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Industrial agglomeration can promote economic growth through knowledge spillover and
cooperation, while it may also bring serious pollution problems. Therefore, clarifying the
relationship between industrial agglomeration and green development is of great
significance to the realization of China’s sustainable development. In order to study the
causal relationship between industrial agglomeration and green development, this paper
first adopts the Overall Malquist Index method to more accurately measure the green
development of Chinese cities characterized by environmental total factor productivity
(ETFP). Subsequently, this paper uses the panel data of prefecture-level cities from 2003 to
2016 to study the causal relationship between industrial agglomeration and green
development. We found that China’s current industrial agglomeration can promote
green development. Mechanism analysis shows that industrial agglomeration can
promote green development through improving the technological innovation,
strengthening government intervention and optimizing the industrial structure. Finally,
heterogeneity analysis shows that industrial agglomeration has a stronger role in
promoting green development in areas where the economy is more developed, the
degree of resource dependence is lower, and the degree of industrial agglomeration is
higher. This paper not only provides theoretical and policy references for the research on
industrial agglomeration and green development, but also provides experience reference
for other developing countries.
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INTRODUCTION

In the more than 40 years since the reform and opening up, China’s economy has continued to grow
steadily and has achieved world-renowned achievements. However, China has long adopted an
extensive economic growth model characterized by labor-intensive and resource-intensive
production methods (Li et al., 2013), which has caused a lot of environmental pollution.
According to the 2016 China Environmental Statistics Bulletin, the average PM2.5 concentration
in 338 cities across the country is 39 μg/m3, which is far behind the World Health Organization
(WHO) standard of 10 μg/m3. Among them, it exceeds the ambient air quality limit. There are as
many as 254 cities, and only 9.1% of the 5118 groundwater monitoring points in prefecture-level
cities have good water quality. With the shortage of resources and rising labor prices, resource and
environmental constraints have become more serious. Therefore, growing the environment total
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factor productivity has also become key to China’s economic
transformation and development. The report of the 19th National
Congress of the Communist Party of China puts forward: “Take
the supply-side structural reform as the main line, promote the
quality of economic development, efficiency, and dynamics, grow
total factor productivity, as well as promoting green
development.” Under the wave of sustainable development,
growing environmental total factor productivity (ETFP) and
finally realizing city green development has become a strategic
need for China’s sustainable economic development in the
new era.

Industrial agglomeration reflects the spatial distribution
characteristics of economic development, which is an important
engine and growth pole to promote economic development.
Meanwhile, industrial agglomeration refers to the economic
phenomenon of large-scale aggregation of enterprises within a
certain geographic space. There is a huge exchange of material and
energy between enterprises and the surrounding environment
during the process of industrial agglomeration, which improves
the regional green development capacity and efficiency. As China
enters a stage of high-quality development, economic development
is gradually shifting from an extensive mode of pursuing growth
speed to a mode of pursuing coordinated development between
economic, social, and environmental benefits. The “13th Five-Year
Plan” and “Made in China 2025” propose to accelerate the
construction of ecological civilization and promote the
development of green industries. The “Industrial Green
Development Plan (2016-2020)” also proposes to improve the
system and mechanism of agglomeration areas and the innovation
of operation and management models, and to strengthen the
comprehensive utilization of resources. Under the policy
guidance of high-quality development, industrial agglomeration
has also become one of the key factors in whether China can
achieve green, sustainable and high-quality development.

There has been an abundance of research on the relevant
theories of industrial agglomeration. Marshall externalities
emphasize that industrial agglomeration has economies of
scale (Dixit and Stiglitz, 1977) and various spillover effects
(Fujita, 1989). The spatial concentration of elements is
conducive to saving various costs and improving the efficiency
of element use, thereby improving the utilization efficiency of
energy and environmental elements. Glaser (2011) also pointed
out through research that cities with high agglomeration are more
energy-efficient and environmentally friendly than villages with
low economic density. Second, the theory of Jacobs externalities
puts forward the effect of diversified industry agglomeration,
which mainly refers to the labor agglomeration effect, knowledge
spillover effect, and the sharing effect of public infrastructure
under the background of industrial diversification (Jacobs, 1969).
Diversified agglomeration is conducive to strengthening the
internal connections between enterprises and generating a
benign green technology spillover effect, which is beneficial to
the green development of cities. Finally, research related to new
economic geography believes that technological externalities and
technological spillovers between enterprises are the main driving
forces of industrial agglomeration (Krugman, 1991), and the
improvement of research and development efficiency of clean

technology brought about by industrial agglomeration helps
improvement of city environmental efficiency (Krugman, 1998).

Judging from the reality of China. For one thing, the eastern
coastal areas with a high degree of industrial agglomeration have
a higher level of economic development and relatively higher
pollutant emissions, while the western areas with a relatively low
degree of industrial agglomeration have the opposite. For
another, as a key area of economic and trade outside the city,
The China National Economic and Technological Development
Zone is the main area of industrial agglomeration. So far, China
has established 219 National Economic and Technological
Development Zones. However, the scale of energy
consumption and environmental pollution in these areas are
also very serious. In view of the difference between theory and
China’s actual situation, does industrial agglomeration lead to
increased city energy consumption and environmental damage,
or dose it facilitate city green development and environmental
efficiency? Obviously, this requires strict normative analysis and
robust empirical testing to provide a scientific answer to this
question. As China enters the stage of high-quality development,
studying the impact of industrial agglomeration on green
development has very important theoretical and practical
significance for China’s economic development goals and
sustainable development. However, on the one hand, the
existing literature needs to improve the accuracy of ETFP
estimation at the city level (Afsharian and Ahn, 2015). On the
other hand, there are few literatures that conduct rigorous
empirical research on industrial agglomeration and green
development at the city level in China.

In order to more accurately measure the ETFP at the city level
in China, and conduct a rigorous empirical analysis of the causal
relationship between industrial agglomeration and green
development, this paper first adopts the Overall Malquist
Index method proposed by Afsharian and Ahn (2015) to more
accurately measure the green development of Chinese cities
characterized by ETFP. Secondly, this paper uses the panel
data of prefecture-level cities from 2003 to 2016 to study the
causal relationship between industrial agglomeration and green
development. We found that China’s current industrial
agglomeration can promote green development. Mechanism
analysis shows that industrial agglomeration can promote
green development through improving the technological
innovation, strengthening government intervention and
optimizing the industrial structure. Finally, heterogeneity
analysis shows that industrial agglomeration has a stronger
role in promoting green development in areas where the
economy is more developed, the degree of resource
dependence is lower, and the degree of industrial
agglomeration is higher. This paper not only provides
theoretical and policy references for the research on industrial
agglomeration and green development, but also provides
experience reference for other developing countries.

This paper contributes to the existing literature in the
following ways. First, to our knowledge, this paper is among
the first time to use the Overall Malquist Index method to make a
more accurate measurement of ETFP at the prefecture city level in
China. Traditional literature usually uses parameters, SBM, global
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and other methods to measure ETFP at the provincial level in
China. There are problems such as model setting errors and
inflated feasible regions, which eventually lead to large errors in
the calculation of ETFP (Pastor and Lovell, 2005; Zhang and Ye,
2015; Tang et al., 2017; Xia and Xu, 2020; Lu et al., 2021).We used
the method of Afsharian and Ahn (2015) to make a more accurate
calculation of ETFP at the city level in China on the basis of
correcting the feasible range.

Secondly, we also conducted a more comprehensive and in-
depth analysis of the causal relationship between industrial
agglomeration and green development. Guo et al. (2020) only
discusses the impact of industrial agglomeration in Northeast
China on the efficiency of green development. More documents
have individually studied the effects of industrial agglomeration
on pollution and economy (e.g., Liu and Zhang, 2021; Tanaka and
Managi, 2021), or the influencing factors and calculationmethods
of ETFP(e.g., Hoang and Coelli, 2011; Fang et al., 2021). Few
documents have strictly empirically proved the causal
relationship between industrial agglomeration and green
development. We not only rigorously proved the causal
relationship between industrial agglomeration and green
development, but also further analyzed the impact mechanism
and heterogeneity.

The remainder of this paper is organized as follows. Literature
Review and Theoretical Mechanisms outlines the literature
reviews and theoretical mechanisms. Methods and Data
explains our estimation strategy, econometric models, data and
variables. Empirical Results and Discussion presents the empirical
results. Conclusion concludes.

LITERATURE REVIEW AND THEORETICAL
MECHANISMS
Industrial Agglomeration and
Environmental Total Factor Productivity
ETFP is also called green total factor productivity, eco-efficiency or
green development efficiency, it measured the efficiency of
production, which refers to generating more output with less
input (capital, labor, energy) while emitting less pollution. The
literature on ETFP mainly includes two aspects, namely the
calculation of ETFP and the analysis of ETFP influencing factors.
The literature for measuring ETFPmainly uses parametric and non-
parametric methods, and calculates ETFP from the provincial level
or the enterprise level. For example, Chen et al. (2016) used the
analytic hierarchy process (AHP) and constructed an evaluation
index system for China’s industrial green development. Feng et al.
(2017) used a hybrid model and window analysis to measure the
efficiency of China’s regional industrial green transformation. Li
et al. (2016) used data envelopment analysis (DEA) to evaluate the
sustainable development of resource-based cities. Cheng and Li
(2018) used non-directional distance function (NDDF) and the
meta-Frontier method to measure the green growth of China’s
manufacturing industry. Hu et al. (2019) used ultra-relaxation
Super-Slack Based Measure (SBM) function and the Global
Malmquist-Luenberger (GML) index to calculate the environment
total factor productivity of China’s manufacturing.

Other document mainly studies the constituent elements and
influencing factors of ETFP. The literature related to this research
mainly focuses on the impact of input-output factors,
technological progress, and government regulations on ETFP.
The literature’s research conclusions on the influence of input-
output factors are relatively consistent, and they believed that
factors such as resources and environment have a significant
impact on ETFP. For example, excessive use of energy and
excessive emissions of SO2, CO2, and COD are the main
sources of environmental inefficiency (He et al., 2016), and the
regional economic development level and ETFP show a strong
positive correlation (Zhang and Ye, 2015). He et al. (2016) also
found through specific calculations that provinces with higher
environmental efficiency are concentrated in the eastern
economically developed regions, while the overall ETFP
growth level in the central and western regions is relatively
low. Xia and Xu (2020) found through further research that
the decrease in the output value of the secondary industry with
high energy consumption and high pollution and the increase in
the output value of the tertiary industry can effectively promote
the growth of ETFP.

In terms of the impact of technological progress, Liu and Xin
(2019) used provinces in the “One Belt, One Road” strategy as the
research object and found that technological progress is the main
reason for the increase in ETFP. Yan et al. (2020) further studied
the technological innovation level of renewable energy at the
provincial level and found that only after the urban economy has
developed to a certain stage, technological progress can
significantly promote the growth of ETFP. Feng et al. (2018)
conducted a detailed analysis of China’s metallurgical industry
and found that technological progress is the most important
factor in promoting the growth of ETFP. Wang et al. (2020)
further studied 34 industrial sectors in China and found that
technological innovation is the main driving factor for the growth
of ETFP. Part of the literature also analyzed from the perspective
of enterprise R and D investment. For example, Chen and Golley
(2014) conducted a study on 38 industrial sectors in China and
found that R and D investment intensity has a significant role in
promoting ETFP, while Xia and Xu (2020) found through further
research that the higher the proportion of R and D investment in
GDP, the more it can promote the growth of ETFP.

The literature on the research conclusions on the effect of
government intervention is quite divergent. He et al. (2016)
believe that the government’s environmental management
capacity and ETFP show a negative correlation; Zhang and
Jiang (2019) found through empirical research that the ETFP
of key environmental protection cities in China is lower than that
of non-key protection cities, while the Porter Effect of
government environmental regulations still exists. Compared
with “command-and-control” environmental regulatory
policies, market-based environmental regulatory policies can
exert a greater Porter Effect and have a greater role in
promoting ETFP (Xie et al., 2017). Wang et al. (2019) found
through further research that government environmental
regulation can significantly promote the growth of ETFP
under appropriate intensity, but excessive environmental
regulation will offset the innovation effect, thereby inhibiting
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ETFP. Liu et al. (2018) also found an inverted U-shaped
relationship between the intensity of government
environmental regulations and environmental efficiency. Jin
et al. (2020) and Song et al. (2018) found an inverted
U-shaped relationship in the relationship between the intensity
of intergovernmental competition, fiscal decentralization,
and ETFP.

In the literature related to the influence of industrial
agglomeration on ETFP, Chang and Oxley (2009) found that
industrial agglomeration can promote ETFP through innovation
spillover. Cheng and Jin (2020) found that the industrial
complementarity in industrial agglomeration has the strongest
promotion effect on ETFP. Lu et al. (2021) believes that the
common agglomeration of producer services and manufacturing
has significantly promoted the improvement of regional GTFP
and has a positive spatial spillover effect on surrounding areas.
Xie et al. (2019) thought that the professional agglomeration of
producer services not only increases the GTFP of cities and
surrounding cities, but also weakens the promotion of GTFP
in cities and surrounding cities by the professional agglomeration
of producer services. Guo et al. (2020) studied the industrial
agglomeration and green development efficiency in Northeast
China, found that there is a u-shaped relationship between them,
and analyzed the impact of economic development,
environmental regulation, and other factors on ETFP.

Mechanism Analysis
This paper uses the industry clusters as the carrier to explore the
facilitation of China’s industrial agglomeration on the ETFP in
prefecture-level cities. Three paths have been constructed:
technological innovation, government intervention and
industrial structure. It may be through economies of scale,
knowledge spillover effects, technological innovation effects,
industrial upgrading effects, industrial transformation effects,
and resource sharing effects on city economic performance,
social performance, and environmental performance. Thereby
accelerating environmental innovation, improving energy
efficiency, and promoting the improvement of the production
efficiency of city environmental total factors. The specific
mechanism diagram (Figure 1) and the mechanism analysis
are as follows.

First, industrial agglomeration has a positive impact on
innovation through the Marshall externalities agglomerated
within the industry (Arrow, 1971; Romer, 1986). Practitioners
through face-to-face technical exchanges and information
interactions in agglomeration areas are conducive to the
spillover of environmental protection knowledge and green
technology among enterprises. Second, industrial
agglomeration is conducive to the interaction, sharing, and
diffusion of energy-saving information and clean technology
among enterprises (Wang et al., 2021; Xie et al., 2019). At the
same time, cross-industry agglomeration activities are
conducive to promoting the deep integration of information
and communication technologies such as the Internet and big
data with industrial industries, thereby promoting
technological innovation. For example, Baptista and Swann
(1998) found that the British manufacturing industry has a
higher level of agglomeration and a higher level of innovation.
In addition, industrial agglomeration strengthens the degree of
competition among enterprises. Industrial agglomeration
encourages enterprises not only to carry out technological
and process innovation but also to learn from each other in the
fields of knowledge and technology, thereby giving birth to
new ideas and knowledge, accelerating the progress of low-
carbon and environmentally friendly technologies, and
increasing the green productivity of the industry. In
summary, through the spillover effects of clean technology
and knowledge, industrial agglomeration is conducive to
improving the level of regional technological progress
(especially the promotion of environmentally friendly
innovative technologies), which can increase the ETFP (Xie
et al., 2020). Therefore, this paper proposes the following
hypothesis:

Hypothesis 1: Industrial agglomeration could grow the ETFP
through the improvement of technological level.

Second, industrial agglomeration can influence ETFP through
government intervention. The increase in production efficiency
brought about by industrial agglomeration has significantly
improved the income and living standards of residents, as well
as the ecological and environmental problems that have begun to
become prominent. Therefore, the government will raise
environmental standards for industrial production, driving

FIGURE 1 | Mechanism of industrial agglomeration influencing environmental total factor productivity.
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industrial agglomeration to gradually transform into green
ecological agglomeration. Government intervention is mainly
through the formulation of relevant laws and regulations,
environmental subsidies, and other means to achieve city
governance to facilitate pollution control (Ghazouani et al.,
2021; Song et al., 2019). On the one hand, environmental
regulations are considered to be the most effective way to
solve environmental pollution. The government establishes an
active intervention and supervision mechanism by formulating a
series of corresponding environmental protection policies and
regulations. For example, the government uses fines and shuts
down high-polluting enterprises to increase the cost of
environmental pollution by enterprises (Guo and Wang,
2018), thereby improving environmental pollution (Shen and
Wang, 2018). On the other hand, the government encourages
enterprises to introduce advanced production technologies
through direct financial compensation for the R and D and
application of green technology innovations in enterprises
(Cheng et al., 2017), thereby enabling enterprises in
agglomeration areas to achieve a “win-win” (Porter and Linde,
1995). In summary, this paper proposes the following hypothesis:

Hypothesis 2: Industrial agglomeration can facilitate the
growth of ETFP by strengthening government intervention.

Third, industrial agglomeration can promote ETFP by
optimizing the industrial structure. Economic structure and
economic activities can have an important impact on
environmental pollution and carbon emissions (Ikram et al.,
2021; Sharma et al., 2021), and further affect environmental
sustainability (Rafique et al., 2021). industrial agglomeration
causes enterprises to obtain innovation monopoly profits, and
various departments will compete to increase R and D
investment to improve production efficiency and
production technology level, thereby promoting the
adjustment of industrial structure from the supply side. At
the same time, industrial diversification and agglomeration
optimize the structure of input factors through horizontal and
vertical cooperation between industrial chains, thereby
promoting the optimization and upgrading of industrial
structure. Optimizing the industrial structure can reduce
energy consumption (Yu et al., 2018) and reduce pollutant
emissions (Cole et al., 2005), thus promoting the improvement
of ETFP. Based on this, this paper proposes the following
hypothesis:

Hypothesis 3: Industrial agglomeration is conducive to the
optimization and upgrading of the industrial structure, thereby
promoting ETFP.

METHODS AND DATA

Methods
In order to study the causal effect between industrial
agglomeration and ETFP, we set up the following model based
on the method of Lin et al. (2011), Li et al. (2021), Hu et al. (2015)
and Liu and Zhang (2021):

ETFPit � α0 + α1Aggit + α2Xit + β1ci + β2σt + εit (1)

where i represents city, t represents year, ETFP represents the
environmental total factor productivity growth, Agg represents
the degree of industrial agglomeration, X represents control
variables, ci represents city fixed effect, σt represents year fixed
effect, andεit represents the random error term.

Variables and Data
Dependent Variable
The current measurement methods for ETFP mainly include
parameter methods and non-parametric method represented by
data envelope. Compared with parametric methods, data
envelopment analysis does not need to set the function form
and put forward various hypotheses. At the same time, it can also
build in weights through the optimization method according to
the characteristics of the data itself, which can avoid the
interference of people’s subjective will to the greatest extent
possible. In the data envelopment analysis method, the
Malmquist total factor productivity index analysis method can
analysis the changes in productivity, technical efficiency, and
technological progress on panel data containing multiple time
points. It was not until Pastor and Lovell (2005) proposed the
global reference Malmquist index that the four assumptions were
met simultaneously. The global reference Malmquist index is
based on the sum of each period as the reference set, namely

PPSG � convex{PPS1∪ ...∪PPST} (2)

where T represents each period and PPST represents the
production feasible set during T period. PPSG represents the
production feasible set constituted by the convex combination of
input-output observation values in all periods. However, Afsharian
and Ahn (2015) think that since the external conditions of T in
different periods are not completely consistent, it is unreasonable to
form the overall production feasible set by a convex combination of
arbitrary inter-period input and output. Furthermore, the
production feasible set needs to meet an implicit condition in the
construction process, that is, the technology of any T period within
the feasible set is unchanged.

Taking Figure 2 as an example, the subscripts 1 and 2
respectively represent two periods that occur in sequence. The
points in period 1 form the front surface of OA1B1C1, and the
points in period 2 form the front surface of OA2B2. The global
reference proposed by Pastor and Lovell (2005) is to combine the
points of all periods to form a Frontier, which is OA1A2B1C1 in
Figure 1. However, Afsharian and Ahn (2015) posited that the
technological Frontier of the global reference violates the
underlying assumption that the same Frontier technology
remains unchanged. For example, in the global reference, both
A1 and A2 are on the leading edge. However, due to the different
periods, the technologies of A1 and A2 are also different.
Therefore, it is impossible to construct the same front surface
with both. Forced construction will inflate the real production
feasible set (such as A1A2M and A2B1N), which will lead to bias in
efficiency calculations.

To solve the problem of efficiency bias caused by the inflated
production feasible set, and to avoid the problem of no feasible
solution for inter-period DDF, we refer to the practice of
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Afsharian and Ahn (2015), and improved on the basis of Pastor
and Lovell (2005). We define the overall production feasible set
under environmental constraints as:

PPSo � PPS1∪ ...∪PPST (3)

where T represents each period and PPSo represents the union of
production feasible sets in all periods. The production feasible set
is calibrated from OA1A2B1C1 to O1A1MA2NB1C1, eliminating
the two production infeasible parts of A1A2M andA1B1N. Under the
definition of global reference in Figure 2, the projection of point X
on the technological Frontier is Xglobal on A2B1, which is not on the
production feasible set. After calibrating the production feasible set,
its projection on the technological Frontier surface is the Xoverall point
on the B1N, which excludes the infeasible part of production in any
period, makes the PPS conform to the actual experience, and
eliminates the bias in the process of calculating the efficiency value.

Under the constraints of the overall production feasible set in
this part, and combined with the approach of Zhou et al. (2012),
the non-angle and non-radial DDF based on the overall
technology under environmental constraints is defined as:

�D
o
(x, y, b;g) � sup{WTβ: (x, y, b) + g × diag(β) ∈ Po(x)}

(4)

where W � (wx, wy, wb)T represents the weight vector of input,
expected output, and undesired output, respectively, and g is the
direction vector. We set g � (gx, gy,−gb) to indicate that the
desired direction of efficiency improvement is input reduction,
expected output increase, and undesired output decrease. β �
(βx, βy, βb)

T ≥ 0 represents the proportionality factor, and its
value is the possible ratio of input reduction, expected output
expansion, and undesired output reduction, and represents the

measured inefficiency value. The inefficiency value of the non-
angle and non-radial DDF in period t based on the overall
technological Frontier can be obtained by solving the
following linear programming model:

max β

s.t.

Xλ + βxk ≤xk

Yλ − βyk ≥yk

Bλ + βbk ≤ bk
λ≥ 0
∑ λ � 1

(5)

where β is the inefficiency value solved by non-angle and non-
radial DDF, λ is the coefficient, and the sum is 1, which means
that this paper assumes that the return to scale is variable. X, Y,
and B represent the vectors of input, expected output, and
undesired output1, respectively.

Under the DEA framework, the environmental TFP growth
index is calculated based on environmental efficiency. The most
common forms are Malmquist-Luenberger productivity index
and Luenberger productivity index. Among them, the
Malmquist-Luenberger productivity index is a ratio form,
usually combined with the radial efficiency measurement
model, while the additive form of Luenberger productivity is
more compatible with the non-radial efficiency measurement
model that is, also an additive form (Zhang and Choi, 2014).
According to the Luenberger productivity index form, based on

FIGURE 2 | Global PPS and overall PPS.

1Input factors include labor (expressed by the total number of employees in the
three industries), capital (expressed by total fixed asset investment), and energy
consumption (expressed by annual electricity consumption). Expected output is
expressed by GDP, and undesired output includes industrial wastewater discharge
and industrial SO2 emissions
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the overall PPS and non-angle and non-radial DDF, the
environmental TFP growth (ETFP) between period t and t + 1
is defined as:

ETFP � �D
O
(xt, yt, bt;gt) − �D

O
(xt+1, yt+1, bt+1;gt+1) (6)

In general, the advantage of the Overall Malmquist Index method
proposed by Afsharian and Ahn (2015) for ETFP calculation is
that this method corrects the problem of false increase in the
feasible range compared with the traditional calculation method,
so that ETFP can be more accurately calculated (Jia et al., 2021;
Xu et al., 2021; Zhao et al., 2018; Zhu et al., 2021).

Independent Variable
Agglomeration can be understood as the relative concentration of
a certain element in a region. Common indicators used in existing
studies to measure the degree of agglomeration of economic
variables include Herfindahl index, Gini index, location entropy
index, and Ellision-Glaeser index (Kamal and Sundaram, 2019).
Among them, Herfindahl index, Gini index, and Ellision-Glaeser
index can only measure the degree of agglomeration of elements
at a global level but cannot effectively observe the degree of
agglomeration of elements within each region, so they are not
suitable for this study. The location entropy index can measure
the spatial distribution of elements in a certain area, and is
suitable as an effective index to measure the spatial
distribution and agglomeration level of the research object,
and it is comparable between different geographical units
within the area (O’Donoghue and Gleave, 2004), so as to meet
the needs of this research. Therefore, we draw on the idea of
location entropy index and follow the method of Liu et al. (2021)
and Mo et al. (2020) to construct the ratio of city secondary
industry employees to the national secondary industry
employees. This industry agglomeration index measures the
degree of industrial agglomeration in each city, and its specific
calculation formula is as follows:

Aggit � emp secit/empit

∑
N

i�1
emp secit/ ∑

N

i�1
empit

(7)

where emp secit represents the number of employees in the
secondary industry in city i in year t, and empit represents the
total number of employees in the primary, secondary and tertiary
industries in city i in year t.

Mechanism Variables
(1) Technological progress (Tec). Regional industrial gatherings

have a significant impact on the level of technological
progress, and industrial gatherings produce knowledge and
technology spillover effects, which are conducive to the
integration of innovative elements, saving innovation
costs, and improving innovation performance to facilitate
regional technological innovation (Amiti, 2005). We use the
number of patents related to green innovation in each
prefecture-level city to indicate the level of technological
progress in the region.

(2) Government intervention (Gov). Industrial agglomeration
will also affect government intervention in industries to a
certain extent. As industrial agglomeration facilitates the
continuous expansion of production scale, this may cause
problems such as over-utilization of resources and
environmental pollution, forcing the government to adopt
relevant legal regulations and subsidies to improve resource
efficiency and alleviate environmental pollution and other
issues (Shen and Wang, 2018). We measure the degree of
government intervention by using the ratio of fiscal
expenditure to the city’s GDP after deducting education
and science.

(3) Industrial structure (Ins). On the one hand, industrial
agglomeration reduces enterprise costs through economies
of scale (Venables, 1996). On the other hand, it also provides
pressure and motivation for enterprise technological
innovation. Therefore, industrial agglomeration is an
important driving force for the optimization and
upgrading of the regional industrial structure. We use the
ratio of the number of employees in the secondary industry to
the number of employees in the tertiary industry to express.

Control Variables
(1) Foreign direct investment (Fdi). Existing research has two

main views on the impact of foreign direct investment on
environmental pollution: the “pollution refuge” hypothesis
holds that foreign direct investment increases environmental
pollution in the host country (Cole et al., 2005). The
“pollution halo” hypothesis (Balsalobre-Lorente et al.,
2019) pointed out that the adoption of standardized
management and production technologies by foreign-
funded enterprises can help promote the construction of
environmental management systems by domestic enterprises
through spillover effects, and this would produce a pollution
halo effect and improves environmental quality. Therefore,
the sign of the coefficient of foreign direct investment is
uncertain. Without loss of generality, we use the proportion
of foreign direct investment in the city’s GDP to measure it.

(2) Population density (Pop). Population density reflects the
growth rate of economic development and the
agglomeration level of regional alliances, and its impact on
industrial pollution agglomeration is unclear. On the one
hand, areas with higher population densities usually have
more frequent economic activities, which may generate more
pollution emissions (Li et al., 2019). On the other hand,
human capital is a key driving force for sustainable economic
growth. The higher the population density, the higher the
level of human capital, which may be beneficial to energy
conservation and emission reduction (Shao et al., 2011).
Without loss of generality, we use the population per
square kilometers to measure it.

(3) Weather factors. Meteorological factors can directly affect the
undesired output of economic activities. For example, the
occurrence of temperature inversion can alleviate air
pollution (Jans et al., 2018; Sager, 2019). Wind speed,
rainfall, temperature, etc. can also affect the concentration
of air pollutants such as PM2.5. Therefore, to more accurately
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measure the impact of industrial agglomeration on ETFP, we
further controlled meteorological factors including
temperature (Tem), humidity (Hum), precipitation (Pre),
and sunshine (Sun).

(4) Descriptive statistics of data. Based on the selection of the
above variables, we have performed descriptive statistics on
the data, and the results are reported in Table 1. Among
them, the meteorological data comes from the China
Meteorological Administration, and the patent data comes
from the query of the patent cloud database. The remaining
variables are from the China City Statistical Yearbook.

EMPIRICAL RESULTS AND DISCUSSION

Baseline Results
First, we use the baseline regression in Table 2 to study causal
relationship between industrial agglomeration and ETFP. Column
(1) reports the results of POOL-OLS. We find that the impact of
industrial agglomeration on ETFP is not significant without
considering the fixed effects of cities and time. Columns (2) to
(5) further control multiple effects. Specifically, column (2)
controls city fixed effects and year fixed effects based on
column (1). Columns (3) and (4) control macroeconomic
variables and meteorological factors on the basis of the column

(2), respectively. Column (5) controls macroeconomic variables,
meteorological factors, city fixed effects, and year fixed effects.

We can find from column (5) that, after considering all control
variables and fixed effects, industrial agglomeration can
significantly facilitate ETFP. Specifically, on average, for each
additional industrial agglomeration (10.63%), the ETFP increases
by 11.44% (3.32%). This corresponds to an elasticity between
industrial agglomeration and ETFP of 31.23%. Also, we can
convert the magnitude using standard deviations. The
estimates indicate that a one standard deviation increase in
industrial agglomeration increases ETFP by 0.023 standard
deviations.

Mechanism Analysis
We investigated the three mechanisms of industrial
agglomeration affecting ETFP, and Table 3 reports the
estimated results. Column (1) shows the impact of
industrial agglomeration on technological innovation. We
find that industrial agglomeration can significantly facilitate
regional technological innovation levels related to green
development. Specifically, due to the knowledge spillover
effect that exists in the process of industrial agglomeration,
industrial agglomeration can increase the level of
technological innovation by 47.96% at the 5% significance
level. Industrial agglomeration strengthens the upstream and
downstream linkages of industries, which is conducive to
enhancing input-output linkages, expanding knowledge
spillover effects, and improving the availability of human
capital, thereby reducing the cost of technological knowledge
dissemination, generating technological innovation effects,
improving the level of green technological innovation, and
promoting ETFP. This research conclusions is consistent
with Guo et al. (2021), who found that green innovation
and CO2 are cointegrated, and green innovation is one of the
key contributors in explaining CO2 emissions.

Column (2) reports the impact of industrial agglomeration
on government intervention. We can find that industrial
agglomeration can significantly facilitate the degree of
local government intervention, thereby achieving an
increase in ETFP. This is inseparable from the Chinese

TABLE 1 | Descriptive statistics.

Variables Obs Mean S.D Min Max

ETFP 3,718 0.0035 0.0612 −0.517 0.4980
Agg 4,031 0.9410 0.3030 0.0934 1.9090
Ins 4,031 0.9680 0.6360 0.0470 5.4840
Pop 4,031 0.0420 0.0317 0.0011 0.2230
Gov 4,032 0.1300 0.1060 0.0281 2.1920
Tec 4,698 2930.0 9519.0 1.0000 165906
Fdi 3,938 0.0029 0.0032 −0.013 0.0454
Tem 4,671 14.360 5.5480 −2.200 27.880
Hum 4,671 66.490 10.800 29.000 91.000
Pre 4,613 944.50 551.60 36.500 2711.0
Sun 4,655 2046.0 550.20 247.00 3673.0

TABLE 2 | Baseline regression.

Variables ETFP

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

Agg 0.0147 −0.0140 0.1094*** 0.1521** 0.1144***
(0.0138) (0.0096) (0.0379) (0.0552) (0.0384)

Control variables YES NO YES NO YES
Weather variables YES NO NO YES YES
City FE NO YES YES YES YES
Year FE NO YES YES YES YES
Constant 0.0123 −0.0019 −0.0813* −0.2003* −0.1346

(0.0238) (0.0106) (0.0407) (0.1066) (0.1059)
Adjusted R2 0.0001 0.0859 0.0985 0.0973 0.0961
Observations 3555 3717 3624 3608 3555
Cities 280 288 283 282 280

Note: The significance levels of 1, 5, and 10% are denoted by ***, **, and *, respectively.
Robust standard errors are reported in parentheses.

TABLE 3 | Mechanism test.

Variables Tec Gov Ins

(1) (2) (3)

Agg 0.4796** 0.0385*** 1.9595***
(0.2274) (0.0112) (0.2286)

Control variables YES YES YES
Weather variables YES YES YES
City FE YES YES YES
Year FE YES YES YES
Constant 3.8543*** 0.0778 −1.0313***

(1.0881) (0.0784) (0.2333)
Adjusted R2 0.8666 0.4019 0.6830
Observations 3847 3847 3847
Cities 283 283 283

Note: The significance levels of 1, 5, and 10% are denoted by ***, **, and *, respectively.
Robust standard errors are reported inparentheses.
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government’s continued attention to environmental and
ecological issues in recent years. In terms of environmental
investment, the government has continuously strengthened
its investment in pollution control and increased its
investment in green technology research and development
for enterprises in concentrated areas. In terms of system
construction, the government has continuously improved
environmental regulations in agglomeration areas and
improved relevant laws and regulations, fully implemented
the pollution discharge permit system in agglomeration areas,
and continued to facilitate market-oriented transactions such
as pollution rights, energy rights, water rights, and carbon
emissions rights, thereby promoting the city environment
improvement of total factor production efficiency. This
conclusion is also in line with Farooq et al. (2019) and
Shahzad (2020). The burning of fossil fuels causes the
emission of greenhouse gases and environmental
pollutants, which in turn leads to environmental
degradation and affects health. The strengthening of
government environmental regulations such as
environmental taxes (Farooq et al., 2019) and afforestation
(Shahzad, 2020) will reduce environmental pollution and
improve environmental quality.

Column (3) shows the impact of industrial agglomeration on
the industrial structure. We can find that the improvement of
industrial agglomeration can significantly facilitate the upgrading
of industrial structure. More companies have transitioned from
the secondary industry to the tertiary industry and further
improved the regional ETFP. This may be caused by the
following reasons. On the one hand, the increase in industrial
agglomeration has strengthened the degree of market
competition among enterprises, forcing enterprises to
continuously improve technology and update equipment to
gain competitive advantages, thereby achieving regional
industrial structure upgrades. On the other hand, industrial
diversification and agglomeration contribute to the formation
of the entire industrial chain, improve the production efficiency
of the manufacturing industry, and realize the upgrading of
China’s manufacturing industry to the high-end of the global
value chain. At the same time, it facilitates the vigorous

development of the tertiary industry such as productive
services. Finally, the ETFP is improved. Similar to the
conclusion of Doğan et al. (2021) that economic complexity
can alleviate environmental degradation, in the process of
promoting the optimization and upgrading of industrial
structure, industrial agglomeration has also promoted the
growth of labor force, the improvement of production
technology and the use of clean energy to a certain extent,
thereby promoting the growth of ETFP.

Robustness Test
To make our results more credible, we have conducted a large
number of robustness tests through a variety of methods. The
results are shown in Table 4. First, the undesired output in the
ETFP calculation process includes the 3-year moving average
data of the PM2.5 of China’s prefecture-level cities calculated by
Columbia University using satellites. We replaced the relevant
PM2.5 concentration data with the annual PM2.5 concentration
data calculated by the atmospheric composition analysis group of
Dalhousie University in Canada. We find from column (1) that,
after replacing the calculation content of ETFP, industrial
agglomeration can still facilitate ETFP at the 5% significance level.

As China’s prefecture-level cities or provincial capital cities are
the facades of this region, the effects of any national policies must
be first shown in provincial capital cities. This also caused the
provincial government to concentrate all political resources in the
provincial capital to ensure that the provincial capital can fulfil
the relevant national policy requirements. If this kind of
government behavior is not eliminated, it will cause an
overestimation of the effect of industrial agglomeration on
ETFP. Therefore, we exclude four municipalities and all
provincial capital cities, and the regression results are reported
in column (2). We can find that after excluding government
behaviors in provincial capital cities, industrial agglomeration can
still facilitate ETFP at the 5% significance level.

Second, China has implemented transformational development in
recent years, and more environmental policies have further
strengthened the regulation of environmental pollutant emissions.
The Chinese government has implemented the strictest
environmental regulations and policies for the “2 + 26” cities with

TABLE 4 | Robustness test.

Variables Replace ETFP Delete capital city Delete
heavily polluted areas

Delete eastern region

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

Agg 0.1122** 0.1220*** 0.1179*** 0.1056**
(0.0457) (0.0395) (0.0400) (0.0458)

Control variables YES YES YES YES
Weather variables YES YES YES YES
City FE YES YES YES YES
Year FE YES YES YES YES
Constant −0.1341 −0.1395 −0.1559 −0.1149

(0.1130) (0.1202) (0.1112) (0.1270)
Adjusted R2 0.1209 0.1115 0.0949 0.1012
Observations 3568 3174 3208 2448
Cities 281 250 253 194

Note: The significance levels of 1, 5, and 10% are denoted by ***, **, and *, respectively. Robust standard errors are reported in parentheses.
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the most serious environmental pollution. Strict environmental
regulation policies can significantly improve regional air quality. If
these 28 regions are not excluded, we cannot distinguish the role of
environmental regulation policies and overestimate the impact of
industrial agglomeration on ETFP. Column (3) reports the estimated
results after excluding 28 areas with serious environmental pollution.
We can find that after excluding the impact of environmental
regulatory policies, industrial agglomeration can still facilitate ETFP
at the 1% significance level.

Finally, since the sample time of this paper started in 2003, it
includes the migration of polluting enterprises from the east to
the west in theWestern Development Policy. The development of
the secondary industry in the eastern region has been saturated,
while the western region has a large amount of resources needed
for the development of manufacturing enterprises. With the
implementation of the western development policy, enterprises
with serious pollution in the eastern region have moved to the
western region. This caused an overestimation of the effects of
industrial agglomeration policies in the eastern region. Column
(4) excludes the heavy industrial areas in the east to excludes the
influence of the western development policy. We can find that
industrial agglomeration can still increase ETFP at the 5%
significance level.

Heterogeneity Analysis
We also conducted a heterogeneous analysis of three aspects of
the impact of industrial agglomeration on ETFP in Table 5. First,
we rank the industrial agglomeration of all cities each year. We
estimate the areas where the industrial agglomeration is higher
than the average and lower than the average, respectively, to see
the impact of different level of agglomerations on ETFP. We find
from columns (1) and (2) of Table 5 that regions with high
industrial agglomeration can significantly facilitate ETFP at the
1% significance level, while regions with low agglomeration have
no significant effect on promoting ETFP.

Further, we separately examined the impact of industrial
agglomeration in the eastern, central, and western regions on
ETFP. From columns (3) to (5), it can be found that industrial
agglomeration in the eastern region can have a significant
impact on ETFP at the 5% significance level, while industrial

agglomeration in the central and western regions has no
significant impact on ETFP.

Finally, we examine the heterogeneity between resource-based
cities2 and non-resource-based cities. The reason for the
agglomeration of industries in resource-based cities may be to
get closer to the geographical location of local mineral resources.
The industrial agglomeration of non-resource-based cities can
not only reduce the cost between the upstream and downstream
of the industrial chain but also produce the Porter effect and
achieve technology spillover, thereby improving production
technology and achieving higher-quality development.
Therefore, the impact of industrial agglomeration on ETFP
will vary with city types. Columns 6) and 7) report the
estimated results. We find that in non-resource-based cities,
industrial agglomeration can indeed facilitate the increase of
ETFP at the 5% significance level, while this facilitation effect
is not significant in resource-based cities.

CONCLUSION

Based on the panel data of 283 cities in China from 2003 to 2016,
this paper first adopts the Overall Malquist Index method
proposed by Afsharian and Ahn (2015) to more accurately
measure the green development of Chinese cities characterized
by ETFP. Subsequently, this paper study the causal relationship
between industrial agglomeration and green development. We
found that China’s current industrial agglomeration can promote
green development. On average, for each additional industrial
agglomeration (10.63%), the ETFP increases by 11.44% (3.32%).
This corresponds to an elasticity between industrial

TABLE 5 | Heterogeneity test.

Variables Industrial concentration Area City type

High Low East Central Western Resource-based Non-resource

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

Agg 0.2508*** 0.1014* 0.1317** 0.1339 0.0876 0.1164* 0.1166**
(0.0749) (0.0590) (0.0570) (0.0807) (0.0561) (0.0571) (0.0481)

Control variables YES YES YES YES YES YES YES
Weather variables YES YES YES YES YES YES YES
City FE YES YES YES YES YES YES YES
Year FE YES YES YES YES YES YES YES
Constant −0.2252 −0.1248 −0.2085 −0.1591 −0.0130 −0.1672 −0.1122

(0.1969) (0.1590) (0.1790) (0.1212) (0.1510) (0.1892) (0.0970)
Adjusted R2 0.1084 0.0963 0.0839 0.1573 0.0784 0.1060 0.0905
Observations 1757 1798 1107 1008 1440 1345 2210
Cities 186 196 86 78 116 106 174

Note: The significance levels of 1, 5, and 10% are denoted by ***, **, and *, respectively. Robust standard errors are reported in parentheses.

2According to the plan for the sustainable development of resource-based cities in
China (2013–2020) issued by the State Council: resource-based cities are cities in
which the mining and processing of natural resources such as minerals and forests
in the region are the leading industries (including prefecture-level cities, districts
and other county-level administrative districts, etc.). There are a total of 262
resource-based cities, including 126 prefecture-level administrative regions, 62
county-level cities, 58 counties, and 16 municipal districts. Available online at:
http://www.gov.cn/zwgk/2013-12/03/content _2540 070.htm
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agglomeration and ETFP of 31.23%. Mechanism analysis shows
that industrial agglomeration can promote green development
through improving the technological innovation, strengthening
government intervention, and optimizing the industrial structure.
Finally, heterogeneity analysis shows that industrial
agglomeration has a stronger role in promoting green
development in areas where the economy is more developed,
the degree of resource dependence is lower, and the degree of
industrial agglomeration is higher.

Our policy recommendations are as follows. First, under
the background of the new dual-cycle development pattern,
the government should use agglomeration areas as carriers to
accelerate industrial agglomeration and industrial chain
upgrading. On the one hand, local construction should be
guided by green development and gradually introduce new
and green industrial construction policies. The government
should develop the environmental protection industry,
promote the green transformation of key industries and
important fields, and promote the safe and efficient use of
clean, low-carbon energy. On the other hand, the government
should encourage and introduce new enterprises, strengthen
legal and policy guarantees for green development, promote
cleaner production, support industrial enterprises to increase
R&D investment, promote technological innovation and the
transformation of scientific and technological achievements,
and strengthen advanced production technologies, especially
low-carbon technologies and energy saving. In addition, the
government should strengthen the innovation of the system
and mechanism, supporting facilities, and operation and
management models in the industrial cluster areas, and
strengthen the efficiency of the comprehensive utilization
of resources. Meanwhile, policymakers should expand the
regional boundaries of interaction between agglomeration
industries, build a long-term mechanism for the
coordinated development of industrial agglomerations
sharing knowledge, technology, and information, as well as
promote the sustainable development of regional integration.

Second, it is necessary to strengthen the coordination and
linkage mechanism of government intervention in industrial
agglomeration. On the one hand, the government should
encourage enterprises to carry out technological innovation.
For industries with higher innovation output and high
production efficiency, preferential policies such as fiscal
subsidies and tax reductions and exemptions should be
given to improve the efficiency of green innovation. On the
other hand, under the strengthening of the system of
environmental regulation, the government should improve
the construction of the intellectual property protection
system, to form an oppressive mechanism for enterprise
innovation. Meanwhile, the government should encourage
green technological innovation and management system
innovation to open up space for cross-border integration of
innovative elements such as talent, information, knowledge,
and technology in the modern industrial system. In addition,
relying on the knowledge spillover effect between industries
agglomerated, and through innovative elements such as
“technology + finance” and “Internet +,” promote green

financial innovation represented by the carbon financial
market, and help market incentives such as carbon
emissions trading and emissions trading. The design and
improvement of environmental regulatory policy tools will
facilitate the growth of city ETFP.

Third, the government should formulate corresponding
industrial agglomeration development policies according to
different economic development levels and city types. First,
for cities in the eastern region with a high level of economic
development, while continuously optimising industrial
policies, we will formulate strict environmental
regulations, continue to promote green technology
research, green smart manufacturing, and modern energy
technology applications, and strive to create a modern, green
development industrial agglomeration. For cities in the
central and western regions, development should be their
primary goal. Decision-makers should flexibly use
environmental regulatory policies and industrial policies,
strengthen the leading role of regional core cities, as well
as promote the positive externalities of industrial
agglomeration, to realise the coordinated development of
urban economy and environment. Second, due to resource-
based cities’ environment and resource constraints, they
should focus on accelerating changes in growth patterns,
promote the optimization of the industrial structure in
agglomeration areas, eliminate outdated industries, and
actively introduce advanced green technologies and
management methods to achieve faster reduction of
pollutants emission.

There are some limitations in this paper. First, although we
include the main input, expected output, and undesired output
variables in the calculation of ETFP, due to data limitations, we
have no way to obtain other undesired output variables.
Second, in the mechanism analysis, some channels were not
fully reflected. For example, mechanism variables such as the
improvement of labor skills and the improvement of corporate
management efficiency can also promote the growth of ETFP,
but we do not have enough data to disentangle them. One
suggestion for future research is to design, administer, and
survey with more detailed macroeconomic variables and micro
individual variables information to examine their role
in ETFP.
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