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Abstract 

While new infrastructure, as a technological extension of traditional infrastructure, has important 
digital economy attributes, mismatched investment in new infrastructure can still be environmentally 
damaging. To this end, this paper explores the potential impact of the matching relationship between the 
new infrastructure investment (NII) and the upgrading of industrial structure (UIS) on environmental 
pollution from the perspective of coupling and coordination between the two. Through a series of 
quantitative empirical and robustness tests on China’s relevant data from 2011 to 2019, this paper 
concludes that the coupling coordination level (NUC) of NII and UIS has an inhibitory effect on 
major environmental pollutants; in terms of mediating effect, NUC can reduce the emission of major 
environmental pollutants by improving energy consumption structure (ECS) and green innovation level 
(GII); in terms of nonlinear change characteristics, there is a threshold effect of NUC on the emission 
of industrial sewage and industrial dust; in terms of spatial properties, NII, NUC, PM2.5 and industrial 
sewage have positive spatial spillover effects. This study provides theoretical and empirical evidence 
that can support the government’s decision to implement differentiated new infrastructure investment 
decisions based on environmental protection, and it also provides a certain level of reference for 
developing countries to make more environmentally friendly new infrastructure investment decisions.
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Introduction, Research Background  
& Statistical Fact

Introduction

In the history of global economic development, the 
early extensive economic development model often 
brought considerable difficulties to the subsequent 
environmental governance. In the new economic era, the 
low-carbon and green economies have gradually become 
the recognized direction of future economic development 
[1, 2]. Since implementing the reform and opening-
up policy, China has achieved remarkable economic 
achievements through traditional infrastructure 
construction. However, the environmental pollution 
caused by traditional infrastructure construction is also 
an unavoidable historical problem [3].

As China’s economy shifts from high-speed growth 
to high-quality development, the Chinese government 
has gradually increased its emphasis on green, low-
carbon, and sustainable development. Unlike the U.S. 
government, which mainly uses the law as a means of 
environmental protection, the Chinese government 
has actively implemented a series of environmental 
protection policies and national green development 
plans [4]. Existing research proves that the Chinese-
style environmental protection measures adopted by the 
Chinese government are highly effective. For example, 
measures such as new energy demonstration cities, 
civilized city construction, innovation-driven policies, 
and environmental protection tax laws have been proven 
to have made significant contributions to improving 
air pollution and industrial pollutant emissions  
[5-11]. However, China is not satisfied with the existing 
environmental protection achievements, and many 
environmental protection policies are still proposed and 
promoted yearly. 

Compared with short-term environmental protection, 
the issue of economic recovery and industrial upgrading 
in the post-epidemic period is undoubtedly more critical. 
Therefore, in the special period when the government 
must maintain economic vitality, finding a more 
reasonable and efficient green governance measure has 
become a new problem.

At the same time, traditional infrastructure, which 
has made significant contributions in the stage of rapid 
economic growth, is also ushering in the historical 
process of iterative upgrading to new infrastructure 
in the stage of high-quality economic development. 
Traditional infrastructure is often considered to be 
an indisputable cause of today’s pollution problems.  
In contrast, new infrastructure with the characteristics 
of the digital economy and information economy  
is considered different from traditional infrastructure 
in this respect. As the hardware foundation of the 
digital economy, new infrastructure seems to be more 
environmentally friendly than traditional infrastructure. 

A report1 jointly issued by international environmental 
protection organizations, the Renmin University of 
China, and other institutions pointed out that compared 
with traditional infrastructure, the carbon emissions of 
new infrastructure during the production process are 
also significantly lower than traditional infrastructure. 
In addition, from the perspective of data comparison, 
carbon dioxide emissions in the production process of 
the new infrastructure are reduced by 13.483 million 
tons compared with traditional infrastructure, and the 
emission reduction rate is about 7.24%. However, even 
though the research on the environmental impact of new 
infrastructure is still preliminary, society has already 
set high expectations for environmental protection.

In addition to environmental protection, the 
new infrastructure’s role in industry upgrading and 
transformation has also begun to attract attention 
from authoritative research institutions. While the 
development of the next generation of information 
technology and the digital economy promotes the 
upgrading of the industrial structure [12, 13], the new 
infrastructure which is the foundation of the former 
is naturally considered to have the same effect. On 
January 8, 2023, the “New Infrastructure Blue Book: 
China’s New Infrastructure Development Report 
(2022)” released by the Chinese Academy of Social 
Sciences, stated that new infrastructure had become a 
key highlight for major developed countries to stimulate 
economic growth. The report believes that the huge 
development potential and industry synergy contained 
in the new infrastructure provide unprecedented 
opportunities for future economic transformation. 
Society places high positive expectations on the role of 
the new infrastructure in industrial upgrading and the 
environmental impact.

Research Background

With the continuous increase in policy support for 
new infrastructure construction, new infrastructure 
investment is about to enter a stage of explosive growth. 
China’s Electronics Information Industry Development 
Research Institute (CCID) released the “White Paper 
on New Infrastructure Development” as early as March 
2020. According to the report, it is estimated that by 
2025, direct investment in new infrastructure in seven 
significant fields will reach 10 trillion yuan and drive 
over 17 trillion yuan in investment accumulation. 
Seven major fields include 5G infrastructure, UHV, 
high-speed intercity railway and urban rail transit, new 

1	 The international environmental protection organization 
Greenpeace, the China Association for the Promotion of In-
ternational NGO Cooperation, and the School of Environ-
ment of Renmin University of China jointly released “In-
quiry into the Comprehensive Benefits of New Infrastructure 
Analysis Based on the Framework of Green and Inclusive 
Recovery”. Source: https://baijiahao.baidu.com/s?id=17161
87820096787632&wfr=spider&for=pc



Multiple Environmental Impacts of New Infrastructure... 2975

energy vehicle charging piles, big data centers, artificial 
intelligence, and the industrial Internet. In the post-
epidemic period, relevant new infrastructure investment 
support policies have been continuously promoted 
across the country. 

As a solid foundation for the development of the 
digital economy, new infrastructure has been included 
in the 2022 work reports of several cities, becoming an 
important hand in building a new engine of economic 
growth.2023 On January 5, 2023, the State-owned 
Assets Supervision and Administration Commission 
(SASAC) emphasized the need to step up investment in 
new infrastructure in 2023 in a conference to deploy the 
work of state-owned central enterprises. By then, a large 
amount of official capital will be involved and private 
forces will be mobilized to build new infrastructure.

However, misallocating infrastructure investment 
could lead to potential environmental problems. The 
Environmental Kuznets Curve (EKC) suggests that 
environmental degradation initially increases with 
economic development, but beyond a certain level of 
economic development, environmental quality improves. 
By examining the potential nonlinear relationship 
between economic growth and environmental impacts, 
the framework also provides guidance in analyzing 
the relationship between new infrastructure, industrial 
structure, and environmental issues. As we all know, 
large-scale social infrastructure construction is a 
double-edged sword [14]. Although it can stimulate 
local economic development to a certain extent, it may 
also have a negative impact on environmental quality. 
Although new infrastructure has become an imperative 
project for future development in the eyes of scientific 
research institutions and government departments, 
there is still very limited research on the allocation 
of new infrastructure investment and the resulting 
environmental pollution. As an infrastructure project 
with digital characteristics, new infrastructure still 
has the possibility of environmental pollution similar 
to traditional infrastructure. Therefore, in the process 
of promoting new infrastructure construction, if the 
scale of new infrastructure investment is blindly 
determined without considering the characteristics of 
the local industrial structure, this may bring unexpected 
ecological disasters.

Considering the possible mismatch between new 
infrastructure investment and industrial structure, this 
paper innovatively studies the coupling coordination 
degree between new infrastructure investment and 
industrial structure upgrade level and its impact on 
environmental pollutants. This paper explores the 
environmental effects of the matching degree between 
new infrastructure investment and industrial structure, 
which is expected to fill the research gap in related fields. 
Although the interaction between new infrastructure 
investment and industrial institutions is predictable, 
this does not prevent us from studying the coupling 
between the two. In fact, studying the level of coupling 
between investment and industry and the corresponding 

environmental impacts enables us to take a more macro 
view of the level of matching between the two and the 
external impacts.

At the same time, the research conclusions can 
also provide some suggestions and empirical basis for 
the relevant government to formulate policies, so this 
paper has certain theoretical and practical significance. 
In the era of the booming digital economy, a large 
number of developing countries are eager to rely on 
new technologies and infrastructure for an industrial 
upgrade. The China case has undoubtedly given a large 
number of countries that are participating or preparing 
for participation a chance to learn and refer to. This is 
one of the reasons why the research in this paper is also 
applicable to international cases.

Statistical Fact

In addition to the evidence of previous literature, 
this study is also supported by strict statistical facts. 
As shown in the Figs 1-42, the matching degree of new 
infrastructure investment (NII) and industrial structure 
upgrading index (UIS) has a significant improvement 
effect on major environmental pollutants. The definition 
and quantification of NII and UIS will be given in the 
third part below. At the same time, this paper uses the 
coupling coordination degree to study the matching 
degree of NII and UIS, which is represented by NUC. 
In the selection of environmental pollutants, this paper 
mainly studies PM2.5, industrial wastewater discharge, 
industrial SO2 discharge and industrial dust discharge.

Literature Review, Hypothesis & Research 
Framework

Literature Review & Hypothesis

This paper mainly involves related literature 
on new infrastructure investment and industrial 
structure upgrading. For the part of new infrastructure 
investment, this section first introduces the definition 
and characteristics of new infrastructure and new 
infrastructure investment and sorts out the role of 
new infrastructure investment in industrial structure, 
environmental protection, energy structure, and green 
innovation. In the part of industrial structure upgrading, 
this paper introduces the primary quantitative standards 
of industrial structure upgrading and sorts out its 
environmental impact and energy effect. Based on the 
literature review results above, the article proposes a 
research hypothesis at the end of this section.

2	 Implementation in Stata. Source: Michael Stepner. (20l4). 
Binscatter: Binned Scatterplots in Stata. Slide deck online at 
https://michaelstepner.com/binscatter/binscatter-StataCon-
ference2014.pdf.
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The New Infrastructure Investment (NII)

Since the concept of new infrastructure is still 
in the development stage, there are few relevant 
studies on the impact of existing new infrastructure. 
New infrastructure research has not yet been formed 
in T systematic and comprehensive system. In the 
limited literature, scholars’ existing research on new 
infrastructure and new infrastructure investment mainly 
focuses on its digital characteristics, multiple economic 
impacts, energy consumption, and environmental 
protection. In accordance with the main objective of the 
study, this paper emphasizes three aspects of literature: 
the concept of new infrastructure and new infrastructure 
investment, the impact of new infrastructure investment 
on industrial structure, and the impact of new 
infrastructure investment on the environment.

New infrastructure comes from traditional 
infrastructure, a concept that changes over time. As the 
name suggests, new infrastructure investment refers to 
investment funds for new infrastructure construction. 
The source of funds for new infrastructure investment 
mainly relies on fiscal funds and special bonds, and 
the investment scale of corporate and social funds 

is also increasing. With the continuous change of 
new technology, infrastructure content is constantly 
upgraded. Traditional infrastructure mainly includes 
elements that provide fundamental physical (public or 
private) services to industrial society: transportation, 
water, and wastewater treatment, electricity, and the 
military [14]. New infrastructure focuses more on 
infrastructure construction based on next-generation 
technologies. 

At present, new infrastructure research generally 
adopts the official answer of China’s National 
Development and Reform Commission as the definition 
of new infrastructure: new infrastructure is an 
infrastructure system guided by the new development 
concept, driven by scientific and technological 
innovation, based on the information network, and 
oriented by the demand for high-quality development, 
which provides digital transformation, intelligent 
upgrading, and convergence and innovation services. 
In addition, new infrastructure mainly includes 
three important aspects: information infrastructure, 
convergence infrastructure and innovation 
infrastructure. It should be noted that the so-called 
broadband infrastructure in the past was only part of 

Fig. 1. Relationship between NUC & PM2.5. Fig. 2. Relationship between NUC & Wastewater.

Fig. 3. Relationship between NUC & SO2 Fig. 4. Relationship between NUC & Smoke.
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the information infrastructure. The new infrastructure 
is a broader and more cutting-edge concept. Besides, 
China’s NDRC also emphasized that with technological 
revolution and industrial transformation, the connotation 
and extension of new infrastructure facilities will change. 
The official definition of new infrastructure reflects the 
development of new infrastructure construction itself, 
which also provides a more authoritative endorsement 
for the division benchmarks for quantifying new 
infrastructure investment in this paper.

Existing literature generally believes that new 
infrastructure can promote the upgrading of industrial 
structures. In fact, the new infrastructure investment can 
not only serve as an effective combination of stabilizing 
economic growth and optimizing economic structure 
[15], but also improve the quality of economic growth 
by stimulating technological innovation, optimizing 
industrial structure, and improving production 
efficiency [16]. In addition, the new infrastructure is the 
foundation of the digital economy, so it has a greater 
positive impact on the transformation and upgrading of 
industrial digitalization and informatization. The digital 
economy can promote the upgrading and transformation 
of the industrial structure [12, 17, 18], so the new 
infrastructure can also indirectly contribute to the 
transformation and upgrading of the industrial structure 
by supporting the growth of the digital economy.

Compared to traditional infrastructure, new types 
of infrastructure have been recognized as having 
environmental improvement effects due to their 
digital economy attributes. Existing literature on the 
environmental effects of new infrastructure investment 
generally focuses on green innovation and energy 
consumption. From the perspective of direct effects, the 
environmental effects of new infrastructure investment 
are mainly reflected in green innovation, green energy 
consumption and clean energy production. As part of 
the new infrastructure, the new digital infrastructure is 
considered to have a positive impact on the efficiency 
of green technology innovation in strategic emerging 
industries [19]. While promoting green energy 
consumption [20], the new infrastructure also opens up 
new development space and economic growth points 
for the clean energy industry. For example, intelligent 
energy construction related to new infrastructure 
is developing rapidly [21]. From the perspective of 
indirect effects, the close relationship between new 
infrastructure, the digital economy, and information 
technology will also drive corresponding environmental 
impacts. For example, the digital economy can 
accelerate the reduction of energy consumption intensity 
through economic growth, R&D investment, human 
capital, financial development, and industrial structure 
upgrading [22], so new infrastructure investment may 
also have a similar environmental protection effect. It 
is believed that information technology reduces energy 
demand by maximizing energy efficiency and changing 
sectors [23], and that digitalization can improve energy 
consumption and energy intensity, and optimize the 

energy structure [24]. New infrastructure may also 
contribute to environmental protection in similar ways.

The Upgrading of Industrial Structure (UIS)

Different from new infrastructure investment, the 
environmental protection effect, and energy impact of 
industrial structure upgrading have been confirmed by  
a large number of sources. Due to the focus of this paper, 
this part won’t repeat them. Overall, the upgrading of 
industrial structure helps to improve the efficiency 
of green development [25] and ecological efficiency 
[26] and can reduce environmental pollution [26-31].  
In addition, UIS can also improve energy efficiency or 
energy intensity [2, 26, 31, 32].

For indicators of industrial structure upgrading, the 
literature often uses indicators such as the proportion 
of non-agricultural industries, the level coefficient of 
industrial structure, the ratio of the output value of the 
tertiary industry to the secondary industry, the Moore 
structural change index, and the proportion of high-tech 
industries [33]. As the coupling object of UIS, NII has 
been proven to have the effect of industrial structure 
upgrading and transformation [15, 16, 34], and new 
infrastructure investment has an upgrading effect on 
traditional manufacturing and service industries [15, 
35]. In addition, considering that the research direction 
of this paper is environmental issues, adding the 
endogenous impact of agriculture will interfere with 
the empirical results. Therefore, this study uses the ratio 
of the tertiary industry’s output value to the secondary 
industry’s output value to measure the industrial 
structure upgrading index (UIS).

Hypothesis

Based on the above statistical fact and literature 
review, this paper makes the following hypotheses:

Hypothesis (H1). The degree of coupling and 
coordination between new infrastructure investment 
and the upgrading of industrial structure will have an 
impact on the local quality of environment.

Hypothesis (H2). The degree of coupling and 
coordination between new infrastructure investment 
and the upgrading of industrial structure has an impact 
on the energy consumption structure and the level of 
green innovation.

Research Framework

The research framework for this paper is divided 
into the following steps. Firstly, starting from the 
characteristics of new infrastructure investment (NII) 
and industrial structure upgrading (UIS), this paper 
studies the spatiotemporal dynamic distribution and 
spatial spillover effects of NII, UIS, and coupling 
coordination level (NUC). After that, the environmental 
effects of NUC are studied from both the perspective 
of direct impacts, as well as the perspective of indirect 
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impacts, using the two mediator variables, energy 
consumption structure (ECS) and green innovation 
index (GII). Finally, based on the differences in the 
environmental impact results of direct and indirect 
effects, this paper explores the threshold effect of NUC 
on some environmental pollutants.

Methods of Research

Global Principal Component Analysis (GPCA)

In order to make the data comparable at the global 
sequence level, this paper adopts the global principal 
component analysis (GPCA) method to calculate the 
new infrastructure investment index (NII). In order 
to better reflect the information of multi-dimensional 
indicators, this paper chooses the time-series global 
principal component analysis (GPCA) method at the 
level of specific index construction, which can better 
reflect the overall characteristics of indicators. Specific 
practices refer to previous literature [36-38]. Through 
the global processing and calculation of ten third-
level indicators, the new infrastructure investment 
index of the corresponding province in a certain year 
is obtained. Firstly, the three-level original indicators 
are standardized and the time-series global principal 
component analysis is used to reduce the dimension. 
Firstly, the three-level original index is standardized and 
the dimension is reduced by time-series global principal 
component analysis. Then, according to the principle 
that the cumulative variance contribution rate is not 
less than 85%, the number of principal components 
is determined and the score of each component is 
calculated. Finally, the final regional new infrastructure 
investment index is obtained by weighted summation of 
the principal component scores.

The Coupling Coordination Degree Model (CCDM)

In this paper, the degree of coupling coordination is 
used to represent the degree of matching between NII 

and UIS. The calculation of coupling degree refers to the 
concept of capacity coupling in physics and the capacity 
coupling coefficient model. The specific formula of 
coupling coordination degree is shown below:

                 (1)

               (2)

                              (3)

Cn represents the degree of coupling, UNII and UUIS 
represents the new infrastructure investment index 
(NII) and the index of upgrading of industry structure 
(UIS), respectively. The coordination degree is 
expressed by the coordination index T, which reflects 
the process of continuous harmony between the whole 
system or subsystems. D reflects the degree of coupling 
coordination between NII and UIS.

Global Spatial Autocorrelation Analysis (SAR)

Spatial statistics generally use the spatial 
autocorrelation index to reflect spatial dependence, and 
the research on the spatial dimension of coupling is 
gradually being valued by more and more environment-
related research [39, 40]. By studying the spatial 
relationship of coupling coordination degree between 
new infrastructure investment and the upgrading of 
industry structure, this paper will help to observe the 
overall trend and dynamic distribution of coupling data 
across time and space. The specific operation mainly 
reflects the degree of aggregation through Moran index 
calculation, and its calculation formula is shown below.

    (4)

            (5)

Fig. 5. The Environmental Impact Mechanism Framework of NUC.
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MI represents Moran index, and the value range of 
MI is [−1,1]. MI>0 indicates that the attribute values of 
spatial units are clustered and present as spatial positive 
autocorrelation; MI<0 indicates that the attribute values 
of spatial units are scattered and present as spatial 
negative autocorrelation; MI = 0 indicates that the 
attribute values of spatial units present as spatial random 
distribution. Wij is a spatial weight matrix constructed 
based on spatial distance by using Stata software. N 
represents the total number of regional spatial units, xi 
and xj represent the attribute values of random variable 
x in geographic unit i and j, and is the average value of 
attribute values.

Threshold Regression Model (TR)

In order to test the nonlinear effect of NUC on 
pollutants under the condition of heterogeneity, the 
threshold model proposed by Hansen [41] is used for 
further analysis and research. The specific threshold 
regression model is set as follows:

              (6)

In the formula, I(·) is the indicative function, which 
takes the value of 1 when the conditions in the brackets 
hold, and 0 when the conditions in the brackets do 
not hold; qt is the threshold variable; y represents the 
unknown threshold value. In this paper, the expression 
can be rewritten as:

(7)

(8)

Mit can be represented by NUC. As shown in the 
above model, here only assumes that there is a threshold 
q. In fact, most of them are double thresholds or triple 
thresholds, and the model setting method is similar 
to this. The specific model design should be based 
on the specific situation. This paper chose a more 
suitable single-threshold model after multiple threshold 
regression attempts.

Data Series, Distribution Analysis & Sources

Variable Distribution & Data Source

The core variable of this paper is the coupling 
coordination degree (NUC) between new infrastructure 
investment (NII) and industrial structure upgrading 
index (UIS). Based on the focus of relevant research, this 
paper selects smog concentration (LnPM2.5), industrial 
wastewater discharge (LnWastewater), industrial 
sulfur dioxide discharge (LnSO2) and industrial smoke 
discharge (LnSmoke) for environmental pollutants. 
In the data selection of mediators, this paper uses the 
proportion of coal consumption to represent the energy 
consumption structure (ECS), and uses the number of 
green invention patents obtained by 10,000 people to 
represent the green innovation index (GII). 

Based on previous research experience and the 
variable characteristics of this study, the following 
control variables are selected in this paper: regional 
gross product per capita (Lnrgdp), regional population 
size (Lnpopu), regional coal consumption (Lnecc), 
regional population density (Lnpop), the proportion of 
regional fiscal expenditure on science and technology 
(Lntech) and the proportion of primary industry output 
value (Lnpt1).

In terms of data sources, the data on new 
infrastructure investment (NII) comes from the “China 
Fixed Assets Statistical Yearbook” and “China Fixed 
Assets Investment Statistical Bulletin”, and the energy-
related data comes from the “China Energy Statistical 

Variable Abbr. Obs Mean Std. Dev. Min Max

Lnnii NII 270 1.32 0.36 0.52 2.28

Lnuis UIS 270 4.77 0.38 3.97 6.26

nuc NUC 270 0.42 0.12 0.00 0.86

Lnecs ECS 270 4.42 0.57 0.69 5.51

Lngii GII 270 0.17 0.22 0.01 1.43

LnPM2.5 G1 270 3.62 0.39 2.26 4.45

LnWastewater G2 270 10.76 0.92 8.79 12.41

LnSO2 G3 270 12.43 1.26 6.78 14.30

LnSmoke G4 270 12.60 0.99 8.01 14.40

Table 1. Distribution of Main Variables.
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Yearbook”. Green invention patent data comes from 
Chinese Research Data Services (CNRDS). The smog 
concentration data in the environmental pollution data 
comes from the Socioeconomic Data and Application 
Center of Columbia University, and the other pollutant 
data come from the “China Environmental Statistical 
Yearbook”. Other macroeconomic data come from 
“China Statistical Yearbook”. All the variables involved 
in the nominal value in this paper are deflated with 2010 
as the base period, so as to reduce the influence of price 
factors.

Metrics & Distribution Analysis

The New Infrastructure Investment Index (NII)

Table 2 gives the specific multi-level index 
composition of new infrastructure investment. The 
National Development and Reform Commission of 
China divides the new infrastructure into three parts: 
information infrastructure, integrated infrastructure, 
and innovative infrastructure. In this paper, the new 
infrastructure investment index contains a total of 
three correspond secondary indicators. Investment in 
information infrastructure is measured by per capita 
fixed asset investment in information technology 
services. Proportionality coefficient PII (Proportion 
of information and innovation investment in new 
infrastructure investment) consists of proportion of 
investment in information infrastructure and innovative 
infrastructure of total new infrastructure investment. 
In the part of integrated infrastructure investment, it 
is calculated by multiplying the portion of traditional 
infrastructure related to new infrastructure by PII, 
which represents integrated infrastructure investment. 
Investment in innovative infrastructure is represented 

by per capita fixed asset investment in scientific research 
and technology services. This paper innovatively uses 
PII to calculate the relevant fixed asset investment share 
in the aspect of integrated infrastructure investment. 
This calculation method can more intuitively reflect the 
investment proportion of the integration of traditional 
infrastructure and new infrastructure.

Based on the composition of the above indicators, 
this paper first standardized the three-level indicators, 
and then used the principal component analysis method 
(GPCA) to reduce the dimensionality of the above 
indicators to extract the main features. In the process of 
processing, a cumulative contribution rate of 85% is set 
for principal component screening and score calculation, 
and finally the new infrastructure investment index is 
calculated. The result is shown in Table 3.

Table 3 provides the new infrastructure investment 
index of 30 provinces and cities in China from 2011 to 
2019, and Fig. 23 reports the dynamic level distribution 
of the new infrastructure index of 30 provinces  
and cities in China from 2011 to 2019 by region.  
The following part will analyze and evaluate based on 
the perspective of the individual, overall and essential 
time points in turn.

(1) At the individual level, from the perspective of 
the average value of various provinces and cities from 
2011 to 2019, the overall level of the new infrastructure 
investment index is at a relatively low stage, and the 
differences between regions are still very significant. 
The average new infrastructure investment index in 

3	 Since the NII data has been standardized, the NII is repre-
sented here by the total amount of new infrastructure invest-
ment funds used by 10,000 people at the national level in 
Fig. 6. (Unit: Million CNY)

Level I indicators Level II indicators. Level III indicators

New 
infrastructure 
investment

(NII)

Investment in information 
infrastructure (A1) Per capita fixed asset investment in information technology services

Integrated infrastructure 
investment

(A2) Per capita fixed asset investment in mining industry * PII

(A3) Per capita investment in manufacturing fixed assets * PII

(A4) Per capita investment in fixed assets in construction * PII

(A5) Per capita investment in fixed assets of health and social work * PII

(A6) Per capita fixed asset investment in transportation, storage, and postal services * 
PII

(A7) Per capita fixed asset investment in water conservancy, environment, and public 
facilities management industry * PII

(A8) Per capita investment in fixed assets in the production and supply of electricity, 
heat, gas, and water * PII

(A9) Per capita investment in fixed assets of public administration, social security, and 
social organizations * PII

Investment in innovative 
infrastructure (A10) Per capita fixed asset investment in scientific research and technology services

Table 2. Composition of NII Index.
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Beijing, the first place, is as high as 3.08, while the 
new infrastructure index in Guizhou Province, the last 
place, is only 1.31. The highest rankings are Tianjin, 
Qinghai, Inner Mongolia, Beijing, and Heilongjiang, and 
the lowest rankings are Guizhou, Henan, Chongqing, 
Yunnan, and Sichuan.

(2) At the overall level, the level of China’s new 
infrastructure investment is certainly on the rise from 
2011 to 2019, with an increase of 223.87% during 
the period. In addition, from a regional perspective, 
there are significant differences in the distribution 
of new infrastructure investment. The level of new 

infrastructure investment in the eastern region was 
far ahead of the central and western regions at the 
beginning of the research period. However, as time 
passed, the level of new infrastructure investment in the 
eastern region continued to decline and has been lower 
than that of the central and western regions since 2018. 
The level of new infrastructure investment in the central 
region was the lowest in the early stage, but it continued 
to rise during 2011-2014. Then, after fluctuating from 
2014 to 2016, it rose sharply again in 2017 and was in 
the middle of the country in 2019. The level of new 
infrastructure in the western region dropped sharply in 

Table 3. Results of NII Measurements in China’s Provinces.

Region 2011 2012 2013 2014 2015 2016 2017 2018 2019 Mean Rank

Tianjin 2.79 2.94 3.21 4.01 2.46 3.37 5.51 1.93 1.46 3.08 1

Qinghai -1.20 -1.67 -1.49 -0.27 5.31 4.98 3.26 3.93 5.79 2.07 2

Inner Mongolia 2.87 2.30 3.06 5.37 0.78 0.97 1.67 0.62 0.55 2.02 3

Beijing 2.96 3.81 3.44 1.25 0.58 -0.53 0.14 0.90 0.75 1.48 4

Heilongjiang 0.25 1.59 2.02 0.94 0.40 1.12 1.18 2.49 3.25 1.47 5

Jilin -0.70 0.75 0.60 1.09 1.72 1.95 2.69 2.97 0.33 1.27 6

Shaanxi 1.42 2.29 1.72 2.73 1.08 0.75 0.04 0.40 -0.30 1.13 7

Jiangsu 0.48 0.87 1.20 1.24 1.43 0.59 0.40 0.26 0.11 0.73 8

Shandong -0.03 0.54 1.55 0.66 1.49 0.86 0.33 0.50 0.28 0.69 9

Xinjiang 1.08 0.18 -0.32 0.13 0.42 0.62 0.99 0.82 -0.18 0.42 10

Hunan -0.28 -0.70 -0.58 -0.46 0.26 0.10 0.36 1.81 2.61 0.35 11

Ningxia 0.38 -1.11 -0.83 -0.02 0.69 1.01 2.13 0.65 -0.02 0.32 12

Gansu 1.39 0.67 1.17 1.01 0.13 0.54 -1.19 -0.98 -1.43 0.14 13

Fujian 0.23 0.02 -0.14 -0.57 0.12 0.13 0.07 1.05 0.12 0.11 14

Hainan 0.53 -0.17 -0.89 -0.95 -0.31 0.28 0.19 -0.66 -0.45 -0.27 15

Liaoning 1.11 1.58 0.85 0.85 0.33 -2.00 -1.93 -2.27 -1.98 -0.38 16

Guangxi -0.66 -0.85 -0.62 -0.77 -0.81 -0.51 -0.53 -0.19 0.05 -0.54 17

Hebei -1.15 -1.06 -0.80 -0.90 -1.33 -0.67 -0.45 -0.05 0.87 -0.62 18

Anhui -1.21 -0.57 -0.54 -0.43 -0.23 -0.13 -0.67 -0.71 -1.09 -0.62 19

Shanghai 0.90 0.40 -0.29 -0.91 -1.07 -1.30 -1.33 -1.28 -1.16 -0.67 20

Zhejiang -0.48 -1.04 -0.87 -0.87 -0.95 -0.92 -1.11 -1.18 -0.60 -0.89 21

Hubei -0.83 -0.70 -1.01 -1.37 -1.39 -1.36 -1.01 -0.63 -0.32 -0.96 22

Guangdong -0.34 -0.43 -0.78 -0.90 -1.19 -1.44 -1.34 -1.60 -1.41 -1.05 23

Jiangxi -1.57 -1.45 -1.58 -1.44 -1.20 -0.86 -0.78 -0.54 -0.19 -1.07 24

Shanxi -0.97 -0.72 -0.59 -1.15 -0.54 -0.46 -1.83 -2.03 -1.77 -1.12 25

Sichuan -1.33 -1.51 -1.61 -1.56 -0.93 -1.28 -1.38 -0.94 -0.21 -1.20 26

Yunnan -0.74 -0.97 -1.01 -1.49 -2.00 -0.96 -1.30 -1.50 -1.80 -1.31 27

Chongqing -0.75 -0.74 -0.88 -1.47 -1.55 -1.66 -1.51 -1.91 -1.40 -1.32 28

Henan -2.15 -1.93 -1.83 -1.70 -1.66 -1.42 -1.28 -0.94 -1.02 -1.55 29

Guizhou -2.01 -2.32 -2.18 -2.06 -2.03 -1.76 -1.31 -0.92 -0.84 -1.71 30
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the early days, bottomed out in 2013, and then began 
to bottom out. The new infrastructure investment in 
the western region ushered in a substantial increase in 
investment from 2013 to 2016 and began to fall slightly 
to the lowest position in 2016.

(3) At the primary time point level, the changes in 
the new infrastructure investment index of various 
provinces and cities are closely related to the macro 
policy and market environment. From 2008 to 2011, 
China launched a total of 4 trillion economic stimulus 
packages, which are considered to have significantly 
promoted the development of China’s infrastructure. 
After 2011, the impact of the four-trillion economic 
stimulus plan gradually weakened, which can be reflected 
in the new infrastructure investment capital in Fig. 6. In 
February 2013, the State Council of China issued the 
“National Major Science and Technology Infrastructure 
Construction Medium and Long-term Plan (2012-2030)”. 
The plan pointed out that by 2030, China will basically 
build a significant science and technology infrastructure 
with a complete layout, advanced technology, efficient 
operation, and strong support system. In November 2014, 
China’s National Development and Reform Commission 
and other units issued the “National Major Science and 

Technology Infrastructure Management Measures” to 
provide detailed regulations on the construction and 
operation management of major science and technology 
infrastructure. The above-mentioned policy emphasis 
on new infrastructure construction in China can be 
reflected in the substantial growth of new infrastructure 
investment capital from 2013 to 2017 in the Fig. above. 
For the central region, the State Council of China issued 
the “Several Opinions of the State Council on Vigorously 
Implementing the Strategy for Promoting the Rise of the 
Central Region” in August 2012, which mentioned that 
the future development of the central region needs to 
comprehensively strengthen the construction of public 
infrastructure and support private capital to enter the 
infrastructure field. This policy corresponds to the 
growth of the new infrastructure investment index in 
the central region from 2012 to 2014. In August 2013, 
the National Development and Reform Commission 
of China released the “Notice on the Progress of 
the Western Development in 2012 and the Work 
Arrangement in 2013”, emphasizing the acceleration of 
infrastructure construction in the western region, and 
proposed that the 2013 Western Development Develop 
new key projects, and do a good job in tracking and 

Fig. 6. Changes in NII by Region in China, 2011-2019.

Fig. 7. Kernel Density Map of NII by Region.
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coordinating the progress of projects under construction. 
This policy provides a policy-side explanation for the 
substantial increase in new infrastructure investment in 
the western region from 2013 to 2016 in Fig. 6.

Fig. 7 shows the kernel density distribution map of 
the new infrastructure investment index as a whole and 
by region. First, from the perspective of the peak, the 
peak of the central and western regions is higher than 
that of the eastern region, which shows that the level of 
new infrastructure investment in the central and western 
regions is more concentrated. Secondly, from the 
perspective of curve distribution, the curve distribution 

in the eastern region is more to the right than in the 
central and western regions. Therefore, the level of new 
infrastructure investment in the eastern region is higher 
than that in the central and western regions. Finally, 
from the perspective of curve shape, the curve in the 
eastern region is relatively wider than that in the central 
and western regions. This shows that the regional 
differences in the new infrastructure investment level in 
the eastern region are relatively significant. In contrast, 
the regional gap in the new infrastructure investment 
index in the central and western regions is relatively 
small.

Region 2011 2012 2013 2014 2015 2016 2017 2018 2019 Mean Rank

Beijing 3.79 3.90 4.03 4.14 4.57 4.77 4.89 5.02 5.23 4.48 1

Hainan 1.72 1.82 2.19 2.21 2.28 2.50 2.55 2.73 2.92 2.32 2

Shanghai 1.43 1.59 1.78 1.91 2.18 2.47 2.44 2.47 2.72 2.11 3

Tianjin 1.12 1.15 1.22 1.27 1.39 1.59 1.69 1.73 1.80 1.44 4

Jilin 1.26 1.26 1.29 1.29 1.28 1.38 1.46 1.49 1.52 1.36 5

Yunnan 1.13 1.12 1.19 1.24 1.35 1.46 1.56 1.53 1.50 1.34 6

Gansu 0.88 0.93 1.00 1.06 1.32 1.46 1.57 1.60 1.68 1.28 7

Qinghai 1.20 1.18 1.22 1.28 1.37 1.35 1.28 1.27 1.29 1.27 8

Guangxi 0.96 1.04 1.16 1.17 1.27 1.37 1.43 1.48 1.53 1.27 9

Guizhou 1.18 1.16 1.20 1.20 1.21 1.22 1.33 1.40 1.43 1.26 10

Heilongjiang 0.68 0.74 0.79 0.95 1.29 1.48 1.66 1.78 1.85 1.25 11

Xinjiang 0.77 0.87 1.03 1.05 1.29 1.37 1.35 1.39 1.47 1.18 12

Guangdong 0.93 0.99 1.03 1.04 1.11 1.22 1.28 1.32 1.39 1.15 13

Chongqing 1.05 1.02 1.02 1.01 1.08 1.16 1.22 1.29 1.35 1.13 14

Inner Mongolia 1.01 0.98 1.01 1.06 1.15 1.18 1.26 1.27 1.27 1.13 15

Liaoning 0.73 0.80 0.87 0.99 1.18 1.36 1.38 1.37 1.39 1.12 16

Hunan 0.86 0.88 0.92 0.96 1.04 1.16 1.29 1.39 1.35 1.09 17

Sichuan 0.82 0.85 0.87 0.94 1.02 1.17 1.31 1.40 1.42 1.09 18

Ningxia 0.91 0.96 1.00 1.03 1.10 1.15 1.10 1.17 1.19 1.07 19

Zhejiang 0.86 0.92 0.96 0.96 1.03 1.10 1.17 1.21 1.30 1.06 20

Hebei 0.82 0.85 0.89 0.92 1.02 1.06 1.15 1.26 1.35 1.04 21

Shandong 0.77 0.83 0.90 0.95 1.03 1.11 1.16 1.24 1.32 1.04 22

Jiangsu 0.82 0.86 0.92 0.97 1.02 1.09 1.09 1.11 1.17 1.01 23

Hubei 0.79 0.79 0.90 0.94 1.01 1.06 1.14 1.19 1.22 1.00 24

Anhui 0.76 0.77 0.80 0.84 0.98 1.07 1.14 1.23 1.27 0.98 25

Shanxi 0.53 0.61 0.69 0.78 1.13 1.19 1.07 1.15 1.16 0.92 26

Henan 0.64 0.69 0.74 0.78 0.84 0.91 0.94 1.07 1.13 0.86 27

Shaanxi 0.69 0.69 0.72 0.75 0.88 0.95 0.95 0.97 1.02 0.85 28

Fujian 0.76 0.76 0.76 0.75 0.81 0.87 0.94 0.93 0.98 0.84 29

Jiangxi 0.62 0.65 0.67 0.70 0.80 0.90 0.95 1.07 1.09 0.83 30

Table 4. Results of UIS Measurements in China’s Provinces.
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The Index of Upgrading of Industry Structure (UIS)

Table 4 specifically reports the industrial structure 
advanced index of China’s 30 provinces and cities 
during 2011-2019. Fig. 8 shows the dynamic distribution 
of the industrial structure advanced index of China’s 30 
provinces and cities from 2011 to 2019 by region. In the 
following, the analysis and evaluation of the data based 
on the mean value and time-point changes are also 
carried out.

(1) From the average point of view, the overall 
level of the industrial structure upgrading index of 
China’s provinces and cities from 2011 to 2019 is at a 
relatively high stage. However, the differences between 
regions are significant. The average industrial structure 
upgrading index of Beijing, which ranks first, is as high 
as 4.48, while the industrial structure upgrading index 
of Jiangxi Province, which ranks last, is only 0.83. The 
top rankings are Beijing, Hainan, Shanghai, Tianjin, 
and Jilin, and the lowest are Jiangxi, Fujian, Shaanxi, 
Henan, and Shanxi.

(2) From the perspective of overall changes, it is 
evident that China’s industrial structure was in an 

upgrading trend from 2011 to 2019, during which the 
industrial structure upgrading index rose as high as 
55.17%. However, from a regional perspective, there 
is no significant difference in the distribution of the 
industrial structure upgrading index. In the initial 
period, the level of new infrastructure investment in the 
eastern region was far ahead of the central and western 
regions during the study period. However, as time 
passed by, the three regions basically showed a similar 
upward trend, and after 2014, they all showed a similar 
acceleration trend.

(3) Judging from the primary time points, there is 
still a relatively large relationship between the changes 
in the industrial structure upgrading index of various 
provinces and cities in China and the policy environment. 
In 2014, the Chinese government emphasized the 
importance of the development of the service industry, 
accelerated the advancement of the industrial structure, 
and introduced related policies for this purpose. In 2014, 
China’s National Development and Reform Commission 
(NDRC) issued the newly revised “Industrial Structure 
Adjustment Guidance Catalog (2014 Version)”, which 
came into effect on June 1 of that year. Since 2014,  

Fig. 8. Changes in UIS by Region in China, 2011-2019.

Fig. 9. Kernel Density Map of UIS by Region.
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the eastern, central, and western regions have all started 
an accelerated period of industrial structure upgrading, 
consistent with the trend of China’s industrial structure 
upgrading index after 2014 in Fig. 8.

Fig. 9 shows the kernel density distribution map of 
the industrial structure upgrading index as a whole and 
by region. As for the peak angle, the peak in the western 
region is higher than that in the central region, and the 
peak in the eastern region is the lowest. This shows that 
the upgrading level of industrial structure in the western 
region is more concentrated, while the upgrading 
level in the eastern region is more scattered. From the 

perspective of curve distribution, the curve distribution 
of the western region is more to the right than that of the 
eastern and central regions, so the industrial structure 
upgrading level of the western region is higher than that 
of the eastern and central regions. Finally, comparing 
the shape of the curve, the curves in the eastern and 
central regions are broader than those in the western 
region, which shows that the regional differences in the 
upgrading level of industrial structure in the eastern and 
central regions are relatively significant. In contrast, the 
regional differences in the upgrading level of industrial 
structure in the western region are relatively small.

Region 2011 2012 2013 2014 2015 2016 2017 2018 2019 Mean Rank

Beijing 0.82 0.86 0.85 0.76 0.74 0.67 0.73 0.78 0.78 0.78 1

Tianjin 0.53 0.54 0.56 0.59 0.57 0.63 0.70 0.60 0.60 0.59 2

Hainan 0.55 0.52 0.50 0.50 0.55 0.61 0.60 0.56 0.59 0.55 3

Jilin 0.42 0.49 0.49 0.51 0.53 0.56 0.59 0.60 0.51 0.52 4

Qinghai 0.37 0.32 0.35 0.45 0.64 0.63 0.58 0.59 0.63 0.51 5

Inner Mongolia 0.51 0.48 0.51 0.57 0.47 0.49 0.53 0.49 0.49 0.50 6

Shanghai 0.53 0.52 0.51 0.48 0.48 0.48 0.47 0.48 0.51 0.49 7

Heilongjiang 0.32 0.39 0.42 0.43 0.48 0.54 0.57 0.63 0.66 0.49 8

Xinjiang 0.38 0.39 0.40 0.43 0.48 0.50 0.52 0.52 0.48 0.46 9

Gansu 0.43 0.42 0.46 0.46 0.48 0.51 0.42 0.44 0.40 0.45 10

Shandong 0.35 0.39 0.44 0.43 0.47 0.47 0.46 0.48 0.48 0.44 11

Jiangsu 0.38 0.41 0.44 0.45 0.47 0.46 0.45 0.45 0.45 0.44 12

Hunan 0.36 0.35 0.37 0.38 0.43 0.45 0.48 0.55 0.57 0.44 13

Ningxia 0.41 0.34 0.37 0.42 0.46 0.48 0.51 0.47 0.45 0.43 14

Guangxi 0.37 0.37 0.41 0.40 0.41 0.45 0.45 0.48 0.50 0.43 15

Shaanxi 0.36 0.37 0.38 0.41 0.42 0.43 0.40 0.42 0.40 0.40 16

Hebei 0.31 0.32 0.35 0.35 0.34 0.39 0.42 0.46 0.51 0.38 17

Yunnan 0.40 0.38 0.39 0.35 0.29 0.43 0.41 0.38 0.34 0.37 18

Fujian 0.35 0.35 0.34 0.32 0.37 0.39 0.40 0.43 0.41 0.37 19

Zhejiang 0.36 0.34 0.36 0.36 0.37 0.38 0.38 0.38 0.43 0.37 20

Guangdong 0.38 0.39 0.38 0.37 0.36 0.35 0.37 0.35 0.38 0.37 21

Anhui 0.29 0.32 0.34 0.35 0.40 0.42 0.40 0.41 0.39 0.37 22

Hubei 0.32 0.32 0.34 0.32 0.33 0.34 0.38 0.41 0.44 0.36 23

Liaoning 0.37 0.41 0.41 0.44 0.46 0.29 0.30 0.18 0.29 0.35 24

Sichuan 0.29 0.29 0.28 0.30 0.37 0.36 0.37 0.42 0.47 0.35 25

Chongqing 0.38 0.38 0.37 0.32 0.32 0.32 0.35 0.30 0.37 0.35 26

Jiangxi 0.21 0.23 0.23 0.25 0.30 0.35 0.36 0.40 0.42 0.30 27

Guizhou 0.27 0.00 0.22 0.26 0.27 0.32 0.38 0.42 0.43 0.29 28

Shanxi 0.00 0.24 0.29 0.30 0.41 0.42 0.29 0.26 0.31 0.28 29

Henan 0.15 0.20 0.23 0.25 0.27 0.31 0.33 0.37 0.38 0.28 30

Table 5. Results of NUC Measurements in China’s Provinces.
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The Coupled Coordination Index of NII & UIS (NUC)

In this study, the coupling coordination degree 
represents the matching degree between NII and UIS. 
This part uses the coupling coordination degree formula 
to calculate the coupling coordination degree of NII and 
UIS. For the coupling coordination standard, this paper 
divides the whole into five standards: high incoordination 
(0-0.2), moderate incoordination (0.2-0.4), basic 
coordination (0.4-0.6), and moderate coordination  
(0.6-0.8) and high coordination (0.8-1). From the 
perspective of the overall coupling coordination level, 
the coupling coordination level of the 30 provinces  
and cities in China is generally at a relatively low 
level, and there are currently no provinces and cities in 
China that are in the stage of high NUC coordination. 
At the level of indicator differences, there are currently 
significant differences in NUC between provinces  
and cities in China. Beijing, which ranks first, is 0.78, 
while Henan, which ranks last, is 0.28. The top provinces 
and cities of NUC are Beijing, Tianjin, Hainan, Jilin, 
and Qinghai, and the bottom provinces and cities  
are Henan, Shaanxi, Guizhou, Jiangxi, and Chongqing.

Fig. 10 shows the NUC index’s global and regional 
division timing changes. Overall, China’s national 
NUC level has been rising since 2011 and is gradually 
approaching 0.5 in a basic coupling state. From the 
perspective of regional division, the NUC in the east 
is significantly higher than that in the west and central 
regions. Then the gap between the three is continuously 
narrowing, and they are already at the same level 
of coupling & coordination standards. The NUC in 
the central and western regions was still moderately 
uncoordinated in 2011 but entered a basic coordinated 
state in 2019.

The trend of NUC in Fig. 10 has a certain relationship 
with China’s local economic policies. From 2011 to 2019, 
the Chinese government vigorously promoted upgrading 
the industrial structure in the central and western 
regions. The main measures in the government policy 
include the increase of infrastructure construction and 
the construction of major scientific and technological 
infrastructure, which corresponds to the impact of 
the previous policy on new infrastructure investment 
and NUC. The Chinese government’s emphasis on 
investment in new infrastructure and technological 
infrastructure in the central and western regions has 

Fig. 10. Changes in NUC by Region in China, 2011-2019.

Fig. 11. Kernel Density Map of NUC by Region.
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continuously promoted the rise of NUC levels in the 
central and western regions, consistent with the trend in 
Fig. 10.

Fig. 11 presents the kernel density distribution plot 
of the NUC index overall and by region. At the peak 
level, the peak in the western region is higher than 
that in the eastern region, and the peak in the eastern 
region is higher than that in the central region. This 
shows that the NUC level in the western region is more 
concentrated, while the NUC level in the eastern region 
is more scattered. The most dispersed region in the 
NUC index is still the central region. In terms of curve 
distribution, the curve distribution in the eastern and 
western regions is more to the right than in the central 
region, so the NUC levels in the eastern and western 
regions are higher than those in the central region. 
Finally, from the perspective of curve shape, the curves 
in the eastern and central regions are wider than those 
in the western region, which indicates that the regional 
differences in NUC levels in the eastern and central 
regions are relatively large. In contrast, the regional 
differences in NUC levels in the western regions are 
relatively small.

Empirical Results and Discussion

Spatiotemporal Effect & Distribution Character

The literature has proved that environmental 
pollution has a particular spatial effect. Considering 
that the research object of this paper may also have 
spatial attributes, this paper chooses to study the 
spatial properties related to NUC and environmental 
pollutants. In order to better display the characteristics 
of NII, UIS, NUC, and pollutants, this paper conducts  
a spatial autocorrelation analysis based on the square 
term matrix of geographic distance for the above 
variables. Table 6 reports the spatial effects of the 

variables in each year and the mean from 2011 to 2019. 
The results show significant spatial spillover effects in 
NII, NUC, G1, and G2 but not in UIS, G3, and G4. From 
a time series perspective, the spatial spillover effect of 
NII has gradually decreased. It has not been significant 
since 2016, while the spatial spillover effects of NUC, 
G1, and G2 are significant, and the Moran index level is 
relatively stable.

Figs 12-15 show Moran’s index plots for NII, NUC, 
G1 and G2. The distribution in the figure shows that 
there is a significant positive spatial autocorrelation in 
the spatial distribution of the above variables, and it 
mainly manifests as “high-high” and “low-low” clusters. 
This proves that there is a significant positive spatial 
correlation between investment in new infrastructure 
and the degree of coupling between investment in 
new infrastructure and the upgrading of industrial 
structure. At the same time, the concentration of PM2.5 
in pollutants and the discharge of industrial wastewater 
also have spatial spillover properties.

Multiple Impact Effects of NUC on 
Environmental Pollution

The Direct Effect Analysis

Table 7 shows the current and lagged individual 
fixed effect regression4 results of NUC on the primary 
pollutants PM2.5, industrial wastewater discharge, 

4	 It should be noted that there are several macroeconomic vari-
ables among the explanatory variables in this study. Adding 
the time fixed effect at this time will produce multicollinear-
ity, so this article uses the individual fixed effect model that 
reports the robust standard error for regression analysis. In 
order to test the robustness of individual fixed effects, this 
paper conducts tests based on 2SLS and IV-GMM respec-
tively in the following part to check the reliability of the con-
clusions.

Variables 2011 2012 2013 2014 2015 2016 2017 2018 2019 Mean

nii 0.199***
(2.876)

0.281***
(3.895)

0.303***
(4.151)

0.185***
(2.835)

0.097**
(1.718)

0.01
(0.57)

0.004
(0.501)

0.009
(0.535)

-0.024
(0.143)

0.228***
(3.22)

uis -0.009
(0.498)

-0.008
(0.511)

-0.009
(0.461)

-0.007
(0.494)

-0.009
(0.466)

0.004
(0.67)

0.015
(0.866)

0.006
(0.721)

0.006
(0.686)

0.003
(0.689)

nuc 0.117**
(2.002)

0.163***
(2.674)

0.232***
(3.659)

0.31***
(4.418)

0.233***
(3.358)

0.157***
(2.346)

0.199***
(2.886)

0.039
(0.926)

0.096*
(1.639)

0.223***
(3.357)

g1 0.194***
(2.919)

0.147***
(2.33)

0.211***
(3.093)

0.252***
(3.644)

0.26***
(3.725)

0.237***
(3.425)

0.206***
(3.095)

0.186***
(2.756)

0.177***
(2.692)

0.208***
(3.092)

g2 0.138**
(2.101)

0.143**
(2.162)

0.148**
(2.238)

0.152**
(2.281)

0.166***
(2.455)

0.113**
(1.804)

0.105**
(1.704)

0.096*
(1.597)

0.115**
(1.83)

0.136**
(2.081)

g3 0.011
(0.594)

0.01
(0.567)

0.01
(0.568)

0.007
(0.529)

0.013
(0.618)

0.102**
(1.735)

0.063*
(1.295)

0.074*
(1.455)

0.065*
(1.338)

0.041
(0.981)

g4 0.079*
(1.47)

0.06
(1.212)

0.062
(1.238)

0.079*
(1.455)

0.101**
(1.745)

0.06
(1.189)

0.029
(0.806)

0.039
(0.929)

0.081*
(1.604)

0.055
(1.139)

Table 6. Spatial Moran Index of NII, UIS, NUC & Pollutants.
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industrial sulfur dioxide discharge and industrial dust 
discharge in the panel data of 30 provinces and cities 
in China from 2011 to 2019. Regression (1) showed that 
NUC significantly reduced the concentration of PM2.5, 
and the coefficient was significant at the 1% level. 
Specifically, when nuc increases by 0.1 units, the haze 
level decreases by 9.53%. Regression (2) shows that 
NUC significantly reduces the discharge of industrial 
wastewater, and the coefficient is significant at the 5% 
level. When nuc increased by 0.1 unit, sewage discharge 
decreased by 5.34%. Regression (3) shows that NUC 
significantly reduces industrial SO2 emissions, and 
the coefficient is significant at the 1% level. When 
NUC increased by 0.05 units, industrial sulfur 
dioxide emissions decreased by 23.5%. Regression (4) 
shows that NUC significantly reduces industrial dust 
emissions, and the coefficient is significant at the 5% 
level. When NUC increased by 0.1 unit, industrial sulfur 
dioxide emissions decreased by 8.07%. Considering that 
NUC and other control variables may have a hysteresis 
effect on the impact of environmental pollutants, the 
individual fixed effect analysis of the lagged one period 
in regression (5)-(8) in Table 7. The results show that 
NUC has a significantly lagged negative impact on 
PM2.5, industrial sulfur dioxide emissions and industrial  

dust emissions, and the conclusion is more significant 
than the same period regression, both at the 1% 
significance level. Moreover, the hysteresis influence 
coefficient of NUC on g1 and g4 is higher than the 
same period influence coefficient, which shows that the 
lag influence of NUC on the improvement of PM2.5  
and industrial dust emissions is stronger than  
the current influence. At the same time, regression 
(6) shows that the lagged effect of NUC on industrial 
wastewater discharge is not significant in the fixed effect 
regression.

Robustness Test of the Direct Effect

Table 8 shows the results of the 2SLS robustness test 
of the regression of NUC on individual fixed effects of 
pollutants. Regression (1)-(4) uses the 2SLS method to 
test the robustness of the environmental impact of NUC 
in the current period, and selects NUC with a lag of 
one period as the instrumental variable for regression. 
In the regression of environmental effects on NUC in 
the current period, the impact coefficients of NUC on 
g1~g4 are all negative, and they are all significant at 
the 1% confidence level. This shows that NUC does 
have an improving effect on the current impact of 

Fig. 12. Moran index scatterplot for NII.

Fig. 14. Moran index scatterplot for G1.

Fig. 13. Moran index scatterplot for NUC.

Fig. 15. Moran index scatterplot for G2.
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environmental pollutants, and the conclusion has certain 
reliability. Regression (5)-(8) used the 2SLS method to 
test the robustness of the NUC environmental effect 
with a lag of one period, and also selected NUC with 
a lag of two periods as an instrumental variable for 
regression. In the regression of the environmental 
effect of NUC with a lag of one period, the impact 
coefficients of NUC on g1, g3 and g4 were all negative 
and significant at the 1% confidence level. This shows 
that NUC does have a certain time-lag effect on the 
improvement of environmental pollutants g1, g3 and 
g4, and the conclusion has certain reliability. However, 
the regression results of NUC on Wastewater (g2) are 
similar to the results of the fixed effect with a one-period 
lag, and they are not significant. This shows that NUC 

cannot reduce industrial wastewater discharge.
Table 9 shows the results of the IV-GMM robustness 

test for the regression of NUC on individual fixed effects 
of pollutants. Regression (1)-(4) uses the IV-GMM 
method to test the robustness of the environmental 
impact of NUC in the current period, and chooses NUC 
with a lag of one period as the instrumental variable for 
regression. In the regression of environmental effects 
on NUC in the current period, the impact coefficients 
of NUC on g1~g4 are still negative, and they are all 
significant at the 1% confidence level. This shows that 
the current impact of NUC on environmental pollutants 
does improve, and the conclusion is robust. Regression 
(5)-(8) uses the 2SLS method to test the robustness 
of the NUC environmental effect with a lag of one 

Variables
(1) (2) (3) (4) (5) (6) (7) (8)

FE FE-LAG
g1 g2 g3 g4 g1 g2 g3 g4

nuc -.953*** -.534** -4.715*** -.807**
(.265) (.25) (1.293) (.387)

Lnrgdp -.927*** .685 -3.467* .067
(.268) (.515) (1.819) (.704)

Lnpopu -1.761*** .254 -11.658*** -.761
(.565) (.427) (3.191) (1.273)

Lnecc .204*** .221** 1.474*** .757***
(.04) (.093) (.273) (.205)

Lnpop -.166 -.028 -.832 -.029
(.107) (.087) (.551) (.214)

Lntech -.08 .081 .41 .31
(.092) (.138) (.5) (.221)

L_nuc -.961*** -.359 -4.585*** -1.154***
(.247) (.257) (1.136) (.362)

L_Lnrgdp -.49 .654 .866 2.314***
(.316) (.576) (1.753) (.719)

L_Lnpopu -2.222*** .831 -15.211*** -1.647*
(.65) (.555) (3.04) (.85)

L_Lnecc .293*** .246*** 1.965*** 1.028***
(.052) (.086) (.272) (.217)

L_Lnpop -.146 .084 -.647 .367
(.108) (.138) (.572) (.257)

L_Lntech -.054 .031 .44 .539*
(.11) (.162) (.589) (.276)

Individual Fixed Fixed Fixed Fixed Fixed Fixed Fixed Fixed
_cons 27.526*** -.057 138.288*** 11.405 25.769*** -5.616 116.573*** -10.185

(5.915) (7.307) (36.22) (11.452) (7.82) (9.289) (39.231) (11.681)
Observations 270 270 270 270 240 240 240 240

r2_w .471 .086 .504 .174 .434 .071 .542 .283
Note: Based on robust standard error. *** p<.01, ** p<.05, * p<.1

Table 7. The Fixed Effect Regression of NUC’s Impact on the Pollutants.
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period, and selects NUC with a lag of two periods as 
an instrumental variable for regression. In the regression 
of the environmental effect of NUC with a lag of one 
period, the impact coefficients of NUC on g1, g3 and 
g4 are all negative, and the regression of NUC on g1 
and g2 is significant at the 1% confidence level, and the 
regression on g4 is at 5 Significant at the % level. This 
shows that NUC does have a certain time-lag effect on 
the improvement of environmental pollutants g1, g3 and 
g4, and the conclusion has certain reliability. However, 

the regression results of NUC on g2 are similar to the 
results of fixed effects and 2SLS with a one-period lag, 
and they are not significant. This shows that NUC does 
not reduce industrial wastewater discharge.

The Mediating Effect Analysis – ECS & GII

This section presents evidence for the mediating 
effects of NUC on environmental pollutants. Table 10 
shows the results of the mediating effect mechanism 

Variables
(1) (2) (3) (4) (5) (6) (7) (8)

2SLS 2SLS-LAG
g1 g2 g3 g4 g1 g2 g3 g4

nuc -1.493*** -.741*** -7.858*** -2.218***

(.234) (.263) (1.172) (.662)

Lnrgdp -1.139*** .777** -4.583*** -.194

(.249) (.394) (1.461) (.769)

Lnpopu -1.309*** .759** -10.649*** -.541

(.424) (.355) (1.752) (.978)

Lnecc .214*** .218*** 1.557*** .817***

(.031) (.049) (.186) (.201)

Lnpop -.193*** .002 -.922*** -.129

(.07) (.077) (.329) (.185)

Lntech .018 .161 .925*** .573***

(.073) (.103) (.349) (.208)

L_nuc -1.859*** -.33 -8.534*** -2.752***

(.298) (.428) (1.319) (.765)

L_Lnrgdp -.633** .636 .142 2.494***

(.315) (.455) (1.592) (.864)

L_Lnpopu -2.307*** 1.201*** -14.714*** -1.786*

(.46) (.418) (1.759) (1.018)

L_Lnecc .352*** .233*** 2.169*** 1.171***

(.053) (.056) (.303) (.199)

L_Lnpop -.233*** .113 -.928*** .209

(.079) (.125) (.343) (.17)

L_Lntech .127 .099 1.087** .775***

(.09) (.115) (.432) (.235)

Individual Fixed Fixed Fixed Fixed Fixed Fixed Fixed Fixed

_cons 27.971*** -6.754 143.214*** 12.686 29.257*** -9.69 116.422*** -13.262

(4.185) (5.251) (20.971) (11.159) (5.125) (6.042) (22.506) (12.492)

Observations 240 240 240 240 210 210 210 210

R-squared .906 .959 .785 .867 .903 .957 .799 .881

Note: Based on robust standard error. *** p<.01, ** p<.05, * p<.1

Table 8. 2SLS Robustness Test of NUC’s Impact on the Pollutants.
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of NUC affecting major pollutants by improving the 
energy consumption structure and increasing the 
level of green innovation. Regression (1) shows that 
NUC can reduce the proportion of coal consumption 
in the energy consumption structure, and the result is 
significant at the 5% level. For every 0.1 unit of NUC, 
the proportion of coal consumption will decrease 
by 2.57%. Regression (2)-(5) results show that the 
proportion of coal consumption (Lnecs) does have a 
mediating effect on pollutants g1, g2, g3 and g4 in NUC. 
Among them, NUC can reduce the pollution levels of 
g1, g3 and g4 by improving the energy consumption 

structure, and the results are established within the 
1% confidence interval. As for the industrial sewage 
discharge g2, NUC increased the industrial sewage 
discharge level by improving the energy consumption 
structure. Specifically, from a quantitative perspective, 
the indirect impact of NUC on g1 by improving energy 
consumption is -2.57*0.511 = -1.3133; the indirect impact 
on g2 is -2.57*-0.312 = 0.8018; the indirect impact on 
g3 is -2.57*2.678 = -6.8825; the indirect effect on g4 is 
-2.57*1.172 = -3.012. Regression (6) shows that NUC 
can improve the level of local green innovation, and the 
result is significant at the 5% level. For every 0.1 unit 

Variables
(1) (2) (3) (4) (5) (6) (7) (8)

IV-GMM IV-GMM-LAG
g1 g2 g3 g4 g1 g2 g3 g4

nuc -1.493*** -.741*** -7.858*** -2.218***

(.25) (.281) (1.253) (.708)

Lnrgdp -1.139*** .777* -4.583*** -.194

(.266) (.422) (1.562) (.822)

Lnpopu -1.309*** .759** -10.649*** -.541

(.453) (.38) (1.872) (1.045)

Lnecc .214*** .218*** 1.557*** .817***

(.033) (.053) (.199) (.215)

Lnpop -.193** .002 -.922*** -.129

(.075) (.083) (.352) (.197)

Lntech .018 .161 .925** .573**

(.078) (.11) (.373) (.223)

L_nuc -3.096*** -.362 -15.025*** -3.84**

(.459) (.949) (2.065) (1.609)

L_Lnnii .679*** .13 3.579*** .874**

(.109) (.205) (.508) (.373)

L_Lngdp -.946*** .572 -1.937 1.579

(.274) (.527) (1.425) (1.087)

L_Lnpopu -.86 .637 -10.565*** -3.296**

(.579) (.787) (2.595) (1.523)

L_Lnfdi .013 .009 .018 -.013

(.01) (.012) (.052) (.031)

L_Lntech -.007 .04 .529 .653**

(.074) (.134) (.365) (.255)

Individual Fixed Fixed Fixed Fixed Fixed Fixed Fixed Fixed

Observations 240 240 240 240 210 210 210 210

R-squared .392 .092 .409 .117 .552 .046 .565 .135

Note: Based on robust standard error. *** p<.01, ** p<.05, * p<.1

Table 9. The Fixed Effect Regression of NUC’s Impact on the Pollutants.
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of NUC, the level of green innovation will increase by 
2.00%. Regression (7)-(10) results show that the level of 
green innovation (Lngii) does have a mediating effect in 
the mechanism of NUC’s impact on pollutants g1, g2, 
g3 and g4. Among them, NUC can reduce the pollution 
level of g1, g2 and g3 by improving the level of green 
innovation. The results of g1 and g3 are established 
in the 1% confidence interval, and the results of g2 
are established in the 5% confidence interval. As for 
industrial dust emission (g4), NUC cannot improve the 
dust emission problem by improving the quality of green 
innovation. Specifically, from a quantitative perspective, 
the indirect impact of NUC on g1 by improving the level 
of green innovation is 0.2*-.843 = -0.1686; the indirect 
impact on g2 is 0.2*-.407 = -0.0814; the indirect impact 
on g3 is 0.2* -5.974 = -1.1948.

Robustness Test of the Indirect Effect

From the perspective of robustness, the regressions 
(1) and (6) in Table 11 are the results of the 2SLS 
robustness test of NUC on the regression of Lnecs and 
Lngii fixed effects, respectively. Regression (2)-(5), (7)-
(10) in Table 11 correspond to the 2SLS robustness test 
results of the mediating effects of Lnecs and Lngii in 
the NUC environmental pollution impact mechanism, 
respectively. The results passed the insufficient 
identification of instrumental variables and weak 
instrumental variable tests, indicating that the use of 
instrumental variables is reasonable and the use of 
instrumental variables is reasonable. Comparing the 
significance and coefficient of the original regression 
results with the test results, it can be proved that 
the results of the above-mentioned mediation effect 
mechanism are robust, so the conclusion has certain 
reliability.

Heterogeneity Test Based on Threshold Effect

According to the multiple regression results above, 
this paper believes that there may be a nonlinear 
relationship in the mechanism of NUC’s impact on g2 
and g4, so this paper decides to conduct further research 
based on threshold regression. Table 12 illustrates that 
there is a single threshold effect of NUC in the process 
of affecting Lnwastewater (g2) and Lnsmoke (g4). 
Regression (1) shows that when the regional secondary 
industry output value (Lngdpi2) is at a low stage, NUC 
has a significant weakening effect on industrial sewage 
discharge, and the result is significant at the 5% level. 
At this time, for every 0.1 unit increase in NUC, local 
industrial sewage discharge will decrease by 5.16%. 
When the output value of the secondary industry in the 
area is higher than the threshold, the impact of NUC on 
industrial wastewater is no longer significant. Regression 
(2) shows that when the regional coal consumption 
(Lnecc) is at a low stage, the impact of NUC on 
industrial dust emissions is not significant. When 

Threshold Lngdpi2 Lnecc

Variables
(1) (2)

g2 g4

0bn._cat#c.nuc -.516** -.228

(.244) (.302)

1._cat#c.nuc .334 -2.103***

(.312) (.376)

Control Yes Yes

Individual Fixed Fixed

_cons 1.812 4.459

(7.269) (10.331)

Observations 270 270

R-squared .138 .25

Note: Based on robust standard error. *** p<.01, ** p<.05, 
* p<.1

Table 12. Heterogeneity Test Based on Threshold Effect.

Fig. 16. TR on Lngdpi2 for NUC. Fig. 17. TR on Lnecc for NUCs.
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the coal consumption in the region exceeds a certain 
threshold, NUC will have a strong inhibitory effect on 
industrial dust, and the conclusion is established within 
the 1% confidence interval. In areas with higher coal 
consumption, every 0.1 unit increase in NUC will reduce 
industrial dust emissions by 21.3%. Fig. 16-17 shows the 
threshold regression chart, which proves that NUC does 
have a threshold effect on g2 and g4.

Conclusion and Policy Implications

Conclusion

The historical lessons of environmental disasters 
brought about by traditional infrastructure construction 
should not be forgotten. In the new era of China’s 
pursuit of high-quality economic development, the 
environmental disaster of infrastructure construction 
cannot be allowed to happen again. Although new 
infrastructure is considered green and low-carbon by 
many studies, unmatched new infrastructure investment 
still has the possibility of damaging the environment. 
Therefore, in the stage of the rapid growth of China’s 
new infrastructure investment, it is undoubtedly 
essential to prevent and control the pollution problems 
that may arise from mismatched new infrastructure 
construction.

Based on the above starting point, this study 
explores the potential impact of the matching degree 
of NII and UIS on environmental pollution from the 
perspective of coupling coordination between new 
infrastructure investment (NII) and industrial structure 
upgrading (UIS). Based on data from 30 provinces in 
China from 2011 to 2019, this paper constructs a new 
infrastructure investment index (NII) through the 
GPCA method. Then, the CCDM method is used to 
construct the coupling coordination index (NUC) of 
new infrastructure investment and industrial structure 
upgrading. In the part of the spatial effect, this paper 
uses the spatial autoregressive model to find that NII, 
NUC, PM2.5, and industrial sewage have positive 
spatial spillover effects, and there are “high-high” and 
“low-low” clustering characteristics. In the direct effect 
part, this paper uses the individual fixed effect model 
to find that NUC has a significant inhibitory effect 
on major environmental pollutants. In addition, the 
improvement effect of NUC on PM2.5 and industrial 
dust has a lag effect stronger than that of the current 
period. Among the direct effect results, only the effect 
of NUC on industrial wastewater discharge did not 
pass the multiple robustness tests of 2SLS and IV-
GMM. In the indirect effect part, the study found 
that NUC can indirectly improve the environmental 
pollution level by promoting the energy consumption 
structure (ECS) and green innovation index (GII). 
The robustness test for the mediation effect also uses 
2SLS and IV-GMM, where the regression results of 
NUC on industrial dust emissions through GII fail the 

robustness test. The mediation effect regression results 
and robustness test show that NUC increases the level 
of industrial sewage discharge by improving the energy 
consumption structure. However, NUC cannot improve 
the dust emission problem by improving the quality of 
green innovation. According to the direct and indirect 
effect results, this study believes that NUC may have a 
nonlinear effect on industrial sewage and dust discharge. 
The threshold regression results show that when the 
regional secondary industry output value (Lngdpi2) is 
at a low level, NUC significantly weakens industrial 
sewage discharge. Moreover, when Lngdpi2 is higher, 
the weakening effect of NUC on industrial sewage is not 
significant. Only when the coal consumption in the area 
exceeds a certain threshold for industrial dust emissions 
will NUC have a strong inhibitory effect on industrial 
dust. Otherwise, the results are insignificant.

Policy Implications

Based on the above research results, this paper 
provides the following policy recommendations:  
1. Local governments should insist on promoting new 
infrastructure investment. In the post-epidemic era 
where economic recovery is slow, new infrastructure 
investment has a positive effect on the local economy and 
environment, and at the same time has its own spatial 
spillover effects, which are in line with the current macro 
requirements and realistic development needs of the 
green economy and low-carbon transformation. 2. The 
scale of local new infrastructure investment needs to 
match the local industrial structure. New infrastructure 
is a new driver to promote the upgrading of industrial 
structure, and unmatched new infrastructure investment 
choices will lead to waste of resources and environmental 
pollution. 3. Large industrialized provinces need to 
formulate special sewage control policies. The study 
found that sewage management in industrialized 
provinces cannot be solved through new infrastructure 
investment matching measures. On the contrary, a high 
matching level of new infrastructure investment will 
increase industrial sewage discharge. 4. Provinces with 
large coal consumption need to strengthen the matching 
degree between new infrastructure investment and 
industrial structure. The study found that for provinces 
and cities with large coal consumption, NUC will have 
a strong inhibitory effect on industrial dust, which will 
undoubtedly have a positive environmental improvement 
effect in areas with strong coal consumption demand. 
6. Local governments must pursue long-termism in 
investing in new infrastructure. Since the environmental 
protection effect of NUC has a hysteresis effect and 
 a threshold effect, local governments need to take  
a longer-term view of new infrastructure investment.
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