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Abstract

New infrastructure, which has been proposed by the Chinese government in recent years, consists of 
facilities and platforms that make use of digital and information technology. It is increasingly acknowledged 
as a strategic solution to promote green transformation. Using China’s provincial data from 2013 to 2020, 
we assess how new infrastructure influences the green transformation of the manufacturing industry 
(GTMI), and then examine the moderating role of fiscal expenditure structure. Our findings suggest that 
a 10% increase in new infrastructure improves GTMI by 1.67%. Moreover, this relationship is moderated 
by the structure of fiscal expenditure. Specifically, livelihood expenditure strengthens this positive effect, 
while productive expenditure weakens this effect. Our findings also reveal that the moderating effect of 
fiscal expenditure structure is subject to a threshold determined by the scale of fiscal spending. As the scale 
of livelihood expenditure exceeds the threshold, its positive moderating effect gets stronger. Our research 
indicates the importance of integrating new infrastructure into the traditional manufacturing sector and 
designing customized fiscal spending strategy and planning.

Keywords: new infrastructure; green transformation; fiscal expenditure structure; moderating effect; 
threshold effect

Introduction

Effectively driving the transformation of the manufac-
turing industry towards sustainable production and accu-
rately evaluating the impact of corresponding strategies 
have gained significant importance in a world striving for 
carbon neutrality and sustainable development. This is 

particularly crucial in rapidly developing industrial na-
tions that thirst for sustainable growth.

In the past years, the manufacturing sector in China 
has achieved notable success in bolstering rapid eco-
nomic progress, emerging as a vital cornerstone of the 
country’s economy. Nonetheless, it has concurrently pre-
sented substantial ecological and environmental dilem-
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mas [1, 2], including resource depletion, environmental 
pollution, and the greenhouse effect. According to BP’s 
Statistical Review of World Energy1, China accounts for 
26.5% of global energy consumption, with the manufac-
turing industry responsible for two-thirds of the energy 
consumed in the secondary sector and one-third of the 
country’s energy use. In order to accomplish the objec-
tives of attaining peak carbon emissions and realizing 
carbon neutrality, the Chinese government underscored 
the necessity of implementing robust measures to miti-
gate pollution and reduce carbon emissions in pivotal 
regions, all while advancing the adoption of sustainable 
manufacturing practices within the industrial sector. Un-
der these circumstances, the manufacturing industry fac-
es an urgent demand for green transformation [3, 4]. 

Integrating digital and information technology with 
conventional manufacturing is gaining paramount impor-
tance in the green transformation of the manufacturing 
industry (GTMI) [5, 6]. In 2018, the Chinese government 
introduced the concept of new infrastructure and regard-
ed it as a strategic solution to seize new opportunities for 
industrial change. As per the China Development and Re-
form Commission’s definition, new infrastructure encom-
passes a range of facilities that are closely linked to the 
applications of digital information networks, 5G technol-
ogy, and data centers. This includes not only intelligent 
information infrastructure and new energy infrastructure 
but also the integration of information, intelligence, and 
green infrastructure. The technologies associated with 
new infrastructure, such as cloud computing, block-
chain, and big data, possess eco-friendly characteristics 
[7], making them indispensable for the GTMI process. 
Therefore, it seems that the construction of new infra-
structure can be seen as an important means to enhance 
GTMI. Nevertheless, there exists a dearth of theoretical 
and empirical evidence concerning how to strengthen 
the influence of new infrastructure on GTMI, which this 
study plans to address.

At the same time, the social and economic impact of 
new infrastructure is intricately connected to the govern-
ment’s fiscal expenditure strategy and planning. Fiscal 
expenditure is typically categorized into productive and 
livelihood expenses. The productive fiscal expenditure, 
including transportation, resource exploration, and ener-
gy expenditures, relates to the development of economi-
cally oriented new infrastructure such as transportation, 
communication networks, and energy facilities. On the 
other hand, livelihood expenditure, encompassing public 
services, education, and science and technology expen-
ditures, influences the development of socially beneficial 
aspects of new infrastructure, including scientific infra-
structure, fundamental educational infrastructure, and in-
dustrial technology innovation infrastructure. Thus, dif-
ferent fiscal expenditure strategy and planning can have 
varying impacts on different aspects of new infrastructure 

1 https://www.bp.com.cn/content/dam/bp/country-sites/
zh_cn/china/home/reports/statistical-review-of-world-energy/ 
2022/bp-stats-review-2022-full-report_zh_resized.pdf

construction, consequently affecting the overall outcome 
of new infrastructure.

Considering the pressing need to transition towards 
greener manufacturing, it becomes evident that there is 
significant research value in exploring the role of new 
infrastructure and fiscal expenditure structure. Firstly, 
the establishment and operation of new infrastructure 
involve high investment and energy consumption [8]. 
This necessitates the government to formulate construc-
tion projects and corresponding expenditure strategy and 
planning for new infrastructure [9]. Addressing this chal-
lenge is vital for fostering fresh catalysts for sustainable 
green production. Although the existing literature pri-
marily concentrates on exploring how new infrastructure 
affects firm productivity or regional economic growth 
[10, 11], limited research thoroughly examines its impact 
on GTMI. Given this, exploring the mechanism through 
which new infrastructure influences GTMI can provide 
theoretical and empirical evidence regarding its environ-
mental impacts, contributing to a better understanding of 
the environmental outcomes associated with new infra-
structure implementation. Additionally, given the eco-
logical challenges encountered by numerous emerging 
economies and their ongoing infrastructure enhancement 
initiatives, this research can provide statistical referenc-
es in terms of sustainability development and the imple-
mentation of information technology-driven infrastruc-
ture. Secondly, since local governments are responsible 
for implementing and funding new infrastructure, the 
fiscal expenditure structure may influence the impact of 
new infrastructure on GTMI. In other words, whether 
the construction of new infrastructure can lead to green-
er manufacturing is affected by the government’s fiscal 
spending preference. Consequently, there is a need for 
additional assessment regarding the impact of different 
fiscal spending decisions on the environmental impact of 
new infrastructure. Thirdly, considering the critical role 
of fiscal spending in socio-economic development, the 
size of fiscal expenditure can also impact the relationship 
mentioned above, necessitating further investigation.

In light of this, the present study seeks to investigate 
and resolve three issues. 1) What is the influence of new 
infrastructure on GTMI? 2) To what extent does the fis-
cal expenditure structure of the government moderate the 
correlation between new infrastructure and GTMI? 3) 
How can the scale of fiscal spending be adjusted to opti-
mize the environmental outcomes of new infrastructure? 
Answering these queries can provide us with a clearer 
understanding of the environmental impact associated 
with local governments’ fiscal expenditure decisions and 
help to reveal the institutional factors that influence the 
diverse effects of green transformation brought about by 
new infrastructure.

The contributions of our study lie in three aspects. 
Firstly, it expands on previous research by examining the 
influence of new infrastructure on GTMI, enriching the 
literature on the environmental impacts of new infrastruc-
ture, and enhancing knowledge on green manufacturing 
and sustainable production. Secondly, this study intro-
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duces government management factors into the analysis 
of new infrastructure by constructing a framework that 
incorporates new infrastructure, government fiscal ex-
penditure structure, and GTMI. The moderating effect of 
fiscal expenditure structure on the relationship between 
new infrastructure and GTMI is explored at both theo-
retical and empirical levels, providing valuable insights 
for effectively promoting GTMI. The heterogeneity of 
the influence is also verified. Lastly, based on theoretical 
analysis, we point out that there may be an interval for 
the fiscal expenditure scale, allowing for a more effec-
tive moderating role for the fiscal expenditure structure. 
By constructing a threshold model with fiscal expendi-
ture scale as the threshold variable, this paper identifies 
an appropriate range that enhances the moderating effect 
of fiscal expenditure, leading to a clearer and more com-
prehensive explanation of the diverse influence of new 
infrastructure on GTMI. This provides guidance for the 
optimization of fiscal expenditure decisions by the gov-
ernment, ultimately improving the environmental out-
comes associated with new infrastructure. Hence, we 
present a logical roadmap to clearly display the key con-
tent covered in this study (see Figure 1).

The remaining sections of our study are structured 
as follows. Section 2 provides a comprehensive review 
of related literature and formulates research hypotheses 
pertaining to new infrastructure, fiscal expenditure struc-
ture, and GTMI. In Section 3, we delineate the research 
design, the choice of variables, and the data source. Em-
pirical tests and results are presented in Sections 4 and 5, 
respectively. Finally, Section 6 concludes the study, offer-
ing policy implications based on the findings.

Literature Review and Theoretical Analysis

A Review of Current Literature

Factors Affecting GTMI

Previous studies examining the determinants of 
GTMI concentrate predominantly on technological in-
novation. Shahzad et al. investigated how green techno-
logical innovation influences sustainable development 
among Pakistani manufacturing industry [12]. Deng et 
al. discovered that digital technologies significantly en-
hance green productivity gains in China’s manufacturing 
industry. Certain prior studies have also focused on gov-
ernment policies [13]. For instance, Lena et al. (2022) 
explored the effect of government’s green policies on 
environmental efficiency growth among thirteen manu-
facturing sectors in Italy and found that environmental 
regulations do not negatively impact most industries 
[14]. In a separate study conducted by Wang, the author 
examined the impacts of green finance policy on the ef-
ficacy of green innovation within China’s manufacturing 
sector, revealing industry-specific heterogeneity [15].

Scholars are also increasingly focusing on the influence 
of infrastructure. Lin and Chen presented evidence indicat-
ing that the construction of economic infrastructure leads 
to a long-term reduction in energy intensity within China’s 
manufacturing sector [16]. Similar to this, Wang et al. dis-
covered that economic infrastructure can bridge the gap in 
industrial energy efficiency among different provinces in 
China [17]. The study by Chen and Lin revealed that infra-
structure advancement enhances the extent of green trans-

Fig. 1. Logical roadmap
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formation in the manufacturing sector [18]. Other studies 
highlight the importance of green supply chain manage-
ment [19] and global value chain [20].

Environmental Impact of New Infrastructure

Balancing economic development and ecological 
civilization relies heavily on the construction of infra-
structure [21]. The advancement of information and dig-
ital technology has made technological infrastructure a 
driving force for economic growth and sustainable de-
velopment. Consequently, numerous studies have been 
conducted to examine the environmental implications of 
information and network infrastructure. Tang et al. inves-
tigated how telecommunications infrastructure influences 
eco-efficiency [6]. Qiao et al. demonstrated how new in-
frastructure restrains the “growth with pollution” pattern 
for enterprises [22]. A similar conclusion was drawn by 
Zou and Pan [23] and Dong et al. [24].

Conversely, some studies found that the development 
of technological infrastructure could contribute to envi-
ronmental pollution. For instance, the establishment of 
5G base stations and the utilization of hardware equip-
ment such as computers and TV sets can result in in-
creased energy use [25]. Additionally, the vast amount of 
data can overwhelm enterprises, hindering effective man-
agement and utilization, which is detrimental to green 
development [9]. Moreover, research has shown that data 
safety uncertainty [26] as well as corporate strategic orga-
nization [27] might increase efficiency risks and impede 
green development. 

Fiscal Spending and Green Development

There is a well-developed literature on how fiscal 
spending affects green development, but it mainly fo-
cuses on either the overall amount or specific types of 
fiscal expenditures. Many existing studies have docu-
mented that government’s fiscal expenditure can reduce 
pollution [28-31], while others suggest that it might in-
crease environmental risks while boosting the economy 
[32]. With regards to the allocation of public services and 
goods spending, Adewuyi examined how public spend-
ing affects carbon emissions directly and indirectly [33]. 
López et al. predicted that increasing social and public 
spending would lead to a reduction in pollution [34]. Re-
garding R&D and educational expenditure, Lin and Zhu 
conducted an evaluation of the impact of fiscal expendi-
ture on education and research and development on green 
economic growth in China [35]. Hua et al. identified the 
mitigating influence of public education expenditure on 
air pollution in Chinese cities [36]. Zhang et al. exam-
ined the connection between R&D spending, green eco-
nomic growth, and energy efficiency using panel data 
from countries involved in the Belt and Road Initiative 
(BRI) [37]. Wei et al. investigated how R&D and edu-
cation expenditure affect the green economy through the 
lens of green technological innovation [38]. Deng et al. 
found that fiscal spending can promote green productiv-

ity in agriculture [39]. Concerning fiscal policy, Lin and 
Zhou demonstrated that vertical fiscal imbalance does not 
contribute to the rationalization and upgrade of industri-
al structure [40]. Similarly, Li and Xu found that fiscal 
decentralization substantially hinders the advancement of 
the green economy [41]. 

Although the existing literature provides valuable in-
sights, there remain several research gaps that necessitate 
attention. First, studies on new infrastructure and GTMI 
are limited. While some studies have explored the influ-
ence of information technology infrastructure on green 
development through the lens of policies like “broadband 
China”, they often focus on specific policies, lacking a 
comprehensive perspective. Second, government fiscal 
spending is the primary source of funding for new infra-
structure, encompassing both productive infrastructure 
(for example, 5G base stations and data centers) and live-
lihood infrastructure (for example, science and technolo-
gy innovation platforms). This poses new challenges to 
government’s fiscal spending decisions. Changes in the 
structure of government fiscal spending may significant-
ly moderate the relationship between new infrastructure 
and GTMI. However, this moderating effect has not been 
thoroughly discussed in the literature.

In this way, this paper first formulates an indicator 
system to evaluate the new infrastructure development 
across different provinces, on which its spatial-temporal 
characteristics are analyzed. Second, we introduce the 
factor of government fiscal expenditure structure and 
construct a theoretical analysis framework that includes 
new infrastructure, government fiscal expenditure struc-
ture, and GTMI. Drawing on the framework, new infra-
structure, fiscal expenditure structure, and GTMI are dis-
cussed, on which the appropriate fiscal expenditure scale 
that optimizes the moderating role of fiscal expenditure 
structure is explored. Third, building upon the theoreti-
cal analysis, we construct a benchmark regression model 
to examine the influence of new infrastructure on GTMI. 
Fiscal expenditure structure is introduced as a moderating 
variable to investigate its influence on the relationship be-
tween new infrastructure and GTMI. The panel threshold 
model is constructed to determine the appropriate scale of 
fiscal expenditure that optimizes the moderating effect of 
fiscal expenditure structure.

Theoretical Mechanism of New Infrastructure 
and GTMI

The direct effect of new infrastructure on GTMI can 
be categorized into two aspects. Firstly, it has a green 
investment effect. In essence, new infrastructure can be 
regarded as a fixed asset investment in infrastructure con-
struction. According to the investment multiplier theory, 
the multiplier effect of fixed asset investment can expand 
market size, boost demand, and effectively stimulate 
economic growth. Unlike traditional infrastructure in-
vestment, new infrastructure encompasses 5G, artificial 
intelligence, industrial internet, smart cities, and other 
investments closely related to green development. It can 
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guide enterprises in adopting cleaner, greener, and more 
sustainable practices in production organization, resource 
allocation, product form, and business models, thereby 
encouraging enterprises’ green innovation [42], and pro-
viding new impetus for green development. 

Secondly, new infrastructure has a technological 
spillover effect. The advancement of new infrastruc-
ture promotes the widespread application of next-gen-
eration technologies such as cloud computing, Internet 
of Things, and blockchain. Also, digitalized knowledge 
and technology elements can be disseminated rapidly 
across larger geographic areas [43], overcoming spatial 
boundaries for the optimal allocation of innovation fac-
tor and resource. Furthermore, the establishment of data 
sharing platforms reduces information acquisition costs 
and facilitates information exchange between innova-
tion supply and demand sides, which not only breaks the 
information barriers [44], but also enhances collabora-
tion among industry, academia, and research institutions 
across different innovation subjects. This promotes en-
hanced levels of technological advancement and fosters 
the exploration and growth of eco-friendly technology. 
Considering the aforementioned examination, we put 
forth hypothesis 1:
H1: New infrastructure is conducive to GTMI.

Differences in geographic location, technology ad-
vancement, factor allocation, and local policies across 
different parts of China lead to significant variations in 
investment levels, development stages, and demand for 
new infrastructure. Hence, the impact of new infrastruc-
ture on GTMI can vary significantly due to these dis-
parities. Some suggest that eastern provinces, with their 
abundant capital, technology, talent pool, and industrial 
base [45], possess favorable conditions for implementing 
new infrastructure. Such conditions promote the positive 
impacts of green transformation associated with this in-
frastructure development. Furthermore, the extent of the 
information infrastructure dividend is closely tied to the 
digital literacy level of users [22]. The value of this div-
idend cannot be effectively realized without adequate 
support from skilled personnel. Given this, we propose 
hypothesis 2:
H2: Significant variations exist in the correlation between 
new infrastructure and GTMI across different regions.

According to the fiscal decentralization theory, the 
fiscal spending preferences of local governments have a 
vital influence on economic activity and environmental 
quality [46]. Specifically, social and public goods expen-
diture may induce the scale, composition, and technique 
effects [34], while constructive expenditure tends to gen-
erate short-term scale effects and attract more investment 
[38]. Based on the classification of new infrastructure; 
transportation, communication networks, energy, and 
other facilities are associated with productive fiscal ex-
penditure and possess distinct economic attributes. Sci-
ence and technology platforms, education facilities, and 
industrial information platforms [47], on the other hand, 
are associated with livelihood fiscal expenditure and 
have obvious public welfare attributes. When the gov-

ernment increases the share of productive fiscal spend-
ing, improving transportation, communication networks, 
energy facilities, and other infrastructure can produce 
two effects. Firstly, enterprises can reduce operating 
costs through infrastructure sharing, enhancing resource 
utilization and efficiency and facilitating GTMI. Second-
ly, increased economic activities resulting from infra-
structure construction may lead to congestion and energy 
rebound effects, which could potentially hinder GTMI. 
Similarly, when the government increases the proportion 
of livelihood fiscal expenditure, improvements in sci-
ence and technology platforms, education facilities, and 
industrial information platforms can enhance the tech-
nology spillover effect. This promotes the application of 
clean technology and accelerates the green transforma-
tion process of firms. However, regions with weaker hu-
man capital face challenges in utilizing science and edu-
cation infrastructure due to their higher requirements for 
human capital accumulation. Considering the differences 
in industrial base and fiscal expenditure structure among 
geographic regions, it is reasonable to assume that this 
moderating effect varies across different regions. There-
fore, we propose hypothesis 3:
H3: Fiscal expenditure structure plays a moderating role in 
the connection between new infrastructure and GTMI, and 
this moderating effect may have regional heterogeneity.

The existing study highlights the significant role of 
fiscal spending in green development. For instance, Wang 
and Shao discovered a positive correlation between R&D 
expenditures and green growth in G20 countries [48]. Lin 
and Zhu examined the effects of fiscal spending on green 
economic growth, specifically focusing on the compo-
sition and technique effects [35]. However, it should be 
noted that the impact of fiscal spending can be intricate 
and may not follow a linear pattern. Sheremirov and 
Spirovska identified the threshold effect of fiscal multi-
pliers [49]. One possible explanation for this complexity 
is the close relationship between the size and impact of 
fiscal expenditure. In other words, the fiscal spending 
impact might depend on its scale. For instance, an expan-
sion in the scope of fiscal allocation towards enhancing 
people’s livelihoods signifies a heightened emphasis on 
improving their quality of life and may have a more pro-
nounced impact on new infrastructure. Nevertheless, it is 
noteworthy that a higher scale of fiscal spending does not 
necessarily result in a stronger positive effect. Tang et 
al. demonstrated that if the government’s R&D spending 
exceeds the capacity of local innovation infrastructure, 
its positive impact may reduce [50]. Therefore, it is rea-
sonable to assume that there exists an appropriate range 
for the fiscal spending scale that allows the moderating 
effect of the fiscal expenditure structure to be more ef-
fective. Moreover, since the scale and structure of fiscal 
spending vary across geographic regions, it is likely that 
this appropriate range differs among different regions. 
Therefore, we propose hypothesis 4.
H4: The fiscal spending scale has a threshold effect on the 
moderating effect of fiscal expenditure structure, and this 
threshold effect may have regional heterogeneity.
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Material and Methods

Model Construction

(1)  Based on the above discussion, we developed the 
following regression model to examine the impact of 
new infrastructure on GTMI:

           (1)

where i and t denote province and time,  stands for 
GTMI,  represents new infrastructure,  indicates 
the control variables,  represent the parameter to be es-
timated,  and  are the province and time effect, and  is 
the error term.
(2)  Considering that the fiscal expenditure structure may 

affect new infrastructure development and its influ-
ence on GTMI, we construct the following moderat-
ing effect models to explore the relationship:

  (2)
  (3)

LGOV stands for the proportion of livelihood fiscal 
spending and PGOV stands for the proportion of pro-
ductive fiscal spending.
(3) The threshold panel model is constructed in line with 

Hansen’s approach [51], based on equations (2) and 
(3). The threshold variables, per capita livelihood 
fiscal expenditure (perLGOV) and per capita pro-
ductive fiscal expenditure (perPGOV), are employed 
to gauge the respective scales of fiscal spending. The 
expressions for the single threshold model are as fol-
lows:

  (4)

  (5)

perLGOV and perPGOV represent per capita liveli-
hood-based fiscal expenditure and per capita produc-
tion-based fiscal expenditure. By doing so, our study 
tries to investigate the optimal range of fiscal expen-
diture that enhances the moderating effects discussed 
above.

Variables and Data 

Dependent Variable

To gauge GTMI, we selected Total Factor Energy Effi-
ciency (TFFE) as the dependent variable within the man-
ufacturing industry. Following the existing literature, we 
employed the Data Envelopment Analysis Model [52] 
incorporating undesirable outputs to calculate TFFE and 
assess GTMI in each province. First, we define the mod-
el for n Decision-Making Units (DMUs), where k rep-
resents a specific DMU:

            (6)

X is the input matrix;  and  are the desirable out-
put matrix and the undesirable output matrix, respectively, 

,  and  denote the corresponding slack variables, 
m, , and  represent the number of corresponding vari-
ables,  stands for the input variable i of DMU k.

Next, we specify the input and output indexes. For 
input indexes, we consider labor (L), capital investment 
(K), and energy consumption (E). For labor input, we 
quantify it using the average workforce in the manufac-
turing industry (10,000 individuals). Capital investment 
input is assessed based on the amount of fixed asset in-
vestment in the manufacturing industry (in billions of 
RMB). Energy input is determined by total industrial 
energy consumption (in million tons of standard coal). 
The level of capital investment input is adjusted through 
the perpetual inventory method. Desirable output is mea-
sured by revenue from the main business activities in the 
manufacturing industry (in billions of yuan). On the other 
hand, undesirable output indicators include chemical ox-
ygen demand (COD) emissions from industrial wastewa-
ter (in million tons), SO2 emissions (in million tons), and 
the generation of industrial solid waste (in million tons).

Key Explanatory Variable

This study selects the development level of new 
infrastructure (INF) as the key explanatory variable. 
From the previous papers, scholars have not reached a 
consensus on the method to assess new infrastructure. 
Some utilize capital stock to assess the intensity of new 
infrastructure investment, while others construct indica-
tor systems to gauge its development level. In this pa-
per, after rigorous consideration based on the works of 
the existing studies [10, 22, 53], we build an indicator 
system, which is characterized by informatization (in-
telligence) and innovative, to represent the “new” infra-
structure. Informatization is closely linked to the latest 
generation of information technology, etc. Innovative 
primarily pertains to platforms that support scientific and 
technological research and development. For evaluating 
the weight of the indicator system, we utilize the entropy 
weight method [54, 55], and the specific indicators can 
be found in Table 1.

Based on the indicator system, the INF of each prov-
ince IS calculated. During the analysis period, INF for 
the whole sample increased from 2.29 to 2.72, with an 
average growth rate of approximately 2.84%. The INF in 
the three sub-regions in China, the eastern, central, and 
western regions, is also assessed. The INF in the eastern 
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region exhibited the highest value, increasing from 2.71 
to 3.72, indicating an average growth speed of 2.06%. 
Following that, the central region experienced growth 
from 2.39 to 2.86, with an average growth rate of about 
2.59%. The INF in both the eastern and central regions 
surpassed those of the overall sample. Meanwhile, the 
western region had the lowest INF, increasing from 1.82 
to 2.38, with an average growth rate of 3.92%. Figure 2 
displays the INF at both the national and regional levels.

Moderating Variable

Based on the above analysis, fiscal expenditure 
structure is selected as the moderating variable. Fiscal 

expenditure can be classified into livelihood expendi-
ture and productive expenditure based on its purpose 
[38]. To obtain specific expenditure items, this paper 
refers to the National Bureau of Statistics and conducts 
a classification. The specific classification is revealed in 
Table 2.

Regarding the categorization above, we introduce 
two moderating variables: the proportion of livelihood 
expenditure (LGOV), which is computed by dividing 
livelihood expenditure by total fiscal spending, and the 
proportion of productive expenditure (PGOV), deter-
mined by dividing productive expenditure by total fiscal 
spending.

Table 1. The indicator system of new infrastructure

Target Criterion Specific indicators and measurements

New 
infrastructure

Informatization 
infrastructure 

13 indicators in all: mobile phone exchange capacity (per 10,000 households), mobile phone 
base stations (per 10,000), length of fiber optic cable lines (in meters), number of domain names 

(per 10,000), number of web pages (per 10,000), number of IPV4 addresses (per 10,000), 
Internet broadband access ports (per 10,000), number of computers in use at the end of the period 

(in units), number of computers per 100 individuals (in units), number of websites owned by 
enterprises (in units), number of websites per 100 enterprises (in units), e-commerce sales 

(in billion yuan), and software business revenue (in million yuan).

Innovative 
infrastructure

7 indicators in all, and two kinds of indicators are included. Category 1: National Hi-Tech Zones, 
Technology Business Incubator, National University Science Parks, State Key Laboratory; 

Category 2: internal expenditure of R&D funds (million yuan), internal expenditure of 
government funds for R&D (million yuan), and R&D project investment funds (million yuan).

Fig. 2. New infrastructure at both the national and regional level
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Control Variables

Referring to the existing study [7, 18, 22], we introduce 
a set of control variables that may influence GTMI, specif-
ically: openness to the outside world (FOR), calculated as 
the ratio of total investment in foreign-invested enterprises 
to GDP; technological progress (TEC), measured by the 
number of patents granted for inventions; level of financial 
development (FIN), represented by the year-end balance of 
loans from financial institutions to GDP; level of econom-
ic development (ECO), measured by regional GDP; and 
environmental regulation (ENV), which is computed by 
dividing the completed investment in industrial pollution 
control by the value added of secondary industry.

Data

Our research sample consists of 30 provinces in Chi-
na, with Tibet, Hong Kong, Macau, and Taiwan exclud-
ed because of limited data availability. The study period 
spans from 2013 to 2020. Data is mainly collected from 
the National Bureau of Statistics of China and other rele-
vant statistical yearbooks. Price-related series have been 
adjusted to the constant 2013 price to filter out the price 
difference. Missing data issues are addressed using the 
linear interpolation method. The descriptive statistics of 
the variables are presented in Table 3.

Results and Discussion

Baseline Estimation Results

In this section, the impact of new infrastructure on 
GTMI is examined, and Hypothesis 1 is tested. Table 4 
reports the estimated results of this impact. The null hy-

pothesis is rejected by the Hausman test at a significance 
level of 1%, which indicates the acceptance of a fixed 
effects model. 

Column (1) shows the effect of new infrastructure on 
GTMI without control variables. The estimated coeffi-
cients of INF are significantly positive, suggesting that 
new infrastructure exerts a positive influence on GTMI 
and is able to move the manufacturing industry towards 
green and sustainable production. This positive relation-
ship remains robust after introducing various control 
variables, as shown in columns (2) and (3), supporting 
Hypothesis 1. According to the estimated coefficient of 
INF in column (3), a 10% increase in the level of new 
infrastructure improves GTMI by approximately 1.67%, 
highlighting the impetus new infrastructure brings to 
GTMI. This observation is consistent with previous 
works noting that the construction of information or 
telecommunications infrastructure can enhance environ-
mental efficiency [7, 23, 56]. A possible explanation is 
that increased investment in new infrastructure coincides 
with the proliferation of new generation technologies, in-
cluding the big data, blockchain, and the industrial inter-
net. These technologies not only promote manufacturing 
process intelligence [22], but also deepen the integration 
between industries and new technologies. Consequently, 
industrial development moves in a more intensive and 
environmentally friendly direction, leading to stronger 
energy-saving and emission reduction effects.

Robustness Checks

Since new infrastructure, the key explanatory variable 
in our study, is measured by a comprehensive index, po-
tential endogeneity issues due to measurement bias may 
arise. Additionally, while our model controls for factors 
such as economic development and environmental reg-

Table 2. Classification of financial expenditure

Class Specific expenditure items
Livelihood 
expenditure

General public services, public security, education, science and technology, culture, sports and media, health care, 
social security and employment, and housing security expenditures 

Productive 
expenditure

Agriculture, forestry and water affairs, urban and rural community affairs, transportation, environmental 
protection, resource exploration and electric power information affairs, business services, financial supervision 
and other affairs, land and resources, meteorology and other affairs, grain and oil supplies reserve management, 

and other affairs expenditures

Table 3. Descriptive statistics of variables

Variable Explanations Mean Sd. Min. Max. Obs. 
TFFE GTMI 0.59 0.10 0.46 1.11 240
INF new infrastructure 2.57 0.77 0.28 4.13 240
ECO economic development 9.85 0.86 7.45 11.49 240
ENV environmental regulations 0.71 0.91 -3.11 3.20 240
TEC technological innovation 8.34 1.39 4.51 11.17 240
FOR opening up 1.08 1.11 -3.06 5.83 240
FIN financial service 0.28 0.32 -0.68 0.99 240

LGOV livelihood fiscal spending -0.84 0.09 -1.19 -0.60 240
PGOV productive fiscal spending -0.57 0.06 -0.79 -0.36 240



How to Strengthen the Green Transformation… 9

Au
th

or
 C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y

ulations that affect GTMI, other potential influencing 
factors excluded from the model may also interfere with 
the results. To address these concerns, we perform three 
robustness tests: variable substitution, instrumental vari-
ables method, and removal of extreme values. The find-
ings are presented below.

First, we adjust the parameter settings of the SBM-
DEA model, changing its orientation to output-oriented 
and allowing for variable returns to scale. We then re-mea-
sure GTMI and report the estimation results in columns (1) 
and (2) of Table 5. Next, we estimate the model using the 
two-stage least squares estimation (2SLS) with the one-pe-
riod lagged term of new infrastructure as the instrumental 
variable, and our corresponding result is given in column 
(3). Then, to minimize the potential impact of outliers on 
the model outcomes, this study re-estimates the model us-
ing a trimmed dataset that excludes the top and bottom 5% 
of observations. The result is displayed in column (4).

The findings presented in Table 5 indicate that after 
rigorous robustness tests, the positive impact of new in-
frastructure remains significant, providing further evi-
dence of the robustness of the baseline estimation results.

Heterogeneous Analysis

Considering the varying economic foundations across 
various regions of China, the stages, modes, and effects 
of new infrastructure may differ significantly. As a result, 
significant heterogeneity can arise regarding the influence 
of new infrastructure on GTMI across these regions. To 
investigate these heterogeneous effects, we divide the 
sample into two parts according to geographic locations: 
the eastern region, and the central and western regions. 
Subsequently, this study estimates the model using these 
subsets and displays the outcomes in Table 6.

The outcomes from the first two columns indicate that 
new infrastructure can promote GTMI in both sub-samples, 
but there exists substantial differences in the extent of the 
influence. In the eastern region, the estimated coefficient of 
INF is 0.4243, significantly exceeds that in the remaining 
regions (0.0572). This finding implies that the advancement 
of new infrastructure in the eastern region exerts a more 
substantial influence on promoting GTMI, consistent with 
previous findings, thus verifying Hypothesis 2. 

One possible reason for this regional difference is that 
the eastern region is economically more developed, with 
a solid manufacturing foundation and abundant talents 
and innovation resources [57]. Enterprises in this region 
possess greater capability to absorb advanced technology 
and management experience [24], and they can use the 
data resources and innovation platforms facilitated by the 
development of new infrastructure for technological up-
grading and equipment renovation, thus improving ener-
gy utilization efficiency and reducing pollution emissions. 
In contrast, the central and western regions are catch-up 
economies, characterized by limited scientific and educa-
tional resources and a relatively weaker capacity to attract 
innovative talents. Although new infrastructure acceler-
ates network spillover and spatial diffusion of data and 

Table 4. Baseline model

(1) (2) (3)
INF 0.0499** 0.1568* 0.1670*

(0.0192) (0.0911) (0.0932)
ECO -0.1278 -0.3828**

(0.1208) (0.1790)
ENV -0.0174** -0.0139*

(0.0076) (0.0078)
TEC -0.0173 0.0161

(0.0205) (0.0280)
FDI -0.0113 -0.0151

(0.0124) (0.0129)
FIN 0.0016 -0.0020

(0.0337) (0.0348)
Constant 0.4609*** 1.6130* 3.7865**

(0.0495) (0.9171) (1.5386)
Time FE No No Yes

Province FE Yes Yes Yes
Observations 240 240 240

R2 0.031 0.075 0.127

Notes: Standard errors in parentheses; *, ** and *** means 
significance levels of 10%, 5% and 1%, respectively.

Table 5. Results on the robustness test 

(1) (2) (3) (4)
INF 0.2975*** 0.6469*** 0.3912* 0.0856***

(0.0974) (0.1794) (0.2027) (0.0279)
Constant 2.3580** 7.1701*** 0.8749***

(0.9802) (1.8058) (0.2771)
Control 

variables Yes Yes Yes Yes

Time FE Yes Yes Yes Yes
Province FE Yes Yes Yes Yes
Observations 240 240 210 216

R2 0.106 0.287 0.114 0.177

Notes: same as table 4.

Table 6. Results on the heterogeneous analysis 

(1) (2)

Eastern region Central and 
western regions

INF 0.4243* 0.0572*

(0.2289) (0.0309)
Constant 11.6799** 1.2536***

(5.3359) (0.3975)
Control 

variables Yes Yes

Time FE Yes Yes
Province FE Yes Yes
Observations 88 152

R2 0.215 0.420

Notes: same as table 4.
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information knowledge, manufacturing enterprises still 
face internal challenges hindering their transformation. 
These obstacles stem from limitations such as econom-
ic scale, resource availability, and industrial foundation, 
resulting in insufficient motivation for change. Thus, the 
green transformation effect of new infrastructure is rela-
tively weak in these regions. Another possible explana-
tion relates to significant disparities in the development 
index of new infrastructure between developed and less 
developed regions. As discussed in Section 3.2, the level 
of new infrastructure development exhibits distinct spa-
tial differentiation characteristics. The new infrastructure 
development index in the eastern coastal region signifi-
cantly surpasses that in inland areas, indicating that new 
infrastructure in the eastern region is more developed. 
Consequently, the effect of new infrastructure on GTMI 
might be more pronounced in the eastern region.

Further Discussion on the Role of Fiscal 
Expenditure Structure

The Moderating Effect of Fiscal Expenditure Structure

Whole Sample Analysis

In this section, we employ the hierarchical regression 
method to investigate how the composition of fiscal spend-
ing moderates the impact of new infrastructure on GTMI. 
We introduce fiscal expenditure structure and its interac-
tion with new infrastructure into the model sequentially, 
considering both the proportion of livelihood expenditure 
(LGOV) and productive expenditure (PGOV), as discussed 
in Section 3.2. The results are given in Table 7. 

The first column displays the estimation results with-
out including government fiscal structure, while columns 
(2)-(3) reflect the moderating effect of LGOV. As seen in 
column (2), the estimated coefficient of LGOV is positive 
at the 10% level, indicating that increasing the share of 
livelihood fiscal expenditure is conducive to GTMI. In 
column (3), the coefficient for the interaction term IN-
F*LGOV demonstrates a significantly positive effect, 
suggesting that an increased livelihood expenditure pro-
portion positively moderates the relationship between 
new infrastructure and GTMI. In other words, a higher 
proportion of livelihood expenditure strengthens the driv-
ing influence of new infrastructure on GTMI. This find-
ing partially supports Hypothesis 3. It is similar to the 
findings of López et al. and Hua et al. that increasing the 
share of public expenditure helps mitigate environmental 
pollution [34, 36]. A possible explanation is that a great-
er proportion of livelihood expenditure implies increased 
investment in public services, education, and science and 
technology, which will facilitate the construction of sci-
ence and technology innovation (STI) platforms and the 
accumulation of human capital. STI platform construc-
tion is a crucial aspect of new infrastructure, and achiev-
ing green transformation through new infrastructure ne-
cessitates skilled personnel. Therefore, a higher share of 
livelihood expenditure will release the green transforma-
tion role of the new infrastructure more effectively.

Columns (4)-(5) of Table 7 explore the moderating 
effect of PGOV. According to column (4), the estimat-
ed coefficient of PGOV demonstrates a negative effect at 
a significance level of 5%, suggesting that an increased 
share of productive expenditure has an adverse impact on 
GTMI. As indicated by the estimation findings in column 

Table 7. The moderating effect of fiscal spending structure

(1) (2) (3) (4) (5)
INF 0.1670* 0.2265** 0.2043** 0.2263** 0.1969**

(0.0932) (0.0978) (0.0967) (0.0971) (0.0964)
LGOV 0.1736* 0.1454

(0.0916) (0.0908)
INF*LGOV 0.2250***

(0.0853)
PGOV -0.2532** -0.1746

(0.1265) (0.1283)
INF*PGOV -0.3006***

(0.1154)
Constant 3.7865** 3.6600** 3.4504** 3.2143** 3.0856**

(1.5386) (1.5301) (1.5094) (1.5536) (1.5319)
Control variables Yes Yes Yes Yes Yes

Time FE Yes Yes Yes Yes Yes
Province FE Yes Yes Yes Yes Yes
Observations 240 240 240 240 240

R2 0.127 0.143 0.173 0.145 0.174

Notes: same as table 4.
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(5), the coefficient for the interaction term INF*PGOV 
reveals a negative impact at a significance level of 1%. 
This suggests that an increased allocation towards pro-
ductive expenditure adversely moderates the association 
between new infrastructure and GTMI. In other words, 
when a greater proportion of expenditure is allocated to-
wards productive activities, it diminishes the influence 
of new infrastructure on GTMI. This finding is similar 
to some previous studies suggesting that digital transfor-
mation in traditional industries increases energy demand 
[58]. A possible reason for this is that an increased share 
of productive expenditure contributes to information in-
frastructure development and traditional transportation 
infrastructure upgrades, which intensify the demand for 
computing power and result in substantial energy con-
sumption when stimulating economic growth. As enter-
prise production technology and equipment cannot be im-
mediately updated, substituting energy factors is offset by 
the accelerated energy demand, stemming from increased 
output size, triggering the energy rebound effect [59, 60], 
and eventually leads to higher energy intensity.

Sub-Samples Analysis

Furthermore, due to variations in the development 
level of new infrastructure and the manufacturing indus-

try across regions, there may be regional differences in 
the moderating effect of fiscal expenditure structure. To 
address this, we partition the dataset into two distinct re-
gions, similar to Section 5.3, to identify the moderating 
effect of fiscal expenditure structure separately. The re-
sults are presented in Table 8.

Columns (1)-(4) of Table 8 display the estimation re-
sults for the eastern region. As shown in columns (1)-(2), 
both the estimated coefficients of LGOV and the inter-
action term INF*LGOV are significantly positive, sug-
gesting that increasing livelihood expenditure positively 
moderates the connection between new infrastructure and 
GTMI. Meanwhile, columns (3)-(4) reveal that the share 
of productive expenditure negatively moderates the rela-
tionship between new infrastructure and GTMI.

The estimation results for the central and western re-
gions, as depicted in columns (5)-(8) of Table 8, demon-
strate notable distinctions compared to those observed in 
the eastern region. According to columns (5)-(6), the es-
timated coefficient of LGOV is insignificant, and the in-
teraction term is negatively significant, suggesting that the 
share of livelihood expenditure negatively moderates the 
relationship between new infrastructure and GTMI. Mean-
while, as depicted in columns (7)-(8), a larger share of pro-
ductive expenditure strengthens the driving effect of new 
infrastructure on GTMI. Hypothesis 3 is again verified.

Table 8. The moderating effect of fiscal spending structure in different regions

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

Eastern region Central and Western regions

INF 0.4167* 0.4221* 0.4131* 0.3691 0.0899*** 0.0922*** 0.0901*** 0.0935***

(-0.2288) (-0.2489) (-0.2237) (-0.2473) (-0.0315) (-0.0315) (-0.0315) (-0.0315)

LGOV 0.3098* 0.1000 0.0516 0.0077

(-0.1823) (-0.2409) (-0.0318) (-0.0358)

INF*LGOV 0.4496** -0.0701*

(-0.2223) (-0.0378)

PGOV -0.4523* 0.0394 -0.0626 -0.0148

(-0.2478) (-0.3826) (-0.0410) (-0.0444)

INF*PGOV -0.6236* 0.0922*

(-0.3156) (-0.0510)

Constant 4.9736* 11.2998** 4.3138 10.9647** 0.8173** 0.8712*** 0.7399** 0.8706***

(2.9036) (5.2035) (2.6157) (5.3726) (0.3151) (0.3100) (-0.3128) (-0.3027)

Control 
variables Yes Yes Yes Yes Yes Yes Yes Yes

Time FE Yes Yes Yes Yes Yes Yes Yes Yes

Province FE Yes Yes Yes Yes Yes Yes Yes Yes

Observa-
tions 88 88 88 88 152 152 152 152

R2 0.139 0.278 0.144 0.275 0.297 0.302 0.295 0.300

Notes: same as table 4.
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This regional disparity could potentially stem from 
the fact that the manufacturing sector within the eastern 
region has a solid foundation and is transitioning toward 
quality upgrading, where technological innovation and 
spillover play crucial roles. Increasing the share of live-
lihood expenditure facilitates the construction of major 
scientific and technological infrastructure, scientific and 
educational facilities, and industrial research platforms. 
This promotes the spatial diffusion of knowledge and 
technology [23], providing vital support for technolog-
ical advancements and product innovation within man-
ufacturing enterprises. Consequently, this can accelerate 
their green transformation. In addition, public innovation 
platforms and database resources can address information 
asymmetry issues during enterprises’ R&D and innova-
tion processes [9, 61]. This allows enterprises to respond 
quickly to market demand changes and make informed 
R&D decisions based on publicly available data, improv-
ing the efficiency of technological innovation and reduc-
ing resource waste. In contrast, the central and western re-
gions have a relatively weaker manufacturing foundation 
with scattered distribution. Therefore, there is an urgent 
need to reduce energy consumption per unit of output by 
expanding scale effects and sharing facilities. Increasing 
the share of productive expenditure accelerates the con-
struction of information infrastructure and upgrades tra-
ditional infrastructure, thereby supporting GTMI in these 
regions. Moreover, the less-developed regions face chal-
lenges such as limited human resources and a weak inter-
net foundation [7], which hampers the effective spillover 
effect of STI infrastructure.

The Appropriate Interval for Fiscal Expenditure Scale

Whole Sample Analysis

According to the theoretical analysis conducted in 
Section 2, there might exist appropriate ranges for fiscal 
spending scale that enhance the moderating effect of the 
fiscal expenditure structure. To verify this hypothesis, we 
construct a panel threshold model to identify the appro-
priate fiscal expenditure scale interval for optimizing the 
moderating effect. The per capita fiscal expenditure scale 

is considered the threshold variable, and the interaction 
term between new infrastructure and fiscal expenditure 
structure is introduced as the core variable. We perform 
a grid search to determine the ranges of thresholds and 
evaluate the statistical significance of the threshold ef-
fect by 500 bootstrap replications. Table 9 and Table 
10 display the analysis outcomes for the tests with per 
capita livelihood expenditure (perLGOV) and per capita 
productive expenditure (perPGOV) as the threshold vari-
ables, respectively.

From Table 9, it is evident that the F-statistics for a 
single threshold exhibit significant results at the 5% level, 
while the F-statistics for double and triple thresholds are 
not statistically significant. This indicates the presence of 
a single threshold effect when per capita livelihood ex-
penditure is treated as the threshold variable. 

Similarly, Table 10 shows that the single threshold ef-
fect of per capita productive expenditure is significant at 
the 1% level. Conversely, the F-statistics for double and 
triple thresholds do not yield significant results. This con-
firms the existence of a single threshold effect, with per 
capita productive expenditure as the threshold variable. 
Thus, Hypothesis 4 is supported. Based on these findings, 
we construct the single threshold model using perLGOV 
and perPGOV as the threshold variables, respectively.

Table 11 reports the estimation results of the sin-
gle-panel threshold model. Column (1) in the table re-
flects the change in the moderating effect of LGOV when 
per capita livelihood expenditure serves as the threshold 
variable. Significance at the 5% level is observed for the 
coefficient of the interaction term INF*LGOV, with an 
estimated value of 0.0566, when the value of perLGOV 
falls below the threshold. On the other hand, when the 
value of perLGOV exceeds the threshold, the coefficient 
for INF*LGOV is positively significant at the 1% level, 
with an estimated value of 0.0848. This result indicates 
that the positive moderating role of LGOV strengthens as 
the scale of livelihood expenditure grows. The threshold 
value is determined to be 3727 yuan/person, suggesting 
that the positive moderating effect becomes stronger once 
per capita livelihood expenditure surpasses 3727 yuan/
person. With the increase in the share of per capita live-
lihood expenditure, innovation infrastructure has been 

Table 9. Bootstrap tests of the threshold effect with perLGOV as 
the threshold variable

Model F statistics Threshold 
value

95% Confidence 
interval

Lower Higher
Single 

threshold 27.10** 0.3727 [0.3685, 0.3741]

Double 
threshold 12.77

0.3688 [0.3651, 0.3699]
0.5093 [0.5022, 0.5101]

Triple 
threshold 17.54 0.5089 [0.5089, 0.5093]

Notes: *, ** and *** means significance levels of 10%, 5% and 
1% respectively.

Table 10. Bootstrap tests of the threshold effect with perPGOV 
as the threshold variable

Model F statistics Threshold 
value

95% Confidence 
interval

Lower Higher

Single 
threshold 42.39*** 1.3242   [1.3218, 1.3266]

Double 
threshold 9.11

1.3242   [1.3218, 1.3266]

0.7013   [0.6731, 0.7037]

Triple 
threshold 6.73 0.7037   [0.7013, 0.7051]

Notes: same as table 9.
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improved, effectively compensating for the high costs 
and information asymmetry risks associated with green 
innovation activities by enterprises [57, 61]. This positive 
moderation enhances the relationship between new infra-
structure and GTMI. For instance, with the popularity of 
new infrastructure, some developed cities have started 
integrating new infrastructure into smart city construc-
tion scenarios, proposing smarter and greener solutions 
to meet industrial transformation demands, such as es-
tablishing smart innovation pilot zones and building data 
sharing platforms.

Column (2) in the table reflects the change in the 
moderating effect of PGOV when per capita productive 
expenditure is the threshold variable. As revealed in the 
estimation results, when the value of perPGOV is below 
the threshold, the interaction term INF*PGOV exhibits a 
significantly negative impact, with an estimated value of 
-0.1021. Moreover, when the value of perPGOV exceeds 
the threshold, INF*PGOV remains significantly nega-
tive at the 1% level, with an estimated value of -0.1890. 
This indicates that as the scale of productive expenditure 
continues to expand, the negative moderating effect of 
PGOV becomes stronger. The threshold value is 13242 
yuan/person, implying that the negative moderating ef-
fect enlarges once per capita productive expenditure ex-
ceeds this threshold. This finding is in accordance with 
previous studies suggesting that excessively high gov-
ernment spending on local innovation infrastructure may 
hinder green innovation [50]. With increasing productive 
expenditure, information infrastructure will be improved 
and traditional infrastructure will be upgraded. However, 
the establishment of various network and computing in-
frastructures, such as data centers and Industrial Internet, 
can lead to significant energy consumption in both up-
stream and downstream manufacturing industries, inhib-
iting green transformation. 

Recently, China has approved the Project for Chan-
neling Computing Resources from the East to the West, 

aiming to develop a network of eight national computing 
hubs and establish ten clusters of national data centers 
within the western provinces [43]. This initiative aims to 
bridge the gap in computing resources between the east-
ern and western regions. The western regions, which are 
abundant in resources, have the potential to support the 
development of data centers and meet the data computing 
demands of the eastern regions. However, as data center 
construction progresses in western provinces like Gansu, 
Guizhou, and Ningxia, electricity consumption contin-
ues to rise. It is estimated that electricity consumption 
reached approximately 270 billion kWh in 2022, exceed-
ing the annual power generation capacity of two Three 
Gorges power stations, highlighting the urgent need to 
improve energy utilization efficiency.

Sub-Samples Analysis

The previous section confirmed significant regional 
disparities in the moderating effect of fiscal expenditure 
structure. To further investigate whether the threshold 
effect of the fiscal spending scale varies by region, we 
construct panel threshold models separately for the east-
ern, central, and western regions. The findings are re-
ported in Table 12.

The first two columns display the changes in the mod-
erating effects of fiscal expenditure structure in the eastern 
region when perLGOV and perPGOV are used as thresh-
old variables. In column (1), when perLGOV is below the 
threshold value, a significant coefficient is observed for 
INF*LGOV. When perLGOV exceeds the threshold, the 
coefficient for INF*LGOV becomes positive at the 5% 
level. This suggests that the positive moderating effect 
of the share of livelihood expenditure is only effective 
when livelihood expenditure exceeds a certain scale. The 
threshold value is determined to be 3688 yuan/person, 
suggesting that the positive moderating effect strength-
ens when per capita livelihood expenditure is greater than 
3688 yuan/person. As for column (2), an observed nega-
tive coefficient is significant at the 5% level for INF*P-
GOV when perPGOV falls below the threshold value. 
When perPGOV exceeds the threshold, the coefficient for 
INF*PGOV is negatively significant at the 1% level, and 
the impact is substantially stronger. The threshold value 
is determined to be 15840 yuan/person, implying that the 
negative moderating effect enlarges when per capita pro-
ductive expenditure is over 15840 yuan/person.

Columns (3)-(4) in the table present the changes in 
the moderating effects of fiscal expenditure structure in 
the central and western regions using perLGOV and per-
PGOV as the threshold variables. According to column 
(3), when the value of perLGOV is below the threshold, 
the coefficient for INF*LGOV demonstrates a negative 
direction, but it lacks statistical significance. When the 
value of perLGOV is above the threshold, the coefficient 
for the interaction term becomes significantly negative. 
This suggests that the negative moderating effect of fiscal 
expenditure structure amplifies as the size of livelihood 
expenditure increases. The threshold value is determined 

Table 11. Results on the threshold panel model

(1) (2)
Coef. Std. Err. Coef. Std. Err.

INF 0.3191*** 0.0949 0.0745 0.0836
INF*LGOV

(perLGOV<r) 0.0566** 0.0258

INF*LGOV
(perLGOV>r) 0.0848*** 0.0253

INF*PGOV
(perPGOV<r) -0.1021*** 0.0323

INF*PGOV
(perPGOV>r) -0.1890*** 0.0349

Constant 2.1010** 0.8974 1.8486** 0.0349
Control variables Yes Yes

Observations 240 240
R2 0.2085 0.2514

Notes: same as table 9.
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to be 6529 yuan/person, indicating that the negative mod-
erating effect strengthens when per capita livelihood ex-
penditure is greater than 6529 yuan/person. With regard 
to column (4), when perPGOV is below the threshold, the 
coefficient for INF*PGOV is positive and insignificant. 
When the value of perPGOV is above the threshold, the 
coefficient of the interaction term becomes significantly 
positive at the 1% level. These results indicate that as the 
size of productive spending increases, the positive mod-
erating effect of fiscal expenditure structure in the cen-
tral and western regions is becoming more apparent. The 
threshold value is determined to be 8620 yuan/person, 
which means that when per capita productive expenditure 
is over 8620 yuan/person, the negative moderating effect 
strengthens.

Conclusions and Policy Implications

Main Findings

The recent surge in new infrastructure has sparked 
considerable attention. To ensure the scientific implemen-
tation of new infrastructure construction while prioritiz-
ing ecological civilization development, it is crucial to as-
sess its environmental impact on GMTI and examine the 
role of fiscal expenditure structure. This study constructs 
an analytical framework that incorporates new infrastruc-
ture, government fiscal expenditure structure, and GTMI, 
and discusses the influence of new infrastructure and fis-
cal expenditure structure on GTMI at a theoretical level. 
We then empirically investigate how new infrastructure 
influences GTMI, along with the moderating impact of 

fiscal expenditure structure. Additionally, we explore the 
suitable range for the fiscal spending scale that optimize 
the green transformation impact of new infrastructure.

The theoretical contributions made by our study are 
given below:
(1)  We introduce the factor of government governance 

into the analysis of new infrastructure’s environmen-
tal impact by linking fiscal expenditure structure with 
the green transformation effect of new infrastructure. 
We construct a theoretical framework that encompass-
es new infrastructure, government fiscal expenditure 
structure, and GTMI. Within this framework, we in-
vestigate the moderating impact of fiscal expenditure 
structure on the association between new infrastructure 
and GTMI, taking into account the potential influence 
of fiscal spending scale as a significant factor.

(2)  This paper verifies the moderating role of fiscal ex-
penditure structure on GTMI, observing considerable 
regional heterogeneity. We find substantial variations 
in the moderating impact of fiscal expenditure struc-
ture across regions. Therefore, it is not sensible for the 
underdeveloped regions to directly adopt experienc-
es from the developed regions for fiscal expenditure 
structure transformations.

(3)  Our study reveals that the fiscal expenditure scale ex-
hibits an appropriate range, where continuous increases 
in specific types of fiscal expenditures may not yield 
positive environmental outcomes and could even have 
a negative impact on green transformation. Rather than 
pursuing continuous fiscal expansion, careful formula-
tion of fiscal expenditure strategies based on local in-
dustrial foundations is imperative. These findings offer 
a fresh perspective for local governments to optimize 
fiscal expenditure decisions more effectively within the 
context of fiscal decentralization.
The empirical findings of our study are presented below:

(1)  Baseline estimation results confirm that new infra-
structure has a positive impact on GTMI. Specifically, 
a 10% increase in new infrastructure will lead to a 
1.67% increase in GTMI. Meanwhile, this effect is 
significantly more prominent in the eastern region.

(2)  Fiscal expenditure structure exhibits a crucial mod-
erating role in the association between new infra-
structure and GTMI, with regional variations. For 
the entire sample, the share of livelihood expenditure 
positively moderates the relationship between new in-
frastructure and GTMI, while productive expenditure 
exerts a negative moderate effect. These patterns are 
consistent in the eastern region. However, the situa-
tion in the central and western regions is exactly the 
opposite.

(3)  The fiscal spending scale demonstrates a threshold ef-
fect on the moderating impact of the fiscal expenditure 
structure. As per capita livelihood expenditure keeps 
growing and surpasses the threshold, the positive mod-
erating effect of livelihood expenditure on the relation-
ship between new infrastructure and GTMI strength-
ens. With an escalation in the scale of productive fiscal 
expenditure, the negative moderating effect exerted 

Table 12. Results on the threshold panel model for different regions

(1) (2) (3) (4)

Eastern region Central and West-
ern regions

INF
0.5127** 0.0840 0.0902*** 0.0833**

(0.2171) (0.1820) (0.0308) (0.0308)

INF*LGOV
(perLGOV<r)

0.0473 -0.0122
(0.0566) (0.0466)

INF*LGOV
(perLGOV>r)

0.0983** -0.1026***

(0.0533) (0.0366)

INF*PGOV
(perPGOV<r)

-0.1555** 0.0018
(0.0663) (0.0611)

INF*PGOV
(perPGOV>r)

-0.2621*** 0.1727***

(0.0692) (0.0555)
Constant 3.4364 3.4250 0.8718*** 0.7874***

2.4334 2.2397 0.2983 0.2976
Control variable Yes Yes Yes Yes

Observations 88 88 152 152

R2 0.3135 0.3596 0.3213 0.3310

Notes: same as table 4.
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by such expenditure becomes increasingly significant. 
These threshold effects also exhibit regional disparities. 
In the eastern region, the positive moderating effect is 
only evident when livelihood fiscal expenditure ex-
ceeds a certain scale, while in the central and western 
regions, a larger scale of productive expenditure en-
hances the positive moderating effect.

Policy Implications and Prospects

The conclusions of this study hold significant policy 
implications, which could benefit the management and 
planning issued in the new infrastructure and fiscal ex-
penditure areas.

First, new infrastructure can be regarded as an import-
ant tool for improving GTMI and facilitating sustainable 
production. The government can facilitate the integra-
tion of new-generation information technologies, such as 
cloud computing and data centers, with traditional man-
ufacturing industry through logistics, supply chain, and 
market services. Additionally, by providing knowledge 
and information support, enterprises can optimize pro-
duction processes, enhance energy utilization efficiency, 
and implement effective pollution control measures. This 
expedites the transition towards sustainability within the 
manufacturing industry. 

Second, scientifically allocating fiscal expenditure 
structure is critical to optimizing the green transforma-
tion effect of new infrastructure. Given the significance 
of government fiscal expenditure in new infrastructure 
investment, it is essential to consider the moderating role 
of fiscal expenditure structure and its regional heteroge-
neity in relation to the influence of new infrastructure on 
GTMI. As to the eastern region, increasing the share of 
livelihood expenditure and expediting the construction of 
science and technology innovation platforms will ampli-
fy the technology spillover effect of new infrastructure. 
Regarding the central and western regions, the proportion 
of productive fiscal expenditure should be strengthened 
to support the construction of information infrastructure 
such as data centers and the transformation and upgrading 
of traditional infrastructure such as railroads, to ampli-
fy the scale effect and agglomeration advantages of the 
manufacturing industry, and to improve energy utilization 
efficiency.

Third, the threshold effect of the fiscal expenditure 
scale should be taken into account. In the eastern region, 
further increasing the scale of livelihood expenditure 
expands the coverage of innovation infrastructure and 
accelerates GTMI. To promote green development and 
sustainable production in the central and western regions, 
there is a need to further enhance the scale of produc-
tive expenditure to take advantage of the multiplier effect 
generated by the increased investment in transportation 
and information infrastructure, thereby enhancing the ef-
ficiency of the manufacturing industry.

While the current study provides valuable insights 
into promoting GTMI for emerging economies like Chi-
na, further studies are needed. To begin with, considering 

the substantial variations in fiscal expenditure priorities 
and infrastructure development across various cities, it 
would be beneficial to investigate the advancement of 
new infrastructure at the prefectural level, thus enhanc-
ing our analysis. Moreover, given the significant dispari-
ties in operational models, opportunities for government 
backing, and innovative endeavors within distinct indus-
trial sectors, a more comprehensive examination of the 
green transformation within specific manufacturing in-
dustries becomes imperative. Future studies could focus 
on sub-city and sub-sector data to deepen the analysis in 
these areas.
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