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Local government innovation support (LGIS) is an exogenous pulling force for
high-quality economic development. Accurately identifying the mechanism by
which LGIS affects green development remains practically and theoretically
significant for building a long-term framework for driving green development.
Based on provincial panel data (2010-2019), this paper uses the Super-SBM
model to measure the green development efficiency (GDE) of different
provinces in China. A dynamic panel GMM model is constructed to evaluate
the significant relationship between LGIS and GDE and to explore the potential
impact mechanism of other key factors such as fixed asset investment (FAI),
environmental regulation (ER), industrial structure (IS), and foreign direct
investment (FDI) on GDE. The estimation showed that LGIS had a positive
impact on GDE. The data analysis indicated that GDE in the lag period
significantly affected the GDE in the current period. More so, as per the
results, the promoting effect of GDE in the second lag period gradually
weakened due to the decline of LGIS and ER restrictions. The current model
also revealed that FAl and ER inhibited the GDE progress, while IS and FAI had
improved the state of GDE in the region. The research findings imply that China
should further increase the government innovation expenditure, FDI utilization,
and IS upgrade to promote high-quality economic development.

KEYWORDS

government innovation support, green development efficiency, regional analysis,
GMM model, China

1 Introduction
With the general improvement of people’s environmental awareness, more and more
countries have begun to recognize the importance of ecological and environmental

protection. It has become a common agenda of all countries to relieve the pressure on
resources and the environment to realize sustainable economic development (Donald and
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Gordon, 2016). Recently, the local governments in China have
been focusing on strategies to address environmental issues to
improve green and sustainable development to an unprecedented
level. In 2018, the Chinese government called for speeding up the
formation of a green development model, reducing pollutant
emissions from the source, and taking green development as a
fundamental strategy to solve pollution (air, water, and land) and
enhance the quality of the ecological environment. In 2019, the
Chinese Government Work Report indicated that green
development is an inevitable requirement for creating a modern
economic system (Chen H et al, 2021; Chen and Sivakumar, 2021;
Miao et al,, 2022). At the same time, the Chinese government has
stressed at many important domestic meetings to adhere to the new
development philosophy and achieve sustained and sound
economic development based on significantly improving quality
and efficiency (Pan and Chen, 2021; Qiu et al, 2022a; Qin et al,
2022). The spirit of green development mandates coordination and
unification of economic growth and environmental protection (Jari
etal, 2018; Zhang et al., 2018; Li et al., 2019) to manage economic
growth while addressing ecological constraints by improving
energy utilization, reducing pollution emissions, promoting
industrial transformation and upgrading (Luo et al, 2021),
promoting economic growth, and improving environmental
quality, is an important strategic choice to encourage high-
quality development of economy in China (Na et al., 2020).
Green development has been continuously promoted in
China, but many believe that the current state of overall green
development still needs considerable improvements (e.g., Yang
and Wen, 2017). Experts argue that regional green development
can play a vital role in the improvement of GDE (Guo and Zhang,
2020; Qiu et al, 2020). Following the concept of economic
development efficiency, resource input and environmental
pollution are integral factors of GDE in China and are used as
key indicators to measure regional green development (Li and
Jing, 2019). With the decentralization of fiscal power in China,
local governments have become the main players steering and
implementing the central green development policy, promoting
sustainable economic development, and institutionalizing
regional green development policies (Li et al., 2020). They are
responsible for guiding, regulating, and monitoring the efficiency
of regional green development in their respective administrative
units (Li, 2021) in the following ways: 1) effectively alleviate the
shortage of R&D funds for local enterprises, universities, and
scientific research institutions (Gao et al., 2022); 2) promote
regional green technology innovation to provide financial
support (Yang et al, 2022); 3) issue green development-
related policies, e.g., environmental regulations (Guo and
Chen, 2021; Hu et al, 2022); 4) formalize and integrate the
environmental information disclosure system (Yang and Zhao,
2018) and green credit (Pei et al., 2018); 5) effectively standardize
corporate behavior and provide policy support for their green
technology innovation; 6) align green support measures to suit
local conditions, e.g., the implementation of trade opening (Qi
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et al,, 2022) and market-oriented reforms; 7) provide a good
innovation environment for enterprises in the region to
implement green technology innovation; 8) promote the
construction of innovative cities (Wang H et al,, 2022), low-
carbon cities (Lan, 2021), smart cities (Du et al., 2020; Zhang and
Zhong, 2022); 9) construct pilot green city areas for broader
implementation. Despite the critical role of LGIS in facilitating
regional and national GDE in China (Ding et al,, 2022), most
previous studies have predominantly restricted to antecedents or
consequences of regional green technology innovation or specific
policies and measures. However, the overall impact of
government innovation on the regional green development
efficiency in China remains largely unexplored.

In response to the above knowledge void, the main aim of this
work is to explain the continuous promotion of government
innovation construction and the continuous implementation of
green development practices (Qiu et al,, 2022b; Sheng et al., 2022).
Firstly, the study systematically analyzes the influence mechanism
of regional government innovation subsidies on GDE, as asserted
in earlier studies (e.g., Jiang et al., 2021). From the perspective of
government innovation governance and support, it generally
evaluates the effect of LGIS and other key influencing factors
(e.g., FAL ER, IS, and FDI) on GDE improvement. Secondly, the
paper uses two novel and robust estimators in the study: 1) the
Super-SBM model to measure the efficiency of green development
comprehensively; 2) the dynamic GMM model as the main
analysis framework to empirically analyze the mechanism of
government innovation support to improve the GDE. Third,
taking into account the current situation of regional green
development, the article also analyzes the heterogeneity of
different regions and compares the differences between regions.

The following parts of this work are divided as follows. An
overview of the study area and the academic literature on the
interactions among the main study variables are given in Section 2.
The details of the study methodology are discussed in Section 3.
Section 4 provides empirical analysis based on the outcomes of
various methods used in the study. The last section, Section 5,
concludes the main study findings, offers policy implications,
highlights limitations, and puts possible future directions forwards.

2 Literature review

Government, market, and enterprise are the key components
of a modern market economy system. For social transformation
in China, government innovation can act as an essential tool for
improving the ability, systems, and allocation of resources in the
local administration. Local governments have adjusted the
economic and administrative power of market allocation of
resources, including financial subsidies, tax incentives,
business license issuance, and investment restrictions (Tian
et al., 2021a; Tian et al., 2021b; Tan et al., 2022). Of these

expenditures, government financial science and technology
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expenditure is an important instrument for the government to
participate in regional innovation activities. Previous literature
on government innovation support is mainly divided into the
following streams. The first stream, the connotation of
government innovation, attempts to define the scope and
objective of government innovation. For instance, He (2011)
argued that the goal of government innovation is to establish a
service-oriented government with political, economic, social, and
cultural coordination and sustainable development, starting from
the theory, system, personnel, and operation of government
innovation. As a criterion for winning projects of the “Local
Government Innovation Award,” the content of government
innovation can be divided into four categories, ie., political
reforms, administrative reforms, public services, and social
management. The content of government innovation can be
roughly divided into two levels (Yan et al, 2021; Wang Q
et al, 2022). One is the internal management of the
government organization systems, whereas the other relates to
the government’s management and services to society. The second
stream of literature, the driving force and influencing factors of
government innovation, unwraps the determinants of government
innovation (Chen, 2015; Yu and Huang, 2017). Researchers have
found that moderate decentralization ability (Wu and Wu, 2018)
and performance appraisal system (Huang, 2017) are among the
important factors promoting government innovation. The third
stream, the influence mechanism of government innovation
diffusion, explores the precise framework through which
government innovation occurs in a certain region (e.g., Guo
and Zhang, 2020; Yuan et 2022). The diffusion of
government innovation refers to the process through which

al.,

government innovation policies or projects are spread in a
certain social system through certain channels. For example,
Zhang et al. (2015) explained the driving force of government
innovation diffusion from the perspective of neo-institutionalism
theory and found that the driving force of government innovation
diffusion has the characteristics of stages. Liu et al. (2021) studied
the multi-factor combination path of the comprehensive
promotion of LGIS.

Public policy experts argue that government-relevant policy
formulation and resource allocation significantly impact the
operation of enterprises (Xu, 2014; Han and Gao, 2018),
encouraging enterprises to carry out innovative activities
(Long et al., 2012). As an exogenous driving force to promote
the high-quality development of the national economy,
government innovation support is the management and
service of the government to the society, and it has a basic,
guiding, and stimulating effect on innovative economic activities.
Through scientific and technological innovation subsidies, the
government urges social entities to increase scientific and
technological research investment and development, indirectly
reduces the cost of enterprise research and development or
makes up for the gap in research and development funds,
eases the financial constraints of innovation activities, and
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encourages innovation activities in the region. Beyond that,
government innovation can promote independent scientific
research institutions, universities, and related enterprises to
strengthen
university-research cooperation, and promote the transition

jointly conquer core technologies, industry-
from technological imitation to cutting-edge technological
innovation. Enterprises are further encouraged to conduct green
(low-carbon/zero-carbon) technologies focused on research and
development by reducing taxes and fees to promote green
economy development. The key to improving the quality of
green development is to develop green development efficiency
(Yu et al,, 2016). For China, green development efficiency is a
critical indicator to measure the economy entering a stage of high-
quality development in the new age.

Green development and green efficiency literature offer three
main research directions: the concept of green development and
green development efficiency. For instance, Pearce et al. (1996)
define a green economy as “an economic growth model that will
not lead to ecological crisis and social fragmentation.” As per Hu
and Zhou (2014), the green development concept needs three key
dimensions: function definition, mechanism analysis, and

added that
development emphasizes the relationship between economic,

development strategy. The author green

social, and natural systems. Liu (2017) divided the concept of
green development into five dimensions: economic development,
political ~ construction, ecological  environment, social
development, cultural value. The author pointed out that
high-level,

sustainable, and improves people’s livelihood, harmonious and

green  development is  innovation-driven,
upward development. Secondly, the second literature theme is
focused on the evaluation and evolution green development
efficiency (in time and space). In this context, economists
have constructed an evaluation index system for green
development and green development efficiency based on the
SBM model and its extensions to measure the green development
efficiency of different areas (Yue and Xue, 2020; Shi and Lan,
2021), provinces, regions (Xu and Ouyang, 2022), economic belts
(ChenJetal, 2021; Xiang et al., 2021), and urban agglomerations
(Chen and Wu, 2021; Weng et al., 2022; Zhang et al., 2022). Based
on the input-output theory, authors often incorporate resource
consumption, environmental pollution, ecological benefits, and
social benefits into the Super-SBM model to analyze the
efficiency of the input-output allocation of economic, social,
and environmental complex ecosystem elements, crucial
factors of green economic efficiency. Among other methods,
researchers usually predict green development efficiency through
the Super-SBM model, directional distance function model, total
factor productivity model or vector autoregressive model (VAR),
and gray support vector-machine-regression model GM(1,1)
(Cao, 2011; He et al.,, 2020) from a regional macro perspective
to predict the green development efficiency of national inter-
provincial, urban or rural, urban agglomerations. Chen et al.
(2022) used the Super-SBM model and Malmquist index to
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measure the green development efficiency of the Chengdu-
Chongqing economic circle from 2007 to 2019 based on dual
The authors
evolution characteristics and influencing factors and then

perspectives. analyzed the spatial-temporal
predicted green development efficiency using Went’s linear
and seasonal exponential smoothing method.

Considering the stream of research on the influence
mechanism and ascension path of green development
efficiency based on the Tobit regression, Bootstrap truncation
regression, and spatial autoregression models indicate that the
level of economic development, technological innovation, and
environmental regulations (Ma and Jin, 2022), green finance
(Zhu et al,, 2022), fiscal decentralization, ecological civilization
pilot zones (Fan et al., 2022), and low-carbon cities affect the
efficiency of green development, and specific progression paths
(Wang et al,, 2014; Song et al., 2018; Zhao et al., 2018; Wen,
2021). Guo et al. (2022) and others used the SBM-undesirable
model to construct an input-output indicator system for green
development efficiency in the Yellow River Basin. They conducted
a spatial statistical analysis of the green development efficiency of
the Yellow River Basin and its temporal and spatial pattern
characteristics. Through different models (SE-SBM model, GML
index and its decomposition index, and Tobit regression model),
the above researchers have concluded that there is still room for
improvement in green development efficiency in the sample area
and the overall stage is characterized by a leap from low-level to
high-level. The GML index revealed a fluctuating growth trend,
where differences were found in the growth rate of local green
development efficiency in China. The study further showed that
urbanization and environmental policies promote regional green
development, while industrial structure, degree of opening-up, and
energy structure inhibit regional green development. Zirui (2021)
used the DID model and the propensity matching score method to
examine the influence mechanism of low-carbon pilot policies on
regional GDE. The results demonstrated that the implementation
of low-carbon pilot policies could significantly improve the level of
regional GDE in Chinese provinces, and the effect of policies varies
with different regions and cities.

Retrospectively, it is not difficult to find that government-led
reforms and innovations, such as market-oriented reforms, low-
carbon cities, ecological civilization pilot zones, green financial
inclusion policies, and environmental information disclosure
systems, play a significant effect on the regional green
development efficiency. An important limitation of prior works
resides in examining a specific policy or reform as the starting
point and undermining the influence of government reform or
innovation on the regional green development efficiency (as a
whole). Therefore, in the case of unbalanced local government
innovation levels and uncoordinated regional green development,
it is indispensable to analyze the influence mechanism and
improvement path of government innovation and its processes
on green development efficiency from the national and regional
perspectives. Exploring its impact on green development efficiency
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from the view of government governance innovation can enrich
and supplement relevant research about the improvement path
and impact mechanism of green development efficiency to a
certain extent. The literature summary is shown in Table 1.

Keeping in view the mechanism of local government innovation
support and green development efficiency, the innovation-driven
development strategy has attracted significant attention from
governments worldwide. Studies have shown that government
innovation subsidies can effectively improve the efficiency of
technological innovation, thereby promoting regional economic
development (Jiang and Tan, 2020). Nevertheless, the existing
research on local government innovation support mainly focuses
on its relationship with economic development. From the economic
development viewpoint, due to the externalities and high risks of
science and technology, high investment, uncertainty, and other
characteristics (Li and Yang, 2018), government science and
technology funds can address the following issues: make up for
the gap of corporate innovation funds; alleviate the difficulty of
insufficient research and development funds; optimize the allocation
of resources for scientific and technological innovation (Ye and Liu,
2018; Sung et al,, 2022; Zhang and Ayele, 2022); improve economic
development efficiency.

From a societal perspective, the essence of local government
innovation support is to drive social development and maintain
social stability. In the process of government innovation, society
gradually grows and develops due to the availability of space for
activities, rights protection, resource protection, and capacity
protection (He, 2013). Ma et al. (2022) concluded that economic
digitization reduced CO, emissions in thirty Chinese provinces
between 2006 and 2017. The negative impact of economic
digitalization on CO, emissions was more profound in
provinces with higher R&D investment than those with lower
R&D investments. From the perspective of environmental
protection, increased government support for scientific and
technological innovation can effectively improve energy-
utilization technology and improve environmental quality to a
certain extent (Qin and Yu, 2016; Zhou and Liu, 2021), and
ultimately improve energy eco-efficiency (Wang et al., 2019; Song
L et al, 2021). Among other researchers, Xie et al. (2018)
observed a “U-shaped” nonlinear relationship between the
LGIS and GDE. Only by increasing the support of scientific
and technological innovation funds and making it transition to
the right end of the “U-shaped” curve can the government
facilitates the role of scientific and technological innovation in
promoting ecological efficiency. The green development
efficiency indicator emphasizes the symbiosis and interaction
mechanism of the economic, social, and environmental systems
(Liu et al,, 2021). Therefore, through data envelopment analysis,
this paper uses the Super-SBM model to build a green
development-efficiency-index evaluation system, then uses the
GMM model to inquire about the relationship between local
government innovation support and green development
efficiency.
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TABLE 1 Previous studies about government innovation support and green development efficiency.

Research topics Research perspectives Author
Government innovation ~ ® Connotations of government Kattel and Mazzucato
support innovation (2018)
Yu (2008)
® The influencing factors of Wu and Wu (2018)
government innovation
® The proliferation of government Cao (2011)
innovation
® The mechanism of government Xu (2014)
innovation support
Han and Gao (2018)
GDE ® GDE definitions Pearce et al. (1996)

Liu (2017)

Evaluation and spatial-temporal
evolution of GDE

Chen et al. (202

2)

Guo et al. (2022)

Influence mechanism and

promotion path of GDE (2020)

Guo and Zhang

Yuan et al. (2022)

Main viewpoints

The introduction of new ideas, new practices, and new models is effective for
the government. Such behaviors can be judged as government innovation or
policy innovation.

® The purpose of government innovation is to promote the public interest.

The central-local relationship of moderate decentralization in China, the
flexible institutionalization of having skills, and the contradiction of social
transformation have provided political opportunities for LGIS in China.

® An analysis of survey data obtained by the South Korean government found
that leaders” support for innovative initiatives and the development of self-
taught organizations that abandoned old-fashioned mores were crucial for
organizational change in government.

® Government innovation projects can be effectively promoted and spread when
there is a high degree of fit between them and local government interests.

® The main types of diffusion of government innovation include horizontal
coercion (e.g., commercial regulations and trade agreements) and vertical
coercion (e.g., through grants and policies).

® Government policy formulation and resource allocation will significantly
impact enterprise operation and further promote enterprise innovation
behavior.

The government guides industrial development and enterprises’ strategic
activities through policy design.

® Green development is a kind of economic development that will not cause
ecological crisis and social division.

® Green development is innovation-driven, high-level, sustainable, mutually
beneficial, and harmonious.

Using the super-SBM model and the malmquist index to measure the regional
GDE, it is found that the GDE presents a time series characteristic of the
transition from “high level, large gap” to “high level, small gap.”

Scholars constructed a GDE index evaluation system for provinces and cities
in the Yellow River Basin and found that the regional gap in GDE continued to
expand. During the study period, the GDE changed from “small gap with high
efficiency” to “large gap with low efficiency.”

This study confirms that China’s market-oriented reform has a significant
positive effect on the improvement of GDE.

The overall GDE gap between regions in the Yangtze River Economic Belt is
relatively large, and manufacturing agglomeration has a spatial spillover effect,
which can improve the GDE of surrounding areas.

Note: GDE, green development efficiency; GD, green development; LGIS, local government innovation support.

3 Data sources and methods
3.1 Data sources and description

Table 2 lists the summary of the data details.

3.2 Variables

The dependent variable, green development efficiency (GDE),
was estimated using the data envelopment analysis method. The
green development efficiency evaluation-index system was based
on the input-output model: input indicators comprised physical
capital, labor, and energy input; output indicators were divided
into expected output and undesired output. The expected output
was represented by the gross domestic product of each region, and
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the CO, of each province was used to represent the unexpected
output. Among them, the physical capital investment was
measured by the capital stock, calculated by the fixed asset
formation amount according to the perpetual inventory
method, and the depreciation rate was taken as 9.6 percent,
following Zhang et al. (2004). The GDP of each province took
2010 as the base period. The actual value was obtained after
deflating according to the consumer price index of each region.
Labor input represented the number of employees at the end of the
year. The total energy consumption at the end of the past year was
used to measure the energy input. The data on carbon dioxide
emissions were compiled from the Carbon Emission Accounts and
Datasets for Emerging Economies (CEADs) (Shan et al,, 2016;
Shan et al., 2018; Shan et al., 2020; Guan et al., 2021).

Kaoru (2001) proposed a slack-based efficiency evaluation
model (Slack-Based Measure, SBM), introducing the amount of
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TABLE 2 Data description, including notation and sources.

10.3389/fenvs.2022.995984

Variables Indicators Categories = Notation Description Source
Dependent variable
Green development efficiency in provincial areas Input Capital input GDE Input-output Calculated according to the super-
Model SBM model
Labor input
Energy input
Output Expected output
Undesired
output
Independent variable
Provincial science and technology expenditure LGIS 100 million yuan Statistical yearbook of China
(2010-2019)
Control variables
Provincial fixed asset investment FAIL 100 million yuan Statistical yearbook of China
(2010-2019)
Total investment in industrial pollution control ER 10 thousand yuan  Statistical yearbook of China
(2010-2019)
The proportion of the secondary and tertiary industries in 1S Percentage Statistical yearbook of China
the regional GDP (2010-2019)
Actual use of FDI FDI 10 thousand yuan  Statistical yearbook of China
(2010-2019)
input and output slack into the objective function. When technology expenditure in local government financial

evaluating the efficiency of decision-making units in the
traditional DEA method, there may be cases where the
efficiency value of multiple decision-making units is 1, which
cannot be further compared. Therefore, when there are multiple
effective decision-making units, it cannot be considered for
further comparison. Kaoru Tone Kaoru (2002) combines the
advantages of the Super-DEA and SBM models. Unlike the
traditional DEA model, the Super-SBM model can not only
deal with the undesired output more properly, but also can
make further comparisons in valid decision units. The Super-
SBM model for this study was constructed as follows:

Xio
L xi

p’ =minp =

1
5 . m
1
s

i=

s Jko

k=1y4,
_ " .

s.t. Xjp > ZFIJ 4 Oijj,Vl;

D

j=1Lj#0

Xi 2 Xi, 0 Y < Yhos A 20:2:1,;‘#0%’ = LVi j.k
In the above equation, n = decision-making units, 7 = input
variables, s = expected outputs, x;; = input variables, yi; =
expected output variables, A = weight variable, and p* > 1 = the
decision-making unit is effective. The larger the value, the higher
the efficiency of the decision-making unit (Zhao and Yang, 2017).
The independent variable, local government innovation

support (LGIS), was developed by taking science and
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expenditure as a proxy variable. Science and technology
expenditure can promote the technological innovation of
enterprises and other regional public departments to achieve
the effect of energy saving and emission reduction. Innovative
technology support and energy structure transformation
improve the efficiency of green development and sustainable
development in the region.

For control variables, the study accumulated important
factors affecting the level of regional green development,
including fixed (FAI),
regulation (ER), industrial structure (IS), and the level of

asset investment environmental

foreign direct investment Utilization (FDI) (We and Hou,
2021). In China, FAI has created favorable conditions for
infrastructure construction and  economic
thus the

development. The level of ER reflects the cost of regional

regional
development, impacting efficiency of green
pollution control. The more the government invests in
pollution control and environmental protection, the more
conducive it is to reducing undesired output (Wang and
Zhang, 2018). This paper uses the investment in industrial
pollution control as a proxy variable for the intensity of
environmental regulation. The higher the proportion of
secondary and tertiary industries in IS, the higher the
concentration of industries in the region, which may have a
crowding effect and impact the green development efficiency.
The technology spillover brought by FDI not only helps local
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TABLE 3 Descriptive statistics for variables.

Variable Mean Sd Min Max
Ln GDE -0.610 0.340 ~1.350 0.0700
Ln LGIS 4.170 1.050 1.320 7.060
Ln FAI 9.200 0.720 6.960 10.76
Ln ER 11.88 0.990 8.180 14.16
Ln 1S -0.160 0.110 -0.470 0.0200
Ln FDI 14.68 1.700 8.030 18.47

Abbreviations: LGIS, local government innovation support; FAI, provincial fixed asset
investment; ER, total investment in industrial pollution control; IS, the proportion of the
secondary and tertiary industries in the regional GDP.

TABLE 4 Panel unit root results: augmented dickey-fuller (ADF) test.

Variable I(0) I(1) Stationarity
Ln GDE ~10.7045%** ~5.5847°* YES
Ln LGIS ~6.8017°* —5.1775%%* YES
Ln FAI —11.5209*%* ~6.7359"* YES
Ln ER ~9.5989%%* ~8.1646** YES
Ln1S ~2.1922% ~1.8603* YES
Ln FDI ~8.0796** —6.21110* YES

Note: *, **, and *** represents level of significance at 10%, 5% and 1%, correspondingly.
Abbreviation: LGIS, local government innovation support; FAI, provincial fixed asset
investment; ER, total investment in industrial pollution control; IS, the proportion of the
secondary and tertiary industries in the regional GDP; FDI, actual use of foreign direct
investment.

enterprises to improve the level of green production by imitating
the innovation path but also stimulates the local enterprises for
independent innovation, thereby contributing to the level of
regional green development. It is measured by the amount of
direct investment, in which the amount of foreign investment is
deducted after conversion according to the annual exchange rate.

This paper used the logarithms of the dependent,
independent, and control variables to control the nonlinear
relationships and heteroscedasticity problems that may exist
in the model test. The descriptive statistics of each variable
are shown in Table 3.

Due to the long data time-span, this paper used the
Augmented Dickey-Fuller (ADF) test to check the stationarity
of all variables. The results in Table 4 (ADF test) supported the
rejection of the null hypothesis, affirming no unit root and
stationarity problems.

3.3 Model construction
Panel data helps understand the dynamic behavior of the

research object. As the individual unit is small and the time is
long in the dynamic long panels, the deviation of the results of the
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dynamic panel estimation is small. A consistent estimate can be
obtained by correcting the deviation. Provided that the number
of object areas studied in this paper was greater than the length of
time, the dynamic difference GMM model was selected. In this
model, a consistent estimate is obtained in the following steps: 1)
the first-order difference is used to eliminate the individual
effects of the model; 2) appropriate instrument variables are
found to eliminate the endogeneity of the model. Assuming that
the impact of LGIS on GDE is inconsistent, it was conjectured
that the GDE in the previous period would affect the current
LGIS, which in turn would affect the current period GDE, as per
prior concepts (He and An, 2019). The paper introduced the lag
term of GDE as an instrumental variable. According to the
provincial panel data structure, the specific model settings in
this paper are as follows:

LnGDE;; = a + p,LnGDE;,_; + p,LnGDE;;_, + 3, LnLGI;,

4
+2Zw; Lnx, +uy
1

Where i = the specific province, t = the year; GDE;; = the GDE
index of a certain province in a certain year, GDE;;_; or
GDE;;_, = the GDE index of a province with a lag of one or
two periods, LGIS;; = local government innovative support by a
provincial government, and x; = the control variable (FAL ER,
IS, and FDI), u;; = a random disturbance item.

4 Results and findings
4.1 GMM model output

The paper selected the dynamic panel system GMM model to
test the nexus among the selected variables, GDE, LGIS, FAL ER,
IS, and FAL In addition, since the model adds the lag term of
GDE as an instrumental variable (L; and L,), the GMM model
can perform an over-identification test for instrumental variables
(Arellano and Bond, 1991; David, 2009). As a consistent estimate,
the premise of the system GMM estimate is that there is no
autocorrelation in the disturbance term. This test is based on a
two-step validation process: 1) the first-order autocorrelation for
the first-order differences of the perturbation terms; 2) no second
or higher-order autocorrelation for the differences in the
perturbation terms (Arellano and Bond, 1991). The dynamic
panel system GMM model results in Table 5 satisfied the pre-
stated recommended criterion. Next, the Arellano-Bond test
results showed that the perturbation term had first-order
autocorrelation only, ie., no second-order autocorrelation.
The results of the Sargan test did not reject the null
hypothesis, indicating that the instrumental variables were
invalid, and the estimated results of the model were accurate.

As seen in Table 5, the effect of the GDE (previous period) on
GDE (current period) was 0.72633. This result indicated that
GDE improvements in the previous period contributed to
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TABLE 5 Summary of the results for the dynamic panel system GMM
model.

Variable Fixed-effects SYS_ GMM
LGIS 0.27494 (0.028) 0.04382%° (0.005)
FAI ~0.05838 (0.041) ~0.02257%° (0.004)
ER 0.01777* (0.011) ~0.00216* (0.001)

IS 112644 (0.122) 0.02870** (0.013)

FDI 0.03755** (0.014) 0.00466*** (0.001)
L,.GDE 072633 (0.062)
L,.GDE 0.12511** (0.054)
_cons —1.79868*** (0.349) —0.04731 (0.051)
Observations 300 240
Arellano-bond (1) p = 0.002
Arellano-bond (2) p=0284

Sargan test p=0.899

Note: ¥, **, and *** represents level of significance at 10%, 5% and 1%, correspondingly.
Abbreviation: LGIS, local government innovation support; FAI, provincial fixed asset
investment; ER, total investment in industrial pollution control; IS, the proportion of the
secondary and tertiary industries in the regional GDP; FDI, actual use of foreign direct
investment.

enhancing the state of ER and technological innovation level,
consequently making the impact of LGIS on economic
development more evident. Also, this finding implies that
continued LGIS, coupled with GDE in previous periods, has
enabled improvements in current GDE in China, a view echoing
previous research (Song L et al., 2021). The influence coefficient
of the relationship between the second-lag GDE (L) and the
current-lag period GDE (L;) was 0.12511. This finding affirmed
that the promotion effect of the former GDE period on the latter
had begun to slow down. In line with Lin et al. (2022), this
outcome supported that the GDE investment has declined
recently. A possible explanation could be the volatility
characteristics of ER restrictions and LGIS (Guo and Chen,
2021), which have caused slow progress in GDE and the
gradual widening of the economic development gap across
some regions. Under the current competitive atmosphere
among local governments in China, the inferior performance
of local governments lagging behind others in GDE in the second
period will inhibit them from making GDE improvements in the
current period. This finding contradicts preceding conclusions
(He and An, 2019). As depicted in Table 5, LGIS significantly
impacted GDE in local governments in China, as evidenced by
the LGIS coefficient of 0.27494. Corroborating Hu and Wu’s
(2019) assertions, this outcome supported that green and
sustainable economic development and higher returns in
China would require regional governments to continue to use
technology expenditures to help upgrade and progress innovative
technologies, thereby enhancing the regional GDE. Scientific and
technological expenditures toward technological innovation by
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local governments in China have played a critical role in the
technological transformation and upgrading of various industries
(Gao and Li, 2021; Song M et al., 2021), decreasing the discharge
of environmental pollutants in the region and improving GDE.

In Table 5, the data analysis showed the following results for
the role of control variables. First, the coefficient of FAI affecting
GDE was —0.02257, reflecting that economic development and
construction in different regions have been achieved at the cost of
environmental protection, undermining a focus on green and
sustainable economic development. Zhang and Ma (2022) agree
that although FAI creates an excellent external environment for
improving enterprise productivity, excessive underutilized
investments may generate a detrimental impact. Second, the
estimates showed that ER had a significant and positive
impact on GDE, as evident by the ER coefficient (0.01777).
This outcome affirmed that the relevant environmental
protection policies formulated by regional governments have
led to considerable improvements in regional GDE, supporting
the work of Lin et al. (2022). Sustainable technologies can enable
enterprises to strengthen the economy, protect the environment,
and upgrade the efficiency of green development. Besides, some
scholars (cf. Huang and Wu, 2021; Qi et al, 2022) have
established ER as a critical moderator in facilitating the
positive impact of trade openness on GDE. Third, due to the
“threshold effect” led by environmental regulations, the impact of
trade liberalization on the efficiency of urban green development
exhibits a “U-shaped” characteristic of first inhibition and then
promotion. In the current context, the proportion of the
secondary and tertiary industries in the regional GDP (IS) had
a substantial promoting effect on regional GDE in Chinese
regions, with a positive IS coefficient of 1.12644. Some experts
(e.g., Zhuetal,, 2019) argue that industrial structure optimization
and coordinated expansion, industrial market force mechanism,
and transformation of development methods are beneficial for
constructing mechanisms for safe pollutant discharge. Zhao et al.
(2016), based on findings on the influence of the two dimensions
of industrial structure adjustment (advanced industrial structure
and rationalized industrial structure), concluded that the
interaction between human capital and industrial structure
adjustment is regarded as an essential supporting condition
for improving the GDE. The second and third industry
synergistic agglomeration impact on green development has a
practical promotion effect. Fourth, the results confirmed the
positive effect of FDI on GDE (0.03755). This outcome
suggested that increased utilization of foreign investment
funds has contributed to local governments’ absorption of
advanced green technologies. Also, it has helped in advancing
production technologies and management models to promote
the sustainable development and the improvement of GDE.
Empirical studies have established that FDI can exert the
spillover effect of technological innovation (Huang and Wu,
20215 Yue et al, 2022). Chinese regions opening up to the
outside world can help them become the preferred investment
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TABLE 6 Robustness test results: the dynamic panel difference GMM
model.

Variable Fixed-effects DIF_GMM
LGIS 0.27494° (0.028) 0.03291°* (0.003)
FAI ~0.05838 (0.041) ~0.05004*** (0.006)
ER 0.01777* (0.011) ~0.00541*** (0.001)

IS 112644 (0.122) —0.01800 (0.011)

FDI 0.03755** (0.014) ~0.00117 (0.001)
L,.GDE 0.72151% (0.054)
L,.GDE 0.17087*** (0.045)
_cons —1.79868*** (0.349) 0.40027*** (0.060)
Observations 300 240
Arellano-bond (1) p =0.001
Arellano-bond (2) p =0493

Sargan test p =0.647

Note: *, **, and *** represents level of significance at 10%, 5% and 1%, correspondingly.
Abbreviation: LGIS, local government innovation support; FAI, provincial fixed asset
investment; ER, total investment in industrial pollution control; IS, the proportion of the
secondary and tertiary industries in the regional GDP; FDI, actual use of foreign direct
investment.

destination for FDI, attract superior innovation infrastructure,
resources, and high-quality human capital, and promote regional
green development under the combined effect of FDI scale and

quality.

4.2 Robustness check

Table 6 depicts the outputs of the dynamic panel difference
GMM model adopted to test the robustness of the results. The
robustness check indicated that the first-order lag term (0.72151)
significantly improved the current GDE, benefiting from
upsurges in LGIS, confirming prior findings (Gao and Li
2021). With a decline in innovation input and the constraints
of conditions, the GDE improvements in the second-order lag
term (0.17087) began to weaken. Similarly, the fixed effects
model showed that government innovation expenditures
significantly contributed to the progress of GDE (0.27494). By
comparing the results of the two estimators (i.e., the differential
GMM model test and the system GMM model), it was concluded
that no estimation bias existed, and the results of Table 5 were
robust.

4.3 Heterogeneity analysis
As there are disparities among different Chinese regions and

the effect of various factors (e.g., geography, humanities, and
policies), comparing provinces at different levels together may
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lead to biased test results, i.e., varying LGIS to GDE impact across
the different regions in China (Hu and Wu, 2019). Thus, this
paper divided China into three regions (East, Middle, and the
West) based on province location to conduct a heterogeneity
analysis. The results in Table 7 showed that the GDE of the
second lag period in the East (0.63684) and Middle (1.08824)
regions of China had significantly influenced the GDE of the
current period. In other words, the geography, resources, and
economic foundations of regions have played a significant role in
assisting local governments in promoting green development in
the East and Middle regions of China. Song M et al. (2021) also
confirmed that the interaction among regional industrial
upgrading, government innovation support, and energy eco-
though
the
optimization and upgrading of regional industrial structure.

efficiency has nonlinear characteristics, even

government innovation support could promote
The authors stated that energy eco-efficiency has a pulling
effect on government innovation support in China. In
contrast, the current analysis revealed that the GDE in the
first period (L; = 0.84392) in the West region was relatively
weak in promoting GDE compared to the East and the Middle
region, reflecting a more pronounced gap across regions. Yang
et al. (2022) reported that capital mismatch had inhibited the
further improvement of GDE in the Middle and East regions of
China, while the West regions demonstrated weak progress. The
results of the sub-regional tests indicated that the lagged first-
order GDE in the East, Middle, and West regions have
contributed to the current period.

Finally, the mean values of LGIS expenditure and GDE from
2010-2019 were taken as the sample to present the spatial
distribution pattern of LGIS and GDE. The

characteristics were analyzed by combining ArcGIS mapping

change

software. The results are shown in Figure 1. To summarise,

government innovation expenditure shows an obvious
distribution pattern in the East, middle, and West regions,
moving from the Eastern coastal region to the interior.
Benefiting from its location and solid economic foundation,
the East region appears ahead of the inland region in
government innovation expenditure, in which the Yangtze
River Delta region has formed a clustering phenomenon. The
distribution pattern of GDE resonates with the level of LGIS

expenditure.

5 Conclusion and policy
recommendations

This study initially attempted to explain the interaction
between LGIS, GDE, and GDE, along with FAI, ER, IS, and
FAI as control variables. The Super-SBM model was used to
measure the provincial-level regional GDE in China, including
factors such as energy consumption, capital, labor input, and
undesired output. The main techniques included the dynamic
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TABLE 7 Sub-regional test results: dynamic panel system GMM model.

Variable East region

LGIS 0.09641%** (~0.033)
FAI 0.41248% (-0.214)
ER ~0.01340°* (~0.005)

N 0.23240** (-0.101)

FDI —0.05256** (-0.021)
L;.GDE -0.21579 (-0.556)
L,.GDE 0.63684* (-0.367)
_cons —3.53119** (-1.751)
Observations 240

Arellano-bond (1) p =0.0147
Arellano-bond (2) p = 0.7359

Sargan test p =1.0000 _

Middle region

0.15907** (~0.066)
0.38804 (~0.325)
~0.00186 (~0.005)
1,09692 (~0.766)
0.12102 (~0.105)
~1.35756 (~0.973)
1.08824** (~0.457)
~6.84298"* (~3.31)

240
p = 0.0801
p=0.1963
p = 1.0000

10.3389/fenvs.2022.995984

West region

0.02112 (0.019)
~0.06228*** (0.020)
0.00651 (0.004)
0.09315 (0.105)
0.00598*** (0.002)
0.84392%%* (0.224)
0.05308 (0.197)
0.32299* (0.188)

240
p = 0.0895
p = 0651

p = 1.0000

Note: ¥, **, and *** represents level of significance at 10%, 5% and 1%, correspondingly. Abbreviation: LGIS, local government innovation support; FAL provincial fixed asset investment;

ER, total investment in industrial pollution control; IS, the proportion of the secondary and tertiary industries in the regional GDP; FDI, actual use of foreign direct investment.

Local Government Innovation Support (LGIS)
[ Missing Data
[1660- 5786
[ 57.86 - 101.61
= 10161 - 181.08
181.08-351.10
3511056242 HE-

FIGURE 1
Spatial distribution pattern of LGIS expenditure and GDE.

panel system GMM model (empirical analysis), the difference
GMM model (robustness check and heterogeneity analysis), and
the ArcGIS mapping software for mapping LGIS and GDE
patterns across the different regions in China. First, the
analysis showed that LGIS had improved the efficiency of
regional green development across the East, Middle, and West
regions of China. The analysis confirmed that innovative
science  and

technologies application (i.e.,

technology expenditure) had reduced undesired outputs,

increasing
thereby improving the GDE in the regions. Unlike the first-

order lag period, the positive effect of LGIS on GDE was
significantly low in the second-order lag period due to the
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instability of local government science and technology
spending and policy formulation. The current findings
highlight that local governments are more inclined to rapid
economic development rather than improving the quality of
economic development and environmental protection.

Second, the current results offer a few possible explanations
for why FAI had restricted the further improvement of GDE. For
instance, local governments have increased the emission of
pollutants in activities, including infrastructure construction,
road renovations, and large-scale investments, consequently
failing to GDE. Due to the “crowding out” effect, the local
governments have supported and encouraged enterprises to
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invest more in energy conservation, emission reduction, and
but has

regional cannot

environmental protection, inconsistent support

GDE. Enterprises
continue to invest more money to achieve the effect of energy

prompted short-term
conservation and emission reduction, which could inhibit
regional GDE in the long run term. As factors, including ER,
IS, and FDI, play a crucial role in the green development of
different regions, local governments in China should pay more
attention to these aspects and promote sustainable and healthy
regional economic development by optimizing the policy system
and enhancing institutional construction. Third, the data
indicated that the effects of LGIS on GDE differ across
different regions, ie., LGIS has generated superior GDE
outcomes in the economically developed East and Middle
regions of China, but its effect in the economically deprived
West regions is insignificant. The regional distribution pattern of
LGIS level and GDE progress in China’s two economically
developed regions (East and the West) are highly similar,
unlike the East region, which significantly differs from the rest.

The following policy suggestions are put forward based on
the current conclusion. Firstly, local governments are
encouraged to build a green, low-carbon, circular, and
government-led technological innovation economic system
while simultaneously driving green public and private sector
development. They should increase investment in corporate
technology incubation and research and development, create a
market-oriented green technology innovation system and
achieve economic development. At the same time, local
governments should introduce policies, frameworks, and
mechanisms to protect the ecology and improve the
efficiency of green development. All regions should strive to
enhance the competitiveness of green and low-carbon
industries. Secondly, local governments should strengthen
ER, accelerate the establishment of legal systems and policy
orientations for green production and consumption, and
combine formal regulations with informal regulations to
jointly promote the efficiency of green development. In all
regions, provincial and city governments should consistently
pursue reform and innovation support. They should promote
the optimization and upgrading of IS while building a green
and low-carbon modern industrial system to stimulate the
vitality of urban green development. The technological
spillover effect brought by FDI plays a crucial role in green
development. The smart utilization of FDI should focus on
achieving green and sustainable economic development and
strengthening  local enterprises through knowledge,
technology, and skills. Thirdly, regional governments should
implement differentiated green development policies and
green transformation  strategies local
strategic
integration, design and coordinate development plans, and

according to

conditions, strengthen thinking of regional
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fully release the green development potential empowered
by LGIS.

The chief limitation of the article is that the study findings
represent local governments in China, focusing on single-country
and lack comparisons with other regions or countries. Cross-
country comparisons in future studies are encouraged to unwarp
the complexities in the LGIS-GDE nexus. Second, LGIS is a
dynamic and complex process, so its effect (promote or inhibit)
on GDE may involve changes in other factors (e.g., regional GDP,
regional degree of openness in economies or society, per capita
income, and economic policy) not included in this study. Thus,
future researchers can explore these factors in the current model.
Third, the study did not capture the mechanisms or pathways
through which LGIS effect GDE in each region. The article only
explains the linear relationship between some selected factors,
i.e., FAL ER, IS, FDI, and GDE. Future research can use nonlinear
techniques to investigate LGIS-key factors-GDE nexus.
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