
PDA. On the other hand, quantitative analysis is mostly based on panel analysis [18-20].
It uses models such as the STIRPAT model and the Spatial Durbin model to study the
spatial or temporal effects of influencing factors on carbon emission intensity. Many types
of studies focus on the different impacts of different regions. Wang et al. detected the
impact of digital inclusive finance on the carbon emissions of small and medium-sized
enterprises [21]. Zhang et al. found that the interaction had an increasing impact on
regional carbon emission spatial differentiation [22]. Dividing China into eight regions, Lin
found that the impact of industrial transfer on carbon intensity was strongest in the central
region [23].

2.2. The Industrial and Technical Effects of New Infrastructure

Current research on new infrastructure construction focuses on the economic effects,
industrial upgrading effects, and technology effects [24,25]. Scholars have theoretically
analyzed that idea that new infrastructure can lead to economic transformation and help
the development of China’s digital economy [26]. It has been observed that information
and communication technology infrastructure is an important contributor to economic
growth in EU countries [27]. The difference in the development of transport infrastructure
and the economic attractiveness of urban and rural areas has become more and more
serious [28]. Du et al. (2022) argued that new infrastructure promotes economic growth
through three channels: promoting technological innovation, optimizing industrial struc-
ture, and increasing productivity [29]. They also suggest that the marginal effects of new
infrastructure investment on economic growth quality tend to be incremental. However,
Ansar et al. (2016) have a different perspective and argue that the larger share of infras-
tructure investment in recent years has increased the mismatch of capital across society,
and its ability to drive economic growth has decreased substantially [30]. Among the
many factors influencing industrial structure upgrading, literature has pointed out that
new infrastructure development helps regions expand consumption demand, improve
resource allocation, and enhance technological innovation capacity [31-33], which in turn
acts to optimize and upgrade industrial structure. While some studies have pointed out
that the effect of industrial upgrading of new infrastructure does not fully play a role
in a short period of time, Yan et al. (2022) further argue that the industrial upgrading
effect of integration infrastructure may start to diminish [34]. Technological progress is a
determinant of productivity improvement, and new infrastructure construction can bring
about technology diffusion and promote the ability to strengthen resource sharing between
different industries in different regions through cooperation and other means [35,36]. This
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forms a technological spillover effect. The new digital infrastructure enhances total factor
productivity in the distribution industry through industry chain reconstruction, network
agglomeration, and efficient allocation of factors. It is also observed that the new infrastruc-
ture largely realizes the potential of technology and data resources to enhance the efficiency
of technological progress [34]. In the early stages, of large-scale capital investment and
industrial development, the scale effect and technology spillover effect of infrastructure
investment may not be fully reflected yet, and the effect of infrastructure investment is
small. Therefore, only when infrastructure investment reaches a certain scale and quality
can it have a significant industrial structure upgrading or technological progress effect.

2.3. The Environmental Effects of New Infrastructure

However, the environmental effects of new infrastructure have received little atten-
tion in existing literature, despite some scholars examining the environmental impact of
new infrastructure from various perspectives. For instance, information infrastructure
has been found to influence the change in carbon emission intensity by optimizing indus-
trial structure, the agglomeration of productive service industries, and the development
of green technologies [37,38]. Lee and Wang (2022) explore the overall impact of digital
financial inclusion on carbon intensity [39]. Lin and Chen (2019) investigated the influence
of economic infrastructure construction on China’s energy intensity in the manufacturing
industry [40]. Fu et al. (2023) discovered that, apart from its direct impact on reducing
carbon emissions, the construction of information infrastructure can also impact carbon
emissions through technological innovation [41]. Chen et al. (2022) examined the effects of
high-speed rail on carbon emission intensity and found that its introduction significantly
decreased carbon emission intensity in cities along the route [42]. Hussain et al. (2023)
found that improved infrastructure in OECD countries can help reduce harmful environ-
mental effects [43]. However, further in-depth and diverse investigations are required
to understand the mechanisms and conduct empirical tests on how to promote green
development and achieve energy-saving and emission-reduction goals.

This paper makes three main contributions to the existing literature based on previous
research. Firstly, unlike previous studies that mainly focused on the primary factors of
carbon emission intensity, this study primarily investigates the effect of new infrastructure
on carbon emission intensity and analyzes the nonlinear effect it has on the environment.
Secondly, by considering the mediating effect of industrial structure and technological
progress, this study analyzes the pathway through which new infrastructure affects car-
bon emission intensity, providing more detailed insights into carbon emission reduction.
Thirdly, this study examines the performance of different impact pathways of new in-
frastructure across different regions. Consequently, we conduct a comparative analysis
between regions, identifying similarities and differences in the performance of the same
impact pathway in various areas. This analysis aids in identifying suitable pathways for
carbon emission reduction in different regions and provides new empirical evidence for
the scientific evaluation of the carbon emission reduction effects of new infrastructure.
Ultimately, this study supports the development of more rational regional carbon emission
reduction policies.

3. Theoretical Framework and Research Hypothesis
3.1. Theoretical Framework

In essence, the reduction of carbon emission intensity entails achieving a balance
between environmental improvement and economic growth. Early research predominantly
examined the relationship between environmental improvement and economic develop-
ment, with a particular focus on environmental economic theory. This theory extensively
studied the relationship between environmental quality and income [44], enriching the
concept of the Kuznets curve. The Kuznets curve suggests that environmental quality ini-
tially deteriorates and then improves as income increases, depicting an inverted U-shaped
relationship. This is because economic growth often leads to increased environmental
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pollution, but after achieving high-quality development, it can have a positive effect on
the environment. Additionally, the theory identifies three ways in which economic growth
influences environmental quality: the scale, technical, and structural effects. The scale effect
tends to harm environmental quality, while the technical and structural effects contribute
to its improvement. Therefore, to reduce carbon emission intensity, it is crucial to enhance
the environment and the economy by addressing these three aspects: scale, technology,
and structure.

The concept of new infrastructure encompasses the integrated application and coordi-
nated operation of various cutting-edge information technologies [45]. Similar to traditional
infrastructure, new infrastructure is expected to yield several positive impacts on economic
growth and regional sustainable development. However, what sets new infrastructure
apart is its ability to facilitate the widespread integration and application of the latest infor-
mation technology into the real economy. This has a more stable market orientation and
brings about greater economic and social benefits, ultimately leading to improved social
efficiency, which in turn is conducive to environmental enhancement. On one hand, the
development of new infrastructure can drive the innovative progress of new technologies
themselves. On the other hand, it can foster the integrated development of new scientific
and technological advancements with traditional industries, thereby guiding the green
transformation of conventional sectors and the growth of emerging industries. Overall,
new infrastructure can influence carbon emission intensity through its scale effects, impacts
on industrial structure, and advancements in technology.

Therefore, this study posits that the establishment of new infrastructure will have both
direct and indirect influences on carbon emissions. This implies that energy consumption
will be induced during the construction of infrastructure, resulting in changes in carbon
emissions. Moreover, new infrastructure will directly yield economic effects and impact
economic growth, thus directly affecting carbon emission intensity. Indirect impacts refer
to the fact that the development of new infrastructure will influence changes in related in-
dustries and technologies, thereby indirectly affecting carbon emission levels and economic
conditions, ultimately indirectly affecting carbon emission intensity.

3.1.1. The Direct Effect of the Scale of New Infrastructure

The scale of new infrastructure will have a direct impact on carbon intensity. New
infrastructure has three essential attributes: foundation, publicity, and externality. Basic
and public are the basic attributes of infrastructure, and externality is its unique attribute.
The externalities of new infrastructure are mainly reflected in its positive externalities. The
use of new infrastructure brings high-quality economic development, industrial structure
upgrading, technological progress, reducing energy consumption, and improving people’s
living standards. New infrastructure also contains negative externalities, and the construc-
tion and operation of new infrastructure will bring problems such as air pollution and
ecological damage.

First, the construction of new infrastructure directly affects carbon emission intensity.
The construction of infrastructure projects such as 5G base stations, high-speed railways,
railways, and big data centers consumes a lot of energy and then increases carbon emis-
sions. Second, new infrastructure indirectly affects carbon emissions through its positive
externalities. For example, the construction of intercity high-speed railways continues
to promote the development of transportation networks, intercity public transportation
can effectively reduce car use. The construction of charging piles to eliminate mileage
anxiety for the use of new energy vehicles, promote the development of new energy ve-
hicles, can greatly reduce the cost of pollution control, help green travel, reduce energy
consumption, and reduce carbon emissions, thereby affecting carbon emission intensity.
Meanwhile, the operation of new infrastructure projects stimulates the development of the
digital economy and creates jobs, thereby increasing employment opportunities, increasing
residents’ income, and raising residents’ low-carbon awareness, thereby reducing carbon
emission intensity. Therefore, with the promotion of time, from the construction of new
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infrastructure to its implementation, it has a positive and then negative impact on carbon
intensity, showing nonlinear characteristics.

3.1.2. Industrial Structure Effect

The structural effect of new infrastructure refers to the impact of new infrastructure
on the carbon emission intensity by affecting the industrial structure. As an important part
of the functioning of society, industry plays a key role in the environment and the economy.
The development of a low-carbon society requires more efficient allocation of resources
among industries to promote green economic development. New infrastructure has not
only stimulated the green transformation of traditional industries, such as energy-intensive
industries, but has also stimulated the demand for services relative to manufacturing.
On the one hand, the new infrastructure has brought new era characteristics such as the
Internet of things, endowed machinery and equipment with more powerful identification,
understanding, and collaboration capabilities, made social operations digital, intelligent,
and green, and promoted the rational allocation of industrial resources. For example, the
construction of new infrastructure such as information superhighways and artificial intelli-
gence has driven the traditional industries’ transformation and upgrading, and emerging
industries have emerged. The development of industries such as intelligent medical care,
intelligent education, and intelligent transportation in the 5G era has changed the tradi-
tional industrial structure. Therefore, the new infrastructure will significantly change the
traditional operation mode of the industry and promote the green transformation of the
industry. On the other hand, the operation of new infrastructure has promoted the flow
of technology, information, and other factors in the relevant productive service industries,
which will rapidly promote the rapid expansion of the service industry and optimize the
industrial structure. For example, the development of the industrial Internet has further
reconstructed the industrial production system, and the traditional manufacturing industry
will carry out innovation and transformation into a production service enterprise. These
shifts reduce the dependence of economic development on energy and resources, effectively
reducing carbon emission intensity.

3.1.3. Technological Progress Effect

The technical impact of new infrastructure refers to the impact of new infrastructure
on carbon emission intensity through technological development. New infrastructure
promotes technological progress by expanding the scale of R&D, improving the efficiency
of R&D, and promoting the transformation of scientific and technological innovation
achievements [46]. On the one hand, the scientific and technological infrastructure built
by the new infrastructure can effectively support the research and development of key
core technologies and provide an innovation environment and innovation platform for
strengthening the original innovation capability and enhancing the source supply of basic
science. For example, we will focus on promoting the construction of the global energy
Internet, building a series of facilities to reduce energy loss, such as Ultra-high voltage
(UHV), and improving resource utilization through innovative technologies. On the one
hand, the development of information technology and the opening up of intercity trans-
portation provide more convenient conditions for scientific and technological innovation
and knowledge dissemination, improve the availability and reserve of innovation resources
in different regions, and break the spatial barriers for the further development of scientific
and technological progress and exchange. At the same time, new infrastructure also refers
to applying a new generation of information technology in transportation, energy, water
conservancy, education, medical care, and other fields in order to support the transforma-
tion and upgrading of economic and social infrastructure. This provides rich application
scenarios and broad market demand for improving the efficiency of the transformation of
scientific and technological achievements. The technological progress brought about by the
new infrastructure is not only the progress of production technology but also the progress
of energy-saving technology and emission reduction technology. The combination of the
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two leads to rapid socio-economic development and improved energy efficiency, which
affects carbon emission intensity.

3.2. Research Hypothesis

Therefore, the impact of new infrastructure on regional carbon emission intensity
is a combination of the aforementioned effects, as illustrated in Figure 1. However, it
is important to note that the mechanism through which these effects influence carbon
emission intensity may vary across different regions. Building on theoretical analysis, this
study puts forward the following hypotheses:

Increase energy consumption
Direct
. ffect
Drive the development of e
the digital economy
Guide the green transformation of .
New traditional industries Industrial Carbon
T SRR . Lo structure L emission
S Promote the de'f elopment gf efficient effect intensity
emerging industries
Promote the innovation of new science and
technology Technological
L progress
Improve the conversion rate of effect

innovation achievement

Figure 1. Theoretical diagram of the impact mechanism of new infrastructure on carbon emission
intensity.

Hypothesis (H1). New infrastructure increases carbon intensity in the early stages and decreases
it in the later stages of development due to the effects of externalities.

Hypothesis (H2). New infrastructure reduces carbon intensity by promoting industrial struc-
ture optimization.

Hypothesis (H3). New infrastructure reduces carbon intensity by driving technological progress.

4. Methodology and Data
4.1. Econometric Methodology

Based on a qualitative analysis of theoretical assumptions, this study will use quanti-
tative methods to verify whether the hypotheses are valid. This section uses econometric
models to analyze the study samples, using fixed-effect models as benchmarks to test
hypotheses (H1) and structural equation models to test hypotheses (H2) and (H3). During
the analysis, the total study sample was divided into three subsamples by geography to
determine the regional heterogeneity influencing the effect. Finally, a spatial econometric
model is used to test whether there is a spatial spillover effect.

(1) Dynamic panel model

In this study, the STIRPAT model was used to construct an empirical model to detect
the impact of new infrastructure on regional carbon emission intensity and test the hypoth-
esis (H1) [47]. Since this study sample is based on a macro-panel data set, a fixed-effect
model (FE) was used for benchmark regression. Fixed-effect models make invisible indi-
vidual and temporal differences visible by introducing both individual heterogeneity and
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temporal heterogeneity into the model as dummy variables [48]. Therefore, the endoge-
nous nature of explanatory variables is eliminated to a certain extent, and heterogeneity
is better controlled. In this study, logarithms were taken for all variables to reduce the
heteroscedasticity of the data. The following benchmark model is constructed (1):

m
InCIy = a1 In NIy + ap InNI; + Y i In Xigy + €4 (1)
k

In the equation, i denotes the district and t denotes the time, « and § denote the
estimated parameters. CI denotes the carbon intensity, NI denotes the new infrastructure
scale effect, and NI? denotes the quadratic term of the new infrastructure scale effect. X
denotes the control variables, including economic density E, population size P, economic
size A, and energy mix S. m is a constant term, k denotes the control variable, and ¢ is the
error term.

(2) Intermediary model

Furthermore, by incorporating theoretical analysis, research hypotheses, the concept of
mediating effects, and the stepwise regression method, we can effectively explain the path-
ways through which new infrastructure impacts carbon emission intensity and establish
mediating models as follows (2) and (3):

m
InZj = aInNIL +a InNI; + Y B In Xigy + €5 )
k
m
InCIyy = 0InZy + a1 In NIy + ap InNI; + Y BrIn Xipy + €4 (3)
k

In these equations, Z denotes the mediating variables, the industry optimization effect
NS and the technological progress effect NT.

(3) Spatial model

Spatial autocorrelation refers to the statistical correlation between attribute values
of neighboring spatially distributed objects. When attribute values tend to cluster, they
exhibit positive spatial correlation, while attribute values that are dispersed show negative
spatial correlation. To measure spatial autocorrelation in this study, we employ Moran's I
index, which is calculated using the following formula:

[ MmN wii(xi — %) (xj — %)

2
iy X wij(x; — )

4)

where X =} X;/n, and x; denotes the carbon intensity of Province i; n is the number of
regions; and W is the spatial weight matrix. Moran’s I has a range of values of —1 < < 1.
The closer [ is to 1, the stronger the spatial positive correlation between regions. The closer
I'is to —1, the stronger the negative spatial correlation; the closer I is to 0, the more spatial
autocorrelation there is no spatial correlation between regions; that is, there is an irregular
random distribution in space. For the results of the Moran’s I index, the significance level
of spatial autocorrelation can be tested using the standardized statistic Z.

Spatial weight matrix: The spatial weight matrix quantifies the level of interdepen-
dence between the values of specific economic or geographical attributes of different spatial
units. In this study, a contiguity spatial weight matrix is employed. It assigns a value
of either 0 or 1 to represent the bordering relationship between geographic units, with
0 indicating non-contiguity and 1 indicating contiguity. It should be noted that certain
provinces, such as Hainan, are considered isolated areas but have a close neighboring
relationship with Guangdong Province.
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Spatial econometric model: In the first step, spatial autocorrelation is tested. If spatial
autocorrelation is detected, spatial dependence needs to be incorporated into the econo-
metric model. The spatial lag model (SAR) and the spatial error model (SEM) are two
approaches that account for the endogenous autocorrelation effect between explanatory
variables and the autocorrelation effect between error terms in the model, respectively.
Scholars have also developed the spatial Durbin model (SDM), which considers the spa-
tial autocorrelation of both explanatory and dependent variables, leading to more robust
estimation results [49]. In the equation, W is the spatial weight matrix.

m
InCl; = ayWInNI; + a;WInNIG + Y BeIn X + €54 (5)
k

4.2. Data Sources and Description
4.2.1. Data Sources

China was chosen as the research object because China’s infrastructure investment
has accelerated, based on a series of policies. It can be a point of reference for developing
countries. Due to data limitations, this study focuses on 30 provinces and cities in China,
excluding Tibet, Hong Kong, Macau, and Taiwan. The research period spans from 2011 to
2020. The data used in this study were obtained from the National Science and Technology
Expenditure Statistics Bulletin. To ensure consistency, GDP and industrial output are
adjusted to constant prices in 2010.

In this study, the researchers focused on analyzing and comparing the carbon emission
intensity and new infrastructure development across China’s 30 provinces and cities.
To better understand the regional disparities, the researchers divided these areas into
three regions: eastern, central, and western. The eastern region includes Beijing, Tianjin,
Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan;
the central region includes Shanxi, Inner Mongolia, Jilin, Heilongjiang, Anhui, Jiangxi,
Henan, Hubei, Hunan, and Guangxi; and the western region includes Chongqing, Sichuan,
Guizhou, Yunnan, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang.

4.2.2. Explanatory Variable: Carbon Emission Intensity (CI)

Carbon emission intensity refers to the amount of carbon emissions per unit of GDP.
In this study, carbon emissions are first calculated using the carbon emission coefficient
method. The carbon emissions of each province and city are then divided by their respective
GDP values to derive the carbon emission intensity. The primary energy sources discussed
in this study include coal, coke, crude oil, gasoline, paraffin, diesel, fuel oil, and natural gas.
According to the estimation method proposed by the IPCC (2006) [50], the carbon emission
coefficients are derived from the average low-level heat content of these energy sources,
the standard coal conversion factor, the carbon content per unit calorific value of energy
sources, and the carbon oxidation rate. The findings of this study suggest that China’s GDP
has been steadily growing, accompanied by a continuous increase in carbon emissions.
However, the intensity of carbon emissions has gradually decreased over the past decade.
By 2020, the average carbon emission intensity of each province and city had reduced to
3.82 tons per billion yuan.

4.2.3. Core Explanatory Variable: The Scale of New Infrastructure (NI)

The scale efficiency of new infrastructure applies to the capital stock of new infrastruc-
ture. Based on investment data, the perpetual inventory method is used to account for the
capital stock of new infrastructure. New infrastructure investment includes seven major
areas: 5G, intercity high-speed rail and rail transit, UHV, new energy vehicle charging
piles, big data centers, artificial intelligence, and industrial Internet, which are expressed
by selecting fixed asset investment in different industries. According to the seven major
areas of new infrastructure corresponding to different industry investment, the use of
telecommunications, radio and television and satellite transmission services, railway trans-
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portation fixed industry, electric power, heat production and supply industry, electrical
machinery and equipment manufacturing, professional and technical services, Internet
and related services, science and technology promotion, and application services industry
fixed asset investment to calculate the level of new infrastructure development. This paper
uses the new infrastructure investment in 2010 divided by 10% as the base year of new
infrastructure capital stock and 6.9% as the depreciation rate, and the price index selects
the fixed asset investment price index from 2011 to 2020 [51].

Based on the data provided in Table 1, we can observe that the level of new infras-
tructure construction varies among the 30 provinces and cities analyzed. The eastern
coastal regions, such as Guangdong, Jiangsu, Liaoning, Shandong, and other economi-
cally developed eastern coastal areas, generally have a high level of new infrastructure
development, but Beijing and Tianjin have a low level of new infrastructure construction
and relatively complete urban construction, which is resistant to the development of new
infrastructure construction. The capital stock of new infrastructure in the central region
is basically at a medium level, with Inner Mongolia and Henan having a higher level of
new infrastructure. Most of the western regions have a relatively backward level of new
infrastructure development, but Sichuan and Yunnan have a relatively high level of new
infrastructure. The results show that the differences in economic level, industrial structure,
and technological level between regions lead to different levels of new infrastructure de-
velopment. However, each region has a part with a high level of new infrastructure, and
this leading part can actively eliminate traditional industries, continuously develop new
infrastructure construction, and pursue industrial upgrading.

Table 1. Levels of new infrastructure in China (billion yuan).

Province Average Province Average Province Average
Beijing 3740.27 Hainan 1631.29 Guangxi 5633.35
Tianjin 5910.1 Shanxi 7787.81 Chonggqing 4008.91
Hebei 9033.61 Inner Mongolia 15,136.96 Sichuan 14,178.19

Liaoning 12,216.77 Jilin 6095.62 Guizhou 4335.51

Shanghai 5377.84 Heilongjiang 6932.34 Yunnan 10,386.06
Jiangsu 13,287.87 Anhui 7492.09 Shaanxi 6508.44

Zhejiang 10472 Jiangxi 7937.16 Gansu 5553.9
Fujian 9217.89 Henan 10,084.47 Qinghai 1844.38

Shandong 11,129.81 Hubei 7734.58 Ningxia 2515.68
Guangdong 17,044.66 Hunan 6588.79 Xinjiang 5233.47

By calculation, the overall carbon emission intensity is higher in the West, with the
difference between the East and West reaching 52%, and there are large regional differences
in both new infrastructure and carbon emission intensity. The overall new infrastructure
development level is higher in Central, with a difference of 37% from the West.

4.2.4. Mediating Variables

Industry structure optimization effect (NS): To measure this effect, the share of real
GDP in the tertiary sector is chosen as an indicator. The tertiary sector includes service
industries such as finance, healthcare, education, and entertainment.

Technological progress effect (NT): To quantify this effect, the number of domestic
patents granted per year is selected as a representative measure. Patents represent new
inventions and technological discoveries, indicating the level of technological progress and
the ability of a country to innovate.

4.2.5. Control Variables

Economic density (E): expressed as the ratio of the output value of secondary and
tertiary industries to the area of construction land. Economic density is measured by the
output per unit area of land in cities. Since urban economic activities are more dependent
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on non-agricultural industries, they are more focused on the economic agglomeration of
secondary and tertiary industries.

Population size (P): expressed as the total population of each province and city at the
end of the year.

Economic size (A): expressed as GDP per capita, representing the scale of regional
economic development.

Energy structure (S): expressed as the percentage of coal consumption in total energy
consumption. This is because coal consumption has the largest proportion in China and is
used to measure the energy structure.

5. Results and Discussion
5.1. Basic Regression Results

This study aims to analyze the impact of new infrastructure on carbon intensity using
panel data. Regression analysis was conducted using Stata software 17 to examine the
model. To account for individual differences in the panel data, a fixed effects model was
employed for subsequent analyses. The study further divides the 30 provinces and cities in
China into three regions: eastern, central, and western. The evolution of carbon emission
intensity within and between these regions is analyzed. To ensure consistency in the panel
data analysis, a fixed-effects model is used.

Table 2 shows the results of the baseline regression of Equation (1). At the national level,
the scale of new infrastructure exhibits an inverted U-shaped non-linear relationship with
carbon emission intensity. Specifically, the scale of new infrastructure initially has a positive
effect on carbon emission intensity, but it effectively suppresses the growth of carbon emission
intensity in the later stages. This finding supports the hypothesis (H1) of this study.

Table 2. Results of direct effects regression.

Variables China Eastern Central Western
In NI 2.308 * —0.734 % —9.671 ** 4323
In NI? —0.069 * 0.051 0.574 —0.169
InE —0.010 —0.078 ** —0.277 * 0.324 **
InP —0.363 —0.712 ** —-0.217 —0.083
InA —1.098 *** —0.724 *** —0.756 ** —1.238 ***
InS 0.173 *** 0.103 *** 0.596 ** 0.745 ***

Note: *, **, and ***, respectively, represent significance at the 10%, 5%, and 1% levels.

However, in the eastern and central regions, the scale of new infrastructure demon-
strates a linear negative effect on carbon emission intensity. On the other hand, the effect
of the new infrastructure scale on carbon emission intensity in the western region is not
statistically significant. These findings suggest that the impact of new infrastructure on
carbon emission intensity varies across different regions. It implies that the level of new
infrastructure construction influences the regional economy and carbon dioxide emissions,
consequently affecting regional carbon emission intensity.

In terms of control variables, the impact of economic density on carbon emission inten-
sity is more pronounced in the eastern and central regions. This can be attributed to the fact
that urban agglomerations in the eastern region are more economically developed, and the
central region has experienced effective development in recent years. The construction of
transportation networks has also played a role in driving regional economic agglomeration
and improving energy consumption efficiency. On the other hand, in the western region,
economic density promotes carbon emissions due to the vast size of the region and the
large amount of energy consumed to build economic agglomerations.

The negative effect of population size on carbon emission intensity is only significant
at the national level and in the eastern region. This can be attributed to the industrial
development in the east, which attracts more skilled personnel, fosters greater low-carbon
awareness among residents, and leads to significant agglomeration and more efficient
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energy consumption. Additionally, Guangdong and Zhejiang provinces have experienced
a significant increase in population size, which results in higher population density and
lower energy consumption per capita.

At the national level and in each region, the negative effect of economic scale on
carbon emission intensity is significant. The increase in GDP per capita signifies improved
affluence and a higher level of low-carbon awareness among the population. This leads
to actions such as choosing high-speed rail and new energy vehicles for transportation,
ultimately reducing carbon emission intensity.

The significance of coal burning as the main source of energy consumption is likely
due to the fact that China still heavily relies on coal as its primary energy source. The
significant increase in carbon dioxide emissions from coal consumption underscores the
need for China to continue upgrading its energy structure to reduce carbon emissions and
carbon emission intensity. This can be achieved by adopting cleaner and more sustainable
energy sources, such as hydrogen, which can replace traditional fossil fuels in the future.

5.2. Intermediary Effect Test

Based on the above baseline regression, Equations (2) and (3) were further regressed to
test the mediating and aggregate effects of new infrastructure on carbon emission intensity.
Table 3 shows the results of the test for the mediating effect of industrial optimization,
which reveals that the mediating effect of industrial optimization is not significant at the
national level but is significant at the regional level.

Table 3. Regression results of the industrial optimization mediation effect.

Models Variables China Eastern Central Western
Intermediary effect In NI —0.425 *** 1.757 6.433 —1.661
y In NI? 0.038 *** 0.045 *** —0.301 *** 0.112 ***
In NI 2.632 —0.343 * —0.173 * 1.149 *
Total effect In NI? —0.039 0.027 * 0.114 *** 0.047 **
In NS —0.761 —0.614 ** —1.434 ** —1.935 ***

Note: *, **, and ***, respectively, represent significance at the 10%, 5%, and 1% levels.

At the national level, new infrastructure can promote the optimization of industrial
structure and present a negative and then positive role under the role of new infrastructure,
first the continuous expansion of industry, and then turn to the industrial Internet under the
advanced transformation of industry while driving the expansion of the tertiary industry.
However, after adding the industrial optimization effect, the relationship between new in-
frastructure and carbon emission intensity becomes weaker, and neither new infrastructure
nor industrial optimization can inhibit the growth of carbon emission intensity, which is
caused by the role of new infrastructure on the industrial structure in the early stage, so the
intermediary effect of industrial optimization does not exist at the national level, and the
role of other intermediary effects should be considered [52].

In the eastern region, new infrastructure significantly promotes industrial structure
optimization. The relationship between new infrastructure and carbon emission intensity
shows a U-shaped pattern when the effect of industrial optimization is added. New in-
frastructure and industrial optimization together suppress the growth of carbon emission
intensity in the east. However, at a later stage, the effect of industrial optimization dimin-
ishes, and new infrastructure starts to have a positive impact on carbon emission intensity.

In the central region, the development of new infrastructure is at a high level, and
the role of industrial agglomeration and resource optimization has weakened. New infras-
tructure inhibits the promotion of industrial optimization in the central region, leading to
a positive impact on carbon emission intensity in the late stage. The mediating effect of
industrial optimization in the central region acts as a masking effect.

In the western region, new infrastructure optimizes the existing industrial structure by
promoting the development of the tertiary sector. Unlike the central region, the masking
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effect in the western region indicates that the carbon emission reduction effect of new
infrastructure becomes significant when the industrial optimization term is included. The
low overall level of new infrastructure in the west and its continuous expansion stage
directly increases energy consumption. However, in some regions, the development of
the tertiary industry and the optimization of industrial structure with the help of new
infrastructure contribute to curbing carbon emission intensity.

In summary, the results validate the hypothesis (H2) that new infrastructure curbs the
growth of carbon intensity by promoting the optimization of industrial structure at the regional
level. The intermediary effect of industrial optimization is manifested as a partial intermediary
effect in the eastern region and a concealing effect in the central and western regions.

Table 4 shows the results of the tests for the mediating effect of technological progress,
which can be seen to be present at the national level and in the central region, but not
at the level of the eastern and western regions. The results of all four regressions of the
mediating effect show that the relationship between new infrastructure and technological
progress passes the significance test and that all show a non-linear relationship. The
relationship between new infrastructure and technological progress at the national level
shows an inverted U-shape, with new infrastructure development being able to drive
knowledge spillovers across the country as a whole, but regional differentiation needs to
be captured at a later stage, with advance warning of impediments to green innovation
efficiency. The relationship between new infrastructure and technological progress in
the eastern, central, and western regions shows a positive U-shaped relationship. As
new infrastructure continues to be built, the early stage is in the research stage, and the
application of results is not significant due to high investment, while the later stage of
new infrastructure can promote technological progress, drive socio-economic development,
improve energy efficiency, and reduce regional carbon emission intensity. In the results
of the total effect, only the primary term of new infrastructure in the east passed the
significance test, indicating that the total effect of the other three levels was not significant.
Thus, for the national level and the central region, there is a full mediation effect between
new infrastructure and carbon emission intensity, while the variables of technological
progress in the eastern and western regions were not significant in the total effect, indicating
that there is no mediation effect of technological progress.

Table 4. Regression results of technological progress mediation effect.

Models Variables China Eastern Central Western
Intermediary effect In NI 21.528 *** —24.437 *** —54.429 *** 36.263 ***
y In NI? —0.799 *** 0.817 *** 3.128 *** 1.469 ***
In NI 1.239 —0.295 *** —3.851 2.763
Total effect In NI? —0.029 0.036 0.239 —0.105
In NT 0.049 *** —0.018 0.107 ** 0.044

Note: **, and ***, respectively, represent significance at the 5%, and 1% levels.

At the national level, both the direct effect of new infrastructure and the mediating
effect of technological progress contribute to the reduction of carbon emission intensity. The
total effect of new infrastructure on carbon emission intensity is not significant, indicating
that the positive effect of technological progress is stronger. This suggests a fully mediating
effect, where the impact of new infrastructure on carbon emission intensity is achieved
through the strengthening of technological progress.

In the central region, new infrastructure has a direct negative effect on carbon emission
intensity. Additionally, the effect of new infrastructure on technological progress initially
shows a negative and then a positive relationship. The inhibitory effect of new infras-
tructure on technological progress is reflected in the total effect, where only technological
progress promotes the growth of carbon emission intensity. This indicates a fully mediating
effect, although this effect may change in later stages. When entering the stage of new
infrastructure application, it is important to pay attention to the practical implementation
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of technology and strengthen the transformation of technological innovation results. This
will allow technology to become an effective tool for the development of a green economy.

In summary, technological progress exerts a fully mediating effect at the national
level and in the central region. New infrastructure effectively curbs the growth of carbon
intensity by driving technological progress, supporting the hypothesis (H3).

5.3. Spatial Effects Test

(1) Spatial correlation test

To examine the spatial effect of new infrastructure on carbon emission intensity, it is
essential to first test for a spatial correlation in carbon emission intensity. The Moran’s I
index was used to conduct this test. The results of the Moran’s test are presented in Table 5.
During the study period, Moran’s values for carbon dioxide emissions were consistently
positive and passed the 1% significance level test. This indicates a significant positive
spatial correlation in carbon emission intensity.

Table 5. Results of Moran’ s I index.

Variable 2011 2012 2013 2014 2015
InCI 0.381 *** 0.392 *** 0.378 *** 0.385 *** 0.326 ***

Variable 2016 2017 2018 2019 2020
InCI 0.334 *** 0.328 *** 0.330 *** 0.333 *** 0.335 ***

Note: *** represents significance at the 1% level.

(2) Spatial model selection

In this study, the LM test, Wald test, and LR test were conducted. The results of these
tests all passed the 1% significance level, leading to the rejection of the original hypothesis
of using the SLM model or SEM model. This indicates the simultaneous existence of a
spatial error term and a spatial lag term. Consequently, the spatial Durbin model was
employed for the analysis in this study. To account for potential estimation bias arising
from regional differences and time factors, as well as the suitability of fixed effects models
for analyzing specific individuals, a two-way fixed effects spatial Durbin model was used
for estimation in this study.

(3) Empirical analysis of spatial effects

The empirical results of the spatial Durbin model are shown in Table 6. Examining
the table, we observe that the coefficients of the primary and secondary terms of new
infrastructure are negative, and both pass the significance test. This suggests that the
impact of the digital economy on carbon emissions follows an inverted U-shaped pattern,
consistent with previous empirical findings.

Table 6. Results of the spatial Durbin regression.

. Carbon Spatial Direct Indirect
Variables Intensity La}g) Term Effects Effects Total Effect
In NI —3.487 *** —3.214 —3.561 *** —3.711 —6.267 ***
In NI? —0.107 * —0.129 —0.314* —0.027 —0.097
InE —0.045 ** —0.554 *** —0.217 ** —0.125 *** —0.683 ***
InP —0.129 0.526 —0.164 0.349 0.269
InA —1.240 *** 0.571 ** —2.158 *** 0.673 ** —0.771 ***
InS 0.231 *** 0.162 *** 0.213 *** 0.187 *** 0.824 ***

Note: *, **, and ***, respectively, represent significance at the 10%, 5%, and 1% levels.

The total effect can be divided into direct and indirect effects. The direct effects
represent the average impact of the explanatory variable on the region itself, while the
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indirect effects represent the average impact on adjacent regions. Regarding the direct
effects of the primary and secondary terms of new infrastructure, we find that they are
significant. This indicates a non-linear relationship between new infrastructure and carbon
emissions in the region. However, the total effect of new infrastructure on carbon emissions
only shows significance at the 10% level for the primary term. Overall, new infrastructure
presents a suppressive effect on carbon emission intensity.

Furthermore, we find that the spatial spillover effect of new infrastructure on carbon
emissions is not significant. The non-linear effect of new infrastructure in neighboring
regions on carbon emissions in the region is minimal. When considering the control
variables, except for population size, all variables show significant direct, indirect, and total
effects. Economic density and energy structure are found to influence the carbon emission
intensity of the region and adjacent areas. On the other hand, the impact of economic scale
on neighboring regions is not significant.

5.4. Robustness Check

To verify the robustness of the model, all hypotheses were tested using a random-effects
model. After changing the method, the empirical results were basically consistent with the
influence direction of the above variables, and the regression coefficients were different. First,
in the benchmark results, the primary and secondary items of the scale of new infrastructure
were verified at a significant level of 1%, which still verified the inverted U-shaped relationship
between new infrastructure and carbon emission intensity. Secondly, the mediation effect
regression model shows that the new infrastructure optimizes the industrial structure to a
certain extent and promotes the development of technological progress. After adding the
intermediary variable, the coefficient of new infrastructure is partially significant, which
proves that the effect of industrial structure optimization and technological progress has a
mediating effect in some regions, which is consistent with the previous results.

After replacing the data, the empirical results largely align with the original findings
in terms of the direction of influence of the variables. However, there are some differences
observed in the regression coefficients, as presented in Table 7. The benchmark results
demonstrate that the magnitude and significance of the primary and secondary terms
related to the scale of new infrastructure remain consistent, reaffirming the presence of an
inverted U-shaped relationship between new infrastructure and carbon emission intensity.
Furthermore, the mediation analysis reveals that new infrastructure contributes to the
optimization of the industrial structure and the advancement of technological progress
to a certain extent. Upon introducing the mediating variables, the coefficient of new
infrastructure becomes partially significant, indicating that the effects of industrial structure
optimization and technological progress are mediated in certain regions. This finding is
consistent with the previous results obtained.

Table 7. Results of Robustness test.

Models Variables China Eastern Central Western
Di i In NI 0.238 *** —1.219 —5.112** —0.003 **
rect etfects In NP —0.017 * 0.045 0.042 % —0.034
Industrial In NI 0.425 1.757 *** 6.433 *** —1.661 ***
optimization effect In NI? 0.046 ** —0.044 —0.312 *** 0.217 ***
Technological In NI 1.429 *** 0.222 *** —0.372 *** 0.231 **
progress effects In NI? —0.110 *** —0.327 *** 0.251 ** —0.234 **
In NI 0.184 ** 0.039 —0.103 1.127
Total effect >
(industrial optimization) In NT —0.011 0.027 0.114 0.049
In NS —0.243 *** —0.577 *** —1.434 *** —1.935 ***
Total effect In NI 0.137 —0.046 —0.095 0.044
In NI? —0.008 0.024 0.045 —0.023

(technological progress) In NT 0.062 *** —0.037 0.105 ** 0.063

Note: *, **, and ***, respectively, represent significance at the 10%, 5%, and 1% levels.
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5.5. Discussion

At the national level, the scale of new infrastructure has a positive effect on carbon
emission intensity in the early stages and can effectively curb the growth of carbon emission
intensity in the later stages. This is because infrastructure construction consumes a lot of
resources in the early stages, increases carbon emissions, and effectively promotes economic
growth and efficient energy use in the later stages, reducing carbon intensity [53]. The
effect of industrial optimization at the national level is not reflected. The carbon intensity
impact of new infrastructure is achieved through enhanced technological advances. This is
because the new infrastructure breaks down barriers for technological innovation exchanges
and provides rich application scenarios and broad market demand for improving the
transformation efficiency of scientific and technological achievements.

In the eastern region, the scale of new infrastructure construction shows a linear nega-
tive impact on carbon emission intensity. New infrastructure and industrial optimization
can curb the growth of carbon emission intensity, but the role of industrial optimization
in the later stage gradually weakens, and new infrastructure will have a positive impact
on carbon emission intensity. This may be because the construction of eastern cities is
generally relatively perfect, the expansion of urban construction is gradually slowing, and
the role of industrial optimization of new infrastructure is gradually weakening.

In the central region, the scale of new infrastructure also showed a negative impact on
carbon emission intensity. The industrial optimization effect manifests itself as a masking
effect in the central part. The average level of new infrastructure development is relatively
high, and its role in industrial agglomeration and resource optimization has weakened.
Therefore, the new infrastructure has inhibited the promotion of industrial optimization.
Due to this influencing effect, the total effect of new infrastructure has a positive impact
on carbon emission intensity in the later stage. Technological progress plays a completely
mediating role. This role may change at a later stage, and with the transformation of
technological achievements, new infrastructure can play a role in suppressing carbon
emission intensity through technological progress.

In the western region, the scale effect of new infrastructure construction is not signif-
icant. New infrastructure has been able to optimize the existing industrial structure by
promoting the development of the tertiary industry. The industrial structure in the west
shows a veiling effect. This may be because, driven by the optimization of the industrial
structure, the carbon emission reduction role of new infrastructure can be played, the
overall level of new infrastructure is low, and the scale is still expanding, which directly
increases energy consumption. However, some regions have been able to promote the de-
velopment of the tertiary industry, optimize the existing industrial structure, and develop a
low-carbon economy with the help of new infrastructure, thereby curbing carbon emission
intensity, and the direct effect of new infrastructure is not significant.

6. Conclusion and Policy Implication
6.1. Conclusions

In this study, we examined the impact of new infrastructure on regional carbon emis-
sion intensity by analyzing its mechanism and constructing the STIRPAT model with
appropriate variables. We also investigated the mediating effect of industrial optimization
and technological progress using the stepwise regression method. We placed particular em-
phasis on regional differences and explored the spatial spillover effect of new infrastructure.
Based on our analysis, we draw the following conclusions.

(1) From 2011 to 2020, China experienced a general decrease in carbon emission
intensity on a yearly basis. The average carbon emission intensity for each province and
city decreased to 3.82 tons/billion yuan in 2020. Currently, the western regions exhibit
higher overall carbon emission intensity, highlighting regional discrepancies in both carbon
emission intensity and new infrastructure development.

(2) The relationship between new infrastructure and regional carbon emission intensity
is complex. It is not a simple linear relationship. The introduction of new infrastructure can
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lead to industrial structure optimization and technological advancements, which in turn can
reduce carbon emission intensity at the regional level. However, the impact of technological
advancements is more significant at the national level and in the central region. In the early
stages of development, the construction and operation of new infrastructure consume a
significant amount of energy, resulting in increased carbon emissions. The initial boost to
the economy from new infrastructure is not enough to offset the carbon emissions caused
by energy consumption. Over time, as industrial optimization and technological progress
occur, the carbon emission intensity is significantly reduced. Currently, the development
of new infrastructure in China does not have a noticeable impact on the carbon emission
intensity of surrounding areas.

(3) From a regional perspective, there are obvious differences in the performance of
the different effects brought about by new infrastructure in different regions. The effect
of industrial structure optimization is partly mediated in the eastern and central regions,
which not only indirectly suppresses the growth of carbon emission intensity through
industrial structure optimization but also directly reduces carbon emission intensity, while
in the western region it is a masking effect, and the carbon emission reduction effect of new
infrastructure is significant after adding the mediating effect. The effect of technological
progress manifests itself as a complete mediation in the central region.

6.2. Policy Implications

Based on the findings of this study, the following countermeasures are suggested for
new infrastructure development and regional carbon reduction.

(1) The eastern region should accelerate the integration of old and new infrastructure
and promote the use of clean energy.

For the eastern region, it is crucial to continue implementing the structural effects
brought about by the application of new infrastructure. This entails promoting the upgrad-
ing and transformation of secondary industries and increasing the proportion of tertiary
industries, particularly in Beijing, Tianjin, and Hainan. The aim is to expedite the integra-
tion of old and new infrastructure, strengthen the development of a low-carbon economy,
facilitate the successive transformation of old and new dynamics, and foster resource,
facility, and space sharing between new and old infrastructure. The upgrading of industrial
structures, facilitated by new infrastructure, can effectively mitigate the growth of carbon
emissions intensity. However, it is essential to effectively control the carbon emissions
associated with this development. This can be achieved by promoting the use of clean
energy sources, such as advocating for the adoption of new energy vehicles. This ap-
proach weakens the positive effect of the energy consumption structure on carbon emission
intensity while reducing regional carbon emissions. Additionally, promoting the use of
energy-saving technologies to enhance energy efficiency and minimize energy losses can
also help reduce carbon emissions.

(2) The central region should promote the development of new service industries and
urban agglomeration development.

For the central region, the relationship between new infrastructure and carbon emis-
sion intensity is influenced by the optimization of industrial structure. It is crucial to
strengthen the role of new infrastructure in promoting industrial transformation and up-
grading. This can be achieved by developing new service industries that leverage regional
advantages and align with new infrastructure construction. Additionally, it is important to
continue the construction of intercity high-speed railways and promote the development
of urban clusters. These efforts have multiple benefits: they stimulate regional economic
growth, enhance people’s quality of life, and contribute to a sense of social well-being.
Moreover, they improve the efficiency of resource allocation and reduce energy consump-
tion, thereby facilitating regional carbon emission reduction. By prioritizing the integration
of new infrastructure and the optimization of industrial structure, the central region can
effectively address carbon emission intensity while capitalizing on the economic and social
advantages of new infrastructure development.
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(3) The western region should improve the application of new infrastructure and
strengthen the development of a low-carbon economy:.

For the western region, it is vital to actively focus on the level of application of new
infrastructure, continue to promote the construction of new infrastructure, and accelerate
its application in all areas of the secondary and tertiary industries while continuing to
promote technological innovation, upgrade the energy structure, and promote the use of
clean energy. The western region should also seize opportunities during the development
of new infrastructure, actively build platforms to attract talent and technology, optimize
factor allocation, and promote high-quality economic development and the direct and
indirect effects of the new infrastructure.

Although this study is conducted based on data from China, it also has certain refer-
ence values for other developing countries. Similar to China, most emerging economies
are still in the early stages of new infrastructure construction while placing a strong fo-
cus on the country’s low-carbon development. Modest new infrastructure planning will
have a significant impact on sustainable economic growth and low-carbon development
in these countries. This study detected the different impacts of new infrastructure on
carbon emissions in different regions and tried to discover the impact mechanism of new
infrastructure on carbon emissions. However, we have not fully considered the impact of
new infrastructure on carbon emissions in a specific region. In addition, we will further
detect the impact of new infrastructure on carbon emissions in specific industries.
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