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High-tech industries represent a country’s advanced productivity, technological
level and innovation ability, they carry the characteristics of green industries in
terms of resource-saving and being environmentally friendly, and their
agglomeration has a significant impact on the development of green
economy. The marketization process, as an important macroenvironment for
the development of high-tech industries, not only relates to the motivation of
high-tech industry agglomeration but also affects the effectiveness of the
agglomeration effect. It is unclear whether marketization plays a role in the
relationship between high-tech industry agglomeration and green economy
efficiency and whether this role has heterogeneity. Taking China’s provincial
panel data from 2001 to 2020, this paper constructs a panel threshold
econometric model, and examines the threshold effect of the high-tech
industry agglomeration impact on green economic efficiency under different
marketization levels. 1) The high-tech industry agglomeration impact on green
economic efficiency has a double-threshold effect due to the marketization level,
with threshold values of 5.862 and 8.938, and the promotion effect is the highest
in the second threshold range. 2) Under the influence of the government-market
relationship, non-state economic development, market intermediary organization
development and legal environment, the impact of high-tech industry
agglomeration on green economic efficiency has a single-threshold effect,
with threshold values of 7.4950, 12.1960 and 11.6100. After crossing the
threshold values, the impact changes from negative to positive. Factor market
development has a double-threshold effect, with threshold values 10.3100 and
14.9210, and the impact changes from negative to positive and gradually
increases. 3) Among the major industries, the pharmaceutical manufacturing
industry (3.978 and 9.639) and the computer and office equipment
manufacturing industry (3.359 and 9.639) have a double-threshold effect due
to the marketization level, and the medical equipment and instrumentation
manufacturing industry (9.494) has a single-threshold effect. This study is of
great significance for China as it would help optimize the market environment
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and stimulate the green economy effect of high-tech industry agglomeration;
moreover, it would provide a reference for other developing countries and
transition economies.
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effect, industry categories

1 Introduction

China’s economy has experienced more than 40 years of rapid
growth relying on “factor inputs,” creating the “China miracle” as a
historical landmark in world economic growth. However, due to this
rapid growth, ecological deterioration, environmental pollution and
other problems have become issues that cannot be ignored. From the
point of view of China’s major pollutant emissions, industrial solid
waste generation amounted to 487 million tonnes in 1980, exceeded
1 billion tonnes for the first time in 2003, and reached 3.675 billion
tonnes in 2020. In 2020, examining pollutant emissions such as
chemical oxygen demand, ammonia nitrogen, sulfur dioxide, and
nitrogen oxides, chemical oxygen demand and ammonia nitrogen
emissions from wastewater amounted to 25,647,600 tons and
984,000 million tons, respectively, and the emissions of sulfur
dioxide, nitrogen oxides and particulate matter in waste gas were
3,182,200 tons, 11,816,500 tons and 6,135,000 tons, respectively.
According to the 2020 Global Environmental Performance Index
(EPI) Report, China ranked 120th out of 180 countries and regions,
indicating that China’s ecological and environmental conditions are
not optimistic. The Report of the 20th CPC National Congress
emphasizes the need to “accelerate the transition to a model of green
development,” which shows that the development of the green
economy is not only an important means of balancing
environmental protection and economic growth but also an
inevitable choice for the sustainable development of the Chinese
nation.

The term “green economy” first appeared in the British
environmental economist Pierce’s Blueprint for a Green
Economy, meaning a sustainable economy (Pierce, 1996). At
present, the meaning of the green economy is widely recognized
by the United Nations Environment Programme (UNEP): “Green
economy is an economy that enhances human wellbeing and social
equity while reducing environmental risks and ecological scarcities”
(UNEP, 2014). The first issue that must be addressed in the study of
the green economy is the measurement of the green economy, and in
this regard the literature focuses on two perspectives: level and
efficiency. Measurement of the green economy from the level
perspective focuses on the evaluation of the development level of
the green economy, which is relatively inclusive and is usually
measured by constructing a system of indicators that includes the
economic system, the environmental system, and the social system
(Talberth and Bohara, 2006). The efficiency approach to the
measurement of the green economy relies on the perspective of
input and output, seeking to minimize pollution emissions and
maximize economic output under resource and environmental
constraints, and is mainly based on the SBM-DEA model that
includes undesired outputs in the choice of methods (Zhang and
Choi, 2013; Hu et al., 2018a). Based onmeasurement, scholars began

to pay attention to the influencing factors of the green economy,
hence environmental regulation became the focus of discussion, and
the research conclusions basically affirmed the positive role of
environmental regulation in enhancing the efficiency of the green
economy (Brunnermeier and Cohen, 2003; Horbach, 2008; Zhao
et al., 2022). As research deepened, some scholars have found that
the impact of environmental regulation on green economic
efficiency not only depends on the intensity of environmental
regulation but is also closely related to different types of
environmental regulation (Fan and Sun, 2020). Jahanger et al.
(2022) argue that higher natural resource consumption will
generate more carbon dioxide emissions. Although joining the
North American Free Trade Agreement will contribute to
economic prosperity, but it is not conducive to the sustainable
development of member countries’ environment. Chen et al.
(2022) used panel data from the top ten polluting countries from
1990 to 2019 to study and found that natural resource rent and green
technology have a positive impact on ecological efficiency, while
there is a bidirectional causal relationship between financial
development and ecological efficiency. Taking five emerging
economies in the BRICS countries as the object of study, Zhao
and Rasoulinezhad (2023) found that natural resource utilization
efficiency drives green economic growth in the BRICS countries. In
addition, there is literature on industrial agglomeration (Yang et al.,
2022), urbanization (Martínez and Maruotti, 2011), factor inputs
(Rashidi and Saen, 2015), entrepreneurial practices (Gregori and
Holzmann, 2022) and other perspectives.

There is a direct logical correlation between green economic
development, industrial structure and industrial layout. High-tech
industries represent a country’s advanced productivity,
technological level and innovation ability, and thus they carry the
characteristics of green industries in terms of resource-saving and
being environmentally friendly. Their agglomeration will bring a
series of externalities and diffuse them to other industries through
interenterprise competition and co-operation, product sales, and
marketable application of technology, and hence will have an
important impact on regional industrial structure. It also has an
important impact on regional industrial structure, energy use, and
pollution reduction (Tanaka and Managi, 2021; Yang et al., 2022;
Hossain, et al., 2023). In recent years, given the increasing
environmental pollution, the environmental externalities of high-
tech industry agglomeration have received attention from scholars.
Chen (2019) argued that high-tech industry agglomeration can help
promote green technology innovation, which in turn alleviates
environmental problems. Li et al. (2019), based on provincial-
level panel data in China, found that there is a spatial
dependence between the development of high-tech industries and
carbon emissions, and such dependence plays an important role in
the development of a low-carbon economy. Lou et al. (2021) found
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that high-tech industry agglomeration can significantly reduce local
and neighbouring sulfur dioxide emissions. However, green
economic development emphasizes not only pollution reduction
but also economic growth. Hu et al. (2018b) found that the impact of
high-tech industry agglomeration on green economic efficiency is a
“U"-shaped path, and Deng and Ren (2021) found that when high-
tech industry agglomeration reaches a certain level, it can
significantly promote the green transformation of the industry. In
general, the literature basically affirms the positive effect of high-
tech industry agglomeration on the development of the green
economy.

The process of China’s economic system reform is manifested in
deepening the market-oriented reform. The allocation of resources
has changed from the complete exclusion of the market before the
reform and allowing the decisive role of the market in the allocation
of resources to take hold after the reform. The market environment
is increasingly improving, and the level of marketization is
constantly upgrading; moreover, the process of marketization, as
an important macroenvironment for the development of high-tech
industries, not only relates to the motivation of the agglomeration of
high-tech industries but also affects the effectiveness of the
agglomeration effect. Academic discussions on China’s market-
oriented reform have mainly focused on its relationship with
economic growth, basically affirming the economic growth effect
of market-oriented reform (Hsieh and Klenow, 2009; Fan, 2019;
Nguyen and Adomako, 2021); these discussions focused on the
increasingly serious environmental pollution and the United
Nations sustainable development goals, and moving forward
through the market mechanism to improve energy efficiency,
reduce pollution emissions and thus promote green development
(Fan et al., 2007; Guo and Zhang, 2020). However, Yue et al. (2015)
found that marketization is an important moderating variable of
industrial agglomeration affecting green economic efficiency and
that an increase in the level of marketization can significantly
enhance the promotion of industrial agglomeration on green
economic efficiency. Liu and Meng (2020) took high-tech
industries as the research object and found that the innovation
performance of high-tech industry agglomeration in different
regions varies with the level of marketization. Tang et al. (2022)
examined the impact of the Broadband China policy on eco-
efficiency and found that the positive impact of information
infrastructure on eco-efficiency is more pronounced in cities with
higher marketization levels. Rafei et al. (2022) found that the
interaction between economic complexity and natural resources
helps improve environmental quality, but varies in countries with
different levels of institutional quality.

Through the above literature combing, we found that the role or
extent of market mechanisms in the relationship between high-tech
industry agglomeration and green economic efficiency is closely
related to the level of marketization.When the level of marketization
is low, resource allocation mainly relies on the government’s
promotion, but the government’s allocation of resources is
inherently short-sighted. In addition, the high investment, long
cycle, and high-risk nature of high-tech industry development
makes it unpopular with local officials. Moreover, the imperfect
market mechanism makes it difficult for industrial parks to rely on
themselves and form agglomeration economies of scale. With the
continuous improvement of market mechanisms and the

improvement of marketization level, the business environment
has been improved, and the mobility of production factors such
as talent and capital has increased. This not only stimulates
technological innovation and technology spillover effects in high-
tech industries, but also weakens the rent-seeking motivation of
polluting enterprises, strengthens market supervision mechanisms,
which is conducive to the improvement of green economic
efficiency. It can be seen that due to the influence of
marketization level, the impact of high-tech industry
agglomeration on green economic efficiency may have nonlinear
characteristics.

China is currently in a critical period of economic development
and transformation, with significant differences in the degree of
marketization among different regions. However, the existing
studies have not considered the impact of industrial
agglomeration promoted by economic system reform on green
economy, and also overlooked the objective fact that there are
significant differences in the marketization process and high-tech
industry agglomeration level in different regions of China. There is
no analysis of the differential impact of high-tech industry
agglomeration on green economy efficiency from the perspective
of different levels of marketization, nor is there any literature delving
into various aspects of marketization and the four major categories
of high-tech industries to study this issue. We believes that the level
of marketization, as an important external environment for
industrial development, cannot ignore the market environment to
analyze the relationship between high-tech industry agglomeration
and green economic efficiency. This is not in line with the reality of
economic development. It is necessary to distinguish the differences
in the level of marketization among different regions and judge the
different impacts of high-tech industry agglomeration on green
economic efficiency. Therefore, this study incorporates the
marketization process into the analytical framework of the high-
tech industry agglomeration impact on green economic efficiency,
constructs a panel threshold econometric model, explores the
threshold effect of the high-tech industry agglomeration impact
on green economic efficiency under different levels of marketization
in terms of the total marketization index and the aspect index, and
examines the industry differences with respect to this impact based
on the broad categories of high-tech industries.

The contributions of this study is reflected in the following three
aspects: 1) Previous studies mostly analyze the relationship between
industrial agglomeration and environmental pollution or economic
development under the framework of linear model. This paper
introduces the differential variable of marketization level and
constructs a nonlinear panel threshold model to study the
differential impact of high-tech industrial agglomeration on green
economic efficiency under different marketization levels. 2) China’s
market-oriented reforms are rich in content, including the
relationship between the government and the market, the
development of the non-state economy, the degree of product
market development, the degree of factor market development, as
well as market intermediary organizations and the legal system
environment, which are considered the five marketization aspects of
the high-tech industry (Wang et al., 2018). This paper investigates
the threshold effect of high-tech industry agglomeration on green
economic efficiency under different marketization levels from the
five aspects of marketization mentioned above, which compensates
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for the insufficiency of the current literature considerations with
respect to the market environment for industrial development. 3)
Most current studies on high-tech industry are conducted from the
perspective of the overall industry, but China’s high-tech industry
includes a variety of sectors, such as the pharmaceutical
manufacturing industry, the electronic and communication
equipment manufacturing industry, the computer and office
equipment manufacturing industry, and the medical equipment
and instrumentation manufacturing industry. It is not
comprehensive and thorough to study all the high-tech industries
manifested in these sectors without discrimination. This study
analyzes the above four industries separately, which makes up for
the inadequacy of the literature with respect to the study of industry
differences.

2 Theoretical analysis and hypotheses

2.1 Mechanism analysis of high-tech
industry agglomeration on green economic
efficiency

Compared with traditional industries, the production and
operation activities of high-tech industries take R&D and
innovation as the core, and their industrial development depends
on the industrialization of innovation achievements to a certain
extent. According to the development experience of high-tech
industries in developed countries, the capital investment required
for R&D and innovation and the conversion of achievements to
industrial production has shown a significant growing trend,
coupled with the uncertainty of innovation activities, which
validates that the high-tech industries are characterized by high
investment, high risk, long cycle, high knowledge density and capital
density. It is precisely due to the existence of these special
characteristics of the high-tech industries that their economic
activities have higher requirements for agglomeration, and their
scale effect and the technology spillover effect are the most typical

effects of the agglomeration of such industries (Henderson, 2001),
hence, these effects have an important impact on green economic
efficiency.

Drawing on the study of Sueyoshi and Goto (2012) on
production and environmental regulation, this paper expresses
the possibility frontier of production as g � f(b), with b
representing undesired output and g representing desired output,
satisfying the following basic assumptions: i) 0 � f(0), that is, when
b� 0, g� 0, under the constraints of resources and environment,
desired output will inevitably lead to undesired output; ii)
g’ � f’ (b)≤ 0, desired output increases with the increase of
undesired output; iii) g” � f” (b)≤ 0 , following the law of
diminishing marginal output, at the expense of resources and
environment, relying on the increase of factor inputs to bring
about a sustained increase in desired output is not sustainable.

As shown in Figure 1, the main coordinate (O) indicates the
desired output and undesired output of green economic efficiency,
the sub-coordinate (Q) indicates the scale effect and technology
spillover effect of high-tech industry agglomeration, and g0 � f0(b),
g1 � f1(b), and g2 � f2(b) indicate the green economic efficiency
under the low, medium, and high levels, respectively. It is assumed
that the green economic efficiency in the initial period is low, located
at point M(g0, b0) on g0 � f0(b), with the continuous
agglomeration of high-tech industries in the region producing a
scale effect and technology spillover effect. On the one hand, under
the action of the scale effect, the production efficiency, pollution
control efficiency and public resource use efficiency in the region
continue to improve the enhancement of the desired output and at
the same time reduce the undesired output, so that the regional
green economic efficiency is increased to point S(g2, b2) on
g1 � f1(b). On the other hand, under the action of the
technology spillover effect, the technological level in the
agglomeration area is continuously improved, and technological
innovation not only improves production efficiency and reduces
energy consumption per unit output but also helps reduce pollution
emissions and improve environmental governance efficiency, thus
improving the regional green economic efficiency to point R(g3, b3)
on g1 � f1(b). Then, under the joint action of the scale effect and
technology spillover effect, according to the principle of vector
addition, green economic efficiency will be enhanced to point
N(g4, b4) on g2 � f2(b). It can be seen that green economic
efficiency is raised from the low level of point M to the high
level of point N under the effect of high-tech industry
agglomeration. In summary, research Hypothesis 1 is as follows:

H1: High-tech industry agglomeration can significantly improve
regional green economic efficiency.

2.2 Mechanism analysis under the influence
of marketization

China’s market-oriented reform has been gradually promoted
along with the general reform and opening up, and the role of the
market in resource allocation has gradually changed from
“auxiliary” to “main” and from “basic” to “decisive”. Further
deepening the reform of the market system and upgrading the
level of marketization will lead to the basic economic system that

FIGURE 1
Mechanism through which high-tech industry agglomeration
influences green economic efficiency.
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China adheres to in the long term. The market environment plays an
important role in the free flow of factors, fair trading, price
mechanisms, supply and demand relationships and even
institutional improvement. The process of marketization, as an
important macroenvironment for the development of high-tech
industries, plays an important role in the relationship between
high-tech industry agglomeration and green economic efficiency.
However, high-tech industries with high technological content are a
double-edged sword.

On the one hand, the high-tech industrial agglomeration is not
conducive to the improvement of green economic efficiency when
the degree of marketization is low. The essence of marketization is to
establish and improve a market-oriented economic system,
determine factor prices through market mechanisms, and match
corresponding property rights systems and economic regulations.
Marketization provides inputs such as land, capital, labor for
economic development. When the level of marketization is low,
the above-mentioned production factors cannot freely flow and
cannot be allocated according to market demand, while hindering
the effective utilization of foreign investment and knowledge
spillover effects, making it impossible for industries in the region
to form economies of scale and promote technology spillovers (Xia,
et al., 2016; Chuntian, et al., 2018), inhibiting the improvement of
regional green economic efficiency.

From the perspective of scale effect, first, the industrial
agglomeration theory of neoclassical economics points out that
industrial agglomeration is formed spontaneously by enterprises
in pursuit of economies of scale under the regulation of
marketization, and market conditions are the driving force to
promote industrial agglomeration (Henderson, 2003). According
to the theory of institutional economics, imperfect market
mechanisms can easily lead to weak awareness of property rights,
opaque institutional environment, and corruption issues, which
affect market transaction costs, chang production decisions and
technological innovation of enterprises. Enterprises in the
agglomeration area are only “enterprise clusters” formed under
the attraction of favorable government policies, and cannot
produce economies of scale (Atuahene-Gima and Li, 2002).
Second, the lower level of marketization enhances the
government’s allocation of resources, while the local
government’s performance appraisal and the more mobile
mechanism of appointing and promoting officials lead local
officials to pay more attention to the traditional industries that
can bring political achievements during their tenure and compress
support for high-tech industries, which is not conducive to the
formation of the scale effect in industrial clusters in the shortest
possible period (Yue, et al., 2015; Chuntian, et al., 2018). Third, in
the factor market, excessive intervention by the government makes
factor prices unable to truly reflect the supply and demand
relationship, leading to distorted factor prices and increasing
production costs for enterprises. This phenomenon restricts the
improvement of industrial agglomeration in green economic
efficiency.

From the perspective of technology spillover effects, first, high-
tech industry agglomeration is manifested in the agglomeration of
advanced technology and high-tech talent. Regions with low levels of
marketization often have strong government intervention. In order
to protect local enterprises, the government creates artificial barriers

to formmonopolies, which is not conducive to the flow of talent and
technology diffusion. In contrast, agglomeration accelerates the
formation of intraregional monopoly power and greatly weakens
the driving force of technological innovation in enterprises;
however, the improvement of the technological level can
significantly reduce the amount of enterprise emissions, and the
inefficiency of pollution emission reduction is a key factor leading to
green economic inefficiency (Yang and Wen, 2017). Second, the
lower level of marketization will also relaxes the government’s
constraints on environmental regulation of enterprises,
strengthens local protectionism, enhances the rent-seeking
incentives of polluting firms, and relaxes corporate pollution
abatement constraints and environmental responsibility, causing
enterprises in the agglomeration area to continue to produce low
value-added goods at low costs, making it difficult to form the
technological progress effect of industrial agglomeration, thereby
hindering the improvement of green economic efficiency, and
industrial agglomeration will continuously amplify this negative
impact effect (Rashidi and Saen, 2015; Yang et al., 2022).

On the other hand, the optimized market mechanism creates
a favorable production and operation environment for
enterprises, reduces transaction costs, and fully unleashes the
scale effect and technological progress effect of industrial
agglomeration, promoting the improvement of green economic
efficiency. First, in terms of scale effect, With the gradual
deepening of market-oriented reform and the improvement of
marketization level, market information becomes more
transparent. For example, market prices can better reflect the
supply and demand relationship of products, enabling enterprises
to comprehensively grasp market demand, which is beneficial for
enterprises to adjust production scale timely, and stimulate the
scale effect within the agglomeration area (Tanaka and Managi,
2021). Additionally, the improvement of marketization level is
conducive to cross regional competition and cooperation, which
will promote active agglomeration of industries and the
specialized production combined with their own comparative
advantages, so as to improve production efficiency, reduce
transaction costs, and form economies of scale (Chen et al.,
2022; Meysam et al., 2022).

Second, in terms of technology spillover effects, a higher level of
marketization represents a reduction in government intervention
and an improvement in the business environment, which can
weaken the rent-seeking incentive of polluting firms, and the
marketization of capital prices can improve enterprise financing
and promote the accumulation of R&D capital, which can generate a
technological innovation effect and promote technological progress
(Xie and Fang, 2011). The increase in the level of marketization
greatly enhances the level of openness between industries, enhances
the mobility of factors of production and is conducive to the better
exertion of technological spillover effects. Furthermore, high-tech
industries have higher labour productivity, bringing higher factor
compensation. In terms of the role of the market mechanism,
technology, capital, talent and other high-quality factors of
production follow the price mechanism and are bound to flow to
high-tech industries and the cleaner production sector, which is
conducive to technology spillover and promotes technological
progress throughout society (Delgado and Castro, 2016). It can
be observed that a strong market environment and a sound market
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mechanism play a positive role in the relationship between high-tech
industry agglomeration and green economic efficiency.

Through the above analysis, marketization as the macro
environment of industrial development will affect the high-tech
industry agglomeration effect on green economic efficiency.
Accordingly, this paper proposes the following research hypotheses:

H2: The effect of high-tech industry agglomeration on green
economic efficiency is heterogeneous and it depends on the level
of marketization.

H2a: High-tech industry agglomeration is not conducive to the
improvement of green economic efficiency when the marketization
level is low.

H2b: The positive effect of high-tech industry agglomeration on
green economic efficiency can be effectively stimulated only when
the market environment is sound and marketization is raised to a
certain level.

3 Data, variables and methods

3.1 Data and descriptive statistics

The sample interval of this paper is from 2001 to 2020, and the
research object is 30 provinces (autonomous regions and
municipalities directly under the central government, excluding
Tibet due to missing data) in mainland China. Except for the

data related to the level of marketization from the Report on the
Marketization Index of China’s Provinces, other original data are
derived from the China Statistical Yearbook on High Technology
Industry, China Statistical Yearbook on Environment, China
Economic Census Yearbook, China Statistical Yearbook on
Science and Technology, China Statistical Yearbook, Statistical
Yearbook of the Chinese Investment in Fixed Assets and the
statistical yearbooks of provinces (autonomous regions and
municipalities). Some of the missing data are added from the
China Economic and Social Big Data Research Platform. The
detailed selection, definition and statistical characteristics of the
variables are shown in Table 1. The study sample includes
600 observations. The mean value of green economic efficiency is
0.4667, the maximum value is 1.9276, and the minimum value is
0.2008. The mean value of high-tech industry agglomeration is
0.9151, the maximum value is 5.2212, and the minimum value is
0.9151. The mean value of the total marketization index is 7.1180,
the maximum value is 11.9340, and the minimum value is 2.2430.
There are large variances among other variables, which provide
sufficient information for our study.

3.2 Variables

3.2.1 Dependent variable
Green economic efficiency (gee): This paper draws on Tone

(2003) to measure the green economic efficiency of Chinese regions
using a non-radial, non-angle global superefficiency SBM-DEA
model that includes undesired outputs. Suppose there are N

TABLE 1 Descriptive statistics of variables.

Variable name Variable definition Obs Mean S.D Min Max

gee Green economic efficiency 600 0.4667 0.2648 0.2008 1.9276

wag Overall high-tech industry agglomeration level 600 0.9151 1.1097 0.0247 5.2212

paag Pharmaceutical manufacturing industry agglomeration level 600 1.1097 0.7790 0.0705 5.1972

ecag Electronics and communications equipment manufacturing industry agglomeration level 600 0.8412 1.3552 0.0008 6.8619

coag Computer and office equipment manufacturing industry agglomeration level 600 0.8457 1.6149 0.0003 8.3860

miag Medical equipment and instrumentation manufacturing industry agglomeration level 600 1.0133 1.3098 0.0017 7.5724

mar Total marketization index 600 7.1180 2.0325 2.2430 11.9340

gmar Government and markets 600 7.1359 1.7612 0.8410 12.1520

smar Nonstate economic development 600 8.3391 2.8189 0.6810 12.7460

pmar Product market development 600 7.6613 1.9990 −0.2470 10.6090

fmar Factor market development 600 7.1742 3.3262 0.8010 16.713-

lmar Market intermediary organization development and legal environment 600 5.8320 3.4850 −0.2200 15.1890

fdi Foreign direct investment 600 0.1062 0.1252 0.0005 0.9148

hcl Human capital 600 8.6049 1.0995 5.5684 12.6811

urb urbanization rate 600 52.6095 15.0674 23.9599 89.6000

str Industrial structure 600 0.0499 0.5813 0.4944 5.2968

enr Environmental regulation 600 10.4802 1.0235 6.7637 12.5313
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decision units, M input factors, Q desired outputs and I undesired
outputs belonging to the vector set X � [x1,/,xn] ∈ RM×n,
Yg � [yg

1 ,/,yg
n ] ∈ RQ×n, and Yb � [yb

1,/,yb
n] ∈ RI×n, satisfying

x ∈ RM, yg ∈ RQ, yb ∈ RI. Then, a production possibility set is
obtained as:

p x, yg, yb( ) � x, yg, yb( ): ∑N
n�1

znxn ≤x,∑N
n�1

zny
g
n ≥y

g,∑N
n�1

zny
b
n ≤yb

⎧⎨⎩ ⎫⎬⎭
(1)

where zn is the intensity variable linking input vectors and
output vectors to form a convex set, zn ≥ 0, n� 1, 2, 3,/,N.
Then, the linear programming of the SBM-DEA model can be
expressed as:

min ρ �
1
M

∑M
m�1

Sxm
xt
n × m

1
Q + I

∑Q
q�1

Sy
g

q

yg
n × q( )t +∑I

i�1

Sy
b

i

yb
n × i( )t

⎡⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎦

s.t.xt
n × m ≥ ∑N

n�1,n≠ 0

Znxt
n × m,m� 1,/,M yg

n × q( )t ≤ ∑N
n�1,n≠ 0

Zn yg
n × q( )t, q� 1,/,Q

yb
n × i( )t ≥ ∑N

n�1,n≠ 0

Zn yb
n × i( )t, i� 1,/,I Sxm ≥ 0, Sy

g

q ≥ 0, Sy
b

i ≥ 0 ∑N
n�1.n≠ 0

Zn� 1

(2)

where xt
n × m is the input variable in period t, (yg

n × q)t is the desired
output variable in period t, (yb

n × q)t is the undesired output variable
in period t, Sxm, S

yg

q , and Sy
b

i are the slack variables for inputs, desired
outputs, and undesired outputs, respectively, and ρ is the measured
efficiency value, ρ> 0, with a larger ρ indicating a higher value of
efficiency.

Based on the above measurement method, it is necessary to
set the input variables, desired output and undesired output
variables for measuring green economic efficiency. This paper
draws on the methodology of Zhang et al. (2014) to measure
factor inputs in terms of capital, labour and resources (Zhou
et al., 2018) and measures desired outputs in terms of both
economic and environmental benefits, while the three industrial
wastes are the undesired outputs, which are used to examine the

negative impacts on the environment. The specific indices are
defined in Table 2.

3.2.2 Independent variables
High-tech industry agglomeration (agg): Location entropy can

eliminate regional scale differences and reflect the dominant
industry and agglomeration level in a more realistic way. In
addition, its calculation is simple and intuitive, and the required
data are easy to obtain, so it is the most widely used industrial
agglomeration measurement method in the academic world (Dong
et al., 2019; Wu and Lin, 2021). This paper adopts this method to
measure the level of high-tech industry agglomeration in each
province, including the overall high-tech industry agglomeration
level (wag), pharmaceutical manufacturing industry agglomeration
level (paag), electronics and communications equipment
manufacturing industry agglomeration level (ecag), computer
and office equipment manufacturing industry agglomeration level
(coag), and medical equipment and instrumentation manufacturing
industry agglomeration level (miag). The specific calculation
formula is as follows:

aggt
ij �

etij/∑n
i�1
etij

∑n
j�1
etij/∑n

i�1
∑n
j�1
etij

(3)

where i represents the region, j represents the industry, t represents
the period, aggt

ij represents the location entropy index of industry j
in region i in period t, that is, the industrial agglomeration level, and
etij represents the number of employees of industry j in region i in
period t. The larger the aggt

ij value is, the higher the level of
industrial agglomeration.

3.2.3 Threshold variables
Marketization level (market): China’s market-oriented reform

involves a full range of social, economic and legal changes in the
process of economic system transformation, and with the deepening
of the marketization system, the measurement of marketization has
become a focus of academic attention. Some scholars use a single
level of marketization or a single index for substitution, such as the

TABLE 2 Green economic efficiency input‒output variables.

Property of variable Variable element Variable measurement Unit

Input variable Capital Total investment in fixed assets Hundred million CNY

Labour Number of employees in society Ten thousand

Resources Urban construction land area Square kilometre

Annual urban water supply Ten thousand cubic metres

Annual electricity consumption One hundred million kWh

Desired outputs Economic benefit Gross regional product Hundred million CNY

Environmental benefit Area of regional garden green space Hectare

Undesired outputs Environmental pollution Industrial wastewater discharge Ten thousand tons

Industrial sulfur dioxide emissions Ten thousand tons

General solid waste generation Ten thousand tons
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proportion of non-state industrial gross output value to all regional
industrial gross output value (Sun et al., 2014) or the proportion of
sales revenue of non-state enterprises divided by the nature of
ownership to the total sales revenue of all enterprises in the
industry (Zhang et al., 2017). Although a single index reflects the
marketization level to a certain extent, it cannot reflect the market
environment in a comprehensive way. The China Marketization
Index Group has deeply explored the internal mechanism and
influencing factors of the marketization process and
comprehensively measured the total marketization index (mar)
and its various aspects in each province from five aspects:
government-market relationship (gmar), nonstate economic
development (smar), product market development (pmar), factor
market development (fmar), market intermediary organization
development and legal environment (lmar). This paper uses the
marketization and its five-aspect process indices measured by Wang
et al. (2021) for analysis.

3.2.4 Control variables
Considering other factors affecting green economic efficiency and

drawing on existing research results (Horbach, 2008; Tanaka and
Managi, 2021; Zhao and Rasoulinezhad, 2023), the control variables
mainly include: 1) foreign direct investment (fdi): foreign direct
investment not only directly affects capital stock but also relates to
the inflow of advanced technology from abroad; taking into account the
differences in the size of the population in each region, this paper adopts
the per capita amount of actual use of foreign investment for
measurement; 2) human capital (hcl): human capital is an important
power source to promote the transformation of the economic
development mode, and the enhancement of human capital has a
crowding-out effect on polluting technologies while increasing labour
productivity, which is measured in this paper by using the average years
of education of the population over 6 years old; 3) urbanization rate
(urb): industrial agglomeration is an important force to promote the
urbanization process, and urbanization provides sufficient labour force
for economic growth, but at the same time, it generates a series of
ecological and environmental problems; this paper uses the proportion
of the resident population of cities and towns to measure the
urbanization rate; 4) industrial structure (str): industrial pollution is
amajor source of environmental pollution, and the service industry is an
environmentally friendly industry; as China has basically formed the
characteristics of service-led industrial structure, this paper uses the ratio
of tertiary sector output to secondary sector output for measurement; 5)
environmental regulation (enr): current studies have measured
environmental regulation mainly by using investment in pollution
control or sewage fee revenue (Galinato and Chouinard, 2018). Since
the data on environmental pollution control investment in each region
are published only until 2017, given the comprehensiveness of these data,
this paper uses sewage fee revenue tomeasure environmental regulation.

3.3 Econometric model

To reveal whether there is a threshold feature for the green
economy effect of high-tech industry agglomeration as affected by
the marketization process, this paper constructs the following
dynamic test model based on the nonlinear dynamic perspective,

drawing on the threshold regression model proposed by Hansen
(1999):

geeit � β0 + β1agg
R
it × I marketSit ≤ γ( ) + β2agg

R
it × I marketSit > γ( ) + μi + ]t + εit

R ∈ wagit, paagit, ecagit, coagit, miagit{ }
S ∈ marit, gmarit, smarit, pmarit, fmarit, lmarit{ }

(4)

where geeit represents green economic efficiency and aggit represents
the agglomeration level of high-tech industries, which are a set of core
explanatory variables. The setR includes the overall agglomeration level
of high-tech industries (wagit) and the agglomeration level of broad
categories of industries, that is, the pharmaceutical manufacturing
industry agglomeration level (paagit), electronics and
communications equipment manufacturing industry agglomeration
level (ecagit), computer and office equipment manufacturing
industry agglomeration level (coagit), and medical equipment and
instrumentation manufacturing industry agglomeration level (miagit).
marketSit represents the marketization level, which is the threshold
variable of this paper, including the total marketization index (marit)
and five aspects of the index, that is, government-market relationship
(gmarit), nonstate economic development (smarit), product market
development (pmarit), factor market development (fmarit), market
intermediary organization development and legal environment
(lmarit). β is the estimated coefficient, γ is the threshold value of
the marketization level, I is the indicative function, which takes the
value of 1 when the conditions in parentheses are met and 0 otherwise,
ui is the regional individual effect, ]t is the time individual effect, and εit
is the random perturbation term.

To calculate the specific threshold, Eq. 4 is superimposed and
standardized as:

geeit � β0 + β1aggit × I γ( ) + εit (5)
Taking the mean within the group and stacking all observations,

we obtain:

gee* � agg* × I γ( )β + εit
* (6)

For the given threshold, the least squares estimation of Eq. 6 is
performed:

β̂ γ( ) � agg*I γ( )′ × agg*I γ( )−1[ ]agg*I γ( )′ × gee* (7)

Calculate the residual sum of squares:

S γ( ) � ê* γ( )′ê* γ( )′ (8)
where the residual sum of squares S(γ) is minimized to obtain the
threshold estimate γ, that is, γ̂ � argγ min S(γ). After the threshold
value is determined, the significance test of the threshold effect and
the test of whether the threshold is equal to the true value should be
carried out.

The significance test for the threshold effect sets the original
hypothesis H0: β1 � β2, corresponding alternative hypothesis
H0: β1 ≠ β2, and the constructed test statistic is
F � S0 − S(γ*)/σ2*, where S0 is the residual sum of squares
obtained under the original hypothesis. Since γ is uncertain
under the original hypothesis, the distribution of the F-statistic is
nonstandardized, and Hansen suggests using Bootstrap to model its
asymptotic distribution and then construct the p-value.
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The original hypothesis for testing whether the threshold is
equal to the true value is H0: γ̂ � γ, and the corresponding
likelihood ratio test statistic is LR(γ) � S(γ) − S(γ*)/σ2*. The
distribution of this statistic is also nonstandardized, but Hansen
provides confidence intervals for the threshold estimates.

The above analysis is a single-threshold scenario. However, in
reality, there may be double-threshold or multithreshold scenarios
in the role of marketization in terms of the influence of high-tech
industry agglomeration on green economic efficiency, and it is
necessary to incorporate the necessary control variables.
Therefore, the basic model is expanded as follows:

geeit � β0 + β1agg
R
it × I marketSit ≤ γ1( ) + β2agg

R
it × I marketSit > γ1( )+/

+ βnaggR
it × I marketSit ≤ γn( ) + βn+1agg

R
it × I marketSit > γn( )

+ βj ∑Controlit + μi + ]t + εit (9)

In the above equation, Controlit represents a set of control
variables, including foreign direct investment (fdiit), human capital
(hclit), urbanization rate (urbit), industrial structure (strit) and
environmental regulation (enrit). The rest of the variables are the
same as before.

4 Empirical analysis

4.1 Stationarity and cointegration test

The panel threshold regression model requires the variables to
be stationary series, and non-stationary variables may lead to
pseudoregression problems. Therefore, this paper adopts the
ADF-Fisher method to carry out the unit root test on the core
variables. The original hypothesis is that there is a unit root; that is,
the variables are non-stationary series. The results are shown in
Table 3, and it can be seen that the p-values of all variables are
significantly less than 1%, which strongly rejects the original
hypothesis and indicates that all variables are stationary series.
Furthermore, this paper adopts the Pedroni and Kao-ADF
cointegration test methods to construct statistics based on

regression residuals to test whether there is a long-run
equilibrium relationship between the core variables of high-tech
industry agglomeration, marketization and green economic
efficiency. The original hypotheses of both methods are that
there is no cointegration relationship between the variables, and
the test results are shown in Table 4. It can be seen that in the
residual-based Pedroni cointegration test, only the Panel PP and
Group Roh statistics fail to pass the significance level test, the rest of
the statistics satisfy the significance level of 1%, and the residual-
based Kao-ADF cointegration test is also significant at the level of
1%, which rejects the original hypothesis and considers that there is
a cointegration relationship between the variables. Based on the
majority principle for decision-making, there is a long-run stable
equilibrium relationship between the core variables, and the
regression of the panel threshold model can be carried out.

4.2 The impact of marketization total index

4.2.1 Threshold effect test and threshold
estimation

Hansen’s bootstrap method is used to test the threshold effect,
and the bootstrap-value is obtained by overlapping the simulated
likelihood ratio test statistic 500 times, which is used to judge the
existence of the threshold effect of marketization. The results are
shown in Table 5, the double-threshold effect is significant at the 1%
level, indicating that the impact of high-tech industry agglomeration
on green economic efficiency has a double-threshold effect under the
condition of marketization as the threshold variable. After the
threshold effect test is passed, the specific thresholds need to be
estimated. Table 5 reports the thresholds and their corresponding
95% confidence intervals, and the two thresholds of marketization
are 5.8620 and 8.9380, which are within the confidence intervals of
[5.7320, 5.9130] and [8.5975, 8.9470], respectively. As seen from
Figure 2 of the likelihood ratio function, the likelihood ratio is
0 when the first threshold value (left figure) and the second threshold
value (right figure) reach 5.8620 and 8.9380, respectively, indicating
that the likelihood ratio value accepts the original hypothesis at the
1% significance level, and it can be assumed that the threshold
estimates are equal to the true value.

4.2.2 Panel threshold model regression
Table 6 reports the results of the stepwise regression based on

the double-threshold panel model. It is not difficult to see that the
impact of high-tech industry agglomeration on green economic
efficiency has significant nonlinear characteristics due to the
difference in marketization levels. From the results in column
(7), when the marketization level is lower than 5.8620, the
estimated coefficient of high-tech industry agglomeration is
significantly negative, indicating that high-tech industry
agglomeration has an inhibitory effect on green economic
efficiency when the marketization level is low. When the
marketization level increases to a level between 5.8620 and
8.9380, the estimated coefficient of high-tech industry
agglomeration turns positive and passes the 1% significance level
test, indicating that high-tech industry agglomeration can
significantly promote green economic efficiency in the second
threshold range. When the market environment continues to

TABLE 3 Panel unit root test.

Variable Statistic p-value Stationarity

gee 112.4218 0.0000 Stationary

wag 221.2907 0.0000 Stationary

paag 175.1386 0.0000 Stationary

ecag 169.9409 0.0000 Stationary

coag 257.3838 0.0000 Stationary

miag 305.6089 0.0000 Stationary

mar 185.6118 0.0000 Stationary

gmar 173.3955 0.0000 Stationary

smar 239.8415 0.0000 Stationary

pmar 119.2593 0.0000 Stationary

fmar 81.6027 0.0030 Stationary

lmar 123.3961 0.0000 Stationary

Frontiers in Environmental Science frontiersin.org09

Zhang et al. 10.3389/fenvs.2023.1326393

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1326393


improve and the marketization level exceeds 8.9380, the estimated
coefficient of high-tech industry agglomeration is still positive and
passes the significance level test of 1%, but its strength effect
decreases from 0.412 in the second threshold range to 0.026.
This result validates the previous research hypothesis.

4.2.3 Robustness check and endogenous test
4.2.3.1 Robustness check

The results in the previous have verified the research hypothesis,
but this result may be biased by sample selection and variable

measurement. To ensure the reliability of the research
conclusions, this study adopts the following two methods for
robustness test: one is to replace variables, adopt the green GDP
(GGDP = traditional GDP−resource consumption
cost−environmental loss cost) to measure the green economic
efficiency to conduct the robustness test I; the second is to delete
special samples, due to policy bias, municipalities directly under the
central government have advantages in resource allocation and
factor agglomeration that other cities cannot match, and these
factors may have an impact on the estimated results. Therefore,

TABLE 4 Panel cointegration test.

Pedroni cointegration test based on residuals Kao-ADF cointegration test based on
residuals

Homogeneity alternative test Heterogeneity alternative test

Panel V Panel
Roh

Panel PP Panel ADF Group
Roh

Group PP Group
ADF

5.2716*** 2.8299*** 0.4921 −5.2777*** 1.2530 4.9816*** −5.4709*** −3.8621***

[0.0000] [0.0041] [0.3301] [0.0000] [0.1016] [0.0000] [0.0000] [0.0000]

Note: *, **, and *** indicate 10%, 5%, and 1% significance levels, respectively; values in square brackets [] are probability p-values, as below.

TABLE 5 Threshold effect test and threshold estimation.

Model Hypothesis Estimated value Critical value Threshold
value

95% confidence
interval

F-value p-value Number
of BS

10% 5% 1%

Benchmarkmodel Single threshold 14.46 0.3280 500 25.4411 32.9124 42.6813 5.8620 [5.7320, 5.9130]

Double
threshold

55.00*** 0.0000 500 16.6899 21.9219 35.5748 8.9380 [8.5975, 8.9470]

Triple threshold 13.40 0.1080 500 13.8730 21.0762 44.8676 — —

Note: *, **, and *** indicate 10%, 5%, and 1% significance levels, respectively.

FIGURE 2
Threshold effect detection results.
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TABLE 6 Threshold effect regression results.

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

wag*I (mar≤γ1) −0.057*** −0.0370*** −0.019 −0.017 −0.018 −0.032* −0.009

(−3.10) (−2.02) (−1.08) (−0.97) (−1.03) (−1.71) (−0.41)

wag*I (γ1 <mar< γ2) 0.395*** 0.439*** 0.401*** 0.387*** 0.394*** 0.392*** 0.412***

(4.57) (5.16) (4.84) (4.69) (4.75) (4.76) (4.98)

wag*I (mar≥γ2) 0.004 0.013 0.023** 0.022** 0.021*** 0.003** 0.026***

(0.16) (0.55) (1.97) (1.96) (2.91) (2.13) (2.94)

fdi 0.509*** 0.497*** 0.430*** 0.457*** 0.405*** 0.341***

(5.07) (5.11) (4.30) (4.36) (3.82) (3.12)

str −0.750*** −0.702*** −0.686*** −0.556*** −0.584***

(−5.95) (−5.54) (−5.37) (−4.09) (0.00)

hcl 0.025*** 0.028*** 0.013 0.014

(2.65) (2.77) (1.15) (1.19)

enr −0.012* −0.036** −0.028*

(−1.66) (−2.13) (−1.67)

urb 0.004*** 0.005***

(2.71) (3.36)

tran 1.003**

(2.19)

_cons 0.413*** 0.343*** 0.666*** 0.437*** 0.527 0.663 0.649***

(21.77) (14.84) (11.34) (4.20) (3.58) (4.28) (4.20)

Adj R2 0.5214 0.5596 0.5092 0.5189 0.5199 0.5300 0.4531

N 600 600 600 600 600 600 600

Note: *, **, and *** indicate 10%, 5%, and 1% significance levels, respectively.

TABLE 7 Threshold effect test and threshold estimation: Robustness check and endogenous test.

Model Hypothesis Estimated value Critical value Threshold
value

95% confidence
interval

F-value p-
value

Number
of BS

10% 5% 1%

Robustness test I Single threshold 199.43*** 0.0000 500 102.1771 114.8692 132.3845 5.6940 [5.5885, 5.7140]

Double
threshold

77.89*** 0.0020 500 57.0347 61.7640 74.7880 9.5580 [9.2420, 9.6560]

Triple threshold 24.62 0.9980 500 123.9629 135.2052 154.6271 — —

Robustness test II Single threshold 15.84 0.2700 500 26.0558 34.1931 50.0808 5.5390 [5.3840, 5.5520]

Double
threshold

37.52*** 0.0060 500 27.4565 35.1809 48.0054 9.5390 [9.3895, 9.5520]

Triple threshold 16.32 0.7930 500 79.1421 91.6720 111.4621 — —

Endogenous test
(L.wag)

Single threshold 14.07 0.3180 500 24.9894 30.0292 46.0732 5.5690 [5.3915, 5.5750]

Double
threshold

43.48** 0.0280 500 27.6522 35.6198 48.3609 8.8130 [8.3590, 8.8600]

Triple threshold 12.71 0.6660 500 52.0563 65.1112 99.3217 — —

Note: *, **, and *** indicate 10%, 5%, and 1% significance levels, respectively.
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the samples of Beijing, Tianjin, Shanghai and Chongqing
municipalities were deleted for re-inspection. The threshold effect
test and threshold estimation results are shown in Table 7, the
single-threshold and double-threshold effects of robustness test I are
significant at the 1% level, and robustness test II also passes the test
of the double-threshold effect at 1%, and the threshold estimates of
robustness test I and robustness test II are comparable to the
benchmark model, indicating that the benchmark model test
results are reliable. The regression results of the threshold model
are shown in columns (1) and (2) of Table 8, the sign of the
estimated coefficients in the robustness test results of both

methods remains consistent with the benchmark model, with
only minor changes in the significance level, indicating that the
main findings of this paper are robust.

4.2.3.2 Endogenous test
The potential endogeneity issues in this study may come from

two aspects: missing variables and bidirectional causal relationships.
In view of the possible endogeneity caused by missing variables, on
the one hand, we adopt stepwise regression method in the
benchmark regression to test whether the addition of control
variables will affect the research conclusions. From Table 6, with

TABLE 8 Robustness and endogeneity test results.

Variable Robustness test I Robustness test II Endogenous test (linear
model based on
instrumental variable)

Endogenous test (L.wag)

IV_2SLS IV_GMM

(1) (2) (3) (4) (5)

wag*I (mar ≤ γ1) −2.084*** −0.614*** −0.047**

(−16.41) (−3.21) (−2.55)

wag*I (γ1 <mar < γ2) 0.282*** 0.126*** 0.086***

(4.39) (3.78) (2.74)

wag*I (mar ≥ γ2) 0.106** 0.025 0.021

(2.37) (0.70) (0.89)

wag 0.094** 0.094**

(2.25) (2.26)

fdi 0.937*** 0.360*** 0.324*** 0.324*** 0.230**

(6.50) (2.15) (3.75) (3.81) (2.20)

str −0.084 −0.298** −0.329** −0.329** −0.491***

(−0.46) (−1.95) (−2.24) (−2.30) (-3.64)

hcl 0.043*** 0.005 0.037 0.037 0.019*

(2.76) (0.36) (0.09) (0.10) (1.74)

enr −0.155*** −0.069*** −0.078 −0.078 −0.011

(−6.86) (−3.39) (−0.57) −(0.61) (−0.65)

urb 0.072*** 0.008*** 0.070*** 0.070*** 0.005***

(35.46) (4.47) (5.76) (6.34) (3.23)

tran 1.480** −0.876 0.813** 0.813** 0.817*

(2.35) (-1.09) (2.10) (2.30) (1.73)

_cons 4.010*** 0.877*** 0.440*** 0.440*** 0.367**

(18.10) (4.83) (3.52) (3.57) (2.32)

Adj R2 0.7645 0.5326 0.6764

Unrecognizable inspection 30.368 [0.0000] 33.607 [0.0000]

Weak instrumental variable test 21.598 {16.38} 21.598 {16.38}

N 600 520 600 600 570

Note: *, **, and *** indicate 10%, 5%, and 1% significance levels, respectively.
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the addition of control variables, the core research conclusions
remain robust. On the other hand, to alleviate the endogeneity
problem caused by the potential multicollinearity between the
explanatory variable and the control variables, we measured the
variance inflation factor of the model, VIF = 2.61, indicating that
there is no multicollinearity effect, which controls the endogeneity
problem to some extent. In addition, drawing on the method of
Chen and Feng (2023), we examine the endogeneity of the linear
impact of high-tech industry agglomeration. From the perspective of
natural geography, we choose terrain undulation as the instrumental
variable and adopted the methods of IV _ 2 SLS and IV _ GMM for
instrumental variable regression, the results are shown in columns
(3) and (4) of Table 8. The regression coefficient of high-tech
industry agglomeration is significantly positive at the 5% level,
indicating that the linear model alleviates endogeneity issues to
some extent.

Due to the lack of alternative methods for endogeneity testing in
nonlinear models, we refer to the experience of Dong and Han
(2016) and estimate the lagged value of high-tech industry
agglomeration (L.wag) as a substitute indicator. The results are
shown in column (5) of Table 8, it shows significant negative effects
in the first threshold range and significant positive effects in the
second threshold range and the third threshold range, and the
influence of the second threshold range is much stronger than
that of the third threshold range. After dealing with the
endogeneity problem through the above methods, the
conclusions of this study are consistent with the benchmark
regression results.

4.2.4 Regional division
Based on the threshold value in the previous section, the sample

is divided into low-marketization level regions, medium-
marketization level regions and high-marketization level regions.
Given that the mean value of the marketization level from 2001 to
2020 only reflects the overall distribution characteristics during the
study period and cannot reflect the current development status of
each province, this paper reports the sample distribution based on
the mean value and the current 2020 value, as shown in Table 9.
From the overall distribution of the mean value calculation, the
marketization level of most provinces in China during the study
period is located in the second threshold range, where the high-tech
industry agglomeration has the strongest promoting effect on green
economic efficiency, the low-marketization level regions are
dominated by Yunnan-Guizhou and Northwest China in large
numbers, and the high-marketization level regions are all in the

eastern provinces. Compared with the distribution of the sample in
2020, China’s marketization level increases considerably, with only
two provinces left in the first threshold range, Qinghai and Xinjiang,
and a significant increase in the number of provinces in the third
threshold range, with a tendency to shift from the eastern region to
central China and Sichuan-Chongqing, while the second threshold
range is mainly dominated by the central and western provinces.
Overall, most of the eastern and central provinces in China have a
good market environment, which helps stimulate the green
economy effect of high-tech industry agglomeration. In the
future, the northwestern region and Shanxi Province in central
China need to urgently speed up the marketization process to
maximize the assistance for the green economy effect of high-
tech industry agglomeration.

4.3 The impact of the aspect index

4.3.1 Threshold effect test and threshold
estimation

To further deeply explore the influence effect of the
marketization process in high-tech industry agglomeration and
green economic efficiency, this paper incorporates five aspect
indices of the marketization process into the research framework
and tests whether the influence effect of high-tech industry
agglomeration on green economic efficiency changes with the
evolution of the process of the various aspects of marketization
by taking government-market relationship, non-state economic
development, product market development, factor market
development, market intermediary organization development and
legal environment as threshold variables. The results of the
threshold effect test and threshold estimation are shown in
Table 10. First, the test results taking government-market
relationships, non-state economic development, market
intermediary organization development and legal environment as
threshold variables all support the single-threshold effect at the 5%
significance level. The threshold estimates are 7.4950, 12.1960, and
11.6100, with corresponding 95% confidence intervals of [7.4075,
7.5160], [11.6970, 12.2700], and [11.5570, 11.9390], respectively.
Taking Figures 3A, B, D into consideration, it can be seen that the
likelihood ratio reaches 0 when the thresholds are 7.4950, 12.1960,
and 11.6100, respectively, indicating that the estimated value of each
threshold is equal to the true value. Therefore, the threshold effect
regressions of government-market relations, non-state economic
development, market intermediary organization development and

TABLE 9 Sample distribution characteristics.

Threshold
range

Sample distribution

Average 2001–2020 2020

The first threshold Qinghai, Xinjiang, Gansu, Guizhou, Yunnan, Ningxia, Inner Mongolia,
Shanxi

Qinghai, Xinjiang

The second
threshold

Hainan, Hebei, Liaoning, Shandong, Beijing, Jiangsu, Heilongjiang, Jilin,
Jiangxi, Hunan, Henan, Anhui, Hunan, Shaanxi, Guangxi, Sichuan,
Chongqing

Hainan, Hebei, Shanxi, Heilongjiang, Jilin, Henan, Inner Mongolia,
Yunnan, Ningxia, Guangxi, Guizhou, Shaanxi, Gansu

The third threshold Zhejiang, Shanghai, Guangdong, Tianjin, Fujian Tianjin, Beijing, Zhejiang, Fujian, Shanghai, Guangdong, Jiangsu,
Liaoning, Shandong, Hubei, Hunan, Jiangxi, Anhui, Sichuan, Chongqing
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legal environment in the subsequent article are all based on the
single-threshold panel model. Second, the test results with product
market development as the threshold variable show that there is no
threshold effect between high-tech industry agglomeration and
green economic efficiency, so the subsequent analyses exclude
product market development. Finally, the test results with factor
market development as the threshold variable show that the single-
threshold effect is significant at the 10% level, while the double-
threshold effect is significant at the 5% level. Obviously, the double-
threshold effect of factor market development is more significant, so
this paper adopts the double-threshold model to analyse the factor
market, and the two thresholds are 10.3100 and 14.9210, which are
located at [10.2005, 10.3370] and [14.5645, 15.4680], respectively
within the 95% confidence interval. Examining Figure 3C, which
plots the likelihood function for the first threshold on the left and the
second threshold on the right, it can be seen that the threshold
estimates match the actual values.

4.3.2 Panel threshold model regression
According to the threshold effect test and the determination of

the threshold value of all aspects of the marketization process in the
previous section, this paper carries out a single-threshold effect
regression with government-market relationship, non-state
economic development, market intermediary organization and
legal environment as the threshold variables and a double-
threshold effect regression with factor market development as the
threshold variable. The results are shown in Table 11.

First, the impact of high-tech industry agglomeration on green
economic efficiency has significant nonlinear characteristics with the
evolution of the government-market relationship. When the
government-market relationship is lower than the threshold value

of 7.4950, the estimated coefficient of high-tech industry
agglomeration is negative and significant at the 5% level, and
when the government-market relationship crosses the threshold
value, the regression coefficient of high-tech industry agglomeration
turns positive and passes the significance test of 1%. This indicates
that the government-market relationship is an important factor
affecting the relationship between high-tech industry agglomeration
and green economic efficiency. When the government-market
relationship is deteriorating, high-tech industry agglomeration is
not conducive to the enhancement of green economic efficiency,
while with the continuous optimization of the government-market
relationship, high-tech industry agglomeration plays a stronger role
in promoting green economic efficiency. Second, the estimation
results with non-state economic development as the threshold
variable show that when the level of non-state economic
development is lower than 12.1960, the regression coefficient of
high-tech industry agglomeration on green economic efficiency is
negative and passes the 1% significance level test. This indicates that
high-tech industry agglomeration is unfavourable to the
enhancement of green economic efficiency in the first threshold
range, and when the level of non-state economic development is
more than the threshold of 12.1960, the estimated coefficient of
high-tech industry agglomeration turns positive but is not
statistically significant.

Third, the regression results with factor market development as
the threshold variable show that the estimated coefficient of high-
tech industry agglomeration is negative but insignificant when factor
market development is lower than 10.3100 and that high-tech
industry agglomeration significantly improves green economic
efficiency at the 1% level when factor market development
exceeds 10.3100. Moreover, with factor market development

TABLE 10 Threshold effect test: impact of aspect index.

Threshold variable Hypothesis Estimated value Critical value Threshold
value

95%
confidence
intervalF-value p-value Number

of BS
10% 5% 1%

Government andmarkets (gmar) Single threshold 38.90** 0.0420 500 32.6037 38.0590 51.3950 7.4950 [7.4075, 7.5160]

Double
threshold

10.75 0.4500 500 22.4204 28.4050 51.6864 — —

Nonstate economic development
(smar)

Single threshold 42.57** 0.0280 500 30.5875 37.5703 59.8177 12.1960 [11.6970, 12.2700]

Double
threshold

22.79 0.1740 500 36.3976 54.7647 87.9820 — —

Product market development
(pmar)

Single threshold 25.63 0.4680 500 47.6165 58.3235 82.8903 — —

Factor market development
(fmar)

Single threshold 46.54* 0.0660 500 27.4789 64.0494 108.7554 10.3100 [10.2005, 10.3370]

Double
threshold

53.36** 0.0400 500 39.9000 50.2857 73.4732 14.9210 [14.5645, 15.4680]

Triple
threshold

8.46 0.5640 500 67.3022 93.5512 151.9771 — —

Market intermediary
organization development and
legal environment (lmar)

Single threshold 63.92** 0.0220 500 41.3121 47.4113 67.0921 11.6100 [11.5570, 11.9390]

Double
threshold

12.61 0.5460 500 30.5084 35.0642 49.9204 — —

Note: *, **, and *** indicate 10%, 5%, and 1% significance levels, respectively.
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rising to the third threshold range (greater than 14.9210), high-tech
industry agglomeration has the strongest positive effect on green
economic efficiency. Fourth, the estimation results with the market
intermediary organization and legal environment as the threshold
variables show that when the market intermediary organization and

legal environment are imperfect and the development level is lower
than 11.6100, the estimated coefficient of high-tech industry
agglomeration is negative and significant at the 10% level and
that when the market intermediary organization and the legal
environment are continuously improved after crossing the

FIGURE 3
Results of the threshold effect test for the aspect index. (The aspect index includes government and markets, nonstate economic development,
factor market development, market intermediary organization development and legal environment).

Frontiers in Environmental Science frontiersin.org15

Zhang et al. 10.3389/fenvs.2023.1326393

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1326393


threshold, high-tech industry agglomeration can strongly promote
green economic efficiency.

4.3.3 Regional division
To facilitate the observation of the development status of the

current marketization process in each province, Table 12 provides a
regional division of the distribution of the sample in 2020 based on
the different aspects of the marketization process mentioned above.
First, under the influence of the government-market relationship,
27 provinces in China are in the first threshold range, where high-
tech industry agglomeration is not conducive to the enhancement of
green economic efficiency. Only Guangdong, Shanghai and Jiangsu
provinces have a better relationship between the government and
the market and are in the second threshold range, where high-tech
industry agglomeration positively affects green economic efficiency.
Second, under the influence of non-state economic development,
23 provinces do not cross the threshold and are located in the first

threshold range, and only 7 provinces cross the threshold, which
means that only a few regions have better non-state economic
development, which is conducive to stimulating the green
economic effect of high-tech industry agglomeration. Third,
under the influence of the factor market, nearly half of the
provinces in China are located in the second threshold range
from 10.3100 to 14.9210. Although high-tech industry
agglomeration has a positive impact on green economic
efficiency, it does not reach the optimal conditions to stimulate
the green economic effect of high-tech industry agglomeration. Only
six provinces, North, Shanghai, Guangdong, Jiangsu, Zhejiang and
Tianjin, are located in the optimal third threshold range, and there
are still 10 provinces with poor factor market development, where
high-tech industry agglomeration inhibits green economic
efficiency, and these 10 provinces also become the key areas for
deepening factor market reform in the future. Fourth, under the
influence of market intermediary organization and the legal

TABLE 11 Threshold effect regression results: impact of aspect index.

Variable Government and
markets (gmar)

Nonstate economic
development (smar)

Factor market
development (fmar)

Market intermediary organization
development and legal environment
(lmar)

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

wag*I
(gmar ≤ γ1)

−0.038**

(−1.96)

wag*I
(gmar > γ1)

0.142***

(7.31)

wag*I
(smar ≤ γ1)

−0.098***

(−5.52)

wag*I
(smar > γ1)

0.011

(0.42)

wag*I
(fmar ≤ γ1)

−0.003

(−0.16)

wag*I (γ1 <
fmar < γ2)

0.074***

(3.00)

wag*I
(fmar ≥ γ2)

0.273***

(6.60)

wag*I
(lmar ≤ γ1)

−0.033*

(−1.73)

wag*I
(lmar > γ1)

0.115***

(3.66)

Control Yes Yes Yes Yes

_cons 0.585*** 0.627*** 0.589*** 0.550***

(3.74) (4.01) (3.86) (3.59)

Adj R2 0.4914 0.4099 0.4749 0.4411

N 600 600 600 600

Note: *, **, and *** indicate 10%, 5%, and 1% significance levels, respectively.
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environment, 16 provinces are located in the first threshold range,
and they are all from the central and western regions. The high-tech
industry agglomeration in these regions is not conducive to
enhancing green economic efficiency. Fourteen provinces cross
the threshold and are located in the second threshold range,
including all nine provinces in the east, Hubei, Jiangxi and
Anhui in the centre and Chongqing and Sichuan in the west.
The favourable market intermediary organization and legal
environment in those places play a positive role in the
relationship between high-tech industry agglomeration and green
economic efficiency.

4.4 Heterogeneity test based on high-tech
industry categories

4.4.1 Threshold effect test and threshold
estimation

There are large differences in the impact of the marketization
process on the development level of different industries within high-
tech industries, which may have a heterogeneous impact on green
economic efficiency. This paper further takes the total marketization
index as the threshold variable to analyse the threshold effect of the
impact of the agglomeration of different industries within high-tech

TABLE 12 Characteristics of the sample distribution under the impact of the aspect index.

Threshold variable The first threshold The second threshold The third threshold

Government and markets (gmar) Qinghai, Xinjiang, Gansu, Guizhou, Yunnan,
Ningxia, Inner Mongolia, Shanxi, Hainan, Hebei,
Liaoning, Shandong, Beijing, Heilongjiang, Jilin,
Jiangxi, Hunan, Henan, Anhui, Hunan, Shaanxi,
Guangxi, Sichuan, Chongqing, Zhejiang, Tianjin,
Fujian

Guangdong, Shanghai, Jiangsu —

Nonstate economic development
(smar)

Qinghai, Xinjiang, Gansu, Guizhou, Yunnan,
Ningxia, Inner Mongolia, Shanxi, Hainan, Hebei,
Liaoning, Shandong, Beijing, Heilongjiang, Jilin,
Hunan, Henan, Anhui, Hunan, Shaanxi, Guangxi,
Sichuan, Tianjin

Chongqing, Jiangxi, Zhejiang, Shanghai,
Guangdong, Jiangsu, Fujian

—

Factor market development (fmar) Qinghai, Xinjiang, Hainan, Yunnan, Guangxi,
Inner Mongolia, Henan, Shanxi, Ningxia,
Chongqing

Guizhou, Jiangxi, Hebei, Heilongjiang, Gansu,
Hunan, Shaanxi, Anhui, Fujian, Sichuan, Jilin,
Hubei, Shandong, Liaoning

Zhejiang, Shanghai,
Guangdong, Beijing,
Jiangsu, Tianjin

Market intermediary organization
development and legal environment
(lmar)

Ningxia, Inner Mongolia, Hainan, Xinjiang,
Qinghai, Shanxi, Heilongjiang, Yunnan, Jilin,
Guangxi, Liaoning, Hunan, Gansu, Henan,
Shaanxi, Guizhou

Hubei, Sichuan, Shandong, Jiangxi, Hebei, Fujian,
Beijing, Anhui, Tianjin, Chongqing, Zhejiang,
Guangdong, Jiangsu, Shanghai

—

TABLE 13 Threshold effect test results: industry differences.

Industry Hypothesis Estimated value Critical value Threshold
value

95%
confidence
intervalF-value p-value Number

of BS
10% 5% 1%

Pharmaceutical manufacturing
industry (paag)

Single threshold 60.21*** 0.0060 500 25.9631 32.3832 53.3867 3.9780 [3.9050, 4.0030]

Double
threshold

40.15*** 0.0000 500 18.7537 23.8672 31.8091 9.6390 [9.5670, 9.6660]

Triple
threshold

24.70 0.2540 500 51.5479 74.2261 129.4648 — —

Electronics and communications
equipment manufacturing
industry (ecag)

Single threshold 7.35 0.5960 500 32.1721 42.2273 65.7848 — —

Computer and office equipment
manufacturing industry (coag)

Single threshold 35.78 0.0600 500 29.7610 39.0004 56.3287 3.3590 [3.3550, 3.4180]

Double
threshold

36.13** 0.0260 500 21.4104 27.7148 47.7300 9.6390 [9.6220, 9.6660]

Triple
threshold

20.94 0.6180 500 67.2523 76.9179 106.2686 — —

Medical equipment and
instrumentation manufacturing
industry (miag)

Single threshold 69.96*** 0.0060 500 32.9038 41.8894 64.6472 9.4940 [9.4465, 9.5120]

Double
threshold

29.20* 0.0920 500 26.3510 35.4940 56.5202 — —

Note: *, **, and *** indicate 10%, 5%, and 1% significance levels, respectively.
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industries on green economic efficiency, and the results of the
threshold effect test and threshold estimation are reported in
Table 13.

First, for the pharmaceutical manufacturing industry, both the
single-threshold effect and the double-threshold effect are highly
significant at the 1% level, indicating that there is a significant
double-threshold effect on the impact of pharmaceutical
manufacturing industry agglomeration on green economic
efficiency due to the difference in marketization level. The
threshold estimates are 3.9780 and 9.6390, respectively,
corresponding to 95% confidence intervals of [3.9050, 4.0030]
and [9.5670, 9.6660]. Second, the test results for the electronics
and communications equipment manufacturing industry show
that neither the single-threshold nor the double-threshold effect
is significant, indicating that there is no marketable threshold effect
of the impact of industry agglomeration on green economic
efficiency. Therefore, the electronics and communications
equipment manufacturing industry will be excluded from the

threshold effect regression analysis in a later section. Third, the
threshold effect test for the computer and office equipment
manufacturing industry shows that the double-threshold effect
is significant at the 5% level, and the two thresholds are 3.3590 and
9.6390, which are located in the 95% confidence intervals of
[3.3550, 3.4180] and [9.6220, 9.6660], respectively. This
indicates that there is a marketable double-threshold effect of
the influence of computer and office equipment manufacturing
industry agglomeration on green economic efficiency. Fourth, the
threshold effect test for the medical equipment and
instrumentation manufacturing industry shows that the single-
threshold effect passes the 1% significance level test, while the
double-threshold effect only satisfies the 10% significance level test,
indicating that there is a market-based single-threshold effect of
the impact of medical equipment and instrumentation
manufacturing industry agglomeration on green economic
efficiency. The threshold estimate is 9.4940, and the
corresponding 95% confidence interval is [9.4465, 9.5120].

TABLE 14 Threshold effect regression results: industry differences.

Variable Pharmaceutical
manufacturing industry
(paag)

Computer and office equipment
manufacturing industry (coag)

Variable Medical equipment and
instrumentation manufacturing
industry (miag)

(1) (2) (3)

aag*I
(mar ≤ γ1)

0.109*** −0.026** aag*I
(mar≤γ1)

0.026*

(4.75) (−2.47) (1.68)

aag*I
(γ1 <mar < γ2)

0.711*** 0.611*** aag*I
(mar > γ1)

0.131***

(6.22) (5.38) (4.84)

aag*I
(mar ≥ γ2)

0.253*** 0.028*

(7.97) (1.87)

fdi 0.209** 0.255** fdi 0.309***

(2.00) (2.35) (2.80)

str −0.684*** −0.571*** str −0.629***

(−5.12) (−4.36) (−4.66)

hcl 0.022** 0.022* hcl 0.020*

(1.97) (1.93) (1.73)

enr 0.007 0.001 enr −0.013

(0.46) (0.07) (−0.77)

urb 0.004*** 0.005*** urb 0.005***

(2.86) (3.14) (3.35)

tran −1.531*** −0.830** tran −1.379***

(−3.69) (−2.00) (−2.97)

_cons 0.248* 0.380*** _cons 0.479

(1.66) (32.09) (3.10)

Adj R2 0.3139 0.3134 Adj R2 0.4268

N 600 600 N 600

Note: *, **, and *** indicate 10%, 5%, and 1% significance levels, respectively.
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4.4.2 Panel threshold model regression
According to the threshold effect test and the determination of

the threshold value of different industries in the high-tech industry
mentioned above, this section takes marketization as the threshold
variable to carry out a regression on the threshold effect of industrial
agglomeration of various industries and green economic efficiency.
The results are shown in Table 14.

First, the impact of pharmaceutical manufacturing industry
agglomeration on green economic efficiency has a significant
threshold effect with the marketization process. When the
level of marketization is lower than 3.9780, the estimated
coefficient of pharmaceutical manufacturing industry
agglomeration is 0.109 and passes the 1% significance level
test. When the marketization level increases to between
3.9780 and 9.6390, the direction of the impact of
pharmaceutical manufacturing industry agglomeration on
green economic efficiency is still positive and significant, but
the intensity of the effect increases to 0.711. When the
marketization level further exceeds 9.6390, the estimated
coefficient of pharmaceutical manufacturing industry
agglomeration decreases to 0.253 and is still highly significant,
which indicates that pharmaceutical manufacturing industry
agglomeration does have a significant impact on improving
regional green economic efficiency, but this effect varies
greatly with the marketization process, and the positive effect
reaches the maximum when the marketization level is in the
second threshold range.

Second, for the computer and office equipment manufacturing
industry, when the marketization level is less than 3.3590, industry
agglomeration has an inhibitory effect on green economic efficiency.
When the marketization level crosses 3.3590 and is less than 9.6390,
the estimated coefficient of industry agglomeration becomes
positive, and with the further increase in the marketization level
to the third threshold range, the estimated coefficient of industry
agglomeration is still positive and significant, but the strength of the
effect decreases substantially.

Finally, for the medical equipment and instrumentation
manufacturing industry, its regression coefficient is positive in
both the first and second threshold ranges, and when the
marketization level is lower than 9.4940, the impact is small
(0.026), while when the marketization level crosses the threshold,
the impact is suddenly strengthened (0.131). This indicates that
under the influence of the market environment, the impact of
medical equipment and instrumentation manufacturing industry
agglomeration on green economic efficiency has a significant
positive and increasing marginal effect evolutionary trajectory.

5 Conclusion and policy implications

This study analyses the nonlinear relationship between high-tech
industry agglomeration and green economic efficiency from the
perspective of marketization, statistically analyses provincial panel
data of 30 provinces in China from 2001 to 2020, constructs a panel
threshold econometric model to test whether the impact effect of high-
tech industry agglomeration on green economic efficiency changes along
with the evolution of the total marketization index and all aspect indices,
and further penetrates into the broad categories of industries in high-

tech industry to test whether there is a market-oriented threshold effect
in the influence of various industries’ industrial agglomeration on green
economic efficiency.

The results show that: 1) the influence effect of the total
marketization index shows that there is a double-threshold effect of
high-tech industry agglomeration on green economic efficiency. When
the marketization level is lower than 5.862, high-tech industry
agglomeration has an inhibitory effect on green economic efficiency;
when the marketization level is increased to between 5.862 and 8.938,
high-tech industry agglomeration has a strong promotional effect on
green economic efficiency; and when the marketization level is greater
than 8.938, the positive effect of high-tech industry agglomeration on
green economic efficiency is weakened. During the study period, the
marketization level of most provinces in China is located in the second
threshold range, and the low-marketization level regions are dominated
by Yunnan-Guizhou and Northwest China, while the high-
marketization level regions are all eastern provinces. 2) The influence
effect of the aspect index on marketization shows that, under the
influence of the government-market relationship (threshold value of
7.495), non-state economic development (threshold value of 12.196),
market intermediary organization development and legal environment
(threshold value of 11.61), the impact of high-tech industry
agglomeration on green economic efficiency has a single-threshold
effect, and when it is located in the first threshold range, high-tech
industry agglomeration is not conducive to the improvement of green
economic efficiency. When they are located in the first threshold
interval, high-tech industry agglomeration is not conducive to
enhancing green economic efficiency, and when they cross the
threshold, the impact of high-tech industry agglomeration on green
economic efficiency turns positive. Factor market development has a
double-threshold effect (threshold values of 10.31 and 14.921), and the
effect of high-tech industry agglomeration on green economic efficiency
is negative but not significant in the first threshold range and positive
and gradually increasing in strength in the second and third threshold
ranges. There is no threshold effect on product market development. 3)
The industry differences test shows that the pharmaceutical
manufacturing industry (threshold values of 3.978 and 9.639) and
the computer and office equipment manufacturing industry
(threshold values of 3.359 and 9.639) have a double-threshold effect
due to the difference in marketization level. Pharmaceutical
manufacturing industry agglomeration in the three threshold ranges
has a positive impact, but the intensity of the role in the second threshold
range reaches the maximum. The effect of computer and office
equipment manufacturing industry agglomeration changes from
negative to positive, and the positive effect is also the largest in the
second threshold range. The influence of medical equipment and
instrumentation manufacturing industry agglomeration on green
economic efficiency has a single-threshold effect (threshold value is
9.494), which shows a positive evolution trajectory with an increasing
marginal effect. The impact of electronics and communications
equipment manufacturing industry agglomeration on green economic
efficiency does not change with the marketization level.

Based on the above research conclusions, this study has the following
policy insights: 1) Strengthenmarket leadership, build a newmechanism
for market-driven green development and agglomeration of high-tech
industries, and fully release the institutional dividend of the market in
green development. Taking the construction of a unified national market
as an opportunity gives full play to the decisive role of the market in
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resource allocation and reduces the excessive intervention of the
government in high-tech industry agglomeration, especially in the
central and western regions, to accelerate the pace of the unified big
market construction and to create a good and loosemarket environment.
2) Promote high-standard market system construction with the help of
the new round of technological revolutions, such as the digital economy,
artificial intelligence and the Internet of Things, and guide the green
transformation of the non-state economy in the field of high-tech
industries. Fully implement the “36 Articles on Nonpublic Economy,”
unswervingly encourage, support and guide non-state economic
development, and further expand the development space for the non-
state economy to participate in high-tech industries. The independent
innovation of non-state-owned high-tech enterprises should be
encouraged and supported, the construction of a market-oriented
green technology innovation system should be accelerated, and non-
state-owned high-tech enterprises should be encouraged to move
towards the path of green transformation to continuously improve
green economic efficiency. 3) Promote the standardization and unity
of the product market, strengthen the top-level design of the product
marketization reform, guide the green transformation of the social
production mode and consumption mode, promote the upgrading of
the consumption structure, and create a good market environment for
the realization of high-tech industrial product value. 4) Build a unified
and competitive factor market, guide financial and human resources to
gather in high-tech industries, open up the “last kilometre” for the
transfer of technological achievements, enhance the marketization level
of emerging technology applications, and promote green economic
efficiency. In addition, China should actively cultivate and strengthen
market intermediary organizations that serve the green transformation
and agglomeration development of high-tech industries while
strengthening legislation, improving the economic legal system,
promoting the rapid improvement of the market legal environment,
and creating a good legal environment for improving green economic
efficiency.

Limitations of this study and future research directions: First, the
research object is the high-tech industry and its four major categories,
the research scope still remains at the macro and meso levels. High-tech
enterprises are the micro entities of high-tech industry agglomeration,
and this study lacks the combination of micro enterprise level data for
micro mechanism analysis and empirical investigation. Therefore, in
future research, high-tech enterprises can be used as research objects to
analyze the green transformation behavior of enterprises from the
perspectives of production processes, technological innovation, energy
utilization, etc., so as to make the research scope as comprehensive as
possible. Second, as the relevant data of China’s high-tech and major
industries are only calculated to the provincial level, the data at the city
level is seriously missing, for this reason, the panel data of 30 provinces
can only be used in this study. Therefore, in future research, we can try to
use spatial big data to capture the location of enterprises to construct a
high-tech industry agglomeration index, and analyze its spatial
correlation and spillover effects on green economy efficiency from a
spatial perspective.
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