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Government green investment (GGI) is one of the effective tools for reducing
carbon emissions (CEs). This is of great significance for the realization of “carbon
peaking and carbon neutrality.” This study innovatively considers the
multidimensional CE reduction (CER) process indexes to explore the impact
mechanism of GGI on China’s CER process. At the same time, CER is
particularly critical in resource-dependent regions. This study incorporates this
perspective to explore the CER effect of GGI in these regions. This paper
developed a multidimensional evaluation system for China’s CER process,
using panel data of 269 prefecture-level cities from 2008 to 2019 to explore
the impact of GGI on China’s CER process. The results indicated that 1) GGI
promotes CER in China as a whole and effectively inhibits CEs, per capita CEs, and
CE intensity; 2) GGI promotes CER to some extent by enhancing the energy
efficiency and total factor productivity; 3) it plays a larger role in CER in regions
with a high energy endowment; and 4) the impact of GGI onCER is heterogeneous
in geographical regions, city sizes, and economic development levels. This study
makes policy recommendations for reducing CEs, including intensifying GGI and
playing its investment-pulling role, thereby increasing the investment related to
improving energy efficiency and total factor productivity and promoting
government intervention in areas with high energy endowments.
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1 Introduction

During the General Debate of the 75th Session of the United Nations General Assembly
in September 2020, China’s President, Xi Jinping, announced that China would increase its
Intended Nationally Determined Contributions by adopting more stringent policies and
measures to reach carbon neutrality before 2060. In September 2021, the State Council issued
the Working Guidance for Carbon Dioxide Peaking and Carbon Neutrality in Full and
Faithful Implementation of the New Development Philosophy, which stated that by 2025, an
economic system of green and low-carbon circular development will begin to take shape.
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Moreover, the energy utilization efficiency of key industries will be
substantially enhanced. In May 2022, the Ministry of Finance issued
Opinions on Financial Support for Carbon Peaking and Carbon
Neutrality, which elucidated the central role of green fiscal and
taxation policies in promoting the low-carbon transformation of the
industrial sector. Climate change resulting from carbon emissions
(CEs) is regarded as one of the most influential factors in sustainable
growth (Raihan and Tuspekova, 2022).

Industrial low-carbon transformation is a crucial link in China’s
pursuit of “carbon peaking and carbon neutrality,” which cannot be
achieved without government support. On one hand, the
government plays a pre-eminent role in environmental
governance, and government intervention can promote CE
reduction (CER) more than the market mechanism (Lin and
Huang, 2022), and its impact is also more direct and
consequential. Government green investment (GGI) can also play
an educational role, for example, by funding projects to encourage
green household consumption. The reduction of household
consumption of carbon-intensive products plays an important
role in the reduction of CEs (Song et al., 2022). In contrast to
government financial support, private financial systems are likely to
contribute to environmental degradation in most developing
countries (Ponce et al., 2022). On the other hand, governments
can increase their investment in renewable energy technologies and
systems in energy transition programs. This will help reduce CEs
and promote sustainable economic development (Samsul et al.,
2020). In addition, development of renewable energy is a key
strategy in the context of the urgent task of global climate
change. In recent years, some studies have focused on the social
impact of renewable energy transition, considering the social impact
of implementing renewable energy transition policies in countries at
different levels of development, including social equity, income
inequality, and the potential to build global peace (Destek et al.,
2022; Timothy et al., 2023). There have also been studies about
investment issues, arguing that investment in renewable energy
must be increased in order to lower its acquisition price. This
would reduce the consumption of non-renewable energy sources
and, thus, mitigate environmental degradation (Ponce et al., 2020a).
According to the study, the EU internal energy market can stimulate
the production and consumption of renewable energy suppliers by
providing them with financial and operational facilities, and the
government promotes the efficient use of resources through
environmental public policies (Ponce et al., 2020b).Therefore, it
is of great practical significance to examine how the economic
environmental regulation of GGI affects regional CEs, carbon
intensity, and even China’s CER process to accelerate the
realization of “carbon peaking and carbon neutrality” and
promote the development of a green and low-carbon cycle.

The existing research focuses on the relationship between green
investment (GI) and single CER targets, such as the total CEs, with
contradictory conclusions. Few studies considered the impact of GI
on China’s overall CER process and its primary mechanism. With
the deepening of the concept of CER, important issues in the process
of low-carbon transition, such as carbon emission intensity,
economic growth, and carbon decoupling, have attracted
attention (Li et al., 2022). Improving energy efficiency (EE) is a
crucial link in reducing CEs, which is partially reflected in the energy
utilization efficiency of an economy. Total factor productivity (TFP)

reflects changes in industrial structure, supply and demand policies,
and technological advancement. Thus, improving EE and TFP is
crucial to achieving a green, low-carbon, and sustainable economic
model (Fang et al., 2022). Energy endowment may play a crucial
regulatory role in the process of GGI contributing to CER. How to
better play the role of government intervention in environmental
regulation and break the ‘resource curse’ is an important issue for
resource-dependent regions with abundant energy resources. The
existing study has focused on the differences in the quality of natural
resources and the environment between Chinese provinces, which
believes that only by providing huge green investment support to
less-developed provinces can the investment serve the use of clean
energy and the development of technology-intensive industries and
achieve sustainable development (Ahmad et al., 2022). Therefore, it
is of practical significance to test whether GGI really plays a role in
CER in resource-dependent regions. Based on this practical context,
this study poses the following research questions: How do
government investments in green technology affect China’s
multidimensional CER process? What is the mechanism of the
influence? Will the CER effect of GGI in resource-dependent
regions be affected?

Using the panel data of 269 prefecture-level cities in China from
2008 to 2019, this study focused on the multidimensional indicators
of the CER process and the problems of energy endowment areas
from the perspective of essential mechanisms of EE and TFP. It
explored the impact of GI on China’s CER process comprehensively.

The marginal contributions of this paper are as follows: First,
different from a single CEs measurement index, this paper
constructs a multidimensional CER process index system. GGI
has differentiated effects on the key indicators of the CER
process, namely, CEs, per capita CEs, CE intensity, and carbon
decoupling, which enriches the existing literature. Second, this paper
explores how green investment affects CEs. GGI affects CER by
enhancing the EE and TFP, which deepens the understanding of the
GGI mechanism. Third, this paper includes the perspective of
resource-dependent regional characteristics. Regional energy
endowment differences play a moderating role in the CER effect
of GGI and supplement empirical evidence for the study of whether
government environmental regulation intervention can break the
‘resource curse’. The research provides a reference for relevant
departments to formulate government GI and carbon emission
reduction policies.

2 Literature review

2.1 Research on green investment

Climate change is currently a major issue in the field of
sustainable development. A major topic of study has been how to
strike a balance between environmental protection and economic
growth to achieve a green and low-carbon sustainable development.
Green public investment has significantly reduced greenhouse gas
emissions, adjusted the energy structure, and stabilized the climate
(He et al., 2023). Countries must adopt appropriate strategies to use
green financial instruments to address climate challenges tomeet the
growing demand for financing low-carbon projects (Li et al., 2019).
China is also in a crucial phase of transforming its mode of
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production and modifying its industrial structure. At this juncture,
the question of using GI to promote high-quality economic
development and increase TFP is a research hotspot.

GI aims to promote the development of a low-carbon economy
and is a crucial financial tool for achieving the transition from rapid
growth to high-quality development. The existing research lacks a
unified definition of GI, and different scholars have provided
definitions from various categories. From the perspective of
investment utility, GI is an investment to reduce and control the
emission of greenhouse gases or various pollutants without
significantly reducing the production and consumption of non-
energy products (Chen and Ma, 2021). Examples include
investments in energy conservation and the R&D of renewable
energy technologies (Eyraud et al., 2013). From the standpoint of
investment objectives, GI is a crucial strategy to improve the capacity
of ecologically sustainable economic systems (Campiglio, 2016), as
well as environmental protection and ecological balance (Pagell
et al., 2013). According to the research, GI aims to transform
production activities into a model that can support sustainable
growth to realize economic transformation to circular
sustainability (Acemoglu et al., 2012). As the research has
progressed, the study of GI has shifted from a conceptual
definition to detailed calculation, such as defining GI as a
government-funded investment in environmental pollution
control (Xiaochun et al., 2022) or focusing on corporate GI
(Siedschlag and Yan, 2021). Some researchers have examined
government environmental protection expenditure as the
representative of GGI (Li and Bai, 2021), and others have
measured the eco-efficiency improvement brought about by GI at
a macro level (Becchetti et al., 2022).

2.2 Study on the relationship between green
investment and carbon emission reduction

From the standpoint of CE research, many studies focused on
CEs from the perspective of various macroeconomic variables, such
as the relationship between economic growth, trade openness, and
CEs (Zhang et al., 2022). Then, they gradually began to focus on the
impact of various policy pilots, such as low-carbon cities and
national carbon trading markets, on CEs (Nie et al., 2022). The
existing research has not fully considered the perspective of green
fiscal policy that promotes CER, and the research conclusions were
contentious.

Regarding the relationship between GI and CEs, most studies
have concluded that GI can negatively impact the CE intensity (Shen
et al., 2020). Using the government’s investment in renewable energy
as an example, some researchers concluded that renewable energy
investment has a strong government investment attribute, which has
a significant impact on EE, and the majority of them affirmed its
positive impact on CER (Yang et al., 2022). However, according to
the result of a study, GI has a significant impact on clean energy
consumption and economic growth but not on CEs (Wan and
Sheng, 2022). With the gradual expansion of research on GI and
CER, some scholars have found a non-linear relationship between
the two, that is, an inverted ‘U’ relationship between GI and CE
intensity. Low-level GI has no significant impact on CER, and this
impact varies with the investment scale, investment field, and

investment mode (Shi and Shi, 2022). The problem of GGI and
CEs is also an extension of the controversial existing research on
environmental regulation and CEs in a broad sense. In other words,
an increase in the intensity of environmental regulation may cause
polluters to increase their expectations for future regulation
intensity, thereby increasing their current emissions (Smulders
et al., 2012; van der Ploeg and Withagen, 2012). The opposing
viewpoint held that environmental regulation raises the cost of
emissions, thereby achieving ‘forced emission reduction’ through
the promotion of TFP and other mechanisms, which is conducive to
reducing urban CEs (Gu et al., 2022).

As for the GI mechanism and CER from the standpoint of
carbon pricing, some researchers viewed it as the mechanism
between GI and low-carbon economic transformation and found
that GI can promote sustainable development via the carbon market
(Sachs et al., 2019). From the perspective of green finance, some
researchers examined the relationship between GI, carbon pricing,
and CEs (Dikau, 2019; Ren et al., 2020). By reallocating funds from
highly polluting industries to eco-friendly industries, GI improves
environmental benefits and the economic resource allocation
efficiency (Dmytro and Olga, 2018). This process illustrates the
mechanism between GI and CEs, which manifests itself in the
reorientation of enterprise R&D investment and the modification
of the industrial energy structure. GGI is a crucial green fiscal
expenditure policy that encourages enterprises to increase their
green innovation capacity and, thereby, contributes to emission
reduction (Zhang et al., 2022). Moreover, based on the relationship
between GI and CEs, we should consider its contribution to
sustainable economic development (Hung, 2023) and residents’
welfare (Ottelin et al., 2018). Some studies examined the change
in TFP under the constraint of CER and concluded that the pressure
of industrial transformation under the constraint of CER will
encourage the continuous improvement of TFP (Jiang et al.,
2021; Hao et al., 2022; Wu and Wang, 2022). Some scholars
believe that the improvement of TFP can promote the process of
CER through technological progress and production efficiency
improvement, thereby substantially reducing CEs. Some
researchers also considered the crucial relationship between
energy consumption and CEs and found that GI is essential for
reducing traditional fossil energy consumption, promoting clean
energy consumption, and enhancing EE (Wan and Sheng, 2022).
Carbon emission reduction in China’s energy sector is primarily
accomplished by increasing the EE (Peng et al., 2022), and GI has a
positive impact on environmental governance by encouraging
producers and consumers to use clean energy (Zahan and
Chuanmin, 2021).

To sum up, researchers continue to pay attention to the
important issue of green investment and CEs, but they tend to
start from a single measurement index and rarely explore its impact
mechanism in depth. Energy endowment is a key factor affecting the
environmental regulation and CER process of the regional
government. The existing green investment research has not
considered this perspective. In the context of China’s"carbon
peaking and carbon neutrality” strategy, the comprehensive
impact of GGI on the process of CER needs to be further
studied. Based on the panel data of 269 prefecture-level cities
from 2008 to 2019, this paper explores the impact of GGI on the
comprehensive index system of the CER process, which can deepen
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the understanding of existing studies on the CER effect of GI. The
study explores the effect of GGI in resource-dependent regions, so as
to support the government to implement regionally differentiated
CER policies.

3 Theoretical analysis and research
hypothesis

This study aimed to investigate the specific impact of GGI on the
CER process, as well as the impact mechanism from the standpoint
of TFP. On this basis, this paper focused on the theoretical analysis
of the central research issues and advanced research hypotheses.

3.1 Impact of government green investment
on carbon emission reduction

An increasing GGI has, for one thing, an investment-oriented
function. GGI reflects government support for enterprises providing
environmental protection products and services, which is conducive
to accelerating the transformation of traditional energy enterprises
and indirectly encourages enterprises to put more production
factors into the CER process. In the process of achieving “carbon
peaking and carbon neutrality,” government investment-oriented
green projects will contribute to the achievement of sustainable
development goals (Stucki, 2019). Moreover, GGIs directly impact
businesses and can encourage green technology innovation. The
‘Porter Hypothesis’ posits that an appropriate level of environmental
regulation can stimulate firms’ innovation, improve their innovation
capacity, and increase their intangible assets by enhancing the
production efficiency and the scientific and technological patent
income (Porter and Linde, 1995). GGI acts on enterprises, thereby
reducing the proportion of productive capital, such as pollution
control enterprises and environmental litigation costs, and
promoting the transfer of social investment to green production
and CER. Industrial enterprises are a significant source of CEs,
which is crucial to achieving the “carbon peaking and carbon
neutrality” significance. The mode and scale of industrial
production directly impact CEs, emission intensity, and
decoupling of CEs from economic growth. Therefore, GGI
significantly impacts CEs and the intensity of CEs. According to
the preceding analysis, H1 was proposed.

H1: GGI can promote the CER process in China.

3.2 Mechanism of government green
investment affecting carbon emission
reduction

From the perspective of EE, improving EE is of great significance
for reducing greenhouse gas emissions and fostering economic
growth. Improving EE is necessary for China to reach its “carbon
peaking and carbon neutralisation” objective (Tauseef et al., 2022).
GGI, such as investments in renewable energy, has a strong
multiplier effect and can also attract private capital to the field of
GI through its investment-oriented role, thereby fostering green

technology innovation among enterprises and enhancing energy
utilization. Thus, it is possible to maximize energy utilization by
maintaining energy demand and economic growth, thereby
reducing carbon dioxide emissions.

According to some studies, GI positively impacts green TFP from
the standpoint of TFP (Fang et al., 2022). Some studies have also
demonstrated a non-linear relationship between them, as well as a
threshold effect and substantial regional heterogeneity (Zhang, 2022).
Most existing studies focus on themeasurement and influencing factors
of green TFP in the context of energy conservation and emission
reduction, while there are comparatively fewer studies on the
relationship between GI and TFP. GI can effectively stimulate the
R&D of energy-saving and environmental protection technologies in
enterprises, as well as promote innovation competition and exert a
technology spillover effect, thereby accelerating the production
efficiency. Moreover, it exerts a certain amount of pressure on the
traditional energy industry and its dependent production mode,
indirectly promotes the expansion of the green industry’s scale,
raises the investment value of the green industry, reduces its
financing costs, generates the scale effect, and ultimately increases
the TFP (Tong et al., 2022). Furthermore, the impact of GI on the
TFP will impact the process of CER. Moreover, the improvement of
TFP will promote carbon reduction via low-carbon energy
transformation. On the road to China’s strategic development of
“carbon peaking and carbon neutrality,” resolving the problem of
decoupling between CEs and economic growth has become the
principal objective. Improving the TFP of CEs is a crucial step
toward decoupling economic growth and CEs. According to the
analysis presented, we proposed H2.

H2: GI can promote China’s CER process by improving the EE
and TFP.

3.3 Impact of energy endowment on
government green investment

The inability of high-energy-abundant regions to reduce CEs
due to their reliance on non-renewable resources and high
carbonization of industrial structures is known as the ‘resource
curse’. Numerous studies have been conducted on the theory and
demonstration of the ‘resource curse’ (Inuwa et al., 2021; Wu et al.,
2021; Inuwa et al., 2022). Some scholars believe that the
phenomenon of the “resource curse” does not exist in all
resource-rich regions but only in those with the government
system design flaws (Bulte, 2005). Some Chinese scholars have
also considered whether energy-rich regions can escape the
‘resource curse’ if the government intervenes in environmental
regulations (Lu, 2009; Wang et al., 2022). GGI is a form of
government intervention that broadly falls under environmental
regulation. According to the factor endowment theory, regions with
high energy endowment will have obvious advantages in energy
supply and utilization (Olivera and Upton Jr, 2022), which makes it
easier to modify energy consumption and utilization efficiency.
Some scholars have argued that against the backdrop of the
climate change challenge, the adjustment of an economy’s energy
structure and industrial structure depends more on its own resource
endowment (Mab et al., 2022). In addition, regions with greater
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energy resources may have more severe environmental pollution
issues and GGI will often increase, impacting these regions’ CER
process. Accordingly, H3 was proposed.

H3: The role of GI in the CER process is affected by energy
endowment.

Figure 1 depicts the correlation between the three research
hypotheses proposed by theoretical analysis. H1 discusses the
direct impact of GGI on the process of CER. In contrast,
H2 affects how GGI influences the process of CER by affecting
the EE and TFP from the perspective of mechanism analysis.
H3 examines the relationship between the ‘resource curse’ and
energy endowment and the impact of GGI on the CER process
under various energy endowment scenarios. Through empirical
analysis of the three research hypotheses, this paper explored the
systemic impact of GGI on the CER process and its specific
mechanism from the standpoint of energy endowment.

4 Models, variables, and data

4.1 Benchmark model and variable selection

To explore the direct impact of GI on CER, this study
constructed a panel measurement model as follows:

Carboni,t � α0 + α1 + β1GIi,t + δ1Xi,t + μi + εi,t . (1)
In formula (1), α0 represents the constant term and α1 and α2 are

the coefficients to be estimated for the corresponding variables.
Carboni,t is an explained variable that represents four dimensional
indexes of the evaluation system of China’s CER process, including
total CEs (ci,t), per capita CEs (pci,t), CE intensity (cei,t), and carbon
decoupling index (cedi,t). GIi,t is the core explanatory variable of
GGI. Xi,t is the control variable, including innovation level
(innovationi,t), urbanization rate (urbani,t), foreign direct

investment (fdii,t), and industrial structure upgrading index
(industryi,t). All variables are logarithmic to reduce
multicollinearity and heteroscedasticity. μi is an individual fixed
effect, and εi,t is a random error term.

Explained variable: Evaluation system of the CER process: Most
existing studies simply explore the relationship between green
investment and carbon dioxide emissions, using only single
indicators such as carbon dioxide emissions. Combined with the
characteristics of the carbon emission reduction process, this study
established a comprehensive index system including total carbon
dioxide emissions, per capita emissions, emission intensity, and
carbon decoupling. The four indicators reflect different stages of
the carbon emission reduction process. Combined with China’s goal
of ‘peaking carbon neutral’, the total carbon dioxide emission and
per capita emissions belong to the initial stage of the carbon
emission reduction process. A more rigorous carbon reduction
process would require reductions in emissions intensity and
decoupling of carbon emissions from economic growth. To
comprehensively reflect the impact of GI on the CER, this study
selected four indicators to measure CER: total CE (ci,t), per capitaCE
(pci,t), CE intensity (cei,t), and carbon decoupling index (cedi,t).
Among them, the total CEs are calculated using the continuous
dynamic distribution method, and the sum of CEs generated by
direct energy, electric energy, transportation, and heat energy for
each prefecture-level city is considered its total CE (Glaeser and
Kahn, 2010; Li et al., 2013). This indicator can be used to describe
China’s CEs over a specified period. Carbon emissions per capita are
the ratio of total CEs to the population of cities at the prefecture
level. The per capita CE index excludes the impact of the population
size. It can characterize the efficacy of CER from the perspective of
relative change, which reflects the regional CE level from a variety of
perspectives in relation to the total CE. The ratio of total CEs to GDP
measures the intensity of CEs. The indicator illustrates the
connection between economic expansion and CEs. If the CEs per
unit of GNP in a region or country are decreasing while the economy
is growing, the region or the country is utilizing a low-carbon
development model. With this index, we can measure the impact
of the nature and trajectory of China’s GGI on the country’s low-
carbon development. The carbon decoupling index is measured by
the ratio of the degree of change in the total CEs to the degree of
change in GDP (Tapio, 2005), which reflects the dependence of
economic growth on energy consumption and can, to some extent,
reflect the low-carbon development process of a particular country
or region.

Core explanatory variable: GGI: Researchers have not reached a
consensus on the definition and calculation caliber of GI. The
existing studies rely primarily on environmental protection
investment for measurement, including the concept of productive
GI (i.e., water conservation construction investment and forest
management investment) and the amount of green enterprise
financing to reflect GI as a whole. This paper focused on GGI at
the prefecture-level cities, excluding the financing amount of green
enterprises and the cities with a serious lack of productive GI data.
As a measure of GI, the total expenditure on energy conservation
and environmental protection within the fiscal expenditures of the
prefecture-level cities was chosen as an index in this paper.

Mechanism variables: 1) EE: This paper utilized energy intensity
to measure EE, i.e., the lower the energy consumption per unit of

FIGURE 1
Theoretical mechanism.
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GDP, the greater the EE (Lin and Wu, 2020; Xue and Zhou, 2022).
The data on energy consumption are derived from four parts of
energy consumption: natural gas, liquefied petroleum gas, electricity
consumption of the whole society, and urban heating (steam heating
and thermal power plant heating), as reported in the China City
Statistical Yearbook. The total energy consumption is calculated
using the standard coal conversion coefficient. 2) TFP refers to the
portion that can still increase when the inputs of all production
factors (including capital, labor, and land) remain constant; it is a
measurement of production efficiency. This study utilized statistical
yearbooks, the CSMAR and CNRDS databases of prefecture-level
cities, measured output by real GDP, measured input factors by
employment, calculated fixed assets to measure capital stock using
the perpetual inventory method, and calculated TFP using the
stochastic Frontier analysis (SFA) method (Battese and Coelli,
1995).

Control variables: To ensure the validity and accuracy of the
model, the following socio-economic indicators that may have an
impact on CEs were chosen as control variables: 1) innovation level
(innovationi,t) is determined by the ratio of science and technology
expenditures to the total financial expenditures for each prefecture-
level city. Innovation in technology plays a significant role in
reducing CEs and facilitates the enhancement of TFP. 2)
Urbanization rate (urbani,t) is measured in this paper by the
ratio of urban population to the total population in each
prefecture-level city. Urbanization affects residents’ consumption
level, affects their preference for green and low-carbon products, and
subsequently influences CEs from consumption to production
(Chang et al., 2022). 3) Direct foreign investment (fdii,t). This
paper measured the actual amount of foreign capital used by
cities at the prefecture level in the current year. 4) The industrial
structure is advanced (industryi,t), which encourages the exit of
high-carbon and high-pollution industries and expedites the process
of energy conservation and emission reduction. This paper
developed the index calculation for upgrading the industrial
structures (Fu, 2010).

4.2 Data sources and descriptive analysis

Most of the existing studies on carbon emissions in China adopt
the emission factor method to calculate carbon emissions. The
emission factor method is also the most widely used in China’s
carbon market. This paper conducts carbon emission accounting at
the prefecture-level city, which is more detailed than that at the
provincial level. The accounting covers key sectors and links of
carbon dioxide generation such as direct energy, electric energy,
transportation, and heat energy. All carbon dioxide emission factors
are derived from authoritative databases such as China Provincial
Greenhouse Gas Inventory Guide. Data, including sectoral carbon
emission activity levels and other variables, are from the China City
Statistical Yearbook, China Statistical Yearbook, China Statistical
Yearbook for Regional Economy, China Urban Construction
Statistical Yearbook, statistical yearbooks of all provinces
(autonomous regions and municipalities directly under the Central
Government), the China Stock Market & Accounting Research
Database (CSMAR,) and the Chinese Research Data Services
Platform (CNRDS) database. Due to the lack of diverse energy

consumption data of the prefecture-level cities required for CE
accounting, the data year used in this paper represents the most
recent data. After eliminating prefecture-level cities with significant
data gaps and interpolating a few data gaps, this paper selected, as
research samples, 269 prefecture-level cities from 2008 to 2019.
Table 1 shows the definitions and units of measurement for each
variable.

The four indicators of CER reflect the actual process of CER in
China’s prefecture-level cities frommultiple perspectives. As natural
resource endowments, economic development, social and
demographic conditions, industrial structure, and energy
utilization characteristics vary greatly in different regions of
China, and the CER process varies greatly in different regions
(Liu et al., 2022; Wang, X. et al., 2022). In this paper,
269 prefecture-level cities were divided into eastern, central, and
western regions based on their economic and geographical
characteristics. Descriptive analysis was conducted based on the
annual change trend of four indicators of the CER process in China
and sub-regions in order to better understand the CER process. As
shown in Figure 2, the total CEs in the entire country and region are
increasing each year, while the increase rate of CEs per capita is
relatively lower than that of the total CEs. Prior to 2017, the total CEs
in the eastern region were consistently higher than the national
average, as were the per capita CEs. The total and per capita CEs in
the central and western regions are substantially lower than the
national average, with the western regions emitting slightly more
carbon per person than the central regions. The change in the
carbon decoupling index is complicated. The change in CE intensity
is characterized by a ‘slow decline-fluctuation rise’ pattern across the
country and its regions. The CE intensity in the western region is
always slightly higher than the average level in the eastern, central,
and national regions. In general, there is a ‘decline with fluctuation-
rise with fluctuation’ process. It should be noted that the decoupling
between economic growth and CEs only occurs in the range where
the carbon decoupling index is less than 1, which is particularly
important. This index indicates that the majority of years in the
western region and a few years in the central and eastern regions are
within the range for carbon decoupling. The national average level is
basically in a state of no decoupling each year.

5 Results and discussion

5.1 Baseline regression results

Columns 1–4 of Table 2 display the baseline model’s regression
results. According to the regression results, when GGI increases, the
CEs, per capita CEs, and intensity of CEs significantly decrease. The
relationship between GGI and carbon decoupling is positive but not
significant. Combined with the goal of “carbon peaking and carbon
neutrality,”China’s total CEs have not yet reached their peak and are
increasing. However, GGI significantly inhibits CEs, per capita CEs,
and CE intensity, indicating that GGI has played a certain role in the
green transformation of production modes. Moreover, GGI can
accelerate the peak rate of CEs. There is no significant correlation
between GI and carbon decoupling, reflecting that the current
economic structure is still highly reliant on conventional energy.
Considering the descriptive statistical results that the average value
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TABLE 1 Definition, measurement, and descriptive statistics of variables.

Indicators Symbol Measurement index Observations Mean
value

Standard
deviation

Dependent
variables

CEs ci,t Total CEs of prefecture-level cities in the current year 3228 873.007 1465.773

Per
capita CEs

pci,t Total CEs of each prefecture-level city in the current year/total population of each prefecture-level city 3228 2.869 21.361

CE intensity cei,t Total carbon emissions ofprefecture − level cities in the current year/total GDP ofprefecture − level cities 3214 4.747 142.190

Carbon
decoupling
index

cedi,t Change degree of carbon emissions in each prefecture − level city in the current year/change degree ofGDP in each prefecture − level city in the current year 3226 11.112 444.547

Core
explanatory
variables

Green
investment

gii,t Total energy conservation and environmental protection expenditure of prefecture-level cities in the current year 2934 10.906 23.603

Mechanism
variables

Energy
efficiency

efficiencyi,t
1/Total energy consumption of eachprefecture−level city

Total GDP of eachprefecture−level city
3227 19.003 17.76

Total factor
productivity

tfpi,t Using the SFA method, measured output by real GDP, measured input factors by employment, and fixed assets calculated by perpetual inventory method 3228 1.549 0.744

Control
variables

Degree of
innovation

innovationi,t Science and technology expenditure of each prefecture − level city in the current year/total financial expenditure of each prefecture − level city 3223 0.037 0.188

Urbanisation
rate

urbani,t Urbanpopulation of each prefecture − level city in the current year/total population of each prefecture − level city 2478 53.181 14.961

Foreign direct
investment

fdii,t Actual amount of foreign capital used by prefecture-level cities in the current year 3094 665979.200 1498461

Advanced
industrial
structure

industryi,t / 3228 6.477 0.353
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of the carbon decoupling index is significantly greater than 1, the
carbon footprint of energy consumption in most prefecture-level
cities is still significantly higher than the economic growth rate, and
decoupling has not yet been achieved. In summary, GGIs can
facilitate the reduction of CEs in China to some extent.

5.2 Mechanism analysis

To explore whether GGI affects CER through the mechanism of
improving EE and TFP, first, we regress the explanatory variable to
the mechanism variables and then use the literature research and

FIGURE 2
Change trend of the carbon emission reduction process by region from 2008 to 2019. (A) Total carbon emissions; (B) per capita carbon emissions;
(C) carbon emission intensity; and (D) carbon decoupling index.

TABLE 2 Regression results of the benchmark model and mechanism analysis.

Benchmark model Mechanism analysis

(1) ln pi,t (2) ln pci,t (3) ln cei,t (4) cedi,t (5) ln efficiencyi,t (6) ln tfpi,t

lngii,t −0.0228* (0.0124) −0.0285** (0.0123) −0.0354* (0.0181) 0.0469 (0.136) 0.0349** (0.0158) 0.0436** (0.0222)

lninnovationi,t −0.0196** (0.00959) −0.0234** (0.00953) −0.0285** (0.0140) −0.0604 (0.105)

lnindustryi,t −0.351 (0.544) 0.587 (0.541) 0.771 (0.796) −1.384 (5.973)

lnfdii,t 0.0111* (0.00641) 0.00687 (0.00637) 0.0179* (0.00937) 0.0473 (0.0704)

lnurbani,t 0.261*** (0.0665) 0.299*** (0.0661) 0.234** (0.0971) 0.935 (0.730)

City fixed effect Yes Yes Yes Yes

Year fixed effect Yes Yes Yes Yes

Constant 5.299*** (1.004) −2.517** (0.998) −3.484** (1.470) −1.672 (11.02) 2.588*** (0.0305) 1.484*** (0.0417)

Sample size 2190 2190 2184 2190 2932 2933

Adjusted R2 0.191 0.145 0.283 0.033 0.320 0.099

Robust standard errors are shown in parentheses; significance levels: ***p < 0.01, **p < 0.05, *p < 0.1.

Frontiers in Environmental Science frontiersin.org08

Pan et al. 10.3389/fenvs.2023.1202978

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1202978


theoretical analysis to explain the influence of mechanism variables
on explained variables.

Efficiencyi,t � α2 + βi2GIi,t + μi + εi,t, (2)
TFPi,t � α2 + βi2GIi,t + μi + εi,t . (3)

Among them, Efficiencyi,t is EE, TFPi,t is TFP, and we use the
logarithmic form for all variables to reduce multicollinearity and
heteroscedasticity problems. This paper tests the coefficients βi2 of
each index in the evaluation system of the CER process in Eqs 2,
3 and expresses the total CE, per capita CE, CE intensity, and carbon
decoupling index in turn. If the coefficients βi2 are significant for
each CER evaluation index, this indicates that explanatory variables

have a positive effect on mechanism variables. Then, combining the
results of the benchmark model (Eq. 1) and the theoretical analysis
of the influence of mechanism variables on the explained variables,
we can get the results of mechanism analysis. The estimated results
of Eqs 2, 3 are shown in columns 5 and 6 of Table 2, respectively.

The first is the EE intermediate effect test. According to the
mechanism test results in column 5 of Table 2 and the benchmark
results in columns 1–3 of Table 2, GI has a positive impact on EE
promotion. The coefficient of equation (2) βi2 is significant. This
demonstrates that the GGI stimulates the improvement of EE, such
as the reduction of primary energy consumption per unit of
production, and can also drive funds to green industries and
projects through the role of ‘investment orientation’, thereby

TABLE 3 Estimation results of the impact of GGI on various CER targets under different energy endowment intervals.

Low energy endowment Medium energy endowment High energy endowment

CEs (lnci,t)

lngii,t −0.0276 (0.0198) −0.0334* (0.0178) −0.0613** (0.0265)

Controli,t Yes

Constant 2.802 (1.714) 9.762*** (1.266) −0.406 (1.736)

City-fixed effect Yes Yes Yes

Year-fixed effect Yes Yes Yes

Sample size 889 1115 679

Adjusted R2 0.121 0.277 0.145

CEs per capita (lnpci,t)

lngii,t −0.0291 (0.0195) −0.0301* (0.0174) −0.0809*** (0.0272)

Controli,t Yes

Constant −5.722*** (1.688) 3.463*** (1.238) −7.031*** (1.780)

City-fixed effect Yes Yes Yes

Year-fixed effect Yes Yes Yes

Sample size 889 1115 679

Adjusted R2 0.069 0.249 0.131

CE intensity (lncei,t)

lngii,t −0.0461 (0.0291) −0.0531** (0.0250) −0.0794** (0.0385)

Controli,t Yes

Constant −8.583*** (2.526) −0.853 (1.781) −1.934 (2.521)

City-fixed effect Yes Yes Yes

Year-fixed effect Yes Yes Yes

Sample size 887 1110 678

Adjusted R2 0.270 0.256 0.241

Carbon decoupling index (lncedi,t)

lngii,t −0.104 (0.199) 0.319 (0.211) −0.244 (0.393)

Controli,t Yes

Constant 2.975 (17.209) 4.350 (18.11) −15.79 (26.30)

City-fixed effect Yes Yes Yes

Year-fixed effect Yes Yes Yes

Sample size 889 852 449

Adjusted R2 0.058 0.044 0.024

Robust standard errors are shown in parentheses; significance levels: ***p < 0.01, **p < 0.05, *p < 0.1.
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reducing CEs, per capita CEs, and CE intensity. The role of EE in the
mitigation of CEs is widely supported, is low cost, and has important
implications in both developed and developing countries (López-

Peña et al., 2012). In the situation of China, coal and other fossil fuels
have price advantages, and it is difficult to change the energy pattern
dominated by coal. Inefficient energy consumption leads to waste,

TABLE 4 System GMM estimation results.

ln pi,t ln pci,t ln cei,t cedi,t

lngii,t

−0.002* −0.009* −0.2427*** 0.0468

(0.0118) (0.0052) (0.0818) (0.199)

L.lnpi,t

0.960***

(0.0193)

L.lnpci,t 0.943***

(0.021)

L.lncei,t

0.030

(0.0537)

L.cedi,t

0.0438***

(0.0806)

Control Yes

Constant

−0.773 −1.319** −15.938*** 3.003

(0.563) (0.561) (3.433) (6.793)

Hansen test 0.561 0.112 0.259 0.205

AR(1) 0.000 0.000 0.000 0.000

AR(2) 0.372 0.323 0.528 0.645

Sample size 2055 2055 2043 2055

Robust standard errors are shown in parentheses; significance levels: ***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 5 Estimation results after changing data sources.

ln pi,t ln pci,t ln cei,t cedi,t

lngii,t

0.132*** −0.0707*** −0.0522* 9.652*

(0.0190) (0.0197) (0.0211) (4.413)

lninnovationi,t

−0.0136 −0.0115 −0.0202 0.240

(0.0120) (0.0125) (0.0133) (2.793)

lnindustryi,t

3.291*** 4.159*** −0.177 15.48

(0.571) (0.592) (0.634) (132.2)

lnfdii,t

0.133*** −0.0386** −0.106*** 0.964

(0.0129) (0.0134) (0.0144) (2.736)

lnurbani,t

0.402*** 1.255*** −0.129 −12.48

(0.105) (0.109) (0.117) (24.31)

Constant
−6.418*** −3.443*** 0.319 −2.131

(0.804) (0.835) (0.894) (188.0)

Sample size 1776 1776 1776 2165

Adjusted R2 0.317 0.270 0.072 0.001

Robust standard errors are shown in parentheses; significance levels: ***p < 0.01, **p < 0.05, *p < 0.1.
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rapid reduction of energy resources, environmental pollution, and
high cost of energy prices. Researchers generally agree that EE can
help reduce energy use and reduce CEs. The research is supported in

different countries and time scales (Chen et al., 2016; Akram et al.,
2020). On one hand, improved EE means using less energy to
produce the same level of output, which can reduce CEs without

TABLE 6 Estimation results considering non-linear relationships.

ln pi,t ln pci,t ln cei,t cedi,t

lngii,t −0.0457* (0.0238) −0.0458*** (0.0150) −0.0448* (0.0262) −0.027 (0.1615)

(lngii,t)2 0.00945 (0.0058) 0.00572 (0.00358) 0.00480 (0.0063) 0.0327 (0.0387)

lninnovationi,t −0.0217 (0.0157) −0.0252*** (0.0098) −0.0291* (0.0168) −0.0467 (0.539)

lnindustryi,t −0.437 (1.230) 0.589 (0.555) 0.783 (0.934) −0.9904 (5.991)

lnfdii,t 0.0105 (0.0102) 0.00776 (0.00653) 0.0202 (0.0117) 0.0434 (0.0705)

lnurbani,t 0.247** (0.113) 0.291*** (0.0676) 0.168 (0.119) 0.924 (0.7299)

City-fixed effect Yes Yes Yes Yes

Year-fixed effect Yes Yes Yes Yes

Constant 5.505** (2.231) −2.507** (1.023) −5.346*** (1.724) −2.3309 (11.0501)

Sample size 2190 2190 2184 2190

Adjusted R2 0.191 0.145 0.283 0.034

Robust standard errors are shown in parentheses; significance levels: ***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 7 Estimation results of geographical regional heterogeneity analysis.

ln pi,t ln pci,t ln cei,t cedi,t

Eastern area

lngii,t −0.0627** (0.0221) −0.0716* (0.0222) −0.0878** (0.0313) −0.0303 (0.177)

City-fixed effect Yes Yes Yes Yes

Year-fixed effect Yes Yes Yes Yes

Controli,t Yes

Constant 1.237 (2.298) −6.219** (2.309) −11.38*** (2.698) −1.338 (15.30)

Sample size 846 846 1118 1122

Adjusted R2 0.301 0.243 0.256 0.040

Central area

lngii,t −0.0266 (0.0155) −0.0368* (0.0167) −0.0487 (0.0250) −0.00701 (0.197)

City-fixed effect Yes Yes Yes Yes

Year-fixed effect Yes Yes Yes Yes

Controli,t Yes

Constant 8.041*** (1.147) 2.164 (1.316) 0.835 (1.862) 6.361 (14.39)

Sample size 1171 977 1166 1196

Adjusted R2 0.326 0.307 0.419 0.011

Western area

lngii,t −0.0169 (0.0388) −0.0142 (0.0385) −0.0240 (0.0585) 0.0342 (0.317)

City-fixed effect Yes Yes Yes Yes

Year-fixed effect Yes Yes Yes Yes

Controli,t Yes

Constant 1.787 (2.756) −6.906* (2.728) −11.65** (4.149) −7.893 (25.21)

Sample size 491 491 491 355

Adjusted R2 0.186 0.187 0.286 0.091

Robust standard errors are shown in parentheses; significance levels: ***p < 0.01, **p < 0.05, *p < 0.1.
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affecting economic growth (Camioto et al., 2016). On the other
hand, improved EE can help ease the environmental burden, reduce
the demand for fossil fuels, and increase energy security. Emerging
economies are undergoing industrial economic transformation,
which requires a large amount of energy in the process of rapid
economic growth. High energy consumption will inevitably lead to
increased emissions, so high EE will help mitigate these development
problems. Therefore, EE improvement is very important for
emerging economies to achieve low-carbon development in the
balance between energy shortage and industrialization (Bayar and
Dan Gavriletea, 2019).

The first is the TFP intermediate effect test. According to the
mechanism test results in column 6 of Table 2 and the benchmark
results in column 1–3 of Table 2, the coefficient βi2 of Eq. 3 of GGI

affecting CER through the path of TFP is significant. This
demonstrates that GGI stimulates the growth of TFP, which
harms CEs and per capita CEs and promotes CER. Through the
government’s role as a macro-guide, the capital flows to green
industries and low-carbon production technologies, enhancing
TFP, reducing per capita CEs, and bringing about certain social
benefits. TFP refers to the part of production that can still increase
when the input of all production factors remains unchanged, which
represents the production efficiency of an economy or sector. The
improvement of TFP is often related to technological innovation in
production activities and optimization and adjustment of the factor
input structure. On one hand, the industrial sector accounts for a
large part of China’s CEs. The growth model of industrial economy
that relies too much on energy and other factor inputs is not

TABLE 8 Estimation results of city size and urban economic development level heterogeneity analysis.

ln pi,t ln pci,t ln cei,t cedi,t

Small city size

lngii,t 0.0204 (0.0197) 0.00474 (0.0197) 0.0180 (0.0349) -0.130 (0.235)

City-fixed effect Yes Yes Yes Yes

Year-fixed effect Yes Yes Yes Yes

Controli,t Yes

Constant 7.113*** (1.789) −1.004 (1.794) −5.624* (3.177) −12.93 (21.34)

Sample size 937 937 935 937

Adjusted R2 0.140 0.092 0.140 0.015

Big city size

lngii,t −0.0687*** (0.0165) −0.0706*** (0.0164) −0.0788*** (0.0299) −0.0346 (0.160)

City-fixed effect Yes Yes Yes Yes

Year-fixed effect Yes Yes Yes Yes

Controli,t Yes

Constant 4.609*** (1.257) −3.533*** (1.255) −5.117** (2.287) 5.423 (12.233)

Sample size 1253 1253 1253 1253

Adjusted R2 0.228 0.178 0.260 0.070

low − economic lngii,t −0.0342* (0.0199) −0.0390** (0.0199) −0.0662*** (0.0231) 0.1015 (0.2307)

−development − level

City-fixed effect Yes Yes Yes Yes

Year-fixed effect Yes Yes Yes Yes

Controli,t Yes

Constant 3.886** (1.684) −3.148* (1.685) −5.898*** (1.667) −0.4170 (19.56)

Sample size 990 990 1349 990

Adjusted R2 0.116 0.098 0.295 0.040

High − economic lngii,t −0.0144 (0.0160) −0.0265* (0.0160) −0.0464 (0.0317) 0.0039 (0.1524)

−development − level

City-fixed effect Yes Yes Yes Yes

Year-fixed effect Yes Yes Yes Yes

Controli,t Yes

Constant 7.183*** (1.296) −1.434 (1.296) −5.028* (2.640) 4.2325 (12.373)

Sample size 1200 1200 1445 1200

Adjusted R2 0.258 0.175 0.154 0.043

Robust standard errors are shown in parentheses; significance levels: ***p < 0.01, **p < 0.05, *p < 0.1.

Frontiers in Environmental Science frontiersin.org12

Pan et al. 10.3389/fenvs.2023.1202978

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1202978


sustainable. Therefore, technological emission reduction is very
important (Du et al., 2019). The innovation of energy utilization
technology can promote the improvement of TFP in the industrial
sector, which has a significant impact on the CEs (Cheng and Yao,
2021). GGI can provide funds for technological innovation, change
the production mode of enterprises, improve the TFP of enterprises,
and, thus, have a positive effect on the process of CER. On the other
hand, GGI contributes to the adjustment and optimization of the
production structure of enterprises and to the formation of a low-
carbon enterprise supply chain structure (Wu and Zeng, 2013; Jiang
et al., 2022). These factors jointly promote the improvement of TFP
of enterprises and, thus, promote the process of CER.

Presently, there is no significant relationship between GGI and
carbon decoupling, nor there is any effect mediated by EE or TFP.
According to research on the TFP of Chinese cities based on carbon
decoupling (Fang et al., 2022), economic development and CEs are
weakly decoupled in Chinese cities. In addition, the low level of TFP
limits its effect on the carbon decoupling index as an intermediate
path. Therefore, the government’s GI to promote economic
development and reduce reliance on carbon-intensive industries
has not yet been achieved.

5.3 Impact of energy endowment on carbon
emission reduction effect of green
investment

Energy endowment represents a region’s energy retention,
production, and exploitation and indicates whether or not a
region is resource dependent. The existing research lacks an all-
encompassing definition of energy endowment. Some studies used
the ratio of regional energy production to energy consumption to
measure the energy endowment of a region, using ‘energy self-
sufficiency’ as the benchmark (Ma, 2022). There are also studies
involving the use of employees in extractive industries to measure
energy endowments so as to include sub-sectors directly related to
natural resources, such as coal, oil, natural gas, metal and non-metal
mining, and processing industries (Li and Zou, 2018). The term
‘energy self-sufficiency’ was chosen as the measurement method for
this paper due to the fact that the measurement method for energy
production and energy consumption takes production and
consumption into account comprehensively. In this paper, the
data of each province’s primary energy production from the
China Energy Statistical Yearbook, i.e., raw coal production,
crude oil production, and natural gas production, were converted
into standard coal using the discount coefficient. The energy
endowment of each province was then determined by combining
each province’s energy consumption data. The results of each
province’s energy endowment calculation were then grouped into
three quantiles, and three distinct energy endowment intervals,
namely, ‘high’, ‘medium’, and ‘low’, were obtained and matched
with the prefecture-level cities included. Following this, the
benchmark regression model (1) was estimated based on
grouping various energy endowment intervals, and the estimated
results are presented in Table 3.

First, the magnitude and direction of the direct impact
coefficient of GGI on the four specific indicators of CER are in
line with the regression standard. Second, the more significant the

negative impact of GI on CEs, per capita CEs, and CE intensity in
regions with greater energy endowments, the greater the energy
endowment. In other words, the greater the resource reliance, the
greater the role of government environmental regulation tools such
as GGI, which plays a role in improving EE, guiding GI, green
technology innovation, low-carbon industrial development, and to
some extent reducing the ‘resource curse’ effect. This result aligns
with the findings of some researchers on energy endowment and CE
under environmental regulation (Yu et al., 2019; Zhou and Fang,
2019).

5.4 Robustness test

First, the explained variable’s first-order lag term was
considered. Since the role of GGI may lag behind, it has a multi-
period impact on CER indicators. Therefore, the lag period of CER-
related indicators was included as an explanatory variable in the
benchmark model. Since the model becomes a dynamic panel after
the first-order lag term of the explained variable is added, the
estimation results are inconsistent, so the GMM method is
adopted for estimation.

Second, the replacement variable robustness test method was
considered. In this paper, China Emission Accounts and Datasets
were used to recalculate the CE data, and other data in the CER
process index system were updated to reflect the new CE data.

Third, given that GGI in China has developed over the years, its
impact on the CER process may vary at different stages. There may
be a non-linear relationship between GGI and CER. In order to test
whether there is a non-linear relationship, the square term of GGI is
added to the four equations of benchmark regression. The estimated
results of the three robustness tests are shown in Tables 4–6,
respectively. The coefficient of the square term of GGI is not
statistically significant, and there is no non-linear causal
relationship between it and the CER process. The direction and
significance of the influence coefficient of GGI on total CEs, per
capitaCEs, CE intensity, and carbon decoupling index are consistent
with the reference model, and the estimation results are largely
reliable.

5.5 Heterogeneity analysis

5.5.1 Geographical region
Regional heterogeneity in the CER effect of GGI will result from

differences in the stages of economic development across regions
and the implementation of various regional policies. To further
explore the role of GGI in CER and the regional heterogeneity of its
impact mechanism, this paper distinguishes the eastern, central, and
western regions based on their economic and geographical
characteristics and estimates the benchmark model using
samples. Table 7 demonstrates the results. In different regions,
the influence coefficients of GGI on the four dimensions of the
CER effect are in the same direction, but the significance of the
coefficients and the influence size indicate regional heterogeneity.
Specifically, first, the eastern region as a whole has the strongest
impact on CER, as evidenced by the fact that the estimated
coefficients of per capita CEs and CE intensity are significantly
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negative, and the absolute value is the highest. Second, the central
region also has the characteristic that GGI inhibits per capita CEs
and CE intensity significantly, but the inhibition effect is less than
that of the central region. Third, the positive effect of GGI on carbon
decoupling was only found in the western region. According to a
descriptive analysis, the average value of the carbon decoupling
index in western China is less than 1, indicating that economic
development and energy carbon footprint are in the decoupling
stage. However, the degree of economic development in western
China is also low, so CEs and economic aggregate may be at a low
level.

5.5.2 City size
Big cities have the agglomeration effect of production factors

and the spillover effect of technology, and the marginal cost of
production factors such as labor, capital, and knowledge is lower. At
the same time, big cities easily attract manufacturers together, with a
strong scale effect, bringing green technology innovation and low-
carbon production revolution. However, the agglomeration effect of
big cities will also lead to the over-exploitation of resources, energy
consumption, and the rise of carbon emissions. Therefore, this paper
considers different city sizes and divides the sample into large cities
and small cities according to the number of permanent residents to
further investigate the CER effect of GGI in the cities of different
sizes. The estimated results are shown in Table 8. It can be found that
large-scale cities have stronger CER effect of GGI than small-scale
cities on the whole, which is related to the scale effect brought by
city size.

5.5.3 Urban economic development
The level of economic development represents a city’s market

vitality, endowment conditions, and social foundation. Cities at a
higher stage of economic development are better than cities at a
lower stage of economic development in terms of financial capacity,
and their ability and effect of implementing GGI may be stronger.
However, cities in higher stages of economic development also tend
to be more polluted. Therefore, this paper considers different levels
of urban economic development and divides the sample into high-
economic-development-level cities and low-economic-
development-level cities according to the GDP. The estimated
results are shown in Table 8. It can be found that the
multidimensional CER effect of GGI is more strongly present in
low-economic-development-level cities. This may be related to the
preference of industries to those with high pollution and emissions.

5.6 Summary

Compared with the existing studies, the differences in this paper
are as follows: on one hand, the idea of a carbon emission reduction
process is established to construct multiple explained variables from
different dimensions of CER. In this paper, the conclusion that GI
has different dimensions of impact on the CER process indicators
can further enrich the existing research. On the other hand, this
paper provides a comprehensive analysis of the relationship between
GGI and the CER process, and tested the important influencing
mechanism of the existing research studies. At the same time,
China’s ‘peaking carbon neutral’ strategy poses a major challenge

to resource-intensive cities with high energy endowments. Such
cities rely on traditional fossil fuel consumption, and it is difficult to
upgrade production and technology to green. This study examines
whether the CER effect of GI in resource-intensive cities will be
affected by this real challenge. It links the research in related fields of
‘resource curse’ and ‘carbon emission reduction’ and has a strong
practical significance.

6 Conclusion, policy
recommendations, and limitations

6.1 Conclusion

This study examines how GGI affects the comprehensive carbon
emission reduction process of multidimensional indicators under
the constraint of global Carbon Dioxide Peaking and Carbon
Neutrality and identifies the important influencing paths of
energy efficiency and total factor productivity. Carbon emission
reduction is often multidimensional, meaning not only the
reduction of total carbon emissions but also a series of important
indicators to represent per capita emissions, emission intensity, and
structure. As an important environmental regulation tool, GGI is
characterized by guiding investment and promoting transformation.
Therefore, through GGI to transform the development inertia of
existing resource-dependent industries and improve energy
efficiency, the dual goals of economic improvement and carbon
emission reduction can be achieved. It is of practical significance for
China and other developing countries to explore the comprehensive
carbon emission reduction effect of GGI in the context of global
climate change. Based on the panel data of 269 prefecture-level cities
in China from 2008 to 2019, this study explored the impact of GGI
on the CER process and the mechanism of TFP in it. The key
findings are as follows: 1) GGI reduces CEs, per capita CEs, and CE
intensity, accelerates the achievement of the strategic goal of “carbon
peaking and carbon neutrality,” and promotes the process of CER.
Currently, GGIs have little effect on carbon decoupling. 2) GGI has
inhibited CEs, per capitaCEs, and CE intensity by improving EE and
TFP. 3) The greater the energy endowment, the stronger the
inhibitory effect of GGI on CEs, per capita CEs, and CE
intensity. 4) The impact of GGI on various indicators of the CER
process has geographical regional, city size, and economic
development level heterogeneity, and the overall CER impact of
GGI in the eastern region, big size cities and low-economic-
development cities are stronger. In the future, the effect of CER
can be further expanded from the consumption side to enrich the
influence mechanism of GGI on the process of CER.

The contribution of this paper is to enrich the literature research
in the field of GI and CEs and explore how GGI plays a role in the
process of CER from different evaluation indicators. This paper also
examines the CER effect of GGI in resource-dependent areas,
bringing a new perspective to the study of GI and CEs.

6.2 Policy recommendations

Based on the conclusions, this study proposes the following
suggestions: 1) strengthening the investment orientation role of GGI
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and increasing the proportion of energy conservation and
environmental protection expenditure in general fiscal
expenditure and Introducing environmental regulations and
increasing support for green industries; 2) by increasing
investment in renewable energy and technology, we aim to
increase EE and TFP, fully leveraging the inhibitory effect of GI
on CE, CE intensity, and per capitaCE; 3) considering the significant
differences in the energy industry structure and CE characteristics in
different regions, efforts should be made to rationally adjust the level
of GGI and optimize the influence mechanism of GGI in the CER
process. On this basis, the government should formulate
corresponding investment policies and plans to ensure the
effective allocation of funds according to the economic
development stage of the region and the actual CER process; and
4) regions with abundant energy endowments need to strengthen
environmental regulations through government intervention such
as GGI, continuously optimize energy and industrial structures, and
effectively respond to the dual challenges of economic
transformation and CER.

6.3 Limitations and directions for future
research

In our study, due to the lack of specific and detailed data, the
index of GGI is measured by the total expenditure of the prefecture-
level city governments on energy conservation and environmental
protection. It fails to specify various types of GGI, such as
investment in public environmental infrastructure, such as water
conservancy facilities, and investment in supporting green and low-
carbon enterprises. Future research can further obtain the data of
sub-project types of GGI so as to refine the analysis. Although the
existing results are not perfect, they still have some reference values.
This paper can provide a basis for further research in the future,
remind relevant departments to pay attention to the guiding role of
GGI, and promote the role of government environmental regulation
in areas with abundant energy endowment.
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